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DEUTERATED PONATINIB

CROSS REFERENCE TO RELATED APPLICATIONS
(1] The present application claims priority to United States Provisional Application
Number 61/683,117, filed on August 14, 2012, which is hereby incorporated by reference

in its entirety.

BACKGROUND OF THE INVENTION

[2] Many current medicines suffer from poor absorption, distribution, metabolism
and/or excretion (ADME) properties that prevent their wider use or limit their use in
certain indications. Poor ADME properties are also a major reason for the failure of drug
candidates in clinical trials. While formulation technologies and prodrug strategies can
be employed in some cases to improve certain ADME properties, these approaches often
fail to address the underlying ADME problems that exist for many drugs and drug
candidates. One such problem is rapid metabolism that causes a number of drugs, which
otherwise would be highly effective in treating a disease, to be cleared too rapidly from
the body. A possible solution to rapid drug clearance is frequent or high dosing to attain
a sufficiently high plasma level of drug. This, however, introduces a number of potential
treatment problems such as poor patient compliance with the dosing regimen, side effects
that become more acute with higher doses, and increased cost of treatment. A rapidly
metabolized drug may also expose patients to undesirable toxic or reactive metabolites.
[3] Another ADME limitation that affects many medicines is the formation of toxic
or biologically reactive metabolites. As a result, some patients receiving the drug may
experience toxicities, or the safe dosing of such drugs may be limited such that patients
receive a suboptimal amount of the active agent. In certain cases, modifying dosing
intervals or formulation approaches can help to reduce clinical adverse effects, but often
the formation of such undesirable metabolites is intrinsic to the metabolism of the
compound.

(4] In some select cases, a metabolic inhibitor will be co-administered with a drug
that is cleared too rapidly. Such is the case with the protease inhibitor class of drugs that

are used to treat HIV infection. The FDA recommends that these drugs be co-dosed with
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ritonavir, an inhibitor of cytochrome P450 enzyme 3A4 (CYP3A4), the enzyme typically
responsible for their metabolism (see Kempf, D.J. et al., Antimicrobial agents and
chemotherapy, 1997, 41(3): 654-60). Ritonavir, however, causes adverse effects and
adds to the pill burden for HIV patients who must already take a combination of different
drugs. Similarly, the CYP2D6 inhibitor quinidine has been added to dextromethorphan
for the purpose of reducing rapid CYP2D6 metabolism of dextromethorphan in a
treatment of pseudobulbar affect. Quinidine, however, has unwanted side effects that
greatly limit its use in potential combination therapy (see Wang, L et al., Clinical
Pharmacology and Therapeutics, 1994, 56(6 Pt 1): 659-67; and FDA label for quinidine
at www.accessdata.fda.gov).

[5] In general, combining drugs with cytochrome P450 inhibitors is not a satisfactory
strategy for decreasing drug clearance. The inhibition of a CYP enzyme’s activity can
affect the metabolism and clearance of other drugs metabolized by that same enzyme.
CYP inhibition can cause other drugs to accumulate in the body to toxic levels.

[6] A potentially attractive strategy for improving a drug’s metabolic properties is
deuterium modification. In this approach, one attempts to slow the CYP-mediated
metabolism of a drug or to reduce the formation of undesirable metabolites by replacing
one or more hydrogen atoms with deuterium atoms. Deuterium is a safe, stable, non-
radioactive isotope of hydrogen. Compared to hydrogen, deuterium forms stronger bonds
with carbon. In select cases, the increased bond strength imparted by deuterium can
positively impact the ADME properties of a drug, creating the potential for improved
drug efficacy, safety, and/or tolerability. At the same time, because the size and shape of
deuterium are essentially identical to those of hydrogen, replacement of hydrogen by
deuterium would not be expected to affect the biochemical potency and selectivity of the
drug as compared to the original chemical entity that contains only hydrogen.

[7] Over the past 35 years, the effects of deuterium substitution on the rate of
metabolism have been reported for a very small percentage of approved drugs (see, ¢.g.,
Blake, MI et al, J Pharm Sci, 1975, 64:367-91; Foster, AB, Adv Drug Res 1985, 14:1-40
(“Foster”); Kushner, DJ et al, Can J Physiol Pharmacol 1999, 79-88; Fisher, MB et al,
Curr Opin Drug Discov Devel, 2006, 9:101-09 (“Fisher”)). The results have been

variable and unpredictable. For some compounds deuteration caused decreased
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metabolic clearance in vivo. For others, there was no change in metabolism. Still others
demonstrated increased metabolic clearance. The variability in deuterium effects has also
led experts to question or dismiss deuterium modification as a viable drug design strategy
for inhibiting adverse metabolism (see Foster at p. 35 and Fisher at p. 101).

[8] The effects of deuterium modification on a drug’s metabolic properties are not
predictable even when deuterium atoms are incorporated at known sites of metabolism.
Only by actually preparing and testing a deuterated drug can one determine if and how
the rate of metabolism will differ from that of its non-deuterated counterpart. See, for
example, Fukuto et al. (J. Med. Chem. 1991, 34, 2871-76). Many drugs have multiple
sites where metabolism is possible. The site(s) where deuterium substitution is required
and the extent of deuteration necessary to see an effect on metabolism, if any, will be

different for each drug.

SUMMARY OF THE INVENTION

[9] This invention relates to novel derivatives of ponatinib (AP-24534), a BCR-ABL
kinase inhibitor with activity against the T3151 Gatekeeper mutant. Ponatinib is being
evaluated for refractory hematologic cancers, including for those subjects with drug-
resistant forms of chronic myeloid leukemia (CML) and Philadelphia positive acute
lymphoblastic leukemia (Ph+ ALL) in Phase II studies by Ariad Pharmaceuticals. It is
also being evaluated as treatment for solid tumors and acute myeloid leukemia (AML).
Ponatinib also inhibits Flt3, a target associated with AML. Data from additional
preclinical studies demonstrated that the compound potently inhibited additional targets
that control the process of angiogenesis, including the receptors for vascular endothelial
growth factors (VEGFR), fibroblast growth factors (FGFR) and angiopoictin (Tie2).
[10] This invention also provides compositions comprising a compound of this
invention and the use of such compositions in methods of treating diseases such as the
foregoing.

[11]  Despite the potential beneficial activities of ponatinib, there is a continuing need

for new compounds to treat the aforementioned diseases and conditions.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

[12] The term “treat” means decrease, suppress, attenuate, diminish, arrest, or stabilize
the development or progression of a disease (e.g., a disease or disorder delineated herein),
lessen the severity of the disease or improve the symptoms associated with the disease.
[13] “Disecase” means any condition or disorder that damages or interferes with the
normal function of a cell, tissue, or organ.

[14] It will be recognized that some variation of natural isotopic abundance occurs in a
synthesized compound depending upon the origin of chemical materials used in the
synthesis. Thus, a preparation of ponatinib will inherently contain small amounts of
deuterated isotopologues. The concentration of naturally abundant stable hydrogen and
carbon isotopes, notwithstanding this variation, is small and immaterial as compared to
the degree of stable isotopic substitution of compounds of this invention. See, for
instance, Wada, E et al., Seikagaku, 1994, 66:15; Gannes, LZ et al., Comp Biochem
Physiol Mol Integr Physiol, 1998, 119:725.

[15] Inthe compounds of this invention any atom not specifically designated as a
particular isotope is meant to represent any stable isotope of that atom. Unless otherwise
stated, when a position is designated specifically as “H” or “hydrogen”, the position is
understood to have hydrogen at its natural abundance isotopic composition. Also unless
otherwise stated, when a position is designated specifically as “D” or “deuterium”, the
position is understood to have deuterium at an abundance that is at least 3000 times
greater than the natural abundance of deuterium, which is 0.015% (i.e., at least 45%
incorporation of deuterium).

[16] The term “isotopic enrichment factor” as used herein means the ratio between the
isotopic abundance and the natural abundance of a specified isotope.

[17] In other embodiments, a compound of this invention has an isotopic enrichment
factor for each designated deuterium atom of at least 3500 (52.5% deuterium
incorporation at each designated deuterium atom), at least 4000 (60% deuterium
incorporation), at least 4500 (67.5% deuterium incorporation), at least 5000 (75%
deuterium), at least 5500 (82.5% deuterium incorporation), at least 6000 (90% deuterium
incorporation), at least 6333.3 (95% deuterium incorporation), at least 6466.7 (97%
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deuterium incorporation), at least 6600 (99% deuterium incorporation), or at least 6633.3
(99.5% deuterium incorporation).

[18] The term “isotopologue” refers to a species in which the chemical structure differs
from a specific compound of this invention only in the isotopic composition thereof.

[19] The term “compound,” when referring to a compound of this invention, refers to a
collection of molecules having an identical chemical structure, except that there may be
isotopic variation among the constituent atoms of the molecules. Thus, it will be clear to
those of skill in the art that a compound represented by a particular chemical structure
containing indicated deuterium atoms, will also contain lesser amounts of isotopologues
having hydrogen atoms at one or more of the designated deuterium positions in that
structure. The relative amount of such isotopologues in a compound of this invention
will depend upon a number of factors including the isotopic purity of deuterated reagents
used to make the compound and the efficiency of incorporation of deuterium in the
various synthesis steps used to prepare the compound. However, as set forth above the
relative amount of such isotopologues in foto will be less than 55% of the compound. In
other embodiments, the relative amount of such isotopologues in foto will be less than
50%, less than 47.5%, less than 40%, less than 32.5%, less than 25%, less than 17.5%,
less than 10%, less than 5%, less than 3%, less than 1%, or less than 0.5% of the
compound.

[20] The invention also provides salts of the compounds of the invention.

[21] A salt of a compound of this invention is formed between an acid and a basic
group of the compound, such as an amino functional group, or a base and an acidic group
of the compound, such as a carboxyl functional group. According to another
embodiment, the compound is a pharmaceutically acceptable acid addition salt.

[22]  The term “pharmaceutically acceptable,” as used herein, refers to a component
that is, within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and other mammals without undue toxicity, irritation, allergic response
and the like, and are commensurate with a reasonable benefit/risk ratio. A
“pharmaceutically acceptable salt” means any non-toxic salt that, upon administration to

a recipient, is capable of providing, either directly or indirectly, a compound of this



WO 2014/028595 PCT/US2013/054900

invention. A “pharmaceutically acceptable counterion” is an ionic portion of a salt that is
not toxic when released from the salt upon administration to a recipient.

[23] The pharmaceutically acceptable salt may also be a salt of a compound of the
present invention and a base. Exemplary bases include, but are not limited to, hydroxide
of alkali metals including sodium, potassium, and lithium; hydroxides of alkaline earth
metals such as calcium and magnesium; hydroxides of other metals, such as aluminum
and zinc; ammonia, organic amines such as unsubstituted or hydroxyl-substituted mono-,
di-, or tri-alkylamines, dicyclohexylamine; tributyl amine; pyridine; N-methylamine, N-
ethylamine; diethylamine; triethylamine; mono-, bis-, or tris-(2-OH-(C,-Cs)-alkylamine),
such as N,N-dimethyl-N-(2-hydroxyethyl)amine or tri-(2-hydroxyethyl)amine; N-methyl-
D-glucamine; morpholine; thiomorpholine; piperidine; pyrrolidine; and amino acids such
as arginine, lysine, and the like.

[24] The compounds of the present invention (e.g., compounds of Formula I), may
contain an asymmetric carbon atom, for example, as the result of deuterium substitution
or otherwise. As such, compounds of this invention can exist as either individual
enantiomers, or mixtures of the two enantiomers. Accordingly, a compound of the
present invention may exist as either a racemic mixture or a scalemic mixture, or as
individual respective stercoisomers that are substantially free from another possible
stercoisomer. The term “substantially free of other sterecoisomers” as used herein means
less than 25% of other sterecoisomers, preferably less than 10% of other stereoisomers,
more preferably less than 5% of other stereoisomers and most preferably less than 2% of
other stereoisomers are present. Methods of obtaining or synthesizing an individual
enantiomer for a given compound are known in the art and may be applied as practicable
to final compounds or to starting material or intermediates.

[25]  Unless otherwise indicated, when a disclosed compound is named or depicted by
a structure without specifying the stereochemistry and has one or more chiral centers, it is
understood to represent all possible stereoisomers of the compound.

[26] The term “stable compounds,” as used herein, refers to compounds which possess
stability sufficient to allow for their manufacture and which maintain the integrity of the
compound for a sufficient period of time to be useful for the purposes detailed herein

(e.g., formulation into therapeutic products, intermediates for use in production of
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therapeutic compounds, isolatable or storable intermediate compounds, treating a discase
or condition responsive to therapeutic agents).

[27] “D” and “d” both refer to deuterium. *“d,” refers to substitution with from x to 'y
number of deuterium atoms. “Stercoisomer” refers to both enantiomers and
diastercomers. “Tert” and “t-” each refer to tertiary. “US” refers to the United States of
America.

[28] A group is “substituted with” a substituent when one or more hydrogen atoms of
the group are replaced with a corresponding number of substituent atoms (if the
substituent is an atom) or groups (if the substituent is a group). For example, “substituted
with deuterium” refers to the replacement of one or more hydrogen atoms with a
corresponding number of deuterium atoms.

[29] Throughout this specification, a variable may be referred to generally (e.g.,"each
X") or may be referred to specifically (e.g., X', X' X**, X*, etc.). Unless otherwise
indicated, when a variable is referred to generally, it is meant to include all specific

embodiments of that particular variable.

Therapeutic Compounds

[30] The present invention in one embodiment provides a compound of Formula I:

Formula 1

or a pharmaceutically acceptable salt thereof, wherein each of X'?, X x% x® x X3
X% x*, X% X and X° is independently selected from hydrogen and deuterium; and

cach R is independently selected from CH;3 CF; and CDs;

provided that if each of X'*, X'°, X*, X**, X**, X X* X*™ X°* X°" and X’is hydrogen;
R' is CHs; and R? is CHs; then R? is CDs.
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[31] In one embodiment, X'* and X'® are the same; X**and X are the same; X>* and
X? are the same; X and X* are the same; X *and X are the same. In some
embodiments, R'is CH;. In some embodiments, R is CDs. In some embodiments, R* is
CHs. In some embodiments, R* is CDs. In some embodiments, X'*, X'®, X** and X*® are
hydrogen. In some embodiments, X' le, X* and X? are deuterium. In some
embodiments, X**, X*°, X* and X*" are hydrogen. In one embodiment, X**, X*°, X**and
X* are deuterium. In some embodiments, R? is CDs. In some embodiments, R? is CFs.
[32] In some embodiments, R'is CHs. In some embodiments, cach of R! and R* is
CHs. In some embodiments, R'is CHz and R? is CDs. In some embodiments, R' is CH;
and X", X'®, X** and X*" are hydrogen. In some embodiments, R'is CH; and X", X'®,
X*and X are deuterium. In some embodiments, R'is CHz and X*?, X°°, X** and X*
are hydrogen. In some embodiments, R'is CH; and X**, X**, X*and X* are deuterium.
In some embodiments, R' is CH; and R? is CDs. In some embodiments, R' is CH; and R*
is CFs.

[33] Insome embodiments, R' is CDs. In some embodiments, R' is CDs and R is
CH:. In some embodiments, cach of R' and R* is CDs. In some embodiments, R' is CD;
and X", X'®, X** and X*" are hydrogen. In some embodiments, R' is CD; and X", X'",
X* and X* are deuterium. In some embodiments, R' is CD; and X, X3b, X*and X* are
hydrogen. In some embodiments, R' is CDs and X, X", X*and X" are deuterium. In
some embodiments, cach of R' and R? is CDs. In some embodiments, R' is CD; and R*
is CF3.

[34] In some embodiments, R is CHs. In some embodiments, R? is CHs and X', X'°,
X* and X*" are hydrogen. In some embodiments, R is CH; and X", X'®, X** and X*°
are deuterium. In some embodiments, R* is CHz and X**, X, X* and X*" are hydrogen.
In some embodiments, R* is CHz and X%, X3b, X* and X* are deuterium. In some
embodiments, R? is CD; and R? is CHs. In some embodiments, R? is CF; and R* is CHa.
[35] In some embodiments, R is CDs. In some embodiments, R* is CD; and X'*, X'°,
X* and X*" are hydrogen. In some embodiments, R* is CDz and X", X'®, X** and X*" are
deuterium. In some embodiments, R* is CD3 and X**, X**, X* and X™ are hydrogen. In
some embodiments, R* is CD; and X*?, X°°, X** and X*" are deuterium. In some

embodiments, each of R? and R? is CDs. In some embodiments, R? is CF; and R is CD5.
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[36] Insome embodiments, X', X'®, X* and X*" are hydrogen. In some
embodiments, X', X'®, X*, X*, X*, X**, X* and X" are hydrogen. In some
embodiments, X'*, X'®, X**, X are hydrogen and X, X% X* and X* are deuterium.
In some embodiments, X', le, X, X* are hydrogen and R?is CDs. In some
embodiments, X', X'®, X*, X* are hydrogen and R* is CF.

[37] Insome embodiments, X'*, X'®, X** and X are deuterium. In some
embodiments, X', X'®, X*, X* are deuterium and X**, X, X* and X*" are hydrogen.
In some embodiments, X', X'°, X* X?°, X** X**, X* and X*® are deuterium. In some
embodiments, X'*, X'®, X**, X?® are deuterium and R? is CDs. In some embodiments, X'?,
X' X% X% are deuterium and R? is CFs.

[38] In some embodiments, X°?, X°°, X* and X" are hydrogen. In some
embodiments, X3a, X3b, X* and X* are hydrogen and R? is CDs. In some embodiments,
x*, X%*, X* and X™ are hydrogen and R? is CF;.

[39] In some embodiments, X%, X°°, X* and X*® are deuterium. In some
embodiments, X**, X*®, X* and X*® are deuterium and R? is CDs. In some embodiments,
X** X* X* and X* are deuterium and R? is CFs.

[40] In some embodiments, R* is CDs. In some embodiments, R? is CFs.

[41] In yet another embodiment, the compound is a compound of Formula I, wherein
R%is CF; and each of X', X'*, X% X% x* X x* X% X% X°* X° R'and R%is as
set forth in Table 1 below:
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[42] Table 1. Compounds of Formula |

la 2a 3a da Sa
Cmpd XXIb szb XXSb XX4b :))((Sb X| R R’
100 D D D D D D | CD; | CDs
101 D D D D D H | CD; | CDs
102 D D D D D H | CD; | CH;
103 D D H H D H | CD; | CDs
104 D D H H D H | CD; | CH;
105 D D H H D D | CD; | CH;
106 D D H H H D | CD; | CH;
107 D D H H H D | CD; | CDs
108 H H D D D D | CD; | CDs
109 H H D D D H | CD; | CH;
110 H H D D D H | CD; | CDs
111 H H D D D D | CD; | CH;
112 H H H H H H | CD; | CDs
113 D D D D D D | CH; | CDs
114 D D D D D H | CH; | CDs
115 D D D D H D | CH; | CH;
116 D D H H D H | CH; | CDs
117 D D H H D H | CH; | CH;
118 D D H H D D | CH; | CH;
119 D D H H H D | CH; | CH;
120 D D H H H D | CH; | CDs
121 H H D D D D | CH; | CDs
122 H H D D D H | CH; | CH;
123 H H D D D H | CH; | CDs
124 H H D D D D | CH; | CH;
125 H H H H H H | CH; | CDs
126 D D D D H H | CD; | CH;
127 D D D D H H | CH; | CH;
128 D D D D D H | CH; | CH;

or a pharmaceutically acceptable salt thereof, wherein any atom not designated as
deuterium is present at its natural isotopic abundance.

[43] In another set of embodiments, any atom not designated as deuterium in any of
the embodiments, aspects, or examples set forth above is present at its natural isotopic
abundance.

[44] The synthesis of compounds of Formula I may be readily achieved by synthetic
chemists of ordinary skill by reference to the Exemplary Synthesis and Examples

10
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disclosed herein. Relevant procedures analogous to those of use for the preparation of
compounds of Formula I and intermediates thereof are disclosed, for instance in patent
publication no. WO 2007075869; in patent publication no. WO 2011053938 (pg 43); and
in Huang, W-S. et al.; J. Med. Chem. 2010, 53, 4701-4719.

[45]  Such methods can be carried out utilizing corresponding deuterated and
optionally, other isotope-containing reagents and/or intermediates to synthesize the
compounds delineated herein, or invoking standard synthetic protocols known in the art

for introducing isotopic atoms to a chemical structure.

Exemplary Synthesis
[46] Scheme 1 provides an exemplary procedure for the preparation of the compounds

of Formula I wherein X°* = X°°,

NOZ NH2
O>N 4
2 1. (COC), . 1. PdIC

4b 4a
COH 2. XR X FoC7 YR X% 2.BX;  FC7 Yk x4

X‘lb X b
CF >%< 5 X
3 xoN [oxs 0 N>§ﬁx1a X & N>§ﬁx1a
2

3 X2 x2a x2' “y2a
X1a 1b
R1 X X4a
\N X4b
6 N X2a

\_/ - X2b 5 N
DIPEA X x3xse X0k, o /
\_/

Formula |
[47] Asshown in Scheme 1, treatment of 2 first with oxalyl chloride and then with 3 in
a manner analogous to what is described in WO 2007075869 provides 4. Reduction with
Pd/C and with B(Xsa)g gives 5, which is treated with 6 to give a compound of Formula I.

[48] The following deuterated examples of compound 3 are commercially available:

11
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D
Me D
D>(\N D N,Me _.CD;
i ’ ’ 9
HN
HN>8TD HN\)
Dp D
D

3a (CDN Stable Isotopes) 3b (Aldrich) 3¢ (Toronto Research Chemicals)

[49] In addition, the following deuterated examples of compound 3 may be prepared as

described in US patent publication No. 20100166887:

DD
Dp D
Me D%N,CDs ,CDs
N D 5 N
HN\)TD AN HN\)TD
D D' p D
3d 3e 3f

[S0] The specific approaches and compounds shown above are not intended to be
limiting. The chemical structures in the schemes herein depict variables that are hereby
defined commensurately with chemical group definitions (moieties, atoms, etc.) of the
corresponding position in the compound formulae herein, whether identified by the same
variable name (i.c., R', R%, R®, etc.) or not. The suitability of a chemical group in a
compound structure for use in the synthesis of another compound is within

the knowledge of one of ordinary skill in the art.

[S1]  Additional methods of synthesizing compounds of Formula I and their synthetic
precursors, including those within routes not explicitly shown in schemes herein, are
within the means of chemists of ordinary skill in the art. Synthetic chemistry
transformations and protecting group methodologies (protection and deprotection) useful
in synthesizing the applicable compounds are known in the art and include, for example,
those described in Larock R, Comprehensive Organic Transformations, VCH Publishers
(1989); Greene, TW et al., Protective Groups in Organic Synthesis, 3 Ed., John Wiley
and Sons (1999); Fieser, L et al., Fieser and Fieser’s Reagents for Organic Synthesis,
John Wiley and Sons (1994); and Paquette, L, ed., Encyclopedia of Reagents for Organic
Synthesis, John Wiley and Sons (1995) and subsequent editions thereof.

[S2] Combinations of substituents and variables envisioned by this invention are only

12
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those that result in the formation of stable compounds.

Compositions

[S3] The invention also provides pharmaceutical compositions comprising an effective
amount of a compound of Formula I or pharmaceutically acceptable salt thereof, or a
pharmaceutically acceptable salt of said compound; and a pharmaceutically acceptable
carrier. The carrier(s) are “acceptable” in the sense of being compatible with the other
ingredients of the formulation and, in the case of a pharmaceutically acceptable carrier,
not deleterious to the recipient thereof in an amount used in the medicament.

[S4] Pharmaceutically acceptable carriers, adjuvants and vehicles that may be used in
the pharmaceutical compositions of this invention include, but are not limited to, ion
exchangers, alumina, aluminum stearate, lecithin, serum proteins, such as human serum
albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium sorbate,
partial glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes,
such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate,
sodium chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone,
cellulose-based substances, polyethylene glycol, sodium carboxymethylcellulose,
polyacrylates, waxes, polyethylene-polyoxypropylene-block polymers, polyethylene
glycol and wool fat.

[S5]  Ifrequired, the solubility and bioavailability of the compounds of the present
invention in pharmaceutical compositions may be enhanced by methods well-known in
the art. One method includes the use of lipid excipients in the formulation. See “Oral
Lipid-Based Formulations: Enhancing the Bioavailability of Poorly Water-Soluble Drugs
(Drugs and the Pharmaceutical Sciences),” David J. Hauss, ed. Informa Healthcare, 2007,
and “Role of Lipid Excipients in Modifying Oral and Parenteral Drug Delivery: Basic
Principles and Biological Examples,” Kishor M. Wasan, ed. Wiley-Interscience, 2006.
[S6]  Another known method of enhancing bioavailability is the use of an amorphous
form of a compound of this invention optionally formulated with a poloxamer, such as
LUTROL™ and PLURONIC™ (BASF Corporation), or block copolymers of ethylene
oxide and propylene oxide. See United States patent 7,014,866; and United States patent
publications 20060094744 and 20060079502.
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[S7] The pharmaceutical compositions of the invention include those suitable for oral,
rectal, nasal, topical (including buccal and sublingual), vaginal or parenteral (including
subcutaneous, intramuscular, intravenous and intradermal) administration. In certain
embodiments, the compound of the formulae herein is administered transdermally (e.g.,
using a transdermal patch or iontophoretic techniques). Other formulations may
conveniently be presented in unit dosage form, e.g., tablets, sustained release capsules,
and in liposomes, and may be prepared by any methods well known in the art of
pharmacy. See, for example, Remington: The Science and Practice of Pharmacy,
Lippincott Williams & Wilkins, Baltimore, MD (20th ed. 2000).

[S8]  Such preparative methods include the step of bringing into association with the
molecule to be administered ingredients such as the carrier that constitutes one or more
accessory ingredients. In general, the compositions are prepared by uniformly and
intimately bringing into association the active ingredients with liquid carriers, liposomes
or finely divided solid carriers, or both, and then, if necessary, shaping the product.

[S9] In certain embodiments, the compound is administered orally. Compositions of
the present invention suitable for oral administration may be presented as discrete units
such as capsules, sachets, or tablets each containing a predetermined amount of the active
ingredient; a powder or granules; a solution or a suspension in an aqueous liquid or a
non-aqueous liquid; an oil-in-water liquid emulsion; a water-in-oil liquid emulsion;
packed in liposomes; or as a bolus, etc. Soft gelatin capsules can be useful for containing
such suspensions, which may beneficially increase the rate of compound absorption.

[60] In the case of tablets for oral use, carriers that are commonly used include lactose
and corn starch. Lubricating agents, such as magnesium stearate, are also typically
added. For oral administration in a capsule form, useful diluents include lactose and
dried cornstarch. When aqueous suspensions are administered orally, the active
ingredient is combined with emulsifying and suspending agents. If desired, certain
sweetening and/or flavoring and/or coloring agents may be added.

[61] Compositions suitable for oral administration include lozenges comprising the
ingredients in a flavored basis, usually sucrose and acacia or tragacanth; and pastilles
comprising the active ingredient in an inert basis such as gelatin and glycerin, or sucrose

and acacia.
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[62] Compositions suitable for parenteral administration include aqueous and non-
aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats
and solutes which render the formulation isotonic with the blood of the intended
recipient; and aqueous and non-aqueous sterile suspensions which may include
suspending agents and thickening agents. The formulations may be presented in unit-
dose or multi-dose containers, for example, sealed ampules and vials, and may be stored
in a freeze dried (lyophilized) condition requiring only the addition of the sterile liquid
carrier, for example water for injections, immediately prior to use. Extemporanecous
injection solutions and suspensions may be prepared from sterile powders, granules and
tablets.

[63] Such injection solutions may be in the form, for example, of a sterile injectable
aqueous or oleaginous suspension. This suspension may be formulated according to
techniques known in the art using suitable dispersing or wetting agents (such as, for
example, Tween 80) and suspending agents. The sterile injectable preparation may also
be a sterile injectable solution or suspension in a non-toxic parenterally-acceptable
diluent or solvent, for example, as a solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are mannitol, water, Ringer's solution and
isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this purpose, any bland fixed oil may
be employed including synthetic mono- or diglycerides. Fatty acids, such as oleic acid
and its glyceride derivatives are useful in the preparation of injectables, as are natural
pharmaceutically-acceptable oils, such as olive oil or castor oil, especially in their
polyoxyethylated versions. These oil solutions or suspensions may also contain a long-
chain alcohol diluent or dispersant.

[64] The pharmaceutical compositions of this invention may be administered in the
form of suppositories for rectal administration. These compositions can be prepared by
mixing a compound of this invention with a suitable non-irritating excipient which is
solid at room temperature but liquid at the rectal temperature and therefore will melt in
the rectum to release the active components. Such materials include, but are not limited
to, cocoa butter, beeswax and polyethylene glycols.

[65] The pharmaceutical compositions of this invention may be administered by nasal
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acrosol or inhalation. Such compositions are prepared according to techniques well-
known in the art of pharmaceutical formulation and may be prepared as solutions in
saline, employing benzyl alcohol or other suitable preservatives, absorption promoters to
enhance bioavailability, fluorocarbons, and/or other solubilizing or dispersing agents
known in the art. See, e.g.: Rabinowitz JD and Zaffaroni AC, US Patent 6,803,031,
assigned to Alexza Molecular Delivery Corporation.

[66] Topical administration of the pharmaceutical compositions of this invention is
especially useful when the desired treatment involves areas or organs readily accessible
by topical application. For topical application topically to the skin, the pharmaceutical
composition should be formulated with a suitable ointment containing the active
components suspended or dissolved in a carrier. Carriers for topical administration of the
compounds of this invention include, but are not limited to, mineral oil, liquid petroleum,
white petroleum, propylene glycol, polyoxyethylene polyoxypropylene compound,
emulsifying wax, and water. Alternatively, the pharmaceutical composition can be
formulated with a suitable lotion or cream containing the active compound suspended or
dissolved in a carrier. Suitable carriers include, but are not limited to, mineral oil,
sorbitan monostearate, polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-
octyldodecanol, benzyl alcohol, and water. The pharmaceutical compositions of this
invention may also be topically applied to the lower intestinal tract by rectal suppository
formulation or in a suitable enema formulation. Topically-transdermal patches and
iontophoretic administration are also included in this invention.

[67] Application of the subject therapeutics may be local, so as to be administered at
the site of interest. Various techniques can be used for providing the subject
compositions at the site of interest, such as injection, use of catheters, trocars, projectiles,
pluronic gel, stents, sustained drug release polymers or other device which provides for
internal access.

[68] Thus, according to yet another embodiment, the compounds of this invention may
be incorporated into compositions for coating an implantable medical device, such as
prostheses, artificial valves, vascular grafts, stents, or catheters. Suitable coatings and the
general preparation of coated implantable devices are known in the art and are

exemplified in US Patents 6,099,562; 5,886,026; and 5,304,121. The coatings are
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typically biocompatible polymeric materials such as a hydrogel polymer,
polymethyldisiloxane, polycaprolactone, polyethylene glycol, polylactic acid, ethylene
vinyl acetate, and mixtures thereof. The coatings may optionally be further covered by a
suitable topcoat of fluorosilicone, polysaccharides, polyethylene glycol, phospholipids or
combinations thereof to impart controlled release characteristics in the composition.
Coatings for invasive devices are to be included within the definition of pharmaceutically
acceptable carrier, adjuvant or vehicle, as those terms are used herein.

[69] According to another embodiment, the invention provides a method of coating an
implantable medical device comprising the step of contacting said device with the coating
composition described above. It will be obvious to those skilled in the art that the coating
of the device will occur prior to implantation into a mammal.

[70] According to another embodiment, the invention provides a method of
impregnating an implantable drug release device comprising the step of contacting said
drug release device with a compound or composition of this invention. Implantable drug
release devices include, but are not limited to, biodegradable polymer capsules or bullets,
non-degradable, diffusible polymer capsules and biodegradable polymer wafers.

[71]  According to another embodiment, the invention provides an implantable medical
device coated with a compound or a composition comprising a compound of this
invention, such that said compound is therapeutically active.

[72] According to another embodiment, the invention provides an implantable drug
release device impregnated with or containing a compound or a composition comprising
a compound of this invention, such that said compound is released from said device and
is therapeutically active.

[73] Where an organ or tissue is accessible because of removal from the subject, such
organ or tissue may be bathed in a medium containing a composition of this invention, a
composition of this invention may be painted onto the organ, or a composition of this
invention may be applied in any other convenient way.

[74] In another embodiment, a composition of this invention further comprises a
second therapeutic agent. The second therapeutic agent may be selected from any
compound or therapeutic agent known to have or that demonstrates advantageous

properties when administered with a compound having the same mechanism of action as
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ponatinib. Such agents include those indicated as being useful in combination with
ponatinib, including but not limited to, those described in US8114874.

[75] In one embodiment, the second therapeutic agent is an antimetabolite-
type/thymidilate synthase inhibitor antineoplastic agent selected from but not limited to
the group consisting of 5-FU-fibrinogen, acanthifolic acid, aminothiadiazole, brequinar
sodium, carmofur, CibaGeigy CGP- 30694, cyclopentyl cytosine, cytarabine phosphate
stearate, cytarabine conjugates, Lilly DATHF, Merrell Dow DDFC, dezaguanine,
dideoxycytidine, dideoxyguanosine, didox, Yoshitomi DMDC, doxifluridine, Wellcome
EHNA, Merck & Co. EX-015, fazarabine, floxuridine, fludarabine phosphate, 5-
fluorouracil, N-(21-furanidyl) fluorouracil, Daiichi Seiyaku FO-152, isopropyl
pyrrolizine, Lilly LY-188011, Lilly LY-264618, methobenzaprim, methotrexate,
Wellcome MZPES, norspermidine, NCI NSC-127716, NCI NSC-264880, NCI NSC-
39661, NCI NSC-612567, Warner-Lambert PALA, pentostatin, piritrexim, plicamycin,
Asahi Chemical PL-AC, Takeda TAC788, thioguanine, tiazofurin, Erbamont TIF,
trimetrexate, tyrosine kinase inhibitors, Taiho UFT and uricytin.

[76] In one embodiment, the second therapeutic agent is an alkylating-type
antineoplastic agent, selected from but not limited to the group consisting of
Shionogi254-S, aldo-phosphamide analogues, altretamine, anaxirone, Boehringer
Mannheim BBR-2207, bestrabucil, budotitane, Wakunaga CA-102, carboplatin,
carmustine, Chinoin-139, Chinoin-153, chlorambucil, cisplatin, cyclophosphamide,
American Cyanamid CL-286558, Sanofi CY-233, cyplatate, Degussa D 384, Sumimoto
DACHP(Myr)2, diphenylspiromustine, diplatinum cytostatic, Erba distamycin
derivatives, Chugai DWA-2114R, ITI E09, elmustine, Erbamont FCE-24517,
estramustine phosphate sodium, fotemustine, Unimed G M, Chinoin GYKI-17230,
hepsulfam, ifosfamide, iproplatin, lomustine, mafosfamide, mitolactolf Nippon Kayaku
NK-121, NCI NSC-264395, NCI NSC-342215, oxaliplatin, Upjohn PCNU,
prednimustine, Proter PTT-119, ranimustine, semustine, SmithKline SK&F-101772,
Yakult Honsha SN-22, spiromus-tine, Tanabe Seiyaku TA-077, tauromustine,
temozolomide, teroxirone, tetraplatin and trimelamol.

[77] In one embodiment, the second therapeutic agent is an antibiotic-type

antineoplasic agent, as selected from but not limited to the group consisting of Taiho
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4181-A, aclarubicin, actinomycin D, actinoplanone, Erbamont ADR-456, acroplysinin
derivative, Ajinomoto AN II, Ajinomoto AN3, Nippon Soda anisomycins, anthracycline,
azino-mycin-A, bisucaberin, Bristol-Myers BL-6859, Bristol-Myers BMY-25067,
Bristol-Myers BNY-25551, Bristol-Myers BNY-26605, Bristol-Myers BNY-27557,
Bristol-Myers BMY-28438, bleomycin sulfate, bryostatin- 1, Taiho C- 1027,
calichemycin, chromoximycin, dactinomycin, daunorubicin, Kyowa Hakko DC-102,
Kyowa Hakko DC-79, Kyowa Hakko DC-88A, Kyowa Hakko, DC89-Al, Kyowa Hakko
DC92-B, ditrisarubicin B, Shionogi DOB-41, doxorubicin, doxorubicin-fibrinogen,
elsamicin-A, epirubicin, erbstatin, esorubicin, esperamicin-Al, esperamicin-Alb,
Erbamont FCE21954, Fujisawa FK-973, fostriecin, Fujisawa FR-900482, glidobactin,
gregatin-A, grincamycin, herbimycin, idarubicin, illudins, kazusamycin, kesarirhodins,
Kyowa Hakko KM-5539, Kirin Brewery KRN-8602, Kyowa Hakko KT-5432, Kyowa
Hakko KT-5594, Kyowa Hakko KT-6149, American Cyanamid LL-D49194, Meiji Seika
ME 2303, menogaril, mitomycin, mitoxantrone, SmithKline M-TAG, neoenactin, Nippon
Kayaku NK-313, Nippon Kayaku NKT-01, SRI International NSC-357704, oxalysine,
oxaunomycin, peplomycin, pilatin, pirarubicin, porothramycin, pyrindanycin A, Tobishi
RA-I, rapamycin, rhizoxin, rodorubicin, sibanomicin, siwenmycin, Sumitomo SM5887,
Snow Brand SN-706, Snow Brand SN-07, sorangicin-A, sparsomycin, SS Pharmaceutical
SS-21020, SS Pharmaceutical SS-7313B, SS Pharmaceutical SS-9816B, steffimycin B,
Taiho 4181-2, talisomycin, Takeda TAN-868A, terpentecin, thrazine, tricrozarin A,
Upjohn U-73975, Kyowa Hakko UCN-10028A, Fujisawa WF-3405, Yoshitomi Y-25024
and zorubicin.

[78] In one embodiment, the second therapeutic agent is from a miscellaneous family
of antineoplastic agents, including tubulin interacting agents, topoisomerase Il inhibitors,
topoisomerase I inhibitors and hormonal agents) selected from but not limited to the
group consisting of (xcarotene, (X-difluoromethyl-arginine, acitretin, Biotec AD-5,
Kyorin AHC-52, alstonine, amonafide, amphethinile, amsacrine, Angiostat, ankinomycin,
anti-neoplaston A10, antinecoplaston A2, antinecoplaston A3, antineoplaston A5,
antincoplaston AS2-1F Henkel APD, aphidicolin glycinate, asparaginase, Avarol,
baccharin, batracylin, benfluron, benzotript, Ipsen-Beaufour BIM-23015, bisantrene,

BristoMyers BNY-40481, Vestar boron-10, bromofosfamide, Wellcome BW-502,
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Wellcome BW-773, caracemide, carmethizole hydrochloride, Ajinomoto CDAF,
chlorsulfaquinoxalone, Chemes CHX-2053, Chemex CHX-100, Warner-Lambert CI-921,
WarnerLambert CI-937, Warner-Lambert CI-941, Warner-Lambert C1958, clanfenur,
claviridenone, ICN compound 1259, ICN compound 4711, Contracan, Yakult Honsha
CPT-11, crisnatol, curaderm, cytochalasin B. cytarabine, cytocytin, Merz D-609, DABIS
maleate, dacarbazine, datelliptinium, didemnin-B, dihaematoporphyrin ether,
dihy&colenperone, dinaline, distamycin, Toyo Pharmar DM-341, Toyo Pharmar DM-75,
Daiichi Seiyaku DN-9693, docetaxel elliprabin, elliptinium acetate, Tsumura EPMTC,
the epothilones, ergotamine, etoposide, etretinate, fenretinide, Fujisawa FR-57704t
gallium nitrate, genkwadaphnin, Chugai GLA-43, Glaxo GR-63178, grifolan NMF5N,
hexadecylphosphocholine, Green Cross HO-221, homoharringtonine, hydroxyurea, BTG
ICRF-187, ilmofosine, isoglutamine, isotretinoin, Otsuka JI-36, Ramot K-477, Otsuak K-
76COONa, Kurcha Chemical K-AM, MECT Corp KI-8110, American Cyanamid L-623,
leukoregulin, lonidamine, Lundbeck LU 1121 Lilly LY-186641, NCI (US) MAP,
marycin, Merrell Dow MDL-27048, Medco MEDR-340, merbarone, merocyanine
derivatives, methylanilinoacridine, Molecular Genetics MGI136, minactivin, mitonafide,
mitoquidone mopidamol, motretinide, Zenyaku Kogyo MST-16, N-(retinoyl)amino acids,
Nisshin Flour Milling N-021, N-acylated-dehy&coalanines, nafazatrom, Taisho NCU-
190, nocodazole derivative, Normosang, NCI NSC-145813, NCI NSC-361456, NCI
NSC-604782, NCI NSC-95580, ocreotide, Ono ONO- 112, oquizanocine, Akzo Org-
10172, paclitaxel, pancratistatin, pazelliptine, WarnerLambert PD- 11707, Warner-
Lambert PD-115934, Warner-Lambert PD- 131141, Pierre Fabre PE-1001, ICRT peptide
D, piroxantrone, polyhaematoporphyrin, polypreic acid, Efamol porphyrin, probimane,
procarbazine, proglumide, Invitron protease nexin I, Tobishi RA-700, razoxane, Sapporo
Breweries RBS, restrictin-P, retelliptine, retinoic acid, Rhone-Poulenc RP-49532, Rhone-
Poulenc RP-56976, SmithKline SK&F-104864, Sumitomo SM-108, Kuraray SMANCS,
SeaPharm SP10094, spatol, spirocyclopropane derivatives, spirogermanium, Unimed, SS
Pharmaceutical SS-554, strypoldinone, Stypoldione, Suntory SUN 0237, Suntory SUN
2071, superoxide dismutase, Toyama T-506, Toyama T-680, taxol, Teijin TEI-0303,
teniposide, thaliblastine, Eastman Kodak TJB-29, tocotrienol, topotecan, Topostin, Teijin

TT82, Kyowa Hakko UCN-01, Kyowa Hakko UCN-1028, ukrain, Eastman Kodak USB-
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006, vinblastine sulfate, vincristine, vindesine, vinestramide, vinorelbine, vintriptol,
vinzolidine, withanolides and Yamanouchi YM

[79] In one embodiment, the second therapeutic agent is from a miscellaneous family
of antineoplastic agents, selected from but not limited to the group consisting of
acemannan, aclarubicin, aldesleukin, alemtuzumab, alitretinoin, altretamine, amifostine,
aminolevulinic acid, amrubicin, amsacrine, anagrelide, anastrozole, ANCER, ancestim,
ARGLABIN, arsenic trioxide, BAM 002 (Novelos), bexarotene, bicalutamide,
broxuridine, capecitabine, celmoleukin, cetrorelix, cla&kdbine, clotrimazole,cytarabine
ocfosfate, DA 3030 (Dong-A), daclizumab, denileukin diftitox, deslorelin, dexrazoxane,
dilazep, docetaxel, docosanol, doxercalciferol, doxifluridine, doxorubicin, bromocriptine,
carmustine, cytarabine, fluorouracil, HIT diclofenac, interferon alfa, daunorubicin,
tretinoin, edelfosine, edrecolomab eflornithine, emitefur, epirubicin, epoetin beta,
ctoposide phosphate, exemestane, exisulind, fadrozole, filgrastim, finasteride, fludarabine
phosphate, formestane, fotemustine, gallium nitrate, gemcitabine, gemtuzumab
zogamicin, gimeracil/oteracil/tegafur combination, glycopine, goserelin, heptaplatin,
human chorionic gonadotropin, human fetal alpha fetoprotein, ibandronic acid,
idarubicin, imiquimod, interferon alfa, interferon alfa-natural, interferon alfa-2, interferon
alfa-2a, interferon alfa-2b, interferon alfa-NI, interferon alfa-n3, interferon alfa conl,
interferon beta, interferon beta-la, interferon beta-1Ib, interferon gamma, natural interferon
gamma-la, interferon gamma-Ib, interleukin-I beta, iobenguane, irinotecan, irsogladine,
lanreotide, LC 9018 (Yakult), leflunomide, lenograstim, lentinan sulfate, letrozole,
leukocyte alpha interferon, leuprorelin, levamisole+fluorouracil, liarozole, lobaplatin,
lonidamine, lovastatin, masoprocol, melarsoprol, metoclopramide, mifepristone,
miltefosine, mirimostim, mismatched double stranded RNA, mitoguazone, mitolactol,
mitoxantrone, molgramostim, nafarelin, naloxone+pentazocine, nartograstim, nedaplatin,
nilutamide, noscapine, novel erythropoiesis stimulating protein, NSC 631570 octreotide,
oprelvekin, osaterone, oxaliplatin, paclitaxel, pamidaconic acid, pegaspargase,
peginterferon alfa-2b, pentosan polysulfate sodium, pentostatin, picibanil, pirarubicin,
rabbit antithymocyte polyclonal antibody, polyethylene glycol interferon alfa-2a,
porfimer sodium, raloxifene, raltitrexed, rasburicase, rhenium Re 186 etidronate, RII

retinamide, rituximab, romurtide, samarium (153 Sm) lexidronam, sargramostim,
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sizofiran, sobuzoxane, sonermin, strontium-89 chloride, suramin, tasonermin, tazarotene,
tegafur, temoporfin, temozolomide, teniposide, tetrachlorodecaoxide, thalidomide,
thymalfasin, thyrotropin alfa, topotecan, toremifene, tositumomab-iodine 131,
trastuzumab, treosulfan, tretinoin, trilostane, trimetrexate, triptorelin, tumor necrosis
factor alpha, natural, ubenimex, bladder cancer vaccine, Maruyama vaccine, melanoma
lysate vaccine, valrubicin, verteporfin, vinorelbine, VIRULIZIN, zinostatin stimalamer,
or zoledronic acid; abarelix; AE 941 (Aeterna), ambamustine, antisense oligonucleotide,
bel-2 (Genta), APC 8015 (Dendreon), cetuximab, decitabine, dexaminoglutethimide,
diaziquone, EL 532 (Elan), EM 800 (Endorecherche), eniluracil, etanidazole, fenretinidel
filgrastim SDO1 (Amgen), fulvestrant, galocitabine, gastrin 17 immunogen, HLA-B7
gene therapy (Vical), granulocyte macrophage colony stimulating factor, histamine
dihydrochloride, ibritumomab tiuxetan, ilomastat, IM 862 (Cytran), interleukin
iproxifene, LDI 200 (Milkhaus), leridistim, lintuzumab, CA 125 MAb (Biomira), cancer
MAD (Japan Pharmaceutical Development), HER-2 and Fc MAb (Medarex), idiotypic
105AD7 MAD (CRC Technology), idiotypic CEA MADb (Trilex), LYM iodine 131 MAb
(Techniclone), polymorphic epithelial mucin-yttrium 90 MAb (Antisoma), marimastat,
menogaril, mitumomab, motexafin, gadolinium, MX 6 (Galderma), nelarabine,
nolatrexed, P 30 protein, pegvisomant, pemetrexed, porfiromycin, prinomastat, RL 0903
(Shire), rubitecan, satraplatin, sodium phenylacetate, sparfosic acid, SRL 172 (SR
Pharma), SU 5416 (SUGEN)y SU 6668 (SUGEN), TA 077 (Tanabe), tetrathiomolybdate,
thaliblastine, thrombopoietin, tin ethyl etiopurpurin, tirapazamine, cancer vaccine
(Biomira), melanoma vaccine (New York University), melanoma vaccine (Sloan
Kettering Institute), melanoma oncolysate vaccine (New York Medical College), viral
melanoma cell lysates vaccine (Royal Newcastle Hospital), or valspodar.

[80] In one embodiment, the second therapeutic agent is selected from hydroxyurea,
ranibizumab, homoharringtonine, asparaginase, cyclophosphamide, cytarabine,
daunorubicin hydrochloride, etoposide, filgrastim, idarubicin, mercaptopurine,
methotrexate, methylprednisolone, mitoxantrone hydrochloride, prednisone, vincristine,
TALL-104 cells, cladribine, temsirolimus, alemtuzumab, IFN-alpha, busulfan,

fludarabine, clofarabine, xeloda, pioglitazone, etoricoxib, dexamethasone, treosulfan,
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docetaxel, sunitinib, vinorelbine, cisplatin, pemetrexed, temozolomide, vatalanib,
everolimus, taxotere, gemcitabine, and capecitabine.

[81] In one embodiment, the second therapeutic agent is selected from imatinib
(Gleevec), cyclophosphamide, Mesna, doxorubicin, vincristine, dexamethasone, G-CSF
(Filgrastim), rituximab, methotrexate, cytarabine, methyl prednisolone, citrovorum
(leucovorin), prednisone and pegfilgrastim (Neulasta).

[82] In another embodiment, the invention provides separate dosage forms of a
compound of this invention and one or more of any of the above-described second
therapeutic agents, wherein the compound and second therapeutic agent are associated
with one another. The term “associated with one another” as used herein means that the
separate dosage forms are packaged together or otherwise attached to one another such
that it is readily apparent that the separate dosage forms are intended to be sold and
administered together (within less than 24 hours of one another, consecutively or
simultaneously).

[83] Inthe pharmaceutical compositions of the invention, the compound of the present
invention is present in an effective amount. As used herein, the term “effective amount”
refers to an amount which, when administered in a proper dosing regimen, is sufficient to
treat the target disorder.

[84] The interrelationship of dosages for animals and humans (based on milligrams per
meter squared of body surface) is described in Freireich et al., Cancer Chemother. Rep,
1966, 50: 219. Body surface area may be approximately determined from height and
weight of the subject. See, e.g., Scientific Tables, Geigy Pharmaceuticals, Ardsley, N.Y .,
1970, 537.

[85] In one embodiment, an effective amount of a compound of this invention can
range from 1 mg/kg to 100 mg/kg, administered once a day, such as 2.5 mg to 75 mg/kg,
administered once a day, such as 5 mg to 50 mg/kg, administered once a day, such as 20
mg to 45 mg/kg, such as 30 to 45 mg, such as 40 mg or 45 mg, administered once a day.
[86]  Effective doses will also vary, as recognized by those skilled in the art,
depending on the diseases treated, the severity of the disease, the route of administration,

the sex, age and general health condition of the subject, excipient usage, the possibility of
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co-usage with other therapeutic treatments such as use of other agents and the judgment
of the treating physician.

[87] For pharmaceutical compositions that comprise a second therapeutic agent, an
effective amount of the second therapeutic agent is between about 20% and 100% of the
dosage normally utilized in a monotherapy regime using just that agent. Preferably, an
effective amount is between about 70% and 100% of the normal monotherapeutic dose.
The normal monotherapeutic dosages of these second therapeutic agents are well known
in the art. See, ¢.g., Wells et al., eds., Pharmacotherapy Handbook, 2nd Edition,
Appleton and Lange, Stamford, Conn. (2000); PDR Pharmacopoeia, Tarascon Pocket
Pharmacopoeia 2000, Deluxe Edition, Tarascon Publishing, Loma Linda, Calif. (2000),
each of which references are incorporated herein by reference in their entirety.

[88] Itis expected that some of the second therapeutic agents referenced above will act
synergistically with the compounds of this invention. When this occurs, it will allow the
effective dosage of the second therapeutic agent and/or the compound of this invention to
be reduced from that required in a monotherapy. This has the advantage of minimizing
toxic side effects of either the second therapeutic agent of a compound of this invention,
synergistic improvements in efficacy, improved ease of administration or use and/or

reduced overall expense of compound preparation or formulation.

Methods of Treatment

[89] In another embodiment, the invention provides a method of inhibiting one or
more of BCR-ABL kinase, Flt3, vascular endothelial growth factors (VEGFR), fibroblast
growth factors (FGFR) or angiopoietin (Tie2) in a cell, comprising contacting the cell
with a compound of Formula I herein.

[90] According to another embodiment, the invention provides a method of treating a
disease in a subject, wherein the disease is selected from the group consisting of
refractory hematologic cancers, comprising administering an effective amount of a
compound of Formula I or of a composition as disclosed herein. In one embodiment, the
method is a method to treat a disease selected from the group consisting of chronic
myeloid leukemia (CML), Philadelphia positive acute lymphoblastic leukemia (Ph+

ALL), solid tumors and acute myeloid leukemia (AML), comprising administering an
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effective amount of a compound of Formula I or of a composition as disclosed herein. In
one embodiment, the method is a method to treat abnormal angiogenesis, comprising
administering an effective amount of a compound of Formula I or of a composition as
disclosed herein.

[91] In one embodiment, the invention provides a method of treating a disease in a
subject, wherein the disease is selected from the group consisting of skin cancer, renal
disorders, malaria, arterial restenosis, disorders of sexual function and reproduction, eye
disorders, psoriasis, diabetes type 1 and type 2, cerebral ischemia, hematologic/blood
cancer, multiple sclerosis, muscular dystrophy, peripheral vascular disease, neurological
disorders, fibrodysplasia, viral hepatitis, acne, cardiovascular disorders, chemical or
biological agent exposure, cystic fibrosis, atherosclerosis, urinary incontinence,
choriocarcinoma, malignant histiocytosis, embryonal carcinoma, endometrial carcinoma,
brain microglial tumours, sarcoidosis, Creutzfeldt-Jacob disease, amyotrophic lateral
sclerosis, HIV infection, pathogenic infection, chronic myeloid leukemia, gastrointestinal
stromal cancer (GIST), fibrosarcoma, acute lymphocytic leukemia, hypereosinophilic
syndrome, myeloproliferative diseases, systemic mastocytosis, astrocytoma, glioblastoma
multiforme, pulmonary hypertension, pulmonary arterial hypertension (PAH), cancer,
breast cancer, eye cancer, cancer of the head and neck, non-small cell lung cancer, small-
cell lung cancer, metastatic cancer, ovarian cancer, testicular cancer, prostate cancer,
thyroid cancer, solid tumor cancer, thymic cancer, pancreatic cancer, renal cancer,
colorectal cancer, idiopathic pulmonary fibrosis, interstitial lung diseases, Kaposi’s
sarcoma, melanoma, meningioma, sarcoma, Ewing’s sarcoma, neurofibromatosis,
oligodendroglioma, chordoma, Polycythemia Vera, allergic rhinitis, scleroderma,
rheumatoid arthritis, malignant mesothelioma, organ fibrosis including pulmonary
fibrosis, idiopathic pulmonary fibrosis and neurofibromatosis, Hermansky-Pudlak
syndrome, diabetic nephropathy, renal failure, hypertrophic cardiomyopathy (HCM),
glomerulosclerosis (FSGS), radiation-induced fibrosis such as osteoradionecrosis, and
uterine leiomyomas (fibroids).

[92] In one embodiment, the invention provides a method of treating a disease in a

subject, wherein the disease is pulmonary arterial hypertension (PAH) comprising
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administering an effective amount of a compound of Formula I or of a composition as
disclosed herein.

[93] Identifying a subject in need of such treatment can be in the judgment of a subject
or a health care professional and can be subjective (e.g. opinion) or objective (e.g.
measurable by a test or diagnostic method). In one embodiment the subject is a patient.
[94] In another embodiment, any of the above methods of treatment comprises the
further step of co-administering to the subject in need thereof one or more second
therapeutic agents. The choice of second therapeutic agent may be made from any
second therapeutic agent known to be useful for co-administration with ponatinib. The
choice of second therapeutic agent is also dependent upon the particular disease or
condition to be treated. Examples of second therapeutic agents that may be employed in
the methods of this invention are those set forth above for use in combination
compositions comprising a compound of this invention and a second therapeutic agent.
Such agents include but are not limited to hydroxyurea, ranibizumab,
homoharringtonine, asparaginase, cyclophosphamide, cytarabine, daunorubicin
hydrochloride, etoposide, filgrastim, idarubicin, mercaptopurine, methotrexate,
methylprednisolone, mitoxantrone hydrochloride, prednisone, vincristine, TALL-104
cells, cladribine, temsirolimus, alemtuzumab, IFN-alpha, busulfan, fludarabine,
clofarabine, xeloda, pioglitazone, etoricoxib, dexamethasone, treosulfan, docetaxel,
sunitinib, vinorelbine, cisplatin, pemetrexed, temozolomide, vatalanib, everolimus,
taxotere, gemcitabine, capecitabine, imatinib (Gleevac), Mesna, doxorubicin, rituximab,
cytarabine, citrovorum (leucovorin), and pegfilgrastim (Neulasta).

[95] The term “co-administered” as used herein means that the second therapeutic
agent may be administered together with a compound of this invention as part of a single
dosage form (such as a composition of this invention comprising a compound of the
invention and an second therapeutic agent as described above) or as separate, multiple
dosage forms. Alternatively, the additional agent may be administered prior to,
consecutively with, or following the administration of a compound of this invention. In
such combination therapy treatment, both the compounds of this invention and the second
therapeutic agent(s) are administered by conventional methods. The administration of a

composition of this invention, comprising both a compound of the invention and a second
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therapeutic agent, to a subject does not preclude the separate administration of that same
therapeutic agent, any other second therapeutic agent or any compound of this invention
to said subject at another time during a course of treatment.

[96] Effective amounts of these second therapeutic agents are well known to those
skilled in the art and guidance for dosing may be found in patents and published patent
applications referenced herein, as well as in Wells et al., eds., Pharmacotherapy
Handbook, 2nd Edition, Appleton and Lange, Stamford, Conn. (2000); PDR
Pharmacopocia, Tarascon Pocket Pharmacopoeia 2000, Deluxe Edition, Tarascon
Publishing, Loma Linda, Calif. (2000), and other medical texts. However, it is well
within the skilled artisan’s purview to determine the second therapeutic agent’s optimal
effective-amount range.

[97] In one embodiment of the invention, where a second therapeutic agent is
administered to a subject, the effective amount of the compound of this invention is less
than its effective amount would be where the second therapeutic agent is not
administered. In another embodiment, the effective amount of the second therapeutic
agent is less than its effective amount would be where the compound of this invention is
not administered. In this way, undesired side effects associated with high doses of either
agent may be minimized. Other potential advantages (including without limitation
improved dosing regimens and/or reduced drug cost) will be apparent to those of skill in
the art.

[98] In yet another aspect, the invention provides the use of a compound of Formula I
alone or together with one or more of the above-described second therapeutic agents in
the manufacture of a medicament, either as a single composition or as separate dosage
forms, for treatment or prevention in a subject of a disease, disorder or symptom set forth
above. Another aspect of the invention is a compound of Formula I for use in the
treatment or prevention in a subject of a disease, disorder or symptom thereof delineated

herein.

Example 1. Evaluation of Metabolic Stability
[99] Microsomal Assay: Human liver microsomes (20 mg/mL) are obtained from

Xenotech, LLC (Lenexa, KS). B-nicotinamide adenine dinucleotide phosphate, reduced
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form (NADPH), magnesium chloride (MgCl,), and dimethyl sulfoxide (DMSO) are
purchased from Sigma-Aldrich.
[100] Determination of Metabolic Stability: 7.5 mM stock solutions of test compounds
are prepared in DMSO. The 7.5 mM stock solutions are diluted to 12.5-50 uM in
acetonitrile (ACN). The 20 mg/mL human liver microsomes are diluted to 0.625 mg/mL
in 0.1 M potassium phosphate buffer, pH 7.4, containing 3 mM MgCl,. The diluted
microsomes are added to wells of a 96-well deep-well polypropylene plate in triplicate.
A 10 uL aliquot of the 12.5-50 uM test compound is added to the microsomes and the
mixture is pre-warmed for 10 minutes. Reactions are initiated by addition of pre-warmed
NADPH solution. The final reaction volume is 0.5 mL and contains 0.5 mg/mL human
liver microsomes, 0.25-1.0 uM test compound, and 2 mM NADPH in 0.1 M potassium
phosphate buffer, pH 7.4, and 3 mM MgCl,. The reaction mixtures are incubated at
37 °C, and 50 uL aliquots are removed at 0, 5, 10, 20, and 30 minutes and added to
shallow-well 96-well plates which contain 50 uL of ice-cold ACN with internal standard
to stop the reactions. The plates are stored at 4 °C for 20 minutes after which 100 uL of
water is added to the wells of the plate before centrifugation to pellet precipitated
proteins. Supernatants are transferred to another 96-well plate and analyzed for amounts
of parent remaining by LC-MS/MS using an Applied Bio-systems API 4000 mass
spectrometer. The same procedure is followed for the non-deuterated counterpart of the
compound of Formula I and the positive control, 7-ecthoxycoumarin (1 uM). Testing is
done in triplicate.
[101] Data analysis: The in vitro ti,;s for test compounds are calculated from the slopes
of the linear regression of % parent remaining (In) vs incubation time relationship.

in vitro t v, =0.693/k

k = -[slope of linear regression of % parent remaining(ln) vs incubation time]
[102] Data analysis is performed using Microsoft Excel Software.
[103] Without further description, it is believed that one of ordinary skill in the art can,
using the preceding description and the illustrative examples, make and utilize the
compounds of the present invention and practice the claimed methods. It should be
understood that the foregoing discussion and examples merely present a detailed

description of certain preferred embodiments. It will be apparent to those of ordinary
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skill in the art that various modifications and equivalents can be made without departing

from the spirit and scope of the invention.
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CLAIMS

What 1s claimed is:

1. A compound of Formula I:
X228  y2b
R1\ X3a
X1b N
4 4b
x4 X 53’ 5 R? N,N /
\ 7

Formula 1
or a pharmaceutically acceptable salt thereof,
wherein each of X', X'®, X X, x**, X*®, X* X", X** X" and X° is independently
selected from hydrogen and deuterium; and
cach R is independently selected from CHs CF; and CDs;
provided that if each of X'*, X'°, X*, X**, X**, X X* X*™ X°* X°" and X’is hydrogen;
R'is CH;; and R’ is CH;; then R?is CDs.

2. The compound of claim 1, wherein X' and X' are the same; X** and X" are the

3 3b 4
same; X *and X are the same; X and X* are the same; and X" and X" are the same.

3. The compound of claim 1 or 2, wherein R'is CH;,

4. The compound of claim 1 or 2, wherein R'is CDs.

5. The compound of any one of claims 1 to 4, wherein R?is CHs,

6. The compound of any one of claims 1 to 4, wherein R* is CDs.

7. The compound of any one of claims 1 to 6, wherein X', X'®, X** and X*" are
hydrogen.
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8. The compound of any one of claims 1 to 4, wherein X', X'®, X** and X*" are
deuterium.

9. The compound of any one of claims 1 to 8, wherein X, X°°, X* and X*" are
hydrogen.

10.  The compound of any one of claims 1 to 8, wherein X** X**, X* and X™ are
deuterium.

11. The compound of any one of claims 1 to 10, wherein R?is CD;s,

12.  The compound of any one of claims 1 to 10, wherein R? is CF;.

13.  The compound of claim 1, wherein R? is CF3 and each of X'*, X'®, X*, X*, X**,
X, x* x* x5 X X6 R'and R? is as set forth below :

><»—
| |m
><l\)
I
><b)
I
><J>
I
><1JI

Cmpd x'b x2b 33 b b X R' 1§
100 D D D D D D CD; | CDs
101 D D D D D H CD; | CDs
102 D D D D D H CD; | CH;
103 D D H H D H CD; | CDs
104 D D H H D H CD; | CH;
105 D D H H D D CD; | CH;
106 D D H H H D CD; | CH;
107 D D H H H D CD; | CDs
108 H H D D D D CD; | CDs
109 H H D D D H CD; | CH;
110 H H D D D H CD; | CDs
111 H H D D D D CD; | CH;
112 H H H H H H CD; | CDs
113 D D D D D D CH; | CDs;
114 D D D D D H CH; | CDs;
115 D D D D H D CH; | CH;
116 D D H H D H CH; | CDs;
117 D D H H D H CH; | CH;
118 D D H H D D CH; | CH;
119 D D H H H D CH; | CH;
120 D D H H H D CH; | CDs;
121 H H D D D D CH; | CDs;
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Ta 2a 3a da Sa
Cmpd XXIb szb XXSb XX4b );Sb x| R' | R
122 H H D D D H CH; | CH;
123 H H D D D H CH; | CDs
124 H H D D D D CH; | CH;
125 H H H H H H CH; | CDs
126 D D D D H H CD; | CH;
127 D D D D H H CH; | CH;
128 D D D D D H CH; | CH;

or a pharmaceutically acceptable salt thereof, wherein any atom not designated as

deuterium is present at its natural isotopic abundance.

14.  The compound of any one of claims 1 to 12, wherein any atom not designated as

deuterium is present at its natural isotopic abundance.

15. A pharmaceutical composition comprising the compound of claim 1 or a

pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable carrier.

16. A method of inhibiting one or more of BCR-ABL kinase, Flt3, vascular
endothelial growth factors (VEGFR), fibroblast growth factors (FGFR) or angiopoietin

(Tie2)in a cell, comprising contacting the cell with a compound of claim 1.

17. A method of treating a disease selected from the group consisting of refractory
hematologic cancers, chronic myeloid leukemia (CML), Philadelphia positive acute
lymphoblastic leukemia (Ph+ ALL), solid tumors, acute myeloid leukemia (AML), skin
cancer, renal disorders, malaria, arterial restenosis, disorders of sexual function and
reproduction, eye disorders, psoriasis, diabetes type 1 and type 2, cerebral ischemia,
hematologic/blood cancer, multiple sclerosis, muscular dystrophy, peripheral vascular
disease, neurological disorders, fibrodysplasia, viral hepatitis, acne, cardiovascular
disorders, chemical or biological agent exposure, cystic fibrosis, atherosclerosis, urinary
incontinence, choriocarcinoma, malignant histiocytosis, embryonal carcinoma,
endometrial carcinoma, brain microglial tumours, sarcoidosis, Creutzfeldt-Jacob disease,
amyotrophic lateral sclerosis, HIV infection, pathogenic infection, chronic myeloid

leukemia, gastrointestinal stromal cancer (GIST), fibrosarcoma, acute lymphocytic
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leukemia, hypereosinophilic syndrome, myeloproliferative diseases, systemic
mastocytosis, astrocytoma, glioblastoma multiforme, pulmonary hypertension,
pulmonary arterial hypertension (PAH), cancer, breast cancer, eye cancer, cancer of the
head and neck, non-small cell lung cancer, small-cell lung cancer, metastatic cancer,
ovarian cancer, testicular cancer, prostate cancer, thyroid cancer, solid tumor cancer,
thymic cancer, pancreatic cancer, renal cancer, colorectal cancer, idiopathic pulmonary
fibrosis, interstitial lung diseases, Kaposi’s sarcoma, melanoma, meningioma, sarcoma,
Ewing’s sarcoma, neurofibromatosis, oligodendroglioma, chordoma, Polycythemia Vera,
allergic rhinitis, scleroderma, rheumatoid arthritis, malignant mesothelioma, organ
fibrosis including pulmonary fibrosis, idiopathic pulmonary fibrosis and
neurofibromatosis, Hermansky-Pudlak syndrome, diabetic nephropathy, renal failure,
hypertrophic cardiomyopathy (HCM), glomerulosclerosis (FSGS), radiation-induced
fibrosis such as osteoradionecrosis, and uterine leiomyomas (fibroids), comprising
administering to a subject in need of such treatment a compound of claim 1 or a

composition of claim 15.

18.  The method claim 17 wherein the disease is selected from the group consisting of
refractory hematologic cancers, chronic myeloid leukemia (CML), Philadelphia positive
acute lymphoblastic leukemia (Ph+ ALL), solid tumors and acute myeloid leukemia
(AML) comprising administering to a subject in need of such treatment a compound of

claim 1 or a composition of claim 15.

19.  The method of claim 17, further comprising administering to the subject in need
thereof, a therapeutic agent selected from imatinib (Gleevec), cyclophosphamide, Mesna,
doxorubicin, vincristine, dexamethasone, G-CSF (Filgrastim), rituximab, methotrexate,
cytarabine, methyl prednisolone, citrovorum (leucovorin), prednisone and pegfilgrastim

(Neulasta).
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