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DESCRIPTION
ALPHA-TEA SALT FORMS: COMPOSITIONS AND USES FOR TREATING DISEASE

This application claims the benefit of US 61/874,823 filed on September 6, 2013, the entirety
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present disclosure relates generally to salts of g-tecophervioxyacetic acid {0-TEA),
polymorphic forms thereof, and pharmaceutical compositions thereof. In other aspects, the present

disclosure also relates methods for preparation and use of these substances.
II. Description of Related Art

Yitamin B analogs such as a-locopheryloxyacetic actd (o-TEA)Y have been previously
reporied (USRS 6,417,223, US 6,703,384 B2, US 6,770, 872 B, and US 7,312,232 B2). The derivative
o~ TEA has been shown to suppress the growih of tumors through a mechamsm which melhudes
mitochondrial depolarization and the generation of reactive oxygen species which frigger cell death
{(Yu, et. al., 2010; Neuzil, er. ¢l 2007; Kline, et ¢/, 2007). Studies have shown that the compound
rhibats the growth of a variety of differend cancer cell Hines without significand negative effects on

normal tissues (Lawson, ef af., 2003; Anderson, 2r al., 2004; Hahn, e7 af, 2009; Hahn, of o/, 2008).

In view of these promising biologioal properties, and 1n consideration that hislogical activity
profiles and physical properties can be expected vary across different salt forres of a compound, it
remains desirable o obtain novel salts forms with advantageous properties, including one that may
gase process scale-up and forvelation ssues and/or possess binlogical activity or pharmacokinetic
profiles that is well suited for the treatment or prevention of & given disease or mdication. Tn view of
the high degree of varoet medical need represenied by the diseases and indications discussed herein, i

is therefore destrable fo synthesize now solid forms, meluding salt forms, of - TEA,
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SUMMARY OF THE INVENTION

In one aspect, the present invention provides compounds of the formula:

0]
O
Yo
OX;
wherein X" is:
/N ~ -
HsC v OH /\"\fl/\ + ~_OH HO\/\N/\/OH
Na+’ K+’ éH OH > H2 > H3N > H2 >
NH, 0 . 0 , OH
- H3N - CH HaN
HZNJJ\H/\/\HkO 3 \/\/\‘)J\O ,{FECHS R[/OH
VAN
NH NHs  HO CHs  OH

(@]
H
E+:3 -\ ©\/N\/\ﬁ O)ko (
NH~,
HO/\/ \CH3 h . OH H2 or H2N K/NH/

]

or a hydrate thereof. In some embodiments, X is:

Hy ©OH OH
/N ~ -
HsC \/\:/Y\OH /\'*\'l/\ . ~_OH HO\/\'*\'I/\/OH
OH OH , Hy  HsN , Hy ,
- H3N = CH
H2N H/\/YJ\O 3 \/\/Yko 'll+/3CH3
NH; NH; HO™ ™ e,

—\
R& NH NH H
OH HO™ ™ CHy; —/ +_\—OH, 2/\©
0
ok
H,N UL
or ' 2 ;

or a hydrate thereof. In some embodiments, X is:
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NH, o . 0
HZNJ\N/\/\)k(S H3Nwﬁ)\(—) . 2CH,
HaN O H NH, NHs  HO >N
OH
HaN OH T
OH , Or HO/\/NHCHs

or a hydrate, thereof. In some embodiments, X;" is
OH

- H3N - 3
HoN H/\/\)ko 3 MO OH
+NH3 , 4'—\”-'3 , Or OH

or a hydrate, thereof.

In some embodiments, the present disclosure provides a compound of the formula:

0
o
Y\O

-0

N
NH, o)

HoN N/\/\Hké
H NH

+ 3

or a hydrate, thereof. In some embodiments, the compound is present as a polymorphic form having
an X-ray powder diffraction pattern (CuKa) comprising two peaks at about 11.84 °268 and 19.74 260 or
a hydrate, thereof. In some embodiments, the polymorphic form has an X-ray powder diffraction
pattern (CuKa) further comprising a peak at about 20.73 °20. In some embodiments, the polymorphic
form has an X-ray powder diffraction pattern (CuKa) further comprising 1, 2, 3,4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, or all of peaks at about 6.24, 9.35, 14.92, 15.51, 17.03, 18.49, 21.70, 22.81,
23.51, 24.85, 27.69, 28.31, 30.93, 32.30, 33.21, 35.02, and 39.30 °20. In some embodiments, the
polymorphic form has an X-ray powder diffraction pattern (CuKa) that is substantially as shown in
FIG. 4. In some embodiments, the polymorphic form has a differential scanning calorimetry (DSC)
isotherm comprising two endotherms from about 125 °C to about 140 °C and from about 170 °C to
about 195 °C. In some embodiments, the polymorphic form has a differential scanning calorimetry
(DSC) isotherm comprising two endotherms centered at about 131 °C and at around 184 °C,
respectively. In some embodiments, the polymorphic form has a differential scanning calorimetry
isotherm that is substantially as shown in FIG. 5. In some embodiments, the polymorphic form has a
thermogravimetric analysis (TGA) indicating a total volatile content of about 0.3 wt% over the
temperature range of about 25-194 °C. In some embodiments, the polymorphic form has a dynamic

vapor sorption (DVS) kinetic data and isotherm indicating a hemihydrate formation at about 40%
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relative humidity. In some embodiments, the polymorphic form is anhydrous. In other embodiments,
the polymorphic form is a hydrate. In some embodiments, the polymorphic form is a hemihydrate.

In yet another embodiment, the present disclosure provides a compound of the formula:

0
-0, o
HsNV\/\HH‘)

NH;

or a hydrate, thereof. In some embodiments, the compound is present as a polymorphic form having
an X-ray powder diffraction pattern (CuKo) comprising a peak at about 9.69 °26 or a hydrate, thereof.
In some embodiments, the X-ray powder diffraction pattern (CuKa) further comprises a peak at about
20.10 °20. In some embodiments, the X-ray powder diffraction pattern (CuKa) further comprises a
peak at about 19.78 °26. In some embodiments, the X-ray powder diffraction pattern (CuKa) further
comprises 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, or all of peaks at about 5.90, 7.77, 14.08,
17.58, 17.91, 18.31, 21.26, 22.17, 23.16, 24.77, 28.57, 29.71, 31.10, 31.69, 34.45, 34.99, and
36.24 °20. In some embodiments, the X-ray powder diffraction pattern (CuKa,) that is substantially as
shown in FIG. 6. In some embodiments, the polymorphic form has a differential scanning calorimetry
(DSC) isotherm comprising two endotherms from about 53 °C to about 60 °C and from about 180 °C
to about 235 °C. In some embodiments, the polymorphic form has a differential scanning calorimetry
(DSC) isotherm comrpising two endotherms centered at about 55.8 °C and at about 205 °C,
respectively. In some embodiments, the polymorphic form has a differential scanning calorimetry
isotherm that is substantially as shown in FIG. 7. In some embodiments, the polymorphic form has a
thermogravimetric curve from thermogravimetric analysis (TGA) indicating a total volatile content of
about 0.4 wt% over the temperature range of about 25-168.8 °C. In some embodiments, the
polymorphic form has a dynamic vapor sorption (DVS) kinetic data and isotherm indicating a hydrate
formation above about 75% relative humidity. In some embodiments, the polymorphic form is
anhydrous. In other embodiments, the polymorphic form is a hydrate.

In another embodiment, the present disclosure provides a compound of the formula:

0]

OY\O
-0 OH

HaN.
3 OH

OH
or a hydrate, thereof. In some embodiments, the compound is present as a polymorphic form having

an X-ray powder diffraction pattern (CuKa) comprising a peak at about 20.14 °20 or a hydrate,
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thereof. In some embodiments, the X-ray powder diffraction pattern (CuKa) further comprises peaks
at about 13.63, 14.40, 19.31, and 22.34 °20. In some embodiments, the X-ray powder diffraction
pattern (CuKo) further comprises two peaks at about 18.25 and 18.49 °20. In some embodiments, the
X-ray powder diffraction pattern (CuKa) further comprises 1, 2, 3, 4, 5, 6,7, 8,9, 10, 11, 12, or all of
peaks at about 9.67, 15.60, 21.47, 23.57, 27.07, 28.39, 30.49, 32.21, 33.30, 34.29, 34.96, 35.89, and
36.39°20. In some embodiments, the polymorphic form has an X-ray powder diffraction pattern
(CuKo) that is substantially as shown in FIG. 10. In some embodiments, the polymorphic form has a
differential scanning calorimetry (DSC) isotherm comprising two endotherms from about 97.5 °C to
about 120 °C and from about 185 °C to about 225 °C. In some embodiments, the polymorphic form
has a differential scanning calorimetry (DSC) isotherm comprising two endotherms at about 106 °C
and at about 192 °C, respectively. In some embodiments, the polymorphic form has a differential
scanning calorimetry isotherm that is substantially as shown in FIG. 11. In some embodiments, the
polymorphic form has a thermogravimetric curve from thermogravimetric analysis (TGA) indicating a
total volatile content of about 0.6 wt% over the temperature range of about 25-144 °C. In some
embodiments, the polymorphic form has a dynamic vapor sorption (DVS) kinetic data and isotherm
mdicating a hemihydrate formation at about 55% relative humidity. In some embodiments, the
polymorphic form is anhydrous. In other embodiments, the polymorphic form is a hydrate. In some
embodiments, the polymorphic form is a hemihydrate.

In yet another embodiment, the present disclosure provides a compound of the formula:

O
OY\ o

-0,

HsN \/\OH
or a hydrate, thereof. In some embodiments, the compound is present as a polymorphic form having
an X-ray powder diffraction pattern (CuKo) comprising a peak at about 19.4 °26 or a hydrate, thereof.
In some embodiments, the X-ray powder diffraction pattern (CuKa) further comprises peaks at about
10.4, 14.1, and 17.8 °20. In some embodiments, the X-ray powder diffraction pattern (CuKa.) further
comprises two peaks at about 20.8 °20. In some embodiments, the polymorphic form has an X-ray
powder diffraction pattern (CuKo,) that is substantially as shown in FIG. 2. In some embodiments, the
polymorphic form has a differential scanning calorimetry (DSC) isotherm comprising five endotherms
from about 85 °C to about 97 °C, from about 97 °C to to about 105 °C, from about 110 °C to about
125 °C, from about 145 °C to about 155 °C and from about 160 °C to about 210 °C. In some
embodiments, the polymorphic form has a differential scanning calorimetry (DSC) isotherm
comprising five endotherms at about 90.1 °C, at about 100.7 °C, at about 117.9 °C, at about 149.7 °C,
and at about 181.6 °C, respectively. In some embodiments, the polymorphic form has a differential

scanning calorimetry isotherm that is substantially as shown in FIG. 3. In some embodiments, the
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polymorphic form has a thermogravimetric curve from thermogravimetric analysis (TGA) indicating a
total volatile content of about 0.4 wt% over the temperature range of about 25-95.5 °C.

In another embodiment, the present disclosure provides a compound of the formula:

O
OY\ o
-0
H3C:EE3/\
H;C OH

5  or a hydrate, thereof. In some embodiments, the compound is present as a polymorphic form having

an X-ray powder diffraction pattern (CuKo) comprising two peaks at about 18.40 and 19.77 20 or

hydrate, thereof. In some embodiments, the polymorphic form has an X-ray powder diffraction

pattern (CuKa) further comprising peaks at about 4.28 and 10.75 °20. In some embodiments, the

polymorphic form has an X-ray powder diffraction pattern (CuKo) further comprising two peaks at

10 about 19.00 °26. In some embodiments, the polymorphic form has an X-ray powder diffraction

pattern (CuKo,) further comprising 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, or all of peaks

at about 6.45, 12.90, 16.17, 16.73, 17.31, 17.72, 20.96, 21.72, 28.08, 28.71, 29.70, 31.05, 31.63,

32.25, 34.60, 35.18, 36.60, and 39.02 °20. In some embodiments, the polymorphic form has an X-ray

powder diffraction pattern (CuKo,) that is substantially as shown in FIG. 8. In some embodiments, the

15  polymorphic form has a differential scanning calorimetry (DSC) isotherm comprising three

endotherms from about 50 °C to about 60 °C, from about 75 °C to about 85 °C, and from about 150

°C to about 250 °C, respectively. In some embodiments, the polymorphic form has a differential

scanning calorimetry (DSC) isotherm comprising three endotherms at about 50 °C, at about 80 °C,

and at about 150 °C, respectively. In some embodiments, the polymorphic form has a differential

20  scanning calorimetry isotherm that is substantially as shown in FIG. 9. In some embodiments, the

polymorphic form has a thermogravimetric curve from thermogravimetric analysis (TGA) indicating a

total volatile content of about 2.5 wt% over the temperature range of about 25-188.2 °C.

In another embodiment, the present disclosure provides a compound of the formula:

0]

25  or a hydrate, thereof. In some embodiments, the compound is present as a polymorphic form having
an X-ray powder diffraction pattern (CuKa) comprising a peak at about 21.73 20 or a hydrate,

thereof. In some embodiments, the polymorphic form has an X-ray powder diffraction pattern
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(CuKo) further comprising peaks at about 9.34, 14.90, 16.06, 17.33, 18.51, and 22.94 °20. In some
embodiments, the polymorphic form has an X-ray powder diffraction pattern (CuKa) further
comprising two peaks centered at about 20.22 °26. In some embodiments, the polymorphic form has
an X-ray powder diffraction pattern (CuKa,) further comprising 1, 2, 3,4, 5,6, 7,8, 9, 10, 11, or all of
peaks at about 10.05, 11.19, 14.13, 24.04, 27.65, 28.14, 29.73, 30.30, 31.06, 32.02, 33.45, and
34.49°20. In some embodiments, the polymorphic form has an X-ray powder diffraction pattern
(CuKo) that is substantially as shown in FIG. 12. In some embodiments, the polymorphic form has a
differential scanning calorimetry (DSC) isotherm comprising three endotherms from about 45 °C to
about 55 °C, from about 65 °C to about 80 °C, and from about 80 °C to about 95 °C. In some
embodiments, the polymorphic form has a differential scanning calorimetry (DSC) isotherm
comprising three endotherms at about 47 °C, at about 73 °C, and at about 87 °C, respectively. In
some embodiments, the polymorphic form has a differential scanning calorimetry isotherm that is
substantially as shown in FIG. 13. In some embodiments, the polymorphic form has a
thermogravimetric curve from thermogravimetric analysis (TGA) indicating a total volatile content of
about 7.7 wt% over the temperature range of about 25-207 °C.

In another aspect, the present disclosure provides a pharmaceutical composition comprising a
compound, salt, or polymorphic form of the present disclosure and an excipient. In some
embodiments, the pharmaceutical composition is formulated for administration: orally,
mtraadiposally, intraarterially, intraarticularly, intracranially, intradermally, intralesionally,
mtramuscularly, intranasally, intraocularly, intrapericardially, intraperitoneally, intrapleurally,
intraprostatically, intrarectally, intrathecally, intratracheally, intratumorally, intraumbilically,
mtravaginally, intravenously, intravesicularlly, intravitreally, liposomally, locally, mucosally,
parenterally, rectally, subconjunctival, subcutaneously, sublingually, topically, transbuccally,
transdermally, vaginally, in crémes, in lipid compositions, via a catheter, via a lavage, via continuous
infusion, via infusion, via inhalation, via injection, via local delivery, or via localized perfusion. In
some embodiments, the pharmaceutical composition is formulated for oral, intraarterial, intravenous,

mtraperitoneal, topical, or inhalational administration.

In yet another aspect, the present disclosure provides a method of reacting a compound of the

formula:

O
O

OH
to obtain a polymorphic form comprising combining an about equal molar amount of a base and the
compound in an alcoholic solvent and mixing for a time period from about 1 to about 24 hours. In

some embodiments, the base is NaOH, KOH,
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(0]
H
_\N : \/N\/\N/\© /@AOK/ (
_/ —\—OH H HoN N\/‘

In some embodiments, the base is:

— HN —
oy~ N~
NH; ’ NH3 ’

HO"R1

OH
H,N
2 OH

In some embodiments, the alcoholic solvent is of the formula: , wherein R; is alkylc<s). In
some embodiments, the alcoholic solvent is methanol, 1-butanol, or isopropyl alcohol. In some
embodiments, the alcoholic solvent is isopropyl alcohol. In some embodiments, the method further
comprises allowing the solution to slowly evaporate at room temperature. In some embodiments, the
method further comprises allowing the evaporation to occur under a constant flow of nitrogen gas. In

some embodiments, the constant flow of nitrogen has a pressure of about 2 psi.

In still another aspect, the present invention provides a method of treating or preventing a
hyperproliferative disease, comprising administering to the patient a therapeutically effective amount
of the pharmaceutical composition, salt, polymorphic form, or compound of the present disclosure. In
some embodiments, the hyperproliferative disease is a cancer. In some embodiments, the cancer is
breast cancer, lung cancer, colon cancer, an endometrial tumor, cervical cancer, ovarian cancer,
mammary cancer, prostate cancer, liver cancer, melanoma, lymphoma, or myeloma. In some
embodiments, the cancer is breast cancer. In some embodiments, the method further comprises
administering to the patient a second therapy. In some embodiments, the second therapy is an
immunotherapy or surgery. In some embodiments, the second therapy is an immunotherapy. In some
embodiments, the immunotherapy comprises administering a pharmaceutically effective amount of
trastuzumab, adoptively transferred T lymphocytes, or a therapeutic antibody. In some embodiments,
the therapeutic antibody selectively binds HER2/neu. In some embodiments, the immunotherapy is
trastuzumab. In some embodiments, the immunotherapy comprises administering adoptively
transferred T lymphocytes to the patient. In some embodiments, the adoptively transferred T

lymphocytes are engineered to express a chimeric antigen receptor (CAR) to the patient. In some
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embodiments, the immunotherapy comprises administering an immune modulating antibody to the
patient. In some embodiments, the immune modulating antibody is an anti-PD-1, anti-4-1-BB, anti-
GITR, anti-TIM3, anti-LAG3, anti-TIGIT, anti-CTLA-4 or an anti-LIGHT antibody. In other
embodiments, the second therapy is radiotherapy or a chemotherapeutic agent. In other embodiments,
the second therapy is surgery. In other embodiments, the second therapy is a chemotherapeutic agent.
In some embodiments, the chemotherapeutic agent is anthracyclines, taxanes, methotrexate,
mitoxantrone, estramustine, doxorubicin, etoposide, vinblastine, carboplatin, vinorelbine, 3-
fluorouracil, cisplatin, topotecan, ifosfamide, cyclophosphamide, epirubicin, gemcitabine, vinorelbine,
irinotecan, etoposide, vinblastine, pemetrexed, melphalan, capecitabine, oxaliplatin, BRAF inhibitors,

and TGF-beta inhibitors.

In another aspect, the present disclosure provides a method of making a salt of the formula:

)

0
Yo

OX;

wherein: X, is a protonated base; comprising reacting a compound of the formula:

0]

O
O

OH

with the base sufficient to form a salt; or a hydrate thereof. In some embodiments, the base is: sodium
hydroxide, potassium hydroxide, magnesium hydroxide, meglumine, diethylamine, ethanolamine,
diethanolamine, L-arginine, L-lysine, choline, tris-hydroxymethylamine, N,N-dimethylethanolamine,
2-diethylethanolamine, calcium hydroxide, dibenzylethylenediamine, or procaine; or a hydrate
thereof. In some embodiments, the base is ethanolamine, L-arginine, L-lysine, choline, tris-
hydoxymethylamine, or N,N-dimethylethanolamine. In some embodiments, the base is L-arginine, L-
lysine, or tris-hydroxymethylamine.

Other objects, features and advantages of the present disclosure will become apparent from
the following detailed description. It should be understood, however, that the detailed description and
the specific examples, while indicating specific embodiments of the invention, are given by way of
illustration only, since various changes and modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this detailed description. Note that simply
because a particular compound is ascribed to one particular generic formula does not mean that it

cannot also belong to another generic formula.
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BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included to further
demonstrate certain aspects of the present disclosure. The invention may be better understood by
reference to one of these drawings in combination with the detailed description of specific

embodiments presented herein.

FIG. 1 — The CuKo powder x-ray diffractogram of the o-TEA free acid. The diffractogram shows the
dominate peaks of the free acid to be about 17.78 °20.

FIG. 2 — A CuKo powder x-ray diffractogram of the ethanolamine salt candidates from panels 1-3
compared to the spectra of the a-TEA free acid. The spectra for the free acid is shown at the bottom,
the ethanolamine salt from panel 2 is shown second from the bottom, the ethanolamine salt from panel
1 is shown in the second from the top spectra, and the ethanolamine salt from panel 3 is shown at the

top.

FIG. 3 — A differential scanning calorimetry (DSC) isotherm of the ethanolamine salt candidate of the
o-TEA free acid showing five endotherms with the three largest endotherms at about 90, 118, and 182
°C.

FIG. 4 — A CuKo powder x-ray diffractogram of a representative arginine salt candidate from panels

1-3. The spectra shows a dominate peak at about 19.74 °20.

FIG. 5 — A differential scanning calorimetry (DSC) isotherm of the arginine salt candidate of the o-
TEA free acid showing two endotherms with the endotherms at about 131 and 184 °C.

FIG. 6 — A CuKa powder x-ray diffractogram of a representative lysine salt candidate. The spectra

shows a dominate peak at about 9.69 °26.

FIG. 7 — A differential scanning calorimetry (DSC) isotherm of the lysine salt candidate of the 0-TEA

free acid showing two endotherms with the endotherms at about 56 and 205 °C.

FIG. 8 — A CuKo powder x-ray diffractogram of a representative choline salt candidate from panels

1-3. The spectra shows a pair of dominate peaks at about 18.4 and 19.77 °20.

FIG. 9 — A differential scanning calorimetry (DSC) isotherm of the choline salt candidate of the o-
TEA free acid showing three endotherms with the endotherms at about 50, 80 and 150 °C.

FIG. 10 — A CuKa powder x-ray diffractogram of a representative tris salt candidate. The spectra
shows a dominate peak at about 20.14 °20.

10
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FIG. 11 — A differential scanning calorimetry (DSC) isotherm of the tris salt candidate of the o-TEA

free acid showing two endotherms with the endotherms at about 106 and 192 °C.

FIG. 12 — A CuKo powder x-ray diffractogram of a representative N,N-dimethyl-ethanolamine salt

candidate from panels 1-3. The spectra shows a dominate peak at about 21.73 °20.

FIG. 13 — A differential scanning calorimetry (DSC) isotherm of the N,N-dimethyl-ethanolamine salt
candidate of the o-TEA free acid showing three endotherms with the endotherms at about 47, 73, and
87 °C.

FIG. 14 — A graph showing HPLC traces of different a-TEA free acid samples that have been

subjected to different stresses to test the stability of the compound in that form.

FIG. 15 — A graph showing HPLC traces of different o-TEA lysine salt samples that have been

subjected to different stresses to test the stability of the compound in that form.

FIG. 16 — A graph showing HPLC traces of different 0-TEA arginine salt samples that have been

subjected to different stresses to test the stability of the compound in that form.

FIG. 17 — A graph showing HPLC traces of different o-TEA tris salt samples that have been

subjected to different stresses to test the stability of the compound in that form.

FIG. 18 — A graph of the average tumor size of BALB/c mice with a 4T1 mammary tumor in

mammary fat pad for control group and mice feed a diet which contained the o~ TEA lysine sait.

F1G. 19 — A graph of the Kaplan-Meier analysis of survival of the BALB/¢ mice on a dict of o-TEA

fysine salt compared to mice fod & muinent analogous control diet,

11
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The present disclosure provides in one aspect, salts of the compound:

0]

O
O

OH
and polymorphic forms of the compound, thereof. In another non-limiting example, the present
disclosure relates to pharmaceutical compositions of the polymorphic forms and the method of

preparation of these compounds and the method of use of these compounds to treat diseases.

1. Definitions

When used in the context of a chemical group: “hydrogen” means —H; “hydroxy” means
—OH; “ox0” means =0; “carboxylic acid”, “carboxy”, or “carboxyl” means —C(=O)OH (also written
as “COOH or —CO,H); “carboxylate” means —C(=0)O (also written as —COO or —CO, ); “halo”
means independently —F, —Cl, —Br or —1. Any undefined valency on an atom of a structure shown in
this application implicitly represents a hydrogen atom bonded to the atom.

w_9

In the context of chemical formulas, the symbo means a single bond, “=" means a double
bond; and ‘=" means triple bond. The symbol “ =" means a single bond where the group attached
to the thick end of the wedge is “out of the page.” The symbol “**"I” means a single bond where the
group attached to the thick end of the wedge is “into the page”. The symbol “ vV ” means a single
bond where the conformation (e.g., either R or S) or the geometry is undefined (e.g., either £ or 7).

For the groups and classes below, the following parenthetical subscripts further define the
group/class as follows: “(Cn)” defines the exact number (n) of carbon atoms in the group/class.
“(C<n)” defines the maximum number (n) of carbon atoms that can be in the group/class, with the
minimum number as small as possible for the group in question, e.g., “alkylc<)” For example,
“alkylic<i0)” designates those alkyl groups having from 1 to 10 carbon atoms (e.g., 1,2, 3,4, 5,6, 7, 8,
9, or 10, or any range derivable therein (e.g., 3 to 10 carbon atoms). (Cn-n") defines both the
minimum (n) and maximum number (n") of carbon atoms in the group. Similarly, “alkylco10)”
designates those alkyl groups having from 2 to 10 carbon atoms (e.g., 2, 3, 4, 5,6, 7, 8,9, or 10, or
any range derivable therein (e.g., 3 to 10 carbon atoms)).

The term “saturated” as used herein means the compound or group so modified has no
carbon-carbon double and no carbon-carbon triple bonds, except as noted below. The term does not
preclude carbon-heteroatom multiple bonds, for example a carbon oxygen double bond or a carbon
nitrogen double bond. Moreover, it does not preclude a carbon-carbon double bond that may occur as

part of keto-enol tautomerism or imine/enamine tautomerism.
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The term “aliphatic” when used without the “substituted” modifier signifies that the
compound/group so modified is an acyclic or cyclic, but non-aromatic hydrocarbon compound or
group. In aliphatic compounds/groups, the carbon atoms can be joined together in straight chains,
branched chains, or non-aromatic rings (alicyclic). Aliphatic compounds/groups can be saturated, that
is joined by single bonds (alkanes/alkyl), or unsaturated, with one or more double bonds
(alkenes/alkenyl) or with one or more triple bonds (alkynes/alkynyl). When the term “aliphatic” is
used without the “substituted” modifier only carbon and hydrogen atoms are present. When the term
is used with the “substituted” modifier one or more hydrogen atom has been independently replaced
by —OH, —F, —Cl, —Br, -1, -NH,, -NO,, -CO,H, -CO,CH;, —-CN, —SH, —OCH;, -OCH,CHj3;, —
C(O)CH3;, —N(CHjs),, “C(O)NH;, -OC(O)CHj3, or =S(O),NH,.

The term “alkyl” when used without the “substituted” modifier refers to a monovalent
saturated aliphatic group with a carbon atom as the point of attachment, a linear or branched, cyclo,
cyclic or acyclic structure, and no atoms other than carbon and hydrogen. Thus, as used herein
cycloalkyl is a subset of alkyl. The groups —CH; (Me), -CH,CH; (Et), -CH,CH.CH3 (n-Pr),
—CH(CH3;), (iso-Pr), -CH(CH,), (cyclopropyl), -CH,CH,CH,CHj; (n-Bu), —CH(CH;3)CH,CHj; (sec-
butyl), -CH,CH(CH3), (iso-butyl), —C(CHs;); (tert-butyl), -CH,C(CHj3); (neo-pentyl), cyclobutyl,
cyclopentyl, cyclohexyl, and cyclohexylmethyl are non-limiting examples of alkyl groups. When any
of these terms is used with the “substituted” modifier one or more hydrogen atom has been
independently replaced by —OH, —F, —Cl, —Br, —I, -NH,, —-NO,, -CO,H, —CO,CH3;, —-CN, —SH,
—0OCH;, —~OCH,CHj;, -C(O)CH;, —N(CHj3),, “C(O)NH,, -OC(O)CHs, or —S(O),NH,. The following
groups are non-limiting examples of substituted alkyl groups: ~CH,OH, —CH,Cl, —CF;, —CH,CN,
—CH,C(O)OH, —CH,C(O)OCH;, —CH,C(O)NH,, —CH,C(O)CH;, —CH,0OCH;, —CH,OC(O)CHs,
—CH,NH,, —CH,N(CH3;),, and -CH,CH,Cl. An “alkane” refers to the compound H-R, wherein R is
alkyl. The term “alcohol” is an alkane as that term is defined herein wherein one or more of the
hydrogen atoms have been replaced with a hydroxyl group.

The term “heteroaryl” when used without the “substituted” modifier refers to a monovalent
aromatic group with an aromatic carbon atom or nitrogen atom as the point of attachment, said carbon
atom or nitrogen atom forming part of one or more aromatic ring structures wherein at least one of the
ring atoms is nitrogen, oxygen or sulfur, and wherein the heteroaryl group consists of no atoms other
than carbon, hydrogen, aromatic nitrogen, aromatic oxygen and aromatic sulfur. If more than one ring
18 present, the rings may be fused or unfused. As used herein, the term does not preclude the presence
of one or more alkyl, aryl, and/or aralkyl groups (carbon number limitation permitting) attached to the
aromatic ring or aromatic ring system. Non-limiting examples of heteroaryl groups include furanyl,
imidazolyl, indolyl, indazolyl (Im), isoxazolyl, methylpyridinyl, oxazolyl, phenylpyridinyl, pyridinyl,
pyrrolyl, pyrimidinyl, pyrazinyl, quinolyl, quinazolyl, quinoxalinyl, triazinyl, tetrazolyl, thiazolyl,
thienyl, and triazolyl. The term “N-heteroaryl” refers to a heteroaryl group with a nitrogen atom as

the point of attachment. A “heteroarene” refers to the compound H-R, wherein R is heteroaryl.
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Pyridine and quinoline are non-limiting examples of heteroarenes. When these terms are used with
the “substituted” modifier one or more hydrogen atom has been independently replaced by —OH, —F,
—Cl, —Br, -1, -NH,, -NO,, -CO,H, —-CO,CH;, —-CN, —SH, —OCH;, —OCH,CH;, —C(O)CHj,
—NHCHj3;, -NHCH,CH3;, -N(CHjs),, —C(O)NH,, —OC(0O)CHj3, or —S(O),NH,.

The term “heterocycloalkyl” when used without the “substituted” modifier refers to a
monovalent non-aromatic group with a carbon atom or nitrogen atom as the point of attachment, said
carbon atom or nitrogen atom forming part of one or more non-aromatic ring structures wherein at
least one of the ring atoms is nitrogen, oxygen or sulfur, and wherein the heterocycloalkyl group
consists of no atoms other than carbon, hydrogen, nitrogen, oxygen and sulfur. If more than one ring
18 present, the rings may be fused or unfused. As used herein, the term does not preclude the presence
of one or more alkyl groups (carbon number limitation permitting) attached to the ring or ring system.
Also, the term does not preclude the presence of one or more double bonds in the ring or ring system,
provided that the resulting group remains non-aromatic. Non-limiting examples of heterocycloalkyl
groups include aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, tetrahydrofuranyl, tetrahydrothiofuranyl, tetrahydropyranyl, pyranyl, oxiranyl, and
oxetanyl. The term “N-heterocycloalkyl” refers to a heterocycloalkyl group with a nitrogen atom as
the point of attachment. When these terms are used with the “substituted” modifier one or more
hydrogen atom has been independently replaced by —OH, —F, —Cl, —Br, —I, -NH,, -NO,, —CO,H,
—CO,CH;, —CN, —-SH, —OCH;, —-OCH,CH;, —C(O)CH;, —-NHCH;, —NHCH,CH;, —N(CHs),,
—C(O)NH,, —OC(O)CHj3;, —S(0);NH,, or —C(O)OC(CHj;); (tert-butyloxycarbonyl, BOC).

The term “alkylamino” when used without the “substituted” modifier refers to the group
—NHR, in which R is an alkyl, as that term is defined above. Non-limiting examples include:
—NHCH; and -NHCH,CHj;. The term “dialkylamino” when used without the “substituted” modifier
refers to the group _NRR’, in which R and R’ can be the same or different alkyl groups. Non-limiting
examples of dialkylamino groups include: —N(CHs), and —N(CH;)(CH,CH;). Similarly, a
trialkylamino is the group —RR’R” in which R, R’, and R” can be the same or different alkyl groups.
Non-limiting examples of dialkylamino groups include: —N(CH;);" and —N(CH;),(CH,CH3)".
Furthermore, a trialkylamino group forms a positive charge when bonded to another compound.
When any of these terms is used with the “substituted” modifier one or more hydrogen atom attached
to a carbon atom has been independently replaced by —OH, —F, —Cl, —Br, —I, -NH,, -NO,, —-CO,H,
—CO,CH;, —CN, —-SH, —OCH;, —-OCH,CH;, —C(O)CH;, —-NHCH;, —NHCH,CH;, —N(CHs),,
—C(O)NH,, —-OC(O)CHs, or —S(O),NH,.

The use of the word “a” or “an,” when used in conjunction with the term “comprising” in the
claims and/or the specification may mean “one,” but it is also consistent with the meaning of “one or
more,” “at least one,” and “one or more than one.”

Throughout this application, the term “about” is used to indicate that a value includes the

inherent variation of error for the device, the method being employed to determine the value, or the
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variation that exists among the study subjects. When used in the context of X-ray powder diffraction,
the terms “about” and “substantially” are used interchangeably to indicate a value of = 0.5 °20 from
the reported value, preferably a value of £0.2 °20 from the reported value. When used in the context
of differential scanning calorimetry, thermogravimetric analysis, or glass transition temperatures, the
terms “about” and “substantially” are used interchangeably to indicate a value of +10 °C relative to
the maximum of the peak, preferably a value of £2 °C relative to the maximum of the peak.

The term “base” when used in the context of this application represents a compound which
contains a group which contains a group which has a lone pair of electrons or a highly polarized and
labile bond such as a metal alkane like butyllithium or a Gringard reagent. Such bases can form a
positively charged compound which interacts with the negatively charged carboxylate to form a
“salt”. In some embodiments, the base is a nitrogenous base which contains a nitrogen atom with a
lone pair of electrons which can act as a traditional Lewis base. Such nitrogenous bases is a
compound which contains at least one amino, alkylamino, dialkylamino, trialkylamino, or a heteroaryl
or heterocycloalkyl group which contains at least one nitrogen atom. In some embodiments, the base
can be a substituted version of these compounds wherein the substituted version comprises a
compound wherein at least one hydrogen atom has been replaced with —OH, —F, —Cl, —Br, —I, —NH,,
-NO,, -CO,H, —-CO,CH;, —CN, —SH, —OCH;, —OCH,CHs;, —-C(O)CH;, —N(CHj3),, -C(O)NH,,
—OC(0O)CHj3, or —S(O),NH,.

The terms “comprise,” “have” and “include” are open-ended linking verbs. Any forms or

LI LLINT

tenses of one or more of these verbs, such as “comprises,” “comprising,” “has,” “having,” “includes”
and “including,” are also open-ended. For example, any method that “comprises,” ‘“has” or
“includes” one or more steps is not limited to possessing only those one or more steps and also covers
other unlisted steps.

The term “effective,” as that term 1s used in the specification and/or claims, means adequate
to accomplish a desired, expected, or intended result. “Effective amount,” “Therapeutically effective
amount” or “pharmaceutically effective amount” when used in the context of treating a patient or
subject with a compound means that amount of the compound which, when administered to a subject
or patient for treating a disease, is sufficient to effect such treatment for the disease.

The term “hydrate” when used as a modifier to a compound means that the compound has
less than one (e.g., hemihydrate), one (e.g., monohydrate), or more than one (e.g., dihydrate) water
molecules associated with each compound molecule, such as in solid forms of the compound.

As used herein, the term “ICsy” refers to an inhibitory dose which is 50% of the maximum
response obtained. This quantitative measure indicates how much of a particular drug or other
substance (inhibitor) is needed to inhibit a given biological, biochemical or chemical process (or

component of a process, i.e. an enzyme, cell, cell receptor or microorganism) by half.
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An “isomer” of a first compound is a separate compound in which each molecule contains the
same constituent atoms as the first compound, but where the configuration of those atoms in three
dimensions differs.

As used herein, the term “patient” or “subject” refers to a living mammalian organism, such
as a human, monkey, cow, horse, sheep, goat, dog, cat, mouse, rat, guinea pig, or transgenic species
thereof. In certain embodiments, the patient or subject is a primate. Non-limiting examples of human
subjects are adults, juveniles, infants and fetuses.

As generally used herein “pharmaceutically acceptable” refers to those compounds, materials,
compositions, and/or dosage forms which are, within the scope of sound medical judgment, suitable
for use in contact with the tissues, organs, and/or bodily fluids of human beings and animals without
excessive toxicity, irritation, allergic response, or other problems or complications commensurate
with a reasonable benefit/risk ratio.

“Prevention” or “preventing” includes: (1) inhibiting the onset of a disease in a subject or
patient which may be at risk and/or predisposed to the disease but does not yet experience or display
any or all of the pathology or symptomatology of the disease, and/or (2) slowing the onset of the
pathology or symptomatology of a disease in a subject or patient which may be at risk and/or
predisposed to the disease but does not yet experience or display any or all of the pathology or
symptomatology of the disease.

A “stereoisomer” or “optical isomer” is an isomer of a given compound in which the same
atoms are bonded to the same other atoms, but where the configuration of those atoms in three
dimensions differs. “Enantiomers” are stereoisomers of a given compound that are mirror images of
each other, like left and right hands. “Diastereomers” are stereoisomers of a given compound that are
not enantiomers. Chiral molecules contain a chiral center, also referred to as a stereocenter or
stereogenic center, which is any point, though not necessarily an atom, in a molecule bearing groups
such that an interchanging of any two groups leads to a stereoisomer. In organic compounds, the
chiral center is typically a carbon, phosphorus or sulfur atom, though it is also possible for other
atoms to be stereocenters in organic and inorganic compounds. A molecule can have multiple
stereocenters, giving it many stereoisomers. In compounds whose stereoisomerism is due to
tetrahedral stereogenic centers (e.g., tetrahedral carbon), the total number of hypothetically possible
stereoisomers will not exceed 2°, where n is the number of tetrahedral stereocenters. Molecules with
symmetry frequently have fewer than the maximum possible number of stereoisomers. A 50:50
mixture of enantiomers is referred to as a racemic mixture. Alternatively, a mixture of enantiomers
can be enantiomerically enriched so that one enantiomer is present in an amount greater than 50%.
Typically, enantiomers and/or diastereomers can be resolved or separated using techniques known in
the art. It is contemplated that that for any stereocenter or axis of chirality for which stereochemistry
has not been defined, that stereocenter or axis of chirality can be present in its R form, S form, or as a

mixture of the R and § forms, including racemic and non-racemic mixtures. As used herein, the
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phrase “substantially free from other stercoisomers” means that the composition contains < 15%,
more preferably < 10%, even more preferably <5%, or most preferably < 1% of another
sterecoisomer(s).

“Treatment” or “treating” includes (1) inhibiting a disease in a subject or patient experiencing
or displaying the pathology or symptomatology of the disease (e.g., arresting further development of
the pathology and/or symptomatology), (2) ameliorating a disease in a subject or patient that is
experiencing or displaying the pathology or symptomatology of the disease (e.g., reversing the
pathology and/or symptomatology), and/or (3) effecting any measurable decrease in a disease in a
subject or patient that is experiencing or displaying the pathology or symptomatology of the disease.

The above definitions supersede any conflicting definition in any of the reference that is
mcorporated by reference herein. The fact that certain terms are defined, however, should not be
considered as indicative that any term that is undefined is indefinite. Rather, all terms used are
believed to describe the invention in terms such that one of ordinary skill can appreciate the scope and

practice the present invention.
II. Salts of a-TEA and Synthetic Methods

While the compound has shown improved efficacy in treating such tumors, o-TEA has proven
difficult to formulate into a commercially successful drug given its liquid crystal like nature and
ability to deform easily when manipulated. In order to overcome this challenge, in some
embodiments, the present disclosure describes attempts to synthesize a salt of o-TEA using a variety
of different bases which exhibit improved properties than o-TEA. During the development of the
present disclosure, 16 potential bases were examined. Of the bases, 6 formed crystalline salts which
showed improved characteristics over the free acid of a-TEA. The three o-TEA salts, the salts of
lysine, arginine, and tris, were isolated and studied in detail. These three salts exhibited improved
physical properties over the free acid without any loss of activity.

Salts of 0-TEA can be prepared according to the methods described in the Examples section
below. These methods can be further modified and optimized using the principles and techniques of
organic chemistry as applied by a person skilled in the art. Such principles and techniques are taught,
for example, in March’s Advanced Organic Chemistry: Reactions, Mechanisms, and Structure (2007),
which is incorporated by reference herein.

The salts of a-TEA may contain one or more asymmetrically-substituted carbon or nitrogen
atoms, and may be isolated in optically active or racemic form. Thus, all chiral, diastereomeric,
racemic form, epimeric form, and all geometric isomeric forms of a structure are intended, unless the
specific stereochemistry or isomeric form is specifically indicated. The salts of a-TEA may occur as
racemates and racemic mixtures, single enantiomers, diastereomeric mixtures and individual
diastereomers. In some embodiments, a single diastercomer is obtained. The chiral centers of the

present invention can have the S or the R configuration.
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In addition, atoms making up the salts of a-TEA of the present invention are intended to
include all isotopic forms of such atoms. Isotopes, as used herein, include those atoms having the
same atomic number but different mass numbers. By way of general example and without limitation,
isotopes of hydrogen include tritium and deuterium, and isotopes of carbon include C and '*C.
Similarly, it is contemplated that one or more carbon atom(s) of a compound of the present invention
may be replaced by a silicon atom(s). Furthermore, it is contemplated that one or more oxygen
atom(s) of the salts of a-TEA may be replaced by a sulfur or selenium atom(s).

The salts of a-TEA and polymorphic form thereof may also have the advantage that they may
be more efficacious than, be less toxic than, be longer acting than, be more potent than, produce fewer
side effects than, be more easily absorbed than, and/or have a better pharmacokinetic profile (e.g.,
higher oral bioavailability and/or lower clearance) than, and/or have other useful pharmacological,
physical, or chemical advantages over, compounds known in the prior art for use in the indications

stated herein.

1. Hyperproliferative Diseases

Hyperproliferative diseases generally include any disease which causes a cell to begin to
reproduce uncontrollably such as, e.g., cancer. In cancer, the cell’s normal apoptotic cycle is
mterrupted and thus agents that can induce apoptosis in the cell can be important therapeutic agents
for treating these diseases. o-TEA compounds have been shown to lead to cellular apoptosis and as
such can potentially be used to treat a variety of types of cancer lines. As such, the salts of a-TEA
and the polymorphic forms thereof may be used as effective treatments for cancers such as an
endometrial tumor, mammary cancer, lung cancer, ovarian cancer, prostate cancer, breast cancer,
cervical cancer, liver cancer, colon cancer, lymphoma, or melanoma. In various aspects, it is
anticipated that salts and polymorphic forms of the present invention may be used to treat virtually
any malignancy.

The compounds and polymorphic forms may be used to treat cancer cells including but are
not limited to cells from the bladder, blood, bone, bone marrow, brain, breast, colon, esophagus,
gastrointestine, gum, head, kidney, liver, lung, nasopharynx, neck, ovary, prostate, skin, stomach,
pancreas, testis, tongue, cervix, or uterus. In addition, the cancer may specifically be used with the
following histological type, though it is not limited to these: neoplasm, malignant; carcinoma;
carcinoma, undifferentiated; giant and spindle cell carcinoma; small cell carcinoma; papillary
carcinoma; squamous cell carcinoma; lymphoepithelial carcinoma; basal cell carcinoma; pilomatrix
carcinoma; transitional cell carcinoma; papillary transitional cell carcinoma; adenocarcinoma;
gastrinoma, malignant; cholangiocarcinoma; hepatocellular carcinoma; combined hepatocellular
carcinoma and cholangiocarcinoma; trabecular adenocarcinoma; adenoid cystic carcinoma;
adenocarcinoma in adenomatous polyp; adenocarcinoma, familial polyposis coli; solid carcinoma;

carcinoid tumor, malignant; branchiolo-alveolar adenocarcinoma; papillary adenocarcinoma;
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chromophobe carcinoma; acidophil carcinoma; oxyphilic adenocarcinoma; basophil carcinoma; clear
cell adenocarcinoma; granular cell carcinoma; follicular adenocarcinoma; papillary and follicular
adenocarcinoma; nonencapsulating sclerosing carcinoma; adrenal cortical carcinoma; endometroid
carcinoma; skin appendage carcinoma; apocrine adenocarcinoma; sebaceous adenocarcinoma;
ceruminous  adenocarcinoma; mucoepidermoid carcinoma; cystadenocarcinoma; papillary
cystadenocarcinoma; papillary serous cystadenocarcinoma; mucinous cystadenocarcinoma; mucinous
adenocarcinoma; signet ring cell carcinoma; infiltrating duct carcinoma; medullary carcinoma; lobular
carcinoma; inflammatory carcinoma; paget's disease, mammary; acinar cell carcinoma;
adenosquamous carcinoma; adenocarcinoma w/squamous metaplasia; thymoma, malignant; ovarian
stromal tumor, malignant; thecoma, malignant; granulosa cell tumor, malignant; androblastoma,
malignant; sertoli cell carcinoma; leydig cell tumor, malignant; lipid cell tumor, malignant;
paraganglioma, malignant; extra-mammary paraganglioma, malignant; pheochromocytoma;
glomangiosarcoma; malignant melanoma; amelanotic melanoma; superficial spreading melanoma;
malig melanoma in giant pigmented nevus; epithelioid cell melanoma; blue nevus, malignant;
sarcoma; fibrosarcoma; fibrous histiocytoma, malignant; myxosarcoma; liposarcoma;
leiomyosarcoma; rhabdomyosarcoma; embryonal rhabdomyosarcoma; alveolar rhabdomyosarcoma;
stromal sarcoma; mixed tumor, malignant; mullerian mixed tumor; nephroblastoma; hepatoblastoma;
carcinosarcoma; mesenchymoma, malignant; brenner tumor, malignant; phyllodes tumor, malignant;
synovial sarcoma; mesothelioma, malignant; dysgerminoma; embryonal carcinoma; teratoma,
malignant; struma ovarii, malignant; choriocarcinoma; mesonephroma, malignant; hemangiosarcoma;
hemangioendothelioma, malignant; kaposi's sarcoma; hemangiopericytoma, malignant;
lymphangiosarcoma; osteosarcoma; juxtacortical osteosarcoma; chondrosarcoma; chondroblastoma,
malignant; mesenchymal chondrosarcoma; giant cell tumor of bone; ewing's sarcoma; odontogenic
tumor, malignant; ameloblastic odontosarcoma; ameloblastoma, malignant; ameloblastic
fibrosarcoma; pinealoma, malignant; chordoma; glioma, malignant; ependymoma; astrocytoma;
protoplasmic astrocytoma; fibrillary astrocytoma; astroblastoma; glioblastoma; oligodendroglioma;
oligodendroblastoma; primitive neuroectodermal; cerebellar sarcoma; ganglioneuroblastoma;
neuroblastoma;  retinoblastoma; olfactory neurogenic tumor; meningioma, malignant;
neurofibrosarcoma; neurilemmoma, malignant; granular cell tumor, malignant; malignant lymphoma;
hodgkin's disease; hodgkin's; paragranuloma; malignant lymphoma, small lymphocytic; malignant
lymphoma, large cell, diffuse; malignant lymphoma, follicular; mycosis fungoides; other specified
non-hodgkin's lymphomas; malignant histiocytosis; multiple myeloma; mast cell sarcoma;
immunoproliferative small intestinal disease; leukemia; lymphoid leukemia; plasma cell leukemia;
erythroleukemia; lymphosarcoma cell leukemia; myeloid leukemia; basophilic leukemia; eosinophilic
leukemia; monocytic leukemia; mast cell leukemia; megakaryoblastic leukemia; myeloid sarcoma;
and hairy cell leukemia. In certain aspects, the tumor comprises an osteosarcoma, angiosarcoma,

rhabdosarcoma, leiomyosarcoma, Ewing sarcoma, glioblastoma, neuroblastoma, or leukemia.
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IV. Pharmaceutical Formulations and Routes of Administration

For administration to a mammal in need of such treatment, the salts of o-TEA in a
therapeutically effective amount may be used in combination with one or more excipients appropriate
to the indicated route of administration. The salts of o-TEA may be used when admixed with lactose,
sucrose, starch powder, cellulose esters of alkanoic acids, cellulose alkyl esters, talc, stearic acid,
magnesium stearate, magnesium oxide, sodium and calcium salts of phosphoric and sulfuric acids,
gelatin, acacia, sodium alginate, polyvinylpyrrolidone, and/or polyvinyl alcohol, and tableted or
encapsulated for convenient administration. Alternatively, the salts of o-TEA may be dissolved in
water, polyethylene glycol, propylene glycol, ethanol, corn oil, cottonseed oil, peanut oil, sesame oil,
benzyl alcohol, sodium chloride, and/or various buffers. Other excipients and modes of
administration are well and widely known in the pharmaceutical art.

In some embodiments, the pharmaceutical compositions useful in the present disclosure can
be subjected to conventional pharmaceutical operations such as sterilization and/or contain
conventional pharmaceutical carriers and excipients such as preservatives, stabilizers, wetting agents,
emulsifiers, buffers, efc.

In some embodiments, the salts of a-TEA are administered by a variety of methods, e.g.,
orally or by injection (e.g. subcutaneous, intravenous, intraperitoneal, efc.). Depending on the route
of administration, the active salts of o-TEA may be coated in a material to protect the compound from
the action of acids and other natural conditions which may inactivate the compound. They may also
be administered by continuous perfusion/infusion of a disease or wound site.

To administer the therapeutic compound by other than parenteral administration, in some
embodiments, it can be necessary to coat the salts of o-TEA with, or co-administer the salts of a-TEA
with, a material to prevent its inactivation. For example, the therapeutic compound may be
administered to a patient in an appropriate carrier, for example, liposomes, or a diluent.
Pharmaceutically acceptable diluents include saline and aqueous buffer solutions. Liposomes include
water-in-oil-in-water CGF emulsions as well as conventional liposomes.

In some embodiments, the therapeutic salts of a-TEA are also administered parenterally,
intraperitoneally, intraspinally, or intracerebrally. Dispersions can be prepared in glycerol, liquid
polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use,
these preparations can contain, in some embodiments, a preservative to prevent the growth of
microorganisms.

Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions
(where water soluble) or dispersions and sterile powders for the extemporaneous preparation of sterile
mjectable solutions or dispersion are also envisioned. In all cases, the composition must be sterile and
must be fluid to the extent that easy syringability exists. It must be stable under the conditions of

manufacture and storage and must be preserved against the contaminating action of microorganisms
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such as bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (such as, glycerol, propylene glycol, and liquid polyethylene glycol,
and the like), suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained, for
example, by the use of a coating such as lecithin, by the maintenance of the required particle size in
the case of dispersion and by the use of surfactants. Prevention of the action of microorganisms can be
achieved by various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol,
ascorbic acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic agents,
for example, sugars, sodium chloride, or polyalcohols such as mannitol and sorbitol, in the
composition. Prolonged absorption of the injectable compositions can be brought about by including
m the composition an agent which delays absorption, for example, aluminum monostearate or gelatin.

Sterile injectable solutions can be prepared by incorporating the therapeutic salts of a-TEA in
the required amount in an appropriate solvent with one or a combination of ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
incorporating the therapeutic compound into a sterile carrier which contains a basic dispersion
medium and the required other ingredients from those enumerated above. In the case of sterile
powders for the preparation of sterile injectable solutions, the preferred methods of preparation are
vacuum drying and freeze-drying which yields a powder of the active ingredient (i.e., the therapeutic
compound) plus any additional desired ingredient from a previously sterile-filtered solution thereof.

The therapeutic salts of o-TEA can be orally administered, for example, with an inert diluent
or an assimilable edible carrier. The therapeutic compound and other ingredients may also be
enclosed in a hard or soft shell gelatin capsule, compressed into tablets, or incorporated directly into
the subject’s diet. For oral therapeutic administration, the therapeutic salts of a-TEA may be used
with excipients and used in the form of ingestible tablets, buccal tablets, troches, capsules, elixirs,
suspensions, syrups, wafers, and the like. The percentage of the therapeutic compound in the
compositions and preparations may, of course, be varied. The amount of the therapeutic salts of o-
TEA 1in such therapeutically useful compositions is such that a suitable dosage will be obtained.

It is especially advantageous to formulate parenteral compositions in dosage unit form for
ease of administration and uniformity of dosage. Dosage unit form as used herein refers to physically
discrete units suited as unitary dosages for the subjects to be treated; each unit containing a
predetermined quantity of therapeutic salts of a-TEA calculated to produce the desired therapeutic
effect in association with the required pharmaceutical carrier. The specification for the dosage unit
forms of the invention are dictated by and directly dependent on (a) the unique characteristics of the
therapeutic salts of a-TEA and the particular therapeutic effect to be achieved, and (b) the limitations
inherent in the art of compounding such a therapeutic compound for the treatment of a selected

condition in a patient.
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The therapeutic compound may also be administered topically to the skin, eye, or mucosa.
Alternatively, if local delivery to the lungs is desired the therapeutic compound may be administered
by inhalation in a dry-powder or aerosol formulation.

Active salts of 0-TEA are administered at a therapeutically effective dosage sufficient to treat
a condition associated with a condition in a patient. For example, the efficacy of the salts of 0-TEA
can be evaluated in an animal model system that may be predictive of efficacy in treating the disease
m humans, such as the model systems shown in the examples and drawings.

The actual dosage amount of the salts of a-TEA of the present disclosure or composition
comprising the salts of a-TEA of the present disclosure administered to a subject may be determined
by physical and physiological factors such as age, sex, body weight, severity of condition, the type of
disease being treated, previous or concurrent therapeutic interventions, idiopathy of the subject and on
the route of administration. These factors may be determined by a skilled artisan. The practitioner
responsible for administration will typically determine the concentration of active ingredient(s) in a
composition and appropriate dose(s) for the individual subject. The dosage may be adjusted by the
mdividual physician in the event of any complication.

An effective amount typically will vary from about 2 mg/kg to about 50 mg/kg, , in one or
more dose administrations daily, for one or several days (depending of course of the mode of
administration and the factors discussed above). In some particular embodiments, the amount is less
than 5,000 mg per day with a range of 100 mg to 4500 mg per day.

The effective amount may be less than 10 mg/kg/day, less than 100 mg/kg/day, less than 250
mg/kg/day, less than 100 mg/kg/day, less than 50 mg/kg/day, less than 25 mg/kg/day or less than 10
mg/kg/day. It may alternatively be in the range of 1 mg/kg/day to 200 mg/kg/day.

In other non-limiting examples, a dose also comprises from about 10 mg/kg/body weight,
about 100 mg/kg/body weight, about 10 g/kg/body weight, about 5 g/kg/body weight, or more per
administration, and any range derivable therein. In non-limiting examples of a derivable range from
the numbers listed herein, a range of about 1 mg/kg/body weight to about 100 mg/kg/body weight,
about 5 g/kg/body weight to about 10 g/kg/body weight, efc., can be administered, based on the
numbers described above.

In certain embodiments, a pharmaceutical composition of the present disclosure comprises,
for example, at least about 0.1% of a salt of o-TEA described in the present disclosure. In other
embodiments, the compound of the present disclosure comprises between about 0.25% to about 75%
of the weight of the unit, or between about 25% to about 60%, or between about 1% to about 10%, for
example, and any range derivable therein.

Single or multiple doses of the agents are contemplated. Desired time intervals for delivery of
multiple doses can be determined by one of ordinary skill in the art employing no more than routine
experimentation. As an example, subjects may be administered two doses daily at approximately 12

hour intervals. In some embodiments, the agent is administered once a day.

22



10

15

20

25

30

35

WO 2015/035212 PCT/US2014/054354

The salts of o-TEA may be administered on a routine schedule. As used herein a routine
schedule refers to a predetermined designated period of time. The routine schedule may encompass
periods of time which are identical or which differ in length, as long as the schedule is predetermined.
For instance, the routine schedule may involve administration twice a day, every day, every two days,
every three days, every four days, every five days, every six days, a weekly basis, a monthly basis or
any set number of days or weeks there-between. Alternatively, the predetermined routine schedule
may involve administration on a twice daily basis for the first week, followed by a daily basis for
several months, efc. In other embodiments, the disclosure provides that the agent(s) can be taken
orally and that the timing of which is or is not dependent upon food intake. Thus, for example, the
agent can be taken every morning and/or every evening, regardless of when the subject has eaten or
will eat. In other embodiments, the disclosure is taken as a diectary supplement. In some
embodiments, the a-TEA salts are taken before the onset of the tumor as a prophylaxis measure. In
other embodiments, the a-TEA salts are taken as a treatment option for use as an antiproliferative

agent.
V. Combination Therapy

In addition to being used as a monotherapy, the salts of o-TEA described in the present
invention may also find use in combination therapies. Effective combination therapy may be
achieved with a single composition or pharmacological formulation that includes both agents, or with
two distinct compositions or formulations, administered at the same time, wherein one composition
mcludes a salt of a-TEA, and the other includes the second agent(s). The other therapeutic modality
may be administered before, concurrently with, or following administration of the salts or
polymorphic forms of 0-TEA. The therapy using the salts or polymorphic forms of o-TEA may
precede or follow administration of the other agent(s) by intervals ranging from minutes to weeks. In
embodiments where the other agent and the salts or polymorphic forms of o-TEA are administered
separately, one would generally ensure that a significant period of time did not expire between the
time of each delivery, such that each agent would still be able to exert an advantageously combined
effect. In such instances, it is contemplated that one would typically administer the salts or
polymorphic forms of o-TEA and the other therapeutic agent within about 12-24 hours of each other
and, more preferably, within about 6-12 hours of each other, with a delay time of only about 12 hours
being most preferred. In some situations, it may be desirable to extend the time period for treatment
significantly, however, where several days (2, 3, 4, 5, 6 or 7) to several weeks (1, 2, 3,4, 5, 6, 7 or 8)
lapse between the respective administrations.

It also is conceivable that more than one administration of a salt or polymorphic form of o-
TEA, or the other agent will be desired. In this regard, various combinations may be employed. By
way of illustration, where the salts or polymorphic forms of o-TEA is “A” and the other agent is “B”,

the following permutations based on 3 and 4 total administrations are exemplary:
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A/B/A B/A/B B/B/A A/A/B B/A/A A/B/B B/B/B/A B/B/A/B
A/A/B/B A/B/A/B A/B/B/A B/B/A/A B/A/B/A B/A/A/B B/B/B/A
A/A/A/B B/A/A/A A/B/A/JA A/A/B/A A/B/B/B B/A/B/B B/B/A/B

Other combinations are likewise contemplated. Non-limiting examples of pharmacological
agents that may be used in the present invention include any pharmacological agent known to be of
benefit in the treatment of a cancer or hyperproliferative disorder or disease. In some embodiments,
combinations of the salts or polymorphic forms of o-TEA with a cancer targeting immunotherapy,
radiotherapy, chemotherapy, or surgery are contemplated. Also contemplated is a combination of a
salt or polymorphic form of a-TEA with more than one of the above mentioned methods including
more than one type of a specific therapy. In some embodiments, it is contemplated that the
immunotherapy is a monoclonal antibody which targets HER2/neu such trastuzumab (Herceptin®) or
a similar antibody. In other embodiments, the immunotherapy can be other cancer targeting
antibodies such as alemtuzumab (Campath®), bevacizumab (Avastin®), cetuximab (Eribitux®), and
panitumumab (Vectibix®) or conjugated antibodies such as ibritumomab tiuxetan (Zevalin®),
tositumomab (Bexxar®), brentuximab vedotin (Adcetris®), ado-trastuzumab emtansine (Kadcyla™),
or denileukin dititox (Ontak®) as well as immune cell targeting antibodies such as ipilimumab
(Yervoy®), tremelimumab, anti-PD-1, anti-4-1-BB, anti-GITR, anti-TIM3, anti-LAG-3, anti-TIGIT,
anti-CTLA-4, or anti-LIGHT. Furthermore, in some embodiments, the salts or polymorphic forms of
a-TEA are envisioned to be used in combination therapies with dendritic cell-based immunotherapies

such as Sipuleucel-T (Provenge®) or adoptive T-cell immunotherapies.

Furthermore, it is contemplated that the salts or polymorphic forms of a-TEA are used in
combination with a chemotherapeutic agent such as anthracyclines, taxanes, methotrexate,
mitoxantrone, estramustine, doxorubicin, etoposide, vinblastine, carboplatin, vinorelbine, 3-
fluorouracil, cisplatin, topotecan, ifosfamide, cyclophosphamide, epirubicin, gemcitabine, vinorelbine,
irinotecan, etoposide, vinblastine, pemetrexed, melphalan, capecitabine, oxaliplatin, BRAF inhibitors,
and TGF-beta inhibitors. In some embodiments, the combination therapy is designed to target a
cancer such as those listed above. In the preferred embodiments, the cancer the combination therapy
is designed to treat is an endometrial tumor, mammary cancer, lung cancer, ovarian cancer, prostate

cancer, breast cancer, cervical cancer or colon cancer.

VL Examples

The following examples are included to demonstrate preferred embodiments of the invention.
It should be appreciated by those of skill in the art that the techniques disclosed in the examples which
follow represent techniques discovered by the inventor to function well in the practice of the

invention, and thus can be considered to constitute preferred modes for its practice. However, those
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of skill in the art should, in light of the present disclosure, appreciate that many changes can be made
in the specific embodiments which are disclosed and still obtain a like or similar result without

departing from the spirit and scope of the invention.

A, Methods
I BECRGECOPY

A Zewss Unidversal microscope configored with a polarized visible Light source and polarizable
avalyzer was wwed to evaluate the optical properties of the samples.  Specimens were typically
rapunted on a microscope shide with a cover glass, Because of the "waxy” nature of the matenal shide
preparations were reanually smeared with a spafula and appearance noted. Observations of

particie/crystal size and shape and birefringence were recorded.

2. HOTSTAGE MICROGSCOFPY (H3M)

P

A Linkam hot stage accessory was used o tanden with the microscope. Bpecimens were
mounted on 8 microscope slide with a cover glass. Samples were healed from room fernperatire
through melting using a Linkam TMS 94 temperature control and Lindisys 32 data capiure software
systera. Observations of possible phase change, melting, recrystallization, decomposition, e, were

recorded.
3. PROTON NUCLEAR MAGNETIC RESONAN{CE (lH NAR)

Samples were analyzed by IH NMR 1o deterraine stoichiometry {molar ratio of acid 1o base
counter 1010, Spectra of salt cavdidates were compared 1o that of the free acid and chavges 1o
chemical shifts ndicating salt formation observed.  Samples were prepared by dissolving in e

chilor

foroe methanol: water misture with G.08% (v/v} tetramethylsiane {TMS). Specira were
collected at ambient tereperatire on a Braker Avance 1H 400 MHz FT-NMR spectrometer and Bruke
Topspin software (version 2,13 Prior 1o cach sarople aunalysis, the roagactic field swrrounding the

sareple was optimnized by an avtomated shimming progran.

4, BIFFERENTIAL SCANNING CALORIMETRY (BSC)

Differential scanning calorimetry (35C) 18 & technicue used to measure characteristic heat
flux of a test article as i i3 scanned through a temperaiure gradicnt vnder a contuelled atrensphere.
Thermal phase transitions such as endothernic melting and exothermnic decomposition were recorded.
BSC data were collecied on & TA Instruraents DSC. 1o general, samples in the mass range of Tio 1 0
mg were crinped in alununum sample pans and scanned from 23 to approximately 306 °C at 10

°C/min using a nilregen purge of 56 mb/min,
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5. THERMOGRAVIMETRIC ANALYSIN (THA)

1

Thermogravimeivic analysis tevolves the detenmination of the mass of a specieer as a
finction of temperature. TOA data were collecied on a TA lnstruments Q500 TGA. In general,
samples w the mass tange of 2 W 1 ;g were placed 1o an open, pre-tared platinum saple pan and
attached by fine wire 1o a microbalance. The sample was suspended into a firnace which was heated
from 25 1o about 250 °C at 10 °Chnin using a mitrogen purge al 100 mb/min. Sample weight change

as & function of temperature was obsarved.

6. X-BAY POWDER DIFFRACTION (XRD)

K-ray powder diffraction patterns were obtained using 8 Bruker DB Discovery diffractometer

equipped with an XY2 stage, laser video microscope for positioning, and 3 two dunensional HiStar

area Detector or a scinfillation detector. A Cule radiation 1.5406 angstrom source operating at 40 kY
and 40 mA was used to wradiate samples. The X-ray optics consisis of a Gobel marror coupled with a
pinhoie collimator of 0.5 or 1.6 mm. Theta-theta continuous scans were emploved with a sample-
detecior distance of approximately 30 cm, which gives an effective 286 range of 4-40 °C. Samnples

were movnted w low background guartz plates.

7. SGLUBILITY

Milligram size {2 reg) quantitios of cach sample were placed inte a vial, Buffered water (pH
4, 7, and 10) was added and the vials were strred for a fow mimues, followed by visual observation
for roroaining sohids. The sobvend was ncremendally added wndtl the solids were dissolved, or a

maximum volume of solvent {10 md) was added and the cxperiment was terminated.

8 HYGROSCOPICITY- BDYNAMIC VAPOR SORPTION (DVS}

DVE 18 a gravimetric screemng technique that measures how quickly and how much of a
selvent {water) is adsorbed by a sareple. The relative humidity or vapor concentration surrounding the
sarople 1 vaned while the change 1n mass of the sample 13 measared. A vapor sorption 1sotherm
shows the equibibrium emount of vapor sorbed as & function of relativity turmdity. The mass vahies at
cach relative humidity step ave used 1o geverste the isotherm. lsotherms are divided m two
components: sorption for increasing hurpidity steps and desorplion for decreasing hurnidity steps. A
piot of kinetic daiz is also supphied which shows the chenge iv reass and hupudity as a function of

e,

Sarnples were analyzed using a TA Q2000 autoreated dynemic vapor sorplion asalyzer. The

saroples were dried at 44 °C for § hours and then cooled to 25 °C with a dry nitrogen purge over them
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until they no longer lost mass at (% RH. The samples were then subjected 1o 0 to 95% RH, back to

%6 BH at 25 °C in 896 RH sieps,
9 STABILITY

The scaled up salte and free acid were challenged by heat (solids stored at 25 and 60 °C for |
week), oxidation {solids stored in oxygen headspace at 25 °C for 1 week), light {solids exposed =1
ICH Iuternational Conference on Hermonization of Techwmceal Reguirersents for Registration of
Pharreaceuticals for Human Use UV confumatory conditions), snd solutions (HPLC diluent-

raethanol) at 25 and 40 °C for 1 week,

These samples were avalyzed, along with unstressed covtrels, by HPLC to characterize their

stabality.
I8 HPLOC ANALYSES

1

Salt candidates were analvzed by toial area normalization (TAN). The samples were dissolved

1 methanol at a concentration of 0.8 mg/mi.

HPLC Counditions

HPLE Coluramn: Sunfire €18, 3.5 pm, 4.6 x 130 mm
Colum Teop: 435 °C

Autosampler Flush: 25:75 Acetontinie: reagent alcohol
Flow Rate: 1.5 mb/mie

Iajection Vobhime: 16 uk

UV Betection: 215 nm

Mobile Phase: A —0.1% acetic acid 11 acetonitrile

B - 1% acelic actd 1n reagend alcobol
Cradient Punip Program:
Step Time (minutes) %A %B Curve

0.5 92.0 8.0 0.0
6.0 92.0 8.0 0.0
6.0 10.0  90.0 1.0
2.0 10.0  90.0 0.0
7.0 92.0 8.0 0.0

B, Salt Screen
§, CHARACTERIZATION OF THE FREE ACID

The o-TEA free acid, lot 534843-7-34, was analyzed by XBD, DSC, TGA, DVSE and
mucroscopy. The sarapie 18 crystalline as shown by the XRD pattern m FIG, 1. The DSC thermogram

of the free acid shows 4 melting endotherra onset at 34.5 °C. The TGA thermogram shows the free

acid o be free of volatiies, with a weight loss of .2% at 207.5 *C.
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DVE was performed om a sample of the free acid. The free acid exhibits a total weight gain of
bowt 8.2 welght% at 95% RH. This daia wdicates that the free acid does not form hydrates or exhibit

deliquescence.

The free acid was examined using optical microscopy. The sarople exhibited areas of both
birefringent and amorphous agglomerates. Manual manipulation of the savple under magnification
resulted in & smearing and a droplet hke appesrance. This behavior suggests that the free acd has
somae of the characteristios of a bguid erystal. Liguid crysials are a state of matter that have propertics
between those of a conventional hguid and those of a solid. Liquud erysials are substances that are not
as rigidly orderad as a solid, but have some degres of abgament. Molecuies which fend o be
candidates for having hownid crystal phases are ofier long havieg & rigid central region and end groups

that are shighily flexible,

2 PRIMARY SALTSCREEN (50 MG SCALE) PREPARATIVE PROCERBUREY

The predicted pK, value of the ¢-TEA froe acid 18 3.23, Based ou these predicated pK, vahies,

a library of salt foroung bases were chosen and is shown in Table 1.

Table {: Salt Forming Rases

Base pK, Class*

sodium hydroxide 14 I
potassium hydroxide 14 1
magnesium hydroxide 11.4 1
meglumine 8 I
diethylamine 10.9 11
ethanolamine 9.5 11
diethanolamine 9.3 111
L-Arginine 13.2 I

L-Lysine 10.8 1

Choline >11 I
tris-hydroxymethylamine (Tris) 8 11
deanol, N,N-dimethylethanolamine 8.8 11
2-diethylaminoethanol 9.6 11
calcium hydroxide 12.6 I
Benzathine, dibenzylethylenediamine 9.99 11
procaine 8.9 11

*Safety and phavmacentical acceptability ﬂf the coumter-ions: class Funrestricied used based on
physiologioal ubiguitous ions or intermediate metabolites; class Dwuniversally approved, but not

naturally occurring. Low toxicity and good tolevability; class {li-case by case {imited approval, some
reaciivity, some pharmacological scrivity.

Initially, & series of expeniments consisted of 7 salts prepared on an approximalely 50 mg

soale were carried out and are panel 1. A solutien of free acid was prepared 1o methanol and

appropriate molar equivalents of base solution and/or solids were added. Samples were mixed several

howurs and allowed to slowly evaporate at room lemperature with about 2 psi nifrogen purge.
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Characterization of the resultant salts was perforoed using Xeray ditfraction (XRD), One
saraple (ethanolaming) exhibited a crystallive pattern different than the free acid starting rostenal
mdicating possible salt formation. The rereaining six samples produced arcorphous materials, These
six samples were solvent ripened i an atlerapt to merease the crystalhinity of the resaliant salte

Uefortunately, this technigue had fintted successful 1o increasing the crystallinity,

The crystalline sall candidate, cthanolamine, was further characterized by dtfereniial

scanning calotimetry (D3SC) An overview of the rosults ts suromarized 1o Table 2.

FTuble 2; Panel i

Base Class | Sample ID | Appearance | Crystallinity/XRD DSC

sodium ]
hydroxide I 116 waxy solid amorphous N/A

potassium 1
hydroxide I 117 glassy amorphous N/A

magnesium 1
hydroxide I 118 glassy amorphous N/A
meglumine I 119 waxy solid amorphous N/A
diethylamine 11 120 glassy’ amorphous N/A

. . crystalline Multiple
ethanolamine I 121 waxy solid possible salt endotherms

diethanolamine 1T 122 glassy' amorphous N/A

7 S . . F - - N . . . - oy .
" glassy materials ave amorphous (not crystalline) non free fiowing solids which often do not exhibit a
sharp meliing endotherm during DSC analysis.

The next group of expernments, panel 2, consists of 8 salts prepared on an approximately 50
mg scaie, A soiufion of free acid was prepared in {-butanol and appropriate molar equivaients of base
solution and or sohids were added. Samples were nuxed several hours and allowed to slowly evaporale

at room temperature with about 2 pst nitrogen purge,

Characterizaiion was performed usmg X-ray Diffraction (XRD). One sample {cthanolamine)
extubiled a crystalline pattern strmlar to the pattern from Panel 1, jndicating possible sall formation.
Twir saroples exhibited evidence of the base counterion, which would indicate that no salt was
formed. The rearning five sarples produced amorphous materials, These five saroples were solvent
ripened i an atteropt to increase the crvstallinily. Again, this fechnigue was not successfui in

mcreasing the erystallimity,

The results of Panel 2 are listed in Table 3.

Fable 3; Panel 2
Base Class | Sample ID Appearance Crystallinity/XRD
sodium hydroxide 1 412 glassy amorphous
potassium hydroxide I 413 glassy amorphous
magnesium hydroxide I 414 waxy solid no salt, evidence of MgOH
meglumine I 415 waxy solid amorphous
diethylamine 11 416 glassy amorphous
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Base Class | Sample ID Appearance Crystallinity/XRD
ethanolamine 111 417 waxy solid crystalline, possible salt
diethanolamine 11 418 glassy amorphous
. . . Amorphous, no salt, evidence of
calcium hydroxide I 419 waxy solid Ca(OH),

Finaily, avother set of experucents, Panel 3, consisting of 16 salts was propared on
approximately 50 mg scale. A solution of free acid was prepared in isopropyl alcohol and appropriaie
rocdar equivaionts of base salution and or solids were added. Samples were mixed several bowrs and

allowed to slowly evaporale at roorn lemperature with about 2 psi nitrogen purge.

Characterization was performed using XRD.  Six saoples {cthasolamdes, argioine, lysine,
choline, tris, and deanol} exhibited crystalline XRID patierns mdicating possible salt formation. The
eight remnarning saroples produced amorphous materials, These exght samples were solvent ripened in
an attempt to increase the crystallinity, This technique was wot successfuol in increasing the
crystallinity. Two samples exlubued evidence of the base counter-ion, indicating that oo salt

formaiion.

The Panel 3 resuits are listed m Table 4,
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3 PRIMARY SALT SCREEN (58 MG SCALE) RESULTS AND DISCUSSION

Pavels 1 throogh 3 produced six crystalline salt compounds, The characteristics of these

compounds are further described below,
) Ethanolamine

The ethanolamine salt of o-THEA 18 a waxy crystalline solid, The sumque Xeray diffraction
characteisiics were observed in all three panels and are shown in FIG, 2. The DSC thermogram
exhubiied multiple endothermic transitions with temperatores of aboutl 88, 108, 115, 149 and 169 °C,
The DSC plot is shown 1o FIG, 3. The total volatile content by TGA over the femaperature range 25-

95.5 °C was .4 wilo.

The "H NMR of this compound shows the steichiometry of free acid to base to be ina 111
ratio. A change n chemical shifts from the free acid spectrurn was observed suggesting the compound

s a salt.

by L-Arginine

o

The arginmoe salf of 0-TEA was a partizily crystalline sobid that was less "waxy" than the free
acid. The smque X-ray diffraction paitern of the L-arginine sample 18 shown m FIG, 4. The DSC
thermograrn exhibited muitiple codotheric transttions at about 131 and 184 “C. The DSC plot 6
shown it FIG. 5. The total volatile content by TGA over the temperature rangs 25-194 °C was about

0.3 wi%,

[T E} I £t . R P N 5 e - o : . 4 P .
The 'H NMR of this candidate shows the stoichioreetry of free acid to base to be ma 1]
ratio. A change in chemical shiftis from the free acid spectramn was observed suggesting this candidate

18 & salt,

The dynamic vapor sorption (DVE) sotherr indicales 4 possible herubydrale formetion
(1.3% weight gam) at about 40% RH. The desorption cycle indicates that the hydration process is
reversible. The particle size of this matenial was very small as evidenced by photomicrograph. The
salt produced some liguid crystal-like behaviar, but to a lesser degree than observed with the free
acid. The approximate visual solubibity of the arginine salt in pH 4, 7, and 10 buffers was < 0.2

mg/ml.
¢} E-Lysing

1

The lysice salt of o-TEA 8 2 crysiziline solid that i less "waxy” thae the free acid. The

unigue X-ray diffraction patiern of this sample 18 shown 1o FIG. 6. The DSC thermogram exhubited
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mrultiple endotherraie transitions &t about 55 and 200 °C. The DSC plot is shown i FIG. 7. The {otal

vidatile content by TGA over the teraperature range 25-165.3 °C was (1.4 wi%e.

The 'H MNMER of the lysine salt shows the stoichiomelry of free aoid o base to be ina 1:0.7
ratien. A change in chemical shifts from the free acid spectrum was observed suggesting the compound

5 is & salt.

The DVS adsorption isotherma shows onset of weight gatn at about 75% R, with & rapid total

"0

weight gain of about 12% at 95% RH. The desorption cycle shows hysteresis, i which upon
tesnrption (deoreasing urmdity ) the sarple does not lose the sorbed waler. The residual 2 weight %
correspends 1o & puiative hydraie of the lvsine sali. The stoichiometry of the hydraied iysine sali is

10 not defined. The kinetic plot mdicates the weight c]*;ange on desorption does not come to equibibnom
indicating that hydeate forreation may be reverstble giver eoough time.  The particie size of this

material appears was very small as evidenced by photomicm ph.  The salt exhibits some huid

crystal-bike behavior, but to a lesser degree than observed with the free acid. The approxamate visual

-~
I
7

solubility of the lysine salt mpH 4, 7, and 10 buffers was < 0.2 mg/mal..

15 &) Choline

he choline salt of o-TEA is a partially oryst

Hine “waxy” solid. The unigue X-ray diffraction
patiern of the sample was observed is shown 1 FEG. 8. The DSC thermogram exbibited multiple

endothermic fransitions at about 30, 80, and 158 °C. The DSC plot is shown m FIG. 8. The total

volatile content by TGA over the temperatare ran 188.2 °C was 2.5 wih,
20 The 'H NMR of this candidate shows the steichiometry of free acid to base to be ina 108

ratio. A change i chemical shifis from the free acid specirum was observed suggesting this candidate

alt.

I8éa

73]

e} Tris-hydroxymethyl amine (Fris)

The tris candidate was a partiially crystailine "seni-waxy" solid. The unique X-rmay diffraction
25  patiern of the sample was cbserved is shown in FIG. 16, The DSC thermogram exhibited maltiple

endothermaie transitions at about 101 and 173 °C. The DARC plot is shown v FiG. 11 The tosl

volatile content by TGA over the temperatare range 25-144 °C was 0.6 wils,
The 'H NMR of this candidate shows the stoichiometry of froe acid to base to be ima L1+

ratio. A change i chemical shifis

30 isa

frorn the free actd specirum was observed suggesting this candidale

alt.

73]
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The DVS isotherm indicates a possible hemihydrate forreation (1.5% weight gain) starting at
about 55% BH, The desorption cyecle shows hysteresis indicating that the water i3 well bound, The
particie size of this material was very small based upon photomicrograph Tmages. There i some
hguid erystal-like behavior, but to g lesser degree than observed with the free seid. The approxamate

J

visual solubiitiy of the tris salt tn pH 4, 7, and 16 buffers was < 1.2 mg/od..
D NN-dimethylethanslamine {deanol)

The deanol candidate 1s a erystalline “waxy™ solid. The urigque X-ray diffraction pattern of the
sample was observed 18 shown in FIG, 12, The DSC thermogram exhibited multiple endotherroie
trangitiong at about 47, 73, and %7 °C. The DRC plot 15 shown 1o FIG. 13, The toial volaile condent by

TOA over the temperature range 25-207 °C was 7.7 wibs,

The 'H NMR of this candidate shows the stoichiometry of free acid to base 1o be ina 1:0.7
ratio. A change in chenncal shufts from the free acid spectrum was observed suggesting this candidate

is & salt,
4. SAITSCREEN SCALE P RESULTS AND BHSCUSSION

Based on results of the primary salt screening panels, the lvsine, arginine and trig monosalts
were selecled for further investigation. This analysis served two purposes; firstly o provide &
sufficient quantity of malerial for further testivg, and secondly, o gather informalion on the
processibility and physical handling characteristics of the salt candidates. Samples were analyzed by

KRNy, DSRC, Hot Siage Microscopy (HSM)Y, HPLO for purily, static humidiy, stoichiometry, and

stability.
a) Lysine (Sampie 981)

The scaled~up lysine salt had more desirable handhing properties compared to the free acd,
iechuding being less “tacky” than the free acid. Furthermore, the salt was a crystallive powder and

easier o formulate inlo a capsule than the free acid

The XRD pattera of the scaled-up fysine salt candidate was consistent with the patiern of the
small scale sample. The DSC profile of this sample 18 very similar o the small seale sample, both
exhibiting endothermic transtlions at about 55 and 200°C, Hot stage mucroscopy (HESM) was carried
out on this salt candidate in order to aid in explaining the multiple endotherms observed by DSC.
Visual onset of melting was observed at about 2060 °C with complete melting by about 215 °C. Ne

1

obvious transition was observed at about 55 °C.
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The HPLC totsl area norreabization (TAN) purity of the salt was determined to be 98 area%

given a relative purity of the compound.

Formation of hydrates can be a very slow kinetic process. A second approach o identify
hydrate forrpation is performing static hurmdity experiments and montior gravimetrically for weight

Y4

change. Samples of lysine salt were placed in 73 and 84% RH eonvirorunents for 33 and 9 days
respectively. After 33 days at 75% HH the lysme sample gained 0.6 weight 9. At 84% RH, after 9
days, the lysine salt exbibifed a weight gain of 1.8%. The Xeray diffraction pattern of this #4% RH
saraple showed ng change fromn the prehurnidified sample. Given the DVS behavior of the sinall scale

sarapie, these studies suggest an 1sostruciural hemibydrate exisis,

The 'H NMR analysis showed this candidate to have a monomoiar ratio of free acid to base.
The cheodcal shuft of the methylene group i the polar part of the molecule suggests that the

compound appears o be & salt,

by Arginine (Sample 993)

The scaled up arginine salt exhibited better handiing relative {6 the free acid,

The XRD pattern of the scaled up arginine salt reatches the pattern of the small scale sanple
patterr. The DSC profile of this sample ruatches small scale exlubiting 2 endothermic transitions at
about 136, and 187 °C respectively, Hot siage microscopy {HSM) on this salt candidate showed
visual metimg at about 180 °C and above. No changes in the sample were visuatly observed nthe 138
fo 146 °C femperature range, The eodotherroic trapnsttion observed i the DSC prodile i this
tomperature region may be due {0 a thomeally induced liguid crystal phase change. Some variabie

temperature XRD studies may be useful 1 studying this transition further,

The HPLC-Towm!l Arca Normalization (TAN purity) of the salt was fonnd to be 98 area%

given a relative purity of the compound.

Samples of arginine salt were placed in 75 and 84% RH envivorunents for 33 and 9 days
respectively, After 33 days at 758% RH the arginine sample gained §.7 weight®, At 84% RH, after 9

days, the arginine salt exhubited a weight gain of 2.3%. The Xoray diffraction pattern of this 84% RH

saraple showed no change from the pre-hurnidified sample, suggesting that if 4 hydrate 18 fornung, 1t

has the same XRD pattera,

The ‘H NMR analysis showed this salt to have a mole ratic of free acid o bage of one. The
chenical shift of the methylene group in the polar part of the moiecule suggests that a sait has been

formed.
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¢} Fris (Sample 982}

The scaled up fris salt appears to have more normal handling than the free acid but @ shghily

waxier than both the tysine and argimine salis.
o<

The XRD pattern of the scaled up 1ris salt maiches smail scale sample pattern. The DSC

o

rofile 18 very similar to the stnall scale sarnple. The tns scaled up salt exhubits an endotherrn with an

[}

onset on 106 °C. Visual melting was observed using HSM 10 the 85 o 188 °C temperature range,

which corresponds o the endotheorm observed n the DSC,

The HPLC-Total Arca MNormalization (TAN purty) of the sall was found 1o be 97.5 area’s

given a relative purity of the compound.

A saraple of tris salt was placed v 75% RH environment for 33 days. The sagiple exbibited
weight gain of 4.0%. Thas fact 1¢ consistent with the DVS data collected earlier. These daia suggest

that this salt forms 8 hydrate gpon exposure to sufficient moistore,

The 'H MNMR analysis showed this salt o have a mole ratio of free acid to base of about one.
The chermcal shifi of the methylene group n the polar part of the meolecule suggests that the

compound formed is likely a sait.

A stacked piot of the NMR spectra of the free acid, lysine, argintne, and tris salts shows the
movement of the methylene group supporting the counclusion of the formation of salts with the

compound.
d) STABILITY OF BALTS

The three salis (lysine, arginite, and 18} were challenged using heat (solids stored at 25 and
60 °C for 1 week), oxidation (solids stored in oxygen headspace at 25 °C for 1 week), hght ({UV
source under JCH confirmatory conditions> 200 Whe/ro™), and solutions (o HPLC diluent) at 23 and

40 °C for 1 week. Stressed samples were analyzed using HPLC 1o determine their impurity profiles.

A suuvary of the stability daia generated using HPLC analysis is shown below 1 Table 5.

Table §: Summary of HPLC Stability Data on Stvegsed Sulfs

HELPC Total Area Normalization ~ Area % Purity

Conditions Free Acid Lysine Argining Tris
Sample 734 Sampie 801 Sample 963 Sample 962

Sobhd State Ambient g7.8 GR.E 8.6 48.5

Solid State 64 °C 38.0 98.7 98.6 98.4

Solution Amabient Methanol 86,0 G&.8 95.4 G3.5

Selution 40 “C Methaool 4.5 98.2 98.2 98.2

Oxidation Ambient g7.8 GH.B 31.4 5.5
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BLPC Toial Ares Normalization — Arvea % Purity
Conditions Free Acid Lysine Avginine Tris
Sample 734 Sample 801 Sample 963 Sample 962
Photo Stability Dark Control 977 on.7 978 95.2
Phote Stability Exposed 8.2 98.8 98.5 98.7

The stability

osuits shown m Table 5 represent the avers

ges of two imgections of duplicate

saniple preparations. Wiale the data can only suggest the short term stability, they do provide some

fesight into the stability of the sall forms which conid be extrapolated to the salts long term stability.

FIGS, 14-17 show the chromatogram overlay plots for samples analyzed during the stability portion

5 ofthe study., The HPLC stability data show that the salis exhibited litle to no degradation under the

stress conditions used m the study. All three salt candidates show imaproved soluntion stability 1o

methanol compared o the free acid
5 SUMMARY QF SALT SURFENING STUDIES

A sall soreening \tudy was perforrned to identify suitable salt candidates of o-TEA, During

10 the course of the study, 16 different potential bases were examined, Of these bases, 6 bases forme

crystalline salis, The most promising of the group, salts of lysine, argiuine, and s were 1solated and

studied i detatl, These three salts were scaled-up 1o 2 graros and evaluated using roultiple analytical

techmiuies,

Based on the dats obtained during this study, all three of these salts appear 1o be viable

15 candidates. These salts exinbit improved physical properties over the free acid, Al of the galts are

ystalling and have less "waxy” physical properties relative {0 the free acid. The lysine and argicine
salts exhibit the most inprovement in this characteristic. The visual meltng lempersture of all three
salis 18 higher than the free acid. All three salis exbhibit equal stability vnder all conditions tested with

raproved stability over the free acid v solution. The visual solubiity of each salt was coreparable to

20

the free acid in buffered water (< 0.2 rng/mi ).

The salt saniples all exhibited the potential to foro putative hydrates all which appear to be

reversible. The arginine and tris sal

55% RH respectively. The lysine salt shows DVES
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. Anti-Tumor Efficacy of o-TEA Salts in Animal Models

Studies of the anti-tumor efficacy of the ¢-TEA salts were camied out using a well
characterized but difficult o treat 471 mouse mode] of metastatic mamonary cancer with the o-TEA
fysine salt (- TEA-Lys) The lvsine sait was incorporated nto standard roouse chow at an amount of
3 g/kg chow {0.3% w/w) by Harlan Teklad, Madison W1, Half of the mice were placed on an a-TEA-
Lys diet afier the tumors were established (9 days post furpor yection.) and the rest placed on an
analogous nutrient diet without o-TEA-Lys which served as the control group. The average tunor
size of mice that ate & diet condaining a-TEA-Lys showed a significant decrease in average tumor size
compared o raice feed a condrol diel without the o-TEA salt {(FIG. I¥).  Furthermore, mice
consunung a diet which contains the o-TEA salt showed an mncreased survival compared (o mice who
consumed a control diet of standard chow (FHG, 19). These data suggest that converiing - TEA mto a
salt appear to have little change on the ¢fficacy of the compound with significant twmor growth
suppression, prolongation of overall survival, and coroplele tomor regression in about 25% of the

raice treated,

dok sk ok ook sk s ook sk sk ok ok ok ko

All of the compounds, polymorphs, formulations, and methods disclosed and claimed herein
can be made and executed without undue experimentation in light of the present disclosure. While the
compounds, polymorphs, formulations, and methods of this invention have been described in terms of
preferred embodiments, it will be apparent to those of skill in the art that variations may be applied to
the compounds, polymorphs, formulations, and methods, as well as in the steps or in the sequence of
steps of the method described herein without departing from the concept, spirit, and scope of the
mvention. More specifically, it will be apparent that certain agents which are both chemically and
physiologically related may be substituted for the agents described herein while the same or similar
results would be achieved. All such similar substitutes and modifications apparent to those skilled in
the art are deemed to be within the spirit, scope and concept of the invention as defined by the

appended claims.
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CLAIMS
What Is Claimed Is:
1. A compound of the formula:
0]
0]
Yo
O X
wherein X" is:
Hy OH OH
N -
HsC” ; OH SN . OH
Na, K, OH OH Hy HaN" ,
NH, 0 . o
)J\ /\/\)k_ H3N\/\/\Hk6
HO\/\N/\/OH HoN H O
H, , NH; NH; ’
. OH
HiN
2ok, 3 On 3':3 NH
NI VAN \
HO/\/ CHj , OH ’ HO CH3, /4 OH,
0]
e Uk
2 el
, Or HoN ;
or a hydrate thereof.
2. The compound of claim 1, wherein X" is:
H,* OH OH
/N ~ ~
HsC \/\;/Y\OH /\F\]/\ . oH HO\/\'*\]/\/OH
z A~
OH OH , Hy  HsN , H> ,
- HsN - CH
H2N H/\/Yko 3 \/\/Yko 'll+/3CH3
MNH; NH; HO™ ™" e,

B B B
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" 3
X H
OH HO™ ™ CHy —/ + \—OH_ 2
o
Ok
o HoN NA_~

or a hydrate thereof.
3. The compound of either claim 1 or claim 2, wherein the X" is:
NH, 0 . o
- H3N = CH
HZNJ\” o ° 0 '{FECHs
+
HaN~ O NH3 NH;  HO “CH,
OH
H;N. CH
3 OH lll+H3
VYN
OH or HO CH3
or a hydrate, thereof.
4, The compound according to any one of claims 1-3, wherein the X;" is
N+H2 o . e} . OH
— HxN - H3N
ol s s FQO“
NH;3 , -|N Hs ,or OH
or a hydrate, thereof.
5. The compound according to any one of claims 1-4, wherein the formula is further defined as:
o}
-0
+
X
H,N H /\/\Hk 6
NHz
or a hydrate, thereof.
6. The compound of claim 5, wherein the compound is present as a polymorphic form having an

X-ray powder diffraction pattern (CuKo) comprising two peaks at about 11.84 °26 and 19.74
20 or a hydrate, thereof.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

The compound of claim 6, wherein the polymorphic form has an X-ray powder diffraction

pattern (CuKa) further comprising a peak at about 20.73 “20.

The compound of either claim 6 or 7, wherein the polymorphic form has an X-ray powder
diffraction pattern (CuKa) further comprising 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16, or all of the peaks at about 6.24, 9.35, 14.92, 15.51, 17.03, 18.49, 21.70, 22.81, 23.51,
24.85,27.69, 28.31, 30.93, 32.30, 33.21, 35.02, and 39.30 °26.

The compound according to any one of claims 6-8, wherein the polymorphic form has an X-

ray powder diffraction pattern (CuKa) substantially as shown in FIG. 4.

The compound according to any one of claims 6-9, wherein the polymorphic form has a
differential scanning calorimetry (DSC) isotherm comprising two endotherms from about 125

°C to about 140 °C and from about 170 °C to about 195 °C.

The compound of claim 10, wherein the polymorphic form has a differential scanning
calorimetry (DSC) isotherm comprising two endotherms centered at about 131 °C and at

around 184 °C, respectively.

The compound of either claim 10 or claim 11, wherein the polymorphic form has a

differential scanning calorimetry isotherm substantially as shown in FIG. 5.

The compound according to any one of claims 6-12, wherein the polymorphic form is

anhydrous.

The compound according to any one of claims 6-12, wherein the polymorphic form is a
hydrate.

The compound of claim 14, wherein the polymorphic form is a hemihydrate.

The compound according to any one of claims 1-4, wherein the formula is further defined as:

0O
O
Y\O
-0 0O
+
H3N\/\/\Hk6
NH3

or a hydrate, thereof.

The compound of claim 16, wherein the compound is present as a polymorphic form having
an X-ray powder diffraction pattern (CuKo) comprising a peak at about 9.69 °26 or a hydrate,
thereof.

The compound of claim 17, wherein the X-ray powder diffraction pattern (CuKo) further
comprises a peak at about 20.10 °20.
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19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

The compound of either claim 17 or 18, wherein the X-ray powder diffraction pattern (CuKo,)
further comprises a peak at about 19.78 °20.

The compound according to any one of claims 17-19, wherein the X-ray powder diffraction
pattern (CuKo) further comprises 1,2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, or all of the
peaks at about 5.90, 7.77, 14.08, 17.58, 17.91, 18.31, 21.26, 22.17, 23.16, 24.77, 28.57, 29.71,
31.10, 31.69, 34.45, 34.99, and 36.24 °26.

The compound according to any one of claims 17-20, wherein the polymorphic form has an

X-ray powder diffraction pattern (CuKa,) that is substantially as shown in FIG. 6.

The compound according to any one of claims 17-21, wherein the polymorphic form has a
differential scanning calorimetry (DSC) isotherm comprising two endotherms from about 53

°C to about 60 °C and from about 180 °C to about 235 °C.

The compound of claim 22, wherein the polymorphic form has a differential scanning
calorimetry (DSC) isotherm comrpising two endotherms centered at about 55.8 °C and at

about 205 °C, respectively.

The compound of either claim 22 or claim 23, wherein the polymorphic form has a

differential scanning calorimetry isotherm that is substantially as shown in FIG. 7.

The compound according to any one of claims 17-24, wherein the polymorphic form is

anhydrous.

The compound according to any one of claims 17-24, wherein the polymorphic form is a

hydrate.

The compound according to any one of claims 1-4, wherein the formula is further defined as:

)

0
Y\O
-0 OH
HaN.

3 OH

OH
or a hydrate, thereof.
The compound of claim 27, wherein the compound is present as a polymorphic form having
an X-ray powder diffraction pattern (CuKa) comprising a peak at about 20.14 °20 or a
hydrate, thereof.

The compound of claim 28, wherein the X-ray powder diffraction pattern (CuKo) further
comprises peaks at about 13.63, 14.40, 19.31, and 22.34 °20.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

The compound of either claim 28 or 29, wherein the X-ray powder diffraction pattern (CuKo,)
further comprises two peaks at about 18.25 and 18.49 °260.

The compound according to any one of claims 28-30, wherein the X-ray powder diffraction
pattern (CuKa) further comprises 1, 2, 3,4, 5, 6,7, 8, 9, 10, 11, 12, or all of peaks at about
9.67, 15.60, 21.47, 23.57, 27.07, 28.39, 30.49, 32.21, 33.30, 34.29, 34.96, 35.89, and
36.39 °26.

The compound according to any one of claims 28-31, wherein the polymorphic form has an

X-ray powder diffraction pattern (CuKo) substantially as shown in FIG. 10.

The compound according to any one of claims 28-32, wherein the polymorphic form has a
differential scanning calorimetry (DSC) isotherm comprising two endotherms from about

97.5 °C to about 120 °C and from about 185 °C to about 225 °C.

The compound of claim 33, wherein the polymorphic form has a differential scanning
calorimetry (DSC) isotherm comprising two endotherms at about 106 °C and at about 192 °C,

respectively.

The compound of either claim 33 or claim 34, wherein the polymorphic form has a

differential scanning calorimetry isotherm substantially as shown in FIG. 11.

The compound according to any one of claims 28-35, wherein the polymorphic form is

anhydrous.

The compound according to any one of claims 28-35, wherein the polymorphic form is a
hydrate.

The compound of claim 37, wherein the polymorphic form is a hemihydrate.

The compound according to any one of claims 1-3, wherein the formula is further defined as:

O
OY\O

-0,

HaN _~ OH
or a hydrate, thereof.
The compound of claim 39, wherein the compound is present as a polymorphic form having
an X-ray powder diffraction pattern (CuKo) comprising a peak at about 19.4 °26 or a hydrate,
thereof.

The compound of claim 40, wherein the X-ray powder diffraction pattern (CuKo) further
comprises peaks at about 10.4, 14.1, and 17.8 °20.
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42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

The compound of either claim 40 or claim 41, wherein the X-ray powder diffraction pattern

(CuKo) further comprises two peaks at about 20.8 °20.

The compound according to any one of claims 40-42, wherein the polymorphic form has an

X-ray powder diffraction pattern (CuKa.) substantially as shown in FIG. 2.

The compound according to any one of claim 40-43, wherein the polymorphic form has a
differential scanning calorimetry (DSC) isotherm comprising five endotherms from about 85
°C to about 97 °C, from about 97 °C to about 105 °C, from about 110 °C to about 125 °C,
from about 145 °C to about 155 °C and from about 160 °C to about 210 °C.

The compound of claim 44, wherein the polymorphic form has a differential scanning
calorimetry (DSC) isotherm comprising five endotherms at about 90.1 °C, at about 100.7 °C,
at about 117.9 °C, at about 149.7 °C, and at about 181.6 °C, respectively.

The compound of either claim 44 or claim 45, wherein the polymorphic form has a

differential scanning calorimetry isotherm substantially as shown in FIG. 3.

The compound according to any one of claims 1-3, wherein the formula is further defined as:

0
o)
Y\O
-0
CH
H3C\ I, 3
HaC™ >~ “OH
or a hydrate, thereof.
The compound of claim 47, wherein the compound is present as a polymorphic form having

an X-ray powder diffraction pattern (CuKa) comprising two peaks at about 18.40 and 19.77
26 or hydrate, thereof.

The compound of claim 48, wherein the polymorphic form has an X-ray powder diffraction

pattern (CuKo) further comprising peaks at about 4.28 and 10.75 °20.

The compound of either claim 48 or claim 49, wherein the polymorphic form has an X-ray

powder diffraction pattern (CuKo) further comprising two peaks at about 19.00 °20.

The compound according to any one of claims 48-50, wherein the polymorphic form has an
X-ray powder diffraction pattern (CuKa,) further comprising 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12,
13, 14, 15, 16, 17, or all of the peaks at about 6.45, 12.90, 16.17, 16.73, 17.31, 17.72, 20.96,
21.72, 28.08, 28.71, 29.70, 31.05, 31.63, 32.25, 34.60, 35.18, 36.60, and 39.02 °20.

The compound according to any one of claims 48-51, wherein the polymorphic form has an

X-ray powder diffraction pattern (CuKo) substantially as shown in FIG. 8.
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53.

54.

55.

56.

57.

8.

59.

60.

61.

62.

The compound according to any one of claims 48-52, wherein the polymorphic form has a
differential scanning calorimetry (DSC) isotherm comprising three endotherms from about 50
°C to about 60 °C, from about 75 °C to about 85 °C, and from about 150 °C to about 250 °C,

respectively.

The compound of claim 53, wherein the polymorphic form has a differential scanning
calorimetry (DSC) isotherm comprising three endotherms at about 50 °C, at about 80 °C, and
at about 150 °C, respectively.

The compound of either claim 53 or claim 54, wherein the polymorphic form has a

differential scanning calorimetry isotherm substantially as shown in FIG. 9.

The compound according to any one of claims 1-3, wherein the formula is further defined as:

0]

or a hydrate, thereof.

The compound of claim 56, wherein the compound is present as a polymorphic form having
an X-ray powder diffraction pattern (CuKo) comprising a peak at about 21.73 26 or a
hydrate, thereof.

The compound of claim 57, wherein the polymorphic form has an X-ray powder diffraction
pattern (CuKa) further comprising peaks at about 9.34, 14.90, 16.06, 17.33, 18.51, and
22.94 °20.

The compound of either claim 57 or claim 58, wherein the polymorphic form has an X-ray

powder diffraction pattern (CuKo) further comprising two peaks centered at about 20.22 °20.

The compound according to any one of claims 57-59, wherein the polymorphic form has an
X-ray powder diffraction pattern (CuKo,) further comprising 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, or
all of peaks at about 10.05, 11.19, 14.13, 24.04, 27.65, 28.14, 29.73, 30.30, 31.06, 32.02,
33.45, and 34.49 20.

The compound according to any one of claims 57-60, wherein the polymorphic form has an

X-ray powder diffraction pattern (CuKa) substantially as shown in FIG. 12.

The compound according to any one of claims 57-61, wherein the polymorphic form has a
differential scanning calorimetry (DSC) isotherm comprising three endotherms from about 45

°C to about 55 °C, from about 65 °C to about 80 °C, and from about 80 °C to about 95 °C.
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63.

64.

65.

66.

67.

68.

69.

70.

The compound of claim 62, wherein the polymorphic form has a differential scanning
calorimetry (DSC) isotherm comprising three endotherms at about 47 °C, at about 73 °C, and
at about 87 °C, respectively.

The compound of either claim 62 or claim 63, wherein the polymorphic form has a

differential scanning calorimetry isotherm that is substantially as shown in FIG. 13.

A method of making a salt of the formula:

O
)
Yo
O Xy
wherein: X;" is a protonated base; comprising reacting a compound of the formula:

)

O
O

OH

with the base sufficient to form a salt; or a hydrate thereof.

The method of claim 65, wherein the base is: sodium hydroxide, potassium hydroxide,
magnesium hydroxide, meglumine, diethylamine, ethanolamine, diethanolamine, L-arginine,
L-lysine, choline, tris-hydroxymethylamine, N,N-dimethylethanolamine, 2-
diethylethanolamine, calcium hydroxide, dibenzylethylenediamine, or procaine.

The method of either claim 65 or claim 66, wherein the base is ethanolamine, L-arginine, L-

lysine, choline, tris-hydoxymethylamine, or N,N-dimethylethanolamine.

The method according to any one of claims 65-67, wherein the base is L-arginine, L-lysine, or

tris-hydroxymethylamine.

A pharmaceutical composition comprising a compound, a salt, or a polymorphic form

according to any one of claims 1-68 and an excipient.

The pharmaceutical composition of claim 69, wherein the pharmaceutical composition is
formulated for administration: orally, intraadiposally, intraarterially, intraarticularly,
intracranially, intradermally, intralesionally, intramuscularly, intranasally, intraocularly,
intrapericardially,  intraperitoneally, intrapleurally, intraprostatically, intrarectally,
intrathecally, intratracheally, intratumorally, intraumbilically, intravaginally, intravenously,
intravesicularlly, intravitreally, liposomally, locally, mucosally, parenterally, rectally,
subconjunctival, subcutaneously, sublingually, topically, transbuccally, transdermally,

vaginally, in crémes, in lipid compositions, via a catheter, via a lavage, via continuous
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71.

72.

73.

74.

75.

76.

infusion, via infusion, via inhalation, via injection, via local delivery, or via localized

perfusion.

The pharmaceutical composition of claim 70, wherein the pharmaceutical composition is
formulated for oral, intraarterial, intravenous, intraperitoneal, topical, or inhalational

administration.

A method of reacting a compound of the formula:

)

)
Y\O
OH
to obtain a polymorphic form comprising combining an about equal molar amount of a base

and the compound in an alcoholic solvent and mixing for a time period from about 1 to about

24 hours.

The method of claim 72, wherein the base is NaOH, KOH,

Hy OH OH
N L
H3C/ \/\-/Y\OH PN HO\/\ /\/OH
= N OH N
OH OH . H  HNT H

B

OH
HzNRQOH e
PR,
OH o

CHs

- H-5N -
H,N H/\/\Hj\o 2 \/\/\HJ\O
NH3 ’ NH3

B

@\/ I
H
_\N N\/\N/\© /©)J\OK/ (
H N
_/ _\—OH, , or HoN \/‘

The method of either claim 72 or claim 73, wherein the base is

— HN —
oy~ N~
NH; ’ NH; ’

The method according to any one of claims 72-74, wherein the alcoholic solvent is of the

B

OH
H,N
2 OH

formula: HO~R1 , wherein R; is alkylc<s).

The method according to any one of claims 72-75, wherein the alcoholic solvent is methanol,

1-butanol, or isopropyl alcohol.
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77.

78.

79.

0.

8l1.

82.

3.

84.

85.

6.

87.

8.

9.

90.

91.

92.

93.

The method according to any one of claims 72-76, wherein the alcoholic solvent is isopropyl

alcohol.

The method according to any one of claims 72-77, further comprising allowing the solution to

slowly evaporate at room temperature.

The method according to any one of claims 72-78, further comprising allowing the

evaporation to occur under a constant flow of nitrogen gas.
The method of claim 79, wherein the constant flow of nitrogen has a pressure of about 2 psi.

A method of treating or preventing a hyperproliferative disease, comprising administering to
the patient a therapeutically effective amount of the compound, salt, polymorphic form, or

pharmaceutical composition according to any one of claims 1-71.
The method of claim 81, wherein the hyperproliferative disease is a cancer.

The method of claim 81 or claim 82, wherein the cancer is breast cancer, lung cancer, colon
cancer, an endometrial tumor, cervical cancer, ovarian cancer, mammary cancer, prostate

cancer, liver cancer, melanoma, lymphoma, or myeloma.
The method claim 83, wherein the cancer is breast cancer.

The method of any one of claims 81- 83, further comprising administering to the patient a

second therapy.
The method of claim 85, wherein the second therapy is an immunotherapy or surgery.
The method of claim 86, wherein the second therapy is an immunotherapy.

The method according to any one of claims 85 and 86, wherein the immunotherapy comprises
administering a pharmaceutically effective amount of trastuzumab, adoptively transferred T

Lymphocytes, or a therapeutic antibody.
The method of claim 88, wherein the therapeutic antibody selectively binds HER2/neu.
The method of claim 88, wherein the immunotherapy is trastuzumab.

The method of claim 88, wherein the immunotherapy comprises administering adoptively

transferred T lymphocytes to the patient.

The method of claim 91, wherein the adoptively transferred T lymphocytes are engineered to

express a chimeric antigen receptor (CAR) to the patient.

The method of claim 88, wherein the immunotherapy comprises administering an immune

modulating antibody to the patient.
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94.

9s.

96.

97.

98.

The method of claim 93, wherein the immune modulating antibody is an anti-PD-1, anti-4-1-

BB, anti-GITR, anti-TIM3, anti-LAG3, anti-TIGIT, anti-CTLA-4 or an anti-LIGHT antibody.

The method of claim 85, wherein the second therapy is radiotherapy or a chemotherapeutic

agent.
The method of claim 86, wherein the second therapy is surgery.
The method of claim 95, wherein the second therapy is a chemotherapeutic agent.

The method of claim 97, wherein the chemotherapeutic agent is anthracyclines, taxanes,
methotrexate, mitoxantrone, estramustine, doxorubicin, etoposide, vinblastine, carboplatin,
vinorelbine, 5-fluorouracil, cisplatin, topotecan, ifosfamide, cyclophosphamide, epirubicin,
gemcitabine, vinorelbine, irinotecan, etoposide, vinblastine, pemetrexed, melphalan,

capecitabine, oxaliplatin, BRAF inhibitors, and TGF-beta inhibitors.
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