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SALTS AND CRYSTALLINE FORMS OF (3E)
3-[O-[(PHOSPHONOOXY)METHYL]OXIME]-PREGN-4-ENE-3, 20-DIONE AND
RELATED USES

RELATED APPLICATIONS
[001] This application claims priority to, and the benefit of, US. Provisional Application No.
63/176,489, filed April 19, 2021, the entire content of which is incorporated herein by reference in

its entirety.

FIELD OF DISCLOSURE
[002] The present disclosure relates to a erystalline form of (((({E)-1-({(858,95,10R,1385,148,178)-
10,13-dimethyl-3-0x0-2,3,6,7,8,9,10,11,12,13,14,1 5,16, 1 7-tetradecahydro- 1 H-

~
I
/

cyclopentalajphenanthren-~17-yvljethvlidene)anmuno)oxyymethyl  dibydrogen  phosphate),  and
pharmaceutically acceptable salts thereof, which may be useful in methods of treatruent of the
human or animal body. The present disclosure also relates to processes for the preparation of these
compounds, to pharmaceuiical compositions comprising them and to their use in the reatment of
disorders, such as managing mflammation {e.g., mflammation resulting from traumatic brain

mjury or stroke).

BACKGROUND
[003] Brain mjuries, including traumatic brain injury {TBI) and stroke, affect over 2 million
Americans each year and are a significant health concern worldwide. Traumatic brain injuries
result from a blow or jolt to the head or a penetrating head mnjury that disrupts the function of the
brain, with severity ranging from "mild,” i.e., a brief change in mental status or consciousness to
"severe," 1.e., an extended pertod of unconsciousness or amnesia after the mjury. Strokes are a
result of diseases that affect the blood vessels that supply blood to the brain. A stroke occurs when
a blood vessel that brings oxygen and nutrients to the brain either bursts (hemorrhagic stroke) or s
clogged by a blood clot or some other mass (ischemic stroke}. The majority of strokes are
ischemic, however hemorrhagic strokes typically result in more severe injuries. Despite several
decades of effort, scientists have not vet found a pharmacological agent that consistenily improves
outcomes after stroke ora TBL
[0047 Atter a TBI or stroke, inflammation is a principle cause of secondary damage and long- term

damage. Following insults to the central nervous system, a cascade of physiological events leads
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to neuronal loss ncluding, for example, an mflammatory immune response and excitotoxicity
resulting from disrupting the glutamate, acetylcholine, cholinergic, GABAA, and NMDA receptor
systems. In these cases, a complex cascade of events leads to the delivery of blood-borne
leucocytes to sites of injury to kill potential pathogens and promote tissue repair. However, the
powerful inflammatory response has the capacity to cause damage to normal tissue, and
dysregulation of the innate, or acquired immune response is involved in different pathologies.
[00S] The disclosure arises from a need to provide further compounds for the treatment of
disorders, including a TBI or stroke. In particular, compounds with improved physicochemical,

pharmacological and pharmaceutical properties to existing compounds are desirable.

SUMMARY

[006] In some aspects, the present disclosure provides a erystalline form of Compound 1,

(ie, Compound 1; {(({({E)}-1-((8S,95,10R,138,148,175)-10,13~-dimethyl-3-oxo-
2,3.6,7.891011,12,13,14,15,16,17-tetradecahydro-1 H-cyclopentafa)phenanthren-17-
vijethylidenelamino)oxy)methy! dihydrogen phosphate)} or a pharmaceutically acceptable salt
thereof.

[007] In some aspects, the present disclosure provides a Form I crystalline form of the his-tris
monohydrate salt of Compound 1.

[008] In some aspects, the present disclosure provides a Form 1T erystalline form of the bis-iris of
Compound 1.

00971 In some aspects, the present disclosure provides a Formo I crystalline form of the mono-tris

salt of Compound 1.

e
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{0107 In some aspects, the present disclosure provides a Form IV crystalline form of the mono-tris
anhvdrous salt of Compound 1.

{011} In some aspects, the present disclosure provides a Form YV crystalline form of the bis-N-
{(hydroxyethyl}pyrrolidine salt of Compound 1.

012} In some embodiments, the present application provides an amorphous form of Compound 1.

{0131 In some aspects, the present disclosure provides a method of preparing a crystalline form of
Compound 1 or a pharmaceutically acceptable salt thereof described herein {e.g., a method
comprising one or more steps described n Scheme 1),

{0147 The present application also provides a pharmaceutical composition comprising any one of
the solid forms of Compound 1 as described heren {e.g, any of Forns L I TIL TV, V, and the
amorphous form), and one or more pharmaceutically acceptable carrier or excipient.

[0157 In some aspects, the present disclosure provides pharmaceutical compositions comprising a
crystalline form of Compound 1 or a pharmaceutically acceptable salt thereof described herein,
and one or more pharmaceutically acceptable carrier or excipient.

(0161 in some aspects, the present disclosure provides a method of managing nflammation {e.g,,
in vitro or in vive), comprising contacting a cell with an effective amount of 2 crystalline form of
Compound 1 or a pharmaceutically acceptable salt thergof

[017] In some aspects, the present disclosure provides a method of treating or preventing a disease
or disorder disclosed herein in a subject in need thereof, comprising administering to the subject
an effective amount of a crystalline form of Compound 1 or a pharmaceutically acceptable salt
thereof, or a pharmaceuiical composition of the present disclosure.

[018] In some aspects, the present disclosure provides a method of treating a disease or disorder
disclosed herein in a subject in need thereof, comprising admimstering to the subject a
therapeutically effective amount of a crystalline form of Compound 1 or a pharmaceutically
acceptable salt thereof, or a pharmaceutical composition of the present disclosure.

{019} In some aspects, the present disclosure provides a crystalline form of Compound | or a
pharmaceutically acceptable salt thereof for use in managing inflammation {e.g., in vifro or in
Vivo).

{0201 In some aspects, the present disclosure provides crystalline form of Compound 1 or a
pharmaceutically acceptable salt thereof for use in treating or preventing a disease or disorder

disclosed herein.
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{021} In some aspects, the present disclosure provides a crystalline form of Compound | or a
pharmaceuiically acceptable salt thereof for use in treating a disease or disorder disclosed herein.
022} In some aspects, the present disclosure provides use of a crystalline form of Compound 1 or
a pharmaceutically acceptable salt thereof in the manufacture of a medicament for managing
mflammation (e.g., 7 vitre of in Vivo).

{0231 In some aspects, the present disclosure provides use of a crystalline form of Compound 1 or
a pharmaceutically acceptable salt thereof 1 the manufacture of a medicament for treating or
preventing a disease or disorder disclosed heren,

[024] In some aspects, the present disclosure provides use of a crystalline form of Compound 1 or
a pharmaceutically acceptable salt thereof m the manufacture of a medicament for treating a
disease or disorder disclosed heremn.

[025] In some aspects, the present disclosure provides a composition comprising (({{E)-1-

({83,958, 10R,138,148,178)-10,13~-dumethy-3-0x0-2,3,6,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopentalalphenanthren-1 7-yethvhdenejamino)oxy ymethyl dibiydrogen

phosphate tr1s salt,

z{Compound 1A), having a purity greater than or equal to
about 98.0% as determuned by HPLC.

[026] In some embodiments, the composition comprises less than 2% of an impurity selected from
(o]

[

/'O‘/ \OH

{(Compound A}, or pharmaceutically acceptable salt thereof]
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{Compound B}, or pharmaceutically acceptable salt thereof, and

{Compound ), or a pharmaceutically acceptable salt thereof, and

combinations thereof.

[0277 In some embodiments, Compound A s present by weight trom about 0.01% to about 0.5%.

[028] In some embodiments, Compound A is present by weight in about 0.01%, about 0.02%,

about 0.03%, about 4.04%, about 0.05%, about 0.06%, about 0.07%, about 0.08%, about 0.09%,

about 0.1%, about 0.2%, about 0.3%, about 0.4%, or about 0.5%.

0297 In some embodiments, Compound B is present by weight from about ¢.01% to about 0.5%.

{0307} In some embodiments, Compound B 15 present by weight in about 0.01%, about 0.02%,

about 0.03%, about 0.04%, about 0.05%6, about £.06%, about 0.07%, about 0.08%, about 0.09%,

about 0.1%, about 0.2%, about 0.3%, about 8.4%., or about 0.5%.

(03171 In some embodiments, Coropound C is present by weight from about ¢.01% to about 0.5%,

{0321 o some embodiments, Compound C 15 present by weight in about 0.01%, about 0.02%,

about 0.03%, about 6.04%, about 0.05%, about $.06%, about 0.07%, about 0.08%, about 8.09%,

about 0.1%, about 0.2%, about 0.3%, about 0.4%, or about 0.5%.

[033] In some aspects, the present disclosure provides g pharmaceutical composition comprising:
a) about 98% ((({(E)}-1-((88,95,10R,1385,148,1783-10,13-dimethyl-3-0x0-

2,3,6,7.8,910,11,12,13,14,15,16, 1 7-tetradecahydro-1 H-cyclopentafajphenanthren-17-

yvhethylidenelammoloxymethyl dihydrogen phosphate tris salt,
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-

HO

E
HO\/jVOH
Hy i

2 (Compound 1A},

b) up to about 6.1% o {(Compound A}, or pharmaceutically

acceptable salt thereof]

¢} up to about 0.5% = {Corapound B), or a pharmaceutically

acceptable salt thereof,

d) up to about 6.1% © {Compound C), or a pharmaceutically
acceptable salt thereof.

[034] In some aspects, the present disclosure provides a method of treating or preventing a disease
or disorder 1n a subject 1n need thereof, wherein the subject 15 administered a therapeutically effect

amount of the composition or the pharmaceutical composition of the present disclosure.
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[035] In some aspects, the present disclosure provides a composition or a pharmaceutical
composition of the present disclosure for use 1n treating or preventing a disease or disorder in a
subject in need thereof.

[036] In some aspects, the present disclosure provides the use of a composition or a
pharmaceutical composition of the present disclosure, for use in the manufacture of a medicament
for the treatment or prevention of a disease or disorder in a subject in need thereof.

{0377 In some aspects, the present disclosure provides the use of a composition ot a
pharmaceutical composition of the present disclosure, for the treatment or prevention of a disease
or disorder in a subject in need thereof,

038} In some emboduments, the disease or disorder is a stroke or a traumatic brain irgury.

{0397 In some embodiments, the disease or disorder 5 a symptomn of stroke or tranmatic brain
HYUry.

[040] In some embodiments, the disease or disorder 18 the progression of a stroke or traumatic
brain mjury.

(04171 In some embodiments, the disease or disorder 18 an edema following stroke or traumatic
brain iyjury.

(0427 In some embodiments, the disease or disorder 18 a neurodegenerative disease.

[043] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In the specification, the singular forms alse include the plural unless the context clearly
dictates otherwise. Although methods and materials similar or equivalent to those described herein
can be used in the practice or testing of the present disclosure, suitable methods and materials are
described below. All publications, patent applications, patents and other references mentioned
herein are incorporated by reference. The references cited herein are not admitted to be prior art to
the claimed mvention. In the case of conflict, the present specification, including definitions, will
control. In addition, the materials, methods and examples are tlustrative only and are not intended
to be limiting. In the case of conflict between the chemical structures and names of the compounds
disclosed herein, the chemical structures will control.

{0447 Other features and advantages of the disclosure will be apparent from the following detailed

description and claims.

~J3
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BRIEF DESCRIPTIONS OF FIGURES

51 FIG. 1 depicts the XRPD spectrum for Form L
71 FIG. 2 depicts the XRPD spectrum for Form 1L
71 FIG. 3 depicts the XRPD spectrum for Form [HL
1 FIG. 4 depicts the XRPD spectrum for Form IV,
FIG. S depicts the XRPD spectrum for Form V.
FIG. 6 depicts TG/DSC thermogram of Form 1 from ethanol
FIG. 7 depicts TG/DSC thermogram of potassiura Pattern 1 from isopropyl acetate.
21 FIG. 8 depicts TG/DSC therrmogram of potassium Pattern § from storage of Pattern 1 at
053] FIG. 9 depicts TG/DSC thermogram of Form V from isopropy! acetate.
41 FIG. 10 depicts PLM wmages of Form L

STFIG. 11 depicts TG/DSC thermogram of Form 1
056]
0571 FIG. 13A depicts the DVS wsotherm of Form I and FIG. 13B depicts the DVS kinstic plot of
Form V.
(0587 FIG. 14 depicts the one week stability XRPD diffractograms of Form [
[059] FIG. 15 depicts the PLM mmages of Form V.
{0607 FIG. 16 depicts the TG/DSC thermogram of Form V.

FIG. 12 depicts DSC thermogram of Form L

{
fo
[0s
[
[

(061} FIG. 17 depicts the DSC thermogram of Form V.

(0627 FIG. 18A depicts the DVS isotherm of Form V and FIG. 18B depicts the DVS lanetic plot
of Form V.

0637 FIG. 19 depicts one week stability XRPD diffractograms of Form 1 and overlay of 80°C and
mput N-{(hydroxyethyl}pyrrolidine salt

DETAILED DESCRIPTION
{0647 The disclosure relates to crystalline forms useful for the managing inflammmation. In some
embodiments, compounds with improved physicochemical, pharmacological and pharmaceutical
properties to existing steroid derivatives are desired.
Definitions
[065] Unless otherwise stated, the following terms used in the specification and claims have the

following meanings set out below.
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0667 It 1s understood that the compounds described herein include the compounds themselves, as
well as their salts, and their solvates, if applicable. A salt, for example, can be formed between an
anion and a positively charged group (e.g., amino} on a substituted benzene compound. Suitable
anions may include chloride, bromide, iodide, sulfate, bisulfate, sulfamate, nitrate, phosphate,
citrate, methanesulfonate, trifluorcacetate, glutamate, glucuronate, glutarate, malate, maleate,
succinate, fumarate, tartrate, tosylate, salicylate, lactate, naphthalenesulfonate, and acetate {e.g.,
trifluoroacetate).

106771 As used herein, the term “pharmaceutically acceptable anion” refers to an anion suable for
forming a pharmaceutically acceptable salt. Likewise, a salt can also be formed between a cation
and a negatively charged group {e.g, carboxvlate) on a substituted benzene compound. Suitable
cations may nclude sodium ion, potassium ion, magnesiumm ton, calcium ion, and an ammonium
cation such as tetramethylammonium ion. The substituted benzene compounds also include those
salts containing quaternary mitrogen atoms.

[068] It 1s understood that the compounds of the present disclosure, for example, the salts of the
compounds, can exist in either hydrated or unhydrated (the anhydrous) form or as solvates with
other solvent molecules. Nonlimiting examples of hydrates may include monohydrates and
dibydrates. Nonliniting examples of soivates may include ethanol solvates and acetone solvates,
[069] As used herem, the expressions “one or more of A, B, or C,” “one or more A, B, or .7 “one
or more of A, B, and C,” “one or more A, B, and C.” “selected from the group consisting of A, B,
and C”, “selected from A, B, and 7, and the like are used interchangeably and all refer to a
selection from a group consisting of A, B, and/or €, 1.e, one or more As, one or more Bs, one or
more s, or any combination thereof, unless indicated otherwise.

[070] It 1s to be understood that the present disclosure provides methods for the synthesis of a
crysialiine form of Compound 1 or a pharmaceutically acceptable salt thereof.

[071] It 15 t0 be understood that, throughout the description, where compositions are described as
having, including, or comprising specific components, it 15 conternplated that compositions also
consist essentially of, or consist of, the recited components, Similarly, where methods or processes
are described as having, mcluding, or comprising specific process steps, the processes also consist
essentially of, or consist of, the recited processing steps. Further, it should be understood that the
order of steps or order for performing certain actions is immaterial so long as the nvention

remains operable. Moreover, two or more steps or actions can be conducted simultaneously.
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{0721 ¥t 1s to be understood that the synthetic processes of the disclosure can tolerate a wide
variety of functional groups, therefore various substituted starting materials can be used. The
processes generally provide the desired final compound at or near the end of the overall process,
although & may be desirable in certain instances to further convert the compound to a
pharmaceutically acceptable salt thereof

[073] It 1s to be understood that a crystalline form of Compound 1 or a pharmaceutically
acceptable salt thereof can be prepared in a variety of ways using coromercially available starting
materials, compounds known in the lhterature, or from readily prepared intermediates, by
employing standard synthetic methods and procedures etther known to those skilled in the art, or
which will be apparent to the skilled artisan n hight of the teachings herein. Standard svnthetic
methods and procedures for the preparation of orgamc meolecnles and functional group
transformations and manipulations can be obtained from the relevant scientific hiterature or from
standard textbooks in the field Although not limited to any one or several sources, classic texts
such as Smuth, M. B., March, I, March’s Advanced Orgonic Chemistrv: Reactions, Mechanisms,
and Structure, 5 edition, John Wiley & Sons: New York, 2001; Greene, TW., Wuts, P.G. M.,
Profective Groups in Ovganic Syathesis, 3" edition, John Wiley & Sons: New York, 1999; R
Larock, Comprehensive Organic Transformations, VCH Publishers (1989}, L. Fieser and M.
Freser, Fieser and Fieser’s Reagents for Organic Synthesis, John Wiley and Sons {1994); and L.
Paquette, ed., Fncyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (1995},
meorporated by reference herein, are useful and recognised reference textbooks of organic
synthesis known to those in the art

[074] One of ordinary skill in the art will note that, during the reaction sequences and synthetic
scheme described herein, the order of certain steps may be changed, such as the introduction and
removal of protecting groups. One of ordinary skill in the art will recognise that certain groups
may require protection from the reaction conditions via the use of protecting groups. Protecting
eroups may also be used to differentiate similar functional groups in molecules. A list of
protecting groups and how to introduce and remove these groups can be found in Greene, TW.,
Wuts, P.G. M., Protective Groups in Organic Synthesis, 3™ edition, John Wiley & Sons: New
York, 1999,

[075] It 1s to be understood that, unless otherwise stated, any description of a method of treatment
or prevention includes use of a crystalline form of Compound 1 or a pharmaceutically acceptable

salt thereof to provide such treatment or prevention as is described herein. It is to be further

10
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undersiood, unless otherwise stated, any description of a method of treatment or prevention
mncludes use of a crystalline form of Compound 1 or a pharmaceutically acceptable salt thereof 1o
prepare a medicament to treat or prevent such condition. The treatment or prevention includes
treatment or prevention of human or non-human animals including rodents and other disease
models.

(0761 ki 15 to be understood that, unless otherwise stated, any description of a method of treatment
includes use of a crystalline form of Compound 1 or a pharmaceutically acceptable salt thereof to
provide such treatment as s described herein. Xt 1s to be further understood, unless otherwise
stated, any description of a method of treatmoent includes use of a erystalline form of Compound 1
or a pharmaceutically acceptable salt thereof to prepare a medicament to treat such condition. The
treatment mcludes treatment of human or non-human ammals mcluding rodents and other disease
models,

[077] As used herein, the term “subject” refers to a subject having a disease or having an increased
risk of developing the disease. A “subject” includes a mammal. The mammal can be e.g., a human
or appropriate non-human mammal, such as primate, mouse, rat, dog, cat, cow, horse, goat, camel,
sheep or a pig. The subject can also be a bird or fowl. In one embodiment, the mammal s a
human.

[078] In some embodiments, the term “sabject i need thereof” can be one who has been
previously diagnosed or identified as having a disease or disorder disclosed herein. A subject in
need thereof can also be one who 1s suffering from a disease or disorder disclosed herein.
Alternatively, a subject in need thereof can be one who has an increased risk of developing such
disease or disorder relative to the population at large (1.e, & subject who is predisposed to
developing such disorder relative to the population at large). A subject in need thereof can have a
refractory or resistant a disease or disorder disclosed herein (1.e, a disease or disorder disclosed
herein that does not respond or has not yet responded to treatment). The subject in need thereof
may be resistant at start of treatment or may become resistant during treatment. In some
embodiments, the subject in need thereof received and fatled all known effective therapies for a
disease or disorder disclosed herein. In some embodiments, the subject in need thereof received at
least one prior therapy.

[079] It 15 to be appreciated that references to “treating” or “treatment” include the alleviation of
established symptoms of a condition. “Treating” or “treatment” of a state, disorder or condition

therefore includes: (1) preventing or delaying the appearance of clinical symptoms of the state,

i1
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disorder or condition developing in a human that may be afflicted with or predisposed to the state,
disorder or condition but does not yet experience or display chinical or subclinical symptoms of the
state, disorder or condition, {2) mhibiting the state, disorder or condition, te., arresting, reducing
or delaying the development of the disease or a relapse thereof (in case of maintenance treatment)
or at least one clinical or subclinical symptom thereof, or (3} relieving or attenuating the disease,
1e., causing regression of the state, disorder or condition or at least one of its clinical or
subclinical symptoms.

0807 As used heretn, the term “treating” or “ireat” describes the management and care of a patient
for the purpose of combating a disease, condition, or disorder and ncludes the administration of a
comapound of the present disclosure, or a pharmaceutically acceptable salt, crystalline form or
solvate thereof, to alleviate the symptoms or complications of a disease, condition or disorder, or
to eliminate the disease, condition or disorder. The termo “treat” can also include treatment of a cell
in vitro or an ammal roodel.

[OR1] 0t 15 to be understood that g crystaliine form of Compound 1 or a pharmaceutically
acceptable salt thereof, can or may also be used to prevent a relevant disease, condition or
disorder, or used to wdentify suttable candidates for such purposes.

{0827 As used herein, the term “preventing,” “prevent,” or “protecting agamst” describes reducing
or ¢himinating the onset of the symptoms or complications of such disease, condition or disorder.

{0831 it 15 to be understood that “solubility” or “solubility rating” refers to the property of a
crystalline form (e.g., Form I, II HL IV, V, VI, VII, VHI or EX) disclosed herein to dissolve mn a liquid
solvent and form a homogeneous solution. In some embodiments, solubility is expressed as a concentration,
either by mass of solute per uni volume of solvent {e.g.. g of sclute per kg of solvent, g per dL (100 mL),
rag/ml, etc.), molarity, molalily, mole fraction, or other similar descriptions of concentration. A person of
skill in the art may understand that the maximum ecquilibrium amount of solute that can dissolve per
amount of solvent is the solubility of that solute in that solvent under the specified conditions, mcluding
teraperature, pressure, pH, and the nature of the solvent. In some embodiments, solubibity is measured at
phvsiological pH, or non-physiclogical pH, for example, at about pH 5.0, about pH 6.0, abowt pH 7.0,
about pH 7.4, about pH 7.6, about pH 7.8, or about pH 8.0 {c.g., about pH 5-8). In some emboduuents,
solubility 1s measured in water or a physiological buffer, for example PBS, NaCl {(with or without NaP(y),
or FaSSIF. In some embodiments, solubility is measured in a biological fluid (solvent) {c.g., blood or
serum). In some embodiments, the temperature is be about room temperature {e.g., about 20, about 21,
about 22, about 23, about 24, or about 23°C) or abowt body temperature (about 37°C) In some

embodiments, an agent has a sclability rating of at least about 6.1, about 0.2, about 0.3, about 0.4, about

12



WO 2022/225920 PCT/US2022/025339

1.5, about 0.6, about 0.7, about 0.8, about 0.9, about 1, about 2, about 3, about 4, about 5, about 6, about 7,
about 8, about 9, about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 15,
about 19, about 20, about 25, about 390, about 40, about 30, about 60, about 7¢, about 80, about 30 or about
100 mg/m! at room temperature or at 37°C.

[084] As used herein, “stable” refers to a crystalline form that maintains purity, appearance, and/or
analvtical parameters over a defined time and temperature as compared to the crystalline form as
solated. Tn some embodiments, the “stable” crystalline form exhibits less than about 10%, about
9%, about 8%, about 7%, about 6%, about 5%, about 4%, about 3%, about 2%, about 1%, about
0.9%, about 0.8%, about 0.7%, about 0.6%, about 0.5%, about 0.4%, about 0.3%, about 8.2%, or
about G.1% impurity over a set period of time {e.g., 1 day, 2 days, 3 days, 4 days, 3 days, & days,
one week, two weeks, three weeks, one month, two months, three months, or four rouths). For
example, a crystalline form 15 stable if after two weeks at room temperature the DSC and TGA
profiles are consistent with the originally solated crystalline form.

{08571t 1s to be understood that one skilled 1n the art way refer to general reference texts for
detailed descriptions of known techmques discussed heremn or equivalent technques. These texts
mchade Ausubel ef af., Current Protocols in Molecular Biology, Yohn Wiley and Sons, Inc. (2005);

Sambrook er al., Molecular Cloning, A Laboratory Marnual (3%

edition), Cold Spring Harbor
Press, Cold Spring Harbor, New York (2000); Coligan et af., Current Protocols in Immunology,
John Wiley & Sons, NY ., Enna ef o, Curvent Profocols in Pharmacology, John Wiley & Sons,
NY., Fingl er al, The Pharmacological Basis of Therapeutics {1975), Hemingion's
Pharmaceutical Sciences, Mack Publishing Co., Easton, PA, 18" edition (1990). These texts can,
of course, also be referred to 1n making or using an aspect of the disclosure.

[086] It 1s to be understood that the present disclosure also provides pharmaceutical compositions
comprising a crystalline form of Compound 1 or a pharmaceutically acceptable salt thereof in
combination with at least one pharmaceutically acceptable excipient or carrier.

{0871 As used herein, the term “pharmaceutical composition” is a formulation containing a
crysialline form of Compound 1 or a pharmaceutically acceptable salt thereof in a form suitable
for administration to a subject. In some embodiments, the pharmaceutical compostiion 15 in bulk
or in unit dosage form. The unit dosage form is any of a variety of forms, including, for example, a
capsule, an IV bag, a tablet, a single pump on an aerosol inhaler or a vial. The quantity of active
mgredient {e.g., a formulation of the disclosed compound or salt, hydrate, solvate or isomer

thereof} in 2 unit dose of composition 15 an effective amount and 15 varied according to the
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particular {reatment involved. One skilled in the art will appreciate that it is sometimes necessary
to make routine variations to the dosage depending on the age and condition of the patient. The
dosage will also depend on the route of admmistration. A variety of routes are contemplated,
mcluding  oral, pulmonary, rectal, parenteral, transdermal, subcutaneous, intravenous,
mtramuscular, intraperitoneal, inhalational, buccal, sublingual, intrapleural, intrathecal, intranasal,
and the like. Dosage forms for the topical or transdermal administration of a compound of this
disclosure mclude powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and
mhalants. In one ernbodiment, the active compound 13 mixed under sterde conditions with one or
more pharmaceutically acceptable carnier, and with any preservatives, buffers, or propeliants that
are required.

{088] As used herein, the term “pharmaceutically acceptable” refers to those compounds, anions,
cations, matenials, compositions, carrers, and/or dosage forms which are, within the scope of
sound medical judgment, suitable for use in contact with the tissues of human beings and amimals
without excessive toxicity, iritation, allergic response, or other problem or complication,
commensurate with a reasonable benefit/risk ratio.

[089] As used herein, the term “pharmaceutically acceptable excipient” means an excipient that is
useful m preparing a pharmaceutical composttion that 15 generally safe, non-toxic and neither
biologically nor otherwise undesirable, and includes excipient that 1s acceptable for veterinary use
as well as human pharmaceutical use. A “pharmaceutically acceptable excipient” as used in the
specification and claims may include both one and more than one such excipient.

0907 it 1s to be understood that a pharmaceutical composition of the disclosure 1s formulated to be
compaitble with its intended route of administration. Examples of routes of administration include
parenteral, eg, mtravenous, intradermal, subcutaneous, oral {(eg, ingestion), inhalation,
transdermal (topical), and transmucosal administration. Solutions or suspensions used for
parenteral, intradermal, or subcutaneous application can include the following components: a
sterile diluent such as water for mjection, saline solution, fixed oils, polyethylene glyeols,
glycerine, propvlene glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol
or methyl parabens; antioxidants such as ascorbic acid or sodium bisulphite; chelating agents such
as ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates, and agents for
the adjustment of tonicity such as sodium chloride or dextrose. The pH can be adjusted with acids
or bases, such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be

enclosed in ampoules, disposable syringes or multiple dose vials made of glass or plastic.
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[091] It 1s to be understood that a compound or pharmaceutical composition of the disclosure can
be administered to a subject in many of the well-known methods currently used for managing
mflammation. For example, a compound of the disclosure may be injected into the blood stream or
body cavities or taken orally or applied through the skin with patches. The dose chosen should be
sufficient fo constitute effective treatment but not so high as to cause unacceptable side effects.
The state of the disease condition {e.g., a disease or disorder disclosed herein} and the health of the
patient should preferably be closely monitored during and for a reasonable period after treatment.
10921 As used herein, the term “therapeutically effective amount”, refers to an amount of a
pharmaceutical agent to ireat, ameliorate, or prevent an identified disease or condition, or to
exhibit a detectable therapeutic or whibitory effect. The effect can be detected by any assay
method known n the art. The precise effective amount for a subject will depend upon the subject’s
body weight, size, and health; the nature and extent of the condition; and the therapeutic or
combination of therapeutics selected for adnumistration. Therapeutically effective amounts for a
given situation can be determined by routine experimentation that 13 within the skill and judgment
of the chinician,

{0931 As used herein, the term “effective amount”, refers {0 an amount of a pharmaceutical agent
to treat or ameliorate an wdentified disease or condition, or to exhibit a detectable therapeutic or
mhibitory effect. The effect can be detected by any assay method known in the art. The precise
effective amount for a subject will depend upon the subject’s body weight, size, and health; the
nature and extent of the condition; and the therapeutic or combination of therapeutics selected for
administration. Therapeutically effective amounts for a given situation can be determined by
routine experimentation that is within the skill and judgment of the chinician.

[094] It 15 to be understood that, for any compound, the therapeutically effective amount or
effective amount can be estimated imitially either in cell culture assays, e.g., of neoplastic cells, or
in animal models, usually rats, mice, rabbits, dogs, or pigs. The animal model may also be used to
determine the appropriate concentration range and route of administration. Such information can
then be used tc determive useful doses and routes for administration in  humans.
Therapeutic/prophylactic efficacy and toxicity may be determined by standard pharmaceutical
procedures in cell cultures or experimental amimals, e.g., EDso (the dose therapeutically effective
i 50% of the population} and LDse (the dose lethal to 50% of the population). The dose ratio
between toxic and therapeutic effects is the therapeutic index, and it can be expressed as the ratio,

LDso/EDso. Pharmaceutical compositions that exhibit large therapeutic indices are preferred. The
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dosage may vary within this range depending upon the dosage form employed, sensitivity of the
patient, and the route of adnmunistration.

[095] Dosage and administration are adjusted to provide sufficient levels of the active agent(s) or
to maintain the desired effect. Factors which may be taken into account include the severity of the
disease state, general health of the subject, age, weight, and gender of the subject, diet, time and
frequency of administration, drug combination(s), reaction sensitivities, and tolerance/response to
therapy.

10967 The pharmaceutical compositions containing a crystalline forma of Compound 1 or a
pharmaceutically acceptable salt thereof may be manufactured in a manner that 1s generally known,
e.g., by means of conventional mixing, dissolving, granulating, dragee-making, levigating,
emulsifying, encapsulating, entrapping, or lyophilising processes. Pharmaceutical compositions
may be formulated in a conventional manner using one or more pharmaceutically acceptable
carrier comprising excipients and/or auxiliaries that facilitate processing of a crystalline form of
Compound 1 or a pharmaceutically acceptable salt thereof into preparations that can be used
pharmaceutically. The appropriate formulation 18 dependent upon the route of administration
chosen.

{0971 The crystailine form of Compound 1 or a pharmaceutically acceptable salt thereof can be
prepared with one or more pharmaceutically acceptable carrier that will protect the compound
against rapid elimination from the body, such as a conirolled release formulation, mcluding an
mplant and microencapsulated delivery system.

[0981 it is to be understood that the pharmaceutical compositions can be included in a container,
pack, or dispenser together with instructions for administration.

[099] It 1s to be understood that, for the compounds of the present disclosure being capable of
further forming salts, all of these forms are also contemplated within the scope of the claimed
disclosure.

{01007 As used herein, the term “pharmaceutically acceptable salis” refers to derivatives of the
compounds of the present disclosure wherein the parent compound s modified by making an acid
or base salt thereof Examples of pharmaceutically acceptable salis may include, but are not
fimited to, nuneral or organic acid salts of basic residues such as amines, alkali or organic salts of
acidic resicdues such as carboxylic acids, and the like. The pharmaceutically acceptable salis may
mclude the conventional non-toxic salts or the quaternary ammomium salts of the parent

compound formed, for example, from non-toxic mnorganic or organic acids. For example, such
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conventional non-toxic salts may include, but are not limited to, those derived from inorganic and
organic acids selected from 2-acetoxybenzoic, 2-hydroxvethane sulphonic, acetic, ascorbic,
benzene sulphonic, benzoic, bicarbonic, carbonic, citric, edetic, ethane disulphonic, 1,2-ethane
sulphonie, fumaric, glucoheptonic, gluconie, glutamic, glveolic, glycollvarsanilic, hexylresorcinic,
hydrabamic, hydrobromic, hydrochloric, hydroiodic, hydroxymaleic, hydroxynaphthoic, isethionic,
lactic, lactobionic, lauryl sulphonic, maleic, malic, mandelic, methane sulphonic, napsylic, ntiric,
oxalic, pamoic, paotothenic, phenylacetic, phosphoric, polygalacturonic, propionie, salieyhe,
stearic, subacetic, succinic, sulphamic, sulphamilic, sulpburnic, tannic, tartaric, toluene sulphonic,
and the commonly occurring amune acids, e.g., glycine, alanine, phenylalanine, arginune, eic.
{01017 In some embodiments, the pharmaceutically acceptable salt 15 a sodium salt, a potassium
salt, a calcium salt, a magnesium salt, a diethylammne salt, a choline salt, a meglumine salt, a
benzathine salt, a tromethamine salt, an ammonia salt, an arginine salt, or a lysine salt. In some
embodiments, the pharmaceutically acceptable salt 1s a sodium salt.

[0102] Other examples of pharmaceutically acceptable salts may include hexanoic acid,
cyclopentane propionic acid, pyruvic acid, malonic acid, 3-{(4d-hydroxybenzoyDbenzoic acid,
cinnamic acid, 4-chlorobenzenesulphonic acid, Z-naphthalenesulphonic acid, 4-toluenesulphonic
acid, camphorsulphonic  acid,  4-methylbicyelo-[2.2. 2]-oct-Z-ene-T-carboxylic  acid, 3-
phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, muconic acid, and the bike.
The present disclosure also encompasses salts formed when an acidic proton present in the parent
compound either 1s replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an
alominum ion, or coordinates with an organic base such as ethanolaming, diethanolamine,
tricthanclamine, tromethamine, N-methylglucamine, and the like. In the salt form, it is understood
that the ratio of the compound to the cation or anion of the salt can be 1:1, or any ratio other than
Ileg,3:1,2:1, 1.2, o 1.3

[0103] it 15 to be understood that al references to pharmaceutically acceptlable salts may include
solvent addition forms {solvates) or crystal forms as defined herein, of the same salt.

{01041 Techmiques for formulation and adnunistration of the disclosed compounds of the
disclosure can be found in Remingion: the Science and Practice of Pharmacy, 19% edition, Mack
Publishing Co., Easton, PA (1995}, In some embodiments, a crystalline form of Compound 1 ora
pharmaceutically acceptable salt thereof, is used in pharmaceutical preparations in combination
with one or more pharmaceutically acceptable carrier or diluent. A suitable pharmaceutically

acceptable carrier includes, but is not limited to, inert solid fillers or diluents and sterile aqueous or
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organic solutions. The compounds will be present in such pharmaceutical compositions in
amounts sufficient to provide the desired dosage amount in the range described herein.

{01057 All percentages and ratios used herein, unless otherwise mdicated, are by weight. Other
features and advantages of the present disclosure are apparent from the different examples. The
provided examples illustrate different components and methodology useful in practicing the
present disclosure. The examples do not limit the claimed disclosure. Based on the present
disclosure the skilled artisan can identifv and employ other components and methodology useful
for practicing the present disclosure.

{01061 In the synthetic scheme described herein, compounds may be drawn with one particular
configuration for simplicity. Such particular configurations are not to be construed as limiting the
disclosure to one or ancther isomer, fautomer, regioisomer or sterecisormer, nor does it exclude
muxtures of 1somers, tautomers, regioisomers or stereoisomers; however, it will be understood that
a given isomer, tautomer, regioisomer or sterecisomer may have a higher level of activity than
another isomer, tautomer, regioiSOmer or Steresisomer.

{01071 All publications and patent documents cited herein are incorporated herein by reference as
if each such publication or document was specifically and mdividually indicated to be
meorporated herewn by reference. Citation of publications and patent documents 18 not intended as
an adousston that any 1s pertinent prior art, nor does 1t constitute any admission as o the contents
or date of the same. The mvention having now been described by way of written description, thoss
of skill in the art will recognize that the invention can be practiced in a variety of embodiments
and that the foregoing description and examples below are for purposes of illustration and not
fimitation of the claims that follow.

{0108} As use herein, the phrase “compound of the disclosure” refers to those compounds which

are disclosed herein, both generically and specifically.

Solid Forms

{01091 In some aspects, the present disclosure provides a crystaliine form of Compound 1,

18
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(1.e, Compound 1, ({({{{E)-1-({85,95,10R,138,148,178}-10,1 3-dimethyl-3-oxo-
2,3.678910,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopentala]phenanthren-17-
vijethylidenejamino}oxymethy! dihvdrogen phosphate)) or a pharmaceutically acceptable salt
thereof.

[0110] In some aspects, the present disclosure provides a crystalling form of a pharmaceutically
acceptable salt of Compound 1.

{0111} In some embodiments, the pharmaceutically acceptable salt of Compound 1 is the sodium
salt.

{01121 In some embodiments, the morphic form of Compound 1 is the bis-trig salt.

{0113} In some embodiments, the present disclosure provides a crystalline form of Form { of the
bis-tris monohydrate salt of Compound 1.

{0114} In some embodiments, the present disclosure provides a crystalline form of Form H of the
bis-trig salt of Compound 1.

f0115] In some embodiments, the pharmaceutically acceptable salt of Compound 1 is the mono-
tris salt.

[0116] In some embodiments, the present disclosure provides a crystalline form of Form I of the
mono-tris salt of Compound 1.

{0117} In some embodiments, the present disclosure provides a crystailine form of Form IV of the
mono-tris anhydrous salt of Cormpound 1.

[0118] In some embodiments, the pharmaceutically acceptable salt of Compound 1 s the N-
(hydroxyethylpyrrolidine salt.

[0119] In some embodiments, the pharmaceutically acceptable salt of Compound 1 is the bigs-N-

{hydroxyethylpyrrolidine salt.
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{0120} In some embodiments, the present disclosure provides a crystalline form of Form V of the
bis-N-{(hydroxyethyl}pyrrolidine salt of Compound 1.

{01217 In some embodiments, the present disclosure provides the amorphous form of Compound
1.

101227 In some embodiments, the crystalline form {e.g., Form I 1, Il 1Y, or V) has increased
solubility relative to the free acid.

{01231 In some embodiments, the Form T aryvstalline form has increased solubiluy relative to the
free acid.

{01241 Tn some erabodiments, the Form I crystalline form has mereased solubility relative to the
free acid.

[0125] In some embodiments, the Form IH crystalline form has increased solubility relative to the
free acid.

[0126] In some emboduments, the Form IV crystalline form has increased solubility relative to the
free acid.

{0127} In some embodiments, the Form V crystalline form has increased solubility relative 1o the
free acid.

{01287 In some embodiments, the crystalling form {(e.g., Form I, I, I, IV, or V} has increased
solubility relative to the amorphous material.

{01291 In some embodiments, the Form I crystalline form has increased solubility relative to the
amorphous material.

{01301} In some embodiments, the Form H crystalline form has mereased solubility relative to the
amorphous material.

{0131} In some embodiments, the Form I crystalline form has increased solubility relative to the
amorphous material.

{0132} In some embodiments, the Form IV crystalling form has increased solubility relative to the
amorphous material.

{01331 In some embodiments, the Form V crystalline form has mcreased solubility relative to the

amorphous material.

Form {

X-Ray Power Diffraction (XRPD) Characterizations

20
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{01347 In some embodiments, the present application provides a Form 1 crystaliine salt of the bis-
tris monchydrate salt of Compound 1 (“Form 7} characterized by an X-ray diffraction (“XR¥FD”)
pattern comprising peaks at approximately 431+ 02, 1304 = 0.2, and 17.66 £ (.2 °28 using Cu
Ko radiation. In some embodiments, Form T 15 characterized by an XRPD pattern comprising
peaks at approximately 431202, 684 £ 02,1304+ 02,1319+ 02, 1766+ 02 1910£02,
and 21.71 £ 0.2 °26 using Cu Ko radiation.

[0135] In some embodiments, the Form I 1s characterized by an XRPD pattern having at least one
peak selected from 431 £ 02, 13.04 £ 02, or 1766 £ 02 “28 {e.g, 431 £ 0.1, 13.04 £ 0.1, or
1766+ 0.1 °28(e.g., 431, 13.04, or 17.66 °28)} using Cu Ko radiation.

10136} In some embodiments, the Form 1 15 characterized by an XRPD pattern baving at least two
peaks selected from 431 £ 02, 13.04 £ 02, or 1766 02 °28 {eg, 431 £ 0.1, 13.04 : 0.1, or
176601 20 (e.g., 431, 13.04, or 17.66 °20)} using Cu Ka radiation.

[0137] In some embodiments, the Form 1 is characterized by an XRPD pattern having at least
three peaks selected from 431 £ 02, 1304 £02 1319202, or 1766£02°268{e.g., 431 £0.1,
1304+01,1319+201, or 1766 0.1°28(eg., 431, 13.04, 13,19, or 17.66 °28)) using Cu Ko
radiation.

[0138] In some embodiments, the Form I is characterized by an XRPD pattern having at least four
peaks selected from 431+ 0.2, 13.04 + 0.2, 1319+ 02,1766+ 02, 0r 1910+ 0.2 28 (e.g., 431
+0.1,13.04+01,1319+01, 1766+ 01, or 1910+ 0.1 °28 {e.g, 431, 13.04, 13,19, 17.66, or
19.10 °208)) using Cu Ko radiation.

{01391 In some embodiments, the Form 1 1s characterized by an XRPD pattern having at least five
peaks selected from 431 £ 02,684+ 02,1304+ 02, 13.19+£02, 1766 £ 0.2, 0or 1910+ 0.2
920 (e.g, 431 £ 0.1, 6.84 + 0.1, 13.04 + 0.1, 13.19 = 0.1, 17.66 + 0.1, or 19.10 + 0.1 °20 (e.g.,
431,684, 13.04, 13,19, 17.66, or 19.10 °28)) using Cu Ko radation.

{01407 In some embodinents, the Form [ is characterized by an XRPD pattern having at least six
peaks selected from 431 £ 02, 684+ 02, 13.04£02, 1319202, 1766102, 191002 or
2171 £02°20(eg, 431 £01,684+£01, 1304201, 1319201, 1766201, 1910+ 0.1, or
2171 40,1 °20 {e.g., 4.31, 6.84, 13.04, 13.19, 17.66, 19.10, or 21.71 °28)) using Cu Kex radiation.

[0141] In some embodiments, Form [ is characterized by an XRPD pattern comprising peaks at

approximately the positions shown in the table below:
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Table 1: XRPD peak list for Form |

Pos. [°20] | d-spacing [A] | Rel. Int. [%] Pos. [°28] | d-spacing [A] | Rel. Int. [%]
433 20.407 100 23.20 3833 487
6.86 12.881 43 3.59 3.772 1.8
8.66 10.210 433 24 24 3.671 3.34
918 9633 ERE 24.52 3.630 2.22
10.85 &.151 2.69 25.03 3.558 279
13.02 6.801 9.53 25 .45 3.500 0.75
13.23 6.691 12.08 25.94 3.435 1.79
13.75 6.442 512 26.23 3.398 2.56
14.08 6.289 1.41 26.57 3.355 2.29
14.56 6.08S 472 27.00 3302 4.1
1535 5,773 6.22 27.53 3.241 .78
15.53 5.706 12.86 28.02 3.184 2.03
15.97 3.551 52 2835 3.148 3.68
16.41 S.402 3.1 28.85 3.094 5.47
16.71 5304 17.52 29.14 3.065 1.69
16.99 5219 7.39 2993 2.985 5.34
17.37 5106 7.05 30.16 2.963 2.32
17.68 5.017 50.23 30.84 2.899 2.52
18.83 4.712 11.62 31.13 2.873 3.72
1912 4.641 17.39 31.40 2.849 1.98
19.62 4.524 14.57 31.79 2.815 3.73
2022 4392 7.09 32.25 2776 3.34
20.63 4306 1.1 32.68 2740 2.52
21.02 4.226 1.33 33,79 2.653 2.4
21.74 4 088 082 3474 2582 0.95
22.74 3.910 1.84

[0142] In some embodiments, Form [ is characterized by an XRPD pattern substantially similar to
that set forth in Figure 1.

Differential Scanning Calorimeter (DSC) Characterizations

{01437 In some embodiments, Form I s characterized by an endothermic event with onset at
between approximately 45.4 °C and approximately 200.6 °C as measured by DSC.

{0144} In some embodiments, Form 1 1s characterized by an endothermic event with onset at
approximately 45 4 & 40 °C as mweasured by DSC. In some embodiments, Form 1 is characterized
by an endothermic event with onset at approximately 45 4 + 30 °C as measured by DBSC. In some

embodiments, Form 1 1s characterized by an endothermic event with onset at approximately 45 4 +
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20 °C as measured by DSC. In some embodiments, Form 1 1s characterized by an endothermic
event with onset at approximately 45 4 = 10 °C as measured by DSC. In some embodiments, Form
1 is characterized by an endothermic event with onset at approximately 45 4 + 9 °C as measured
by DSC. In some embodiments, Form I is characterized by an endothermic event with onset at
approximately 45 4 = 8 °C as measured by DSC. In some embodiments, Form 1 1s characterized by
an endothermic event with onset at approximately 45.4 = 7 °C as measured by DSC. In some
embodiments, Form 1 1s characterized by an endothermoic event with onset at approximately 45.4 +
6 °C as measured by DSC. To some embodiments, Form T 15 characterized by an endothermic
event with onset at approximately 45.4 £ 5 °C as measured by DSC. In some ermbodiments, Form
1 13 characterized by an endothermic event with onset at approximately 45.4 + 4 °C as measured
by DSC. In some embodiments, Form I 15 characterized by an endothermic event with onset at
approximately 45.4 £ 3 °C as measured by DSC. In some embodiments, Form 1 15 characterized by
an endothermic event with onset at approximately 45.4 + 2 °C as measured by DSC. In some
embodiments, Form [ 1s characterized by an endothermic event with onset at approximately 45 4 +
1 °C as measured by DSC. In some embodiments, Form I is characterized by an endothermic
event with onset at approximately 45 44 0.5 °C as measured by DSC.

{01457 In some embodiments, Form 1 1s characterized by an endothermic event with onset at
approximately 2060.6 + 40 °C as measured by DSC. In some embodiments, Form [ is characierized
by an endothermic event with onset at approximately 200.6 + 30 °C as measured by DSC. In soms
embodiments, Form [ 1s characterized by an endothermic event with onset at approximately 200.6
+ 20 °C as measured by DSC. In some embodiments, Form [ is characterized by an endothermic
event with onset at approximately 200.6 + 10 °C as measured by DSC. In some embodiments,
Form 1 1s characterized by an endothermic event with onset at approximately 200.6 + 9 °C as
measured by DSC. In some embodiments, Form { is characterized by an endothermic event with
onset at approximately 200.6 + & °C as measured by DSC. In some embodiments, Form 1 is
characterized by an endothermic event with onset at approximately 200.6 = 7 °C as measured by
DSC. 1o some embodiments, Form 1 is characterized by an endothermic event with onset at
appreximately 200.6 + 6 °(C as measured by DSC. In some embodiments, Form 1 is characterized
by an endothermic event with onset at approximately 200.6 + 5 °C as measured by DSC. In some
embodiments, Form [ 15 characterized by an endothermic event with onset at approximately 200.6
+ 4 °C as measured by DSC. In some embodiments, Form 1 is characterized by an endothermic

event with onset at approximately 200.6 = 3 °C as measured by DSC. In some embodiments, Form
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1 ts characterized by an endothermic event with onset at approximately 200.6 £ 2 °C as measured
by DSC. In some embodiments, Form 1 is characterized by an endothermic event with onset at
appreximately 200.6 + 1 °C as measured by DSC. In some embodiments, Form 1 is characterized
by an endothermic event with onset at approximately 200.6 + 0.5 °C as measured by DSC.

[0146] In some embodiments, Form | is characterized by an endothermic event with onset at
approximately 45.4 °C as measured by DSC. In some embodiments, Form 1 is characterized by an
endothermic event with onset at approximately 200.6 °C as measured by DSC.

Thermogravimetric Analysis (TGA) Characterizations

[0147] In some embaodiments, Form T shows a weight loss of approximately 2.2% between about
25 + 40 °C and about 60 + 40 °C, as measured by TGA. In some embodiments, Form I shows a
weight loss of approximately 2.2% between about 25 = 30 °C and about 60 £ 30 °C, as measured
by TGA. In some embodiments, Form 1 shows a weight loss of approximately 2.2% between

about 25 £ 20 °C and about 60 £ 20 °C, as measured by TGA. In some embodiments, Form [
shows a weight loss of approximately 2.2% between about 25 4 10 °C and about 604 10 °C, as
measured by TGA. In some embodiments, Form I shows a weight loss of approximately 2.2%
between about 25 + 9 °C and about 60 + 9 °C, as measured by TGA. In some embodiments, Form
I shows a weight loss of approximately 2.2% between abount 25 + 8 °C and about 60+ 8 °C, as
measured by TGA. In some embodiments, Form I shows a weight loss of approximately 2.2%
between about 25 £ 7 °C and about 60 + 7 °C, as measured by TGA. In some embodiments, Form
1 shows a weight loss of approximately 2.2% between about 25 + 6 °C and about 60 £ 6 °C, as
measured by TGA. In some embodiments, Form I shows a weight loss of approximately 2.2%
between about 25 & 5 °C and about 60 + § °C, as measured by TGA. In some embodiments, Form
I shows a weight loss of approximately 2.2% between about 25 + 4 °C and about 60+ 4 °C, as
measured by TGA. In some embodiments, Form I shows a weight loss of approximately 2.2%
between about 25 + 3 °C and about 60 + 3 °C, as measured by TGA.

[0148] In some embodiments, Form I shows a weight loss of approximately 2.2% between about
25 £ 2 °C and about 60 £ 2 °C, as measured by TGA. In some embodiments, Form I shows a
weight loss of approximately 2.2% between about 25 + 1 °C and about 60 £ 1 °C, as measured by
TGA. In some embodiments, Form 1 shows a weight loss of approximately 2 2% between about
25 £ 0.5 °C and about 60 £ 0.5 °C, as measured by TGA.

[0149] In some embodiments, Form I shows a weight loss of approximately 2.2% between about

25 °C and about 60 °C, as measured by TGA.
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Properties of the Crvstalline Form

{01501 In some embodiments, Form 1 s a white solid. In some embodiments, Form 1 ts an off-
white solid. In some embodiments, Form 1§ is crystaliine.

{01511 In some embodiments, Form I 1s a crystalline white solid. In some embodiments, Form | is

a crystaliine off-white solid.

Form ¥

X-Ray Power Diffraction (XRPD) Characterizations

{01521 Tn some embodiments, the present application provides a Form H crystalline salt of the bis-

tris salt of Compound 1 ("Form II™) characterized by an X-ray diffraction (“XRPD”} pattern

comprising peaks at approximately 1331 4+ 0.2, 1369 4 0.2, and 17.66 % 0.2 °20 using Cu Ku

radiation. In some embodiments, Form H is characterized by an XRPD pattern comprising peaks

at approximately 1351202, 13.69£02, 1674+ 02 1723 +£02, 1766 +£02, 19890+ 02, and

30,15+ 0.2 °29 using Cu Ko radiation.

{01537 In some embodiments, the Form I is characterized by an XRPD pattern having at least one

peak selected from 13.51 £0.2,13.69:02, or 1766 £ 02 °20{(eg, 13.51 £ 0.1, 1369+ 0.1, or
766+£0.1°20 (e.g, 13.51, 13.69, or 17.66 °26)) using Cu Ko radiation.

[0154] In some embodiments, the Form 11 15 characterized by an XRPD pattern having at least two

peaks selected from 1351 £ 02, 1369402, 0r 1766+ 0228 (eg, 1351 £ 0.1, 1369+ 0.1, or

17.66 £ 0.1 °28 (e.g., 13.51, 13.69, or 17.66 °26}) using Cu Ko radiation.

[0155] In some embodiments, the Form I is characterized by an XRPD pattern having at least

three peaks selected from 1351 £ 02, 13.69+£02, 1723202, or 1766 02 °28 {eg, 1351 =

0.1, 1369201, 1723201, or 17660201 “28 {e.g., 1351, 13.69, 17.23, or 17.66 728)) using Cu

Ko radiation.

[0156] In some embodiments, the Form H 15 characterized by an XRPD pattern having at least

four peaks selected from 13.51 £ 02, 136902, 1723 £02, 1766 =02, or 19893 £ 0.2 °26

{eg, 1351201, 1369101, 1723401, 1766 £ 0.1, or 1989 = 0.1 °28 (e.g, 13.51, 13.69,

17.23, 17.66, or 19.89 °28)) using Cu Ko radiation.

{0157} In some embodiments, the Form H 1s characterized by an XRPD patiern having at least five

peaks selected from 13.51:£ 02, 1369202, 1723 4+02,1766+02, 1989402 0r3015+02
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28{eg, 135101, 1369201, 1723£01, 1766201, 1980+0.1, or 30.15£ 0.1 "28{e.g,
1351, 13.69, 17.23, 17.66, 19.89, or 30.15 °28)) using Cu Ka radiation.

{01581 In some embodiments, the Form I 1s characterized by an XRPD pattern having at least six
peaks selected from 13.51 £ 02, 1369+ 02 1674202, 1723402, 1766+02,1989+:02, or
3015+ 0.2 920 (e.g, 1351+ 0.1, 13.69 £ 0.1, 1674 £ 0.1, 17.23 £ 0.1, 17.66 + 0.1, 19.89 + 0.1,
or 30.15 = 0.1 °26 (e.g., 13.51, 13.69, 1674, 17.23, 17.66, 19.89, or 30.15 “26)) using Cu Ko
radiation.

[0159] In some embodiments, Form II 15 characterized by an XRPD patiern comprising peaks at
approximately the positions shown in the table below:

Table 2. XRPD peak list for Form i

Peos. [°28] | d-spacing [A] | Rel. Int. [9%] Pos. [°28] | d-spacing [A] | Rel. Int. [%)]
34,84 2.575 43.66 19.89 4.464 54.90
33.35 2.687 39.01 19.43 4.569 37.86
32.44 2.760 37.49 18.81 4.718 26.89
31.88 2.808 45 88 17 66 5.022 100.00
31.44 2.846 39.12 17.23 5,146 59.39
30.95 2.890 45.08 16.74 5208 51.26
30.69 2.913 4254 16.37 5414 21.24
30.15 2,963 5177 15.99 5,544 13.75
28.90 3.089 38.00 15.60 5679 32.46
27.95 3.192 4460 14.91 5.942 10.93
27.19 3.280 41.71 14.18 6.246 34.72
26.64 3.347 37.00 13.69 6.467 79.60
25.52 3.490 27.42 13.51 6.555 78.46
2476 3.595 33.93 10.87 8138 8.90
24.08 3.701 25.41 9.29 9.51§ 7.16
23.31 3.816 26.58 8.51 10.395 422
22.05 4.031 23 88 7.96 11.109 3.94
21.57 4120 33.13 7.08 12,489 35.63
20.76 4.279 33.20 4.27 20.672 35.06
20.44 4.345 26.23

[0160] in some embodiments, Form H is characterized by an XRPD pattern substantially similar
to that set forth in Figure 2.

Properties of the Crystalline Form
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{01611 In some embodiments, Form U is a white solid. In some embodiments, Form I s

crystalline. In some embodiments, Form i1 is a crystalline white solid.

Form I

X-Ray Power Diffraction {(XRPI}) Characterizations

{01621 In some embodiments, the present application provides a Form IH crystalline salt of the
mouno-tris salt of Compound 1 (“Form HI7) characterized by an X-ray diffraction ("XRPD”™)
pattern comprising peaks at approximately 1506 £ 02, 1812+ 0.2, and 20.76 £ 0.2 °28 using Cu
Ko radwation. In some embodiments, Form T 1s characterized by an XRPD pattern comprising
peaks at approximately 433 £ 02, 1418202, 1462402, 1506402 1812+0.2, 2076 £ 0.2,
and 21.93 £ 0.2 °26 using Cu Ko radiation.

[0163] In some embodiments, the Form I 1s characterized by an XRPD patiern having at least
one peak selected from 1506+ 0.2, 1812402, 0r 2076+ 0.2 °28 (e.g., 15.06 0.1, 18124+ 0.1,
or 2076 = 0.1 °28 {e.g., 15.06, 18.12, or 20.76 °26)) using Cu Ko radiation.

[0164] In some embodiments, the Form I 1s characterized by an XRPD pattern having at least
two peaks selected from 1506 + 0.2, 18112+ 0.2, or 2076 £ 0.2 °28 {e.g, 15.06 £ 0.1, 1812 &
0.1, 0r 2076 + 0.1 °28 (e.g., 15.06, 18,12, or 20.76 °28)} using Cu Ko radiation.

[0165] In some embodiments, the Form I is characterized by an XRPD pattern having at least
three peaks selected from 1418+ 02, 1506202, 1812 £ 02, 0r 2076 £ 0.2 °208 (e g, 1418 £
01,1500+ 01, 1812401, 0or 2076 £ 0.1 %20 {e.g, 1418, 15.06, 18.12, or 20.76 °26)) using Cu
Ka radiation,

{0166} In some embodiments, the Form 1if 15 characterized by an XRPD patiern having at least
four peaks selected from 1418 £ 02, 1506+ 02, 1812+£02, 207602, or 21.93 £ 0.2 °28
(eg, 1418 =01, 150601, 1812 +£0.1,2076+ 0.1, or 21.93 £ 0.1 °26 {eg,, 1418, 15.06,
18.12, 20.76, or 21.93 °283) using Cu Ku radiation.

[0167] In some embodiments, the Form {1 13 characterized by an XRPD pattern having at least
five peaks selected from 14.18 £ 0.2, 14.62 £ 0.2, 15.06 0.2, 18.12 £ 0.2, 20.76 + 0.2, or 21.93 +
02°26{eg, 1418 £ 01, 1462+ 0.1, 1500+ 01, 1812+ 0.1, 2076 + 0.1, or 21.93 + 0.1 °28
(e.g. 14.18, 14,62, 15.06, 18.12, 20.76, or 21.93 °28)) using Cu Ko radiation.

[0168] In some embodiments, the Form 11 is characterized by an XRPD pattern having at least six

peaks selected from 4.33 £ 02, 1418402 1462 4£ 02, 1506402, 1812402 2076+ 0.2, or

k)
~4
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2193x£02°26(e g, 433201, 1418401, 146201, 1506401, 1812+£0.1,2076+01, or
2193 £ 0.1 °20 {eg, 433, 14,18, 1462, 1506, 18.12, 2076, or 21.93 °28)) using Cu Ka
radiation.

[0169] In some embodiments, Form HI 15 characterized by an XRPD pattern comprising peaks at
approximately the positions shown in the table below:

Table 3. XRPD peak list for Form {1

Pos. [°28] | d-spacing [A] | Rel. Int. [%] Peos. [°28] | d-spacing [A] | Rel. Int. [%%]
4.33 20.414 11.33 23.74 3,748 7.41
5.03 9.797 10.53 24.02 3.705 4.62
9.71 9.113 10.71 24.29 3.604 32
10.33 8.561 1.54 2511 3.547 6.92
11.75 7.532 5 25.60 3.430 2.23
12.02 7.365 1.51 26.25 3.396 334
13.95 6.347 4.82 26.70 3.338 1.33
14.18 6.244 14.6 27.43 3.251 0.4
14.62 6.058 12.07 28.05 3.181 7.31
15.06 S.884 100 28.56 3.126 1.62
17.03 5.206 6.18 2812 3.065 5.33
17.42 5.092 1.16 29.19 3.060 6.71
18.12 4.896 1878 29.50 3.028 6.28
19.00 4.672 6.58 30,19 2.961 6.22
19.79 4.486 8.16 30.42 2.939 2.08
20.29 4.377 1.58 30.92 2.892 4.48
2076 4.279 17.92 31.48 2.842 3.60
21.19 4.193 7.13 31.96 2.80 1.94
21.39 4.155 418 32.18 2.781 (.98
21.93 4.054 12.27 32.89 2723 0.56
2236 3976 3.31 3328 2,692 1.86
2312 3.8348 0.76 34.42 2,606 78
23 47 37790 2.18

{0170} In some embodiments, Form I is characterized by an XRPD pattern substantially similar
to that set forth in Figure 3.

Difterential Scanning Calorimeter (DSC) Characterizations

{0171} In some embodiments, Form Il 1s characterized by an endothermic event with onset at

approximately 64.1 °C as measured by DSC.
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{01727 In some embodiments, Form I 1s characterized by an endothermic event with onset at
approximately 64.1 + 40 °C as measured by DSC. In some embodiments, Form 11 is characterized
by an endothermic event with onset at approximately 64.1 £ 30 °C as measured by DSC. In some
embodiments, Form [H is characterized by an endothermic event with onset at approximately 64.1
+ 20 °C as measured by DSC. In some embodiments, Form I is characterized by an endothermic
event with onset at approximately 64.1 = 10 °C as measured by DSC. In some embodiments, Form
111 1s characterized by an endothermic event with onset at approximately 64.1 = 9 °C as measured
by DSC. Tn some embodiments, Form [ 1s characterized by an endothermic event with onset at
approximately 64.1 = 8 °C as measured by DSC. In some embodiments, Form H1 15 characterized
by an endothermic event with onset at approximately 64.1 £ 7 °C as measured by DSC. In some
embodients, Form TH 15 characterized by an endothermic event with onset at approximately 64.1
+ 6 °C as measured by DSC. In some embodiments, Form T 1s characterized by an endothermie
event with onset at approximately 64.1 £ 5 °C as measured by DSC. In some emnbodiments, Form
I 18 characterized by an endothermic event with onset at approximately 64.1 + 4 °C as measured
by DSC. In some embodiments, Form IH 15 characterized by an endothermic event with onset at
approximately 64.1 & 3 °C as measured by DSC. In some embodiments, Form HI 1s characterized
by an endothermic event with onset at approxamately 64.1 & 2 °C as measured by DSC. In some
embodiments, Form [H s characterized by an endothermic event with onset at approximately 64.1
+ 1 °C as measured by DSC. In some embodiments, Form I 15 characterized by an endothermic
event with onset at approximately 64.1+ 0.5 °C as measured by DSC.

Thermogravimetric Analvsis (TGA) Characterizations

[0173] In some embodiments, Form IH shows a weight loss of approximately 10.7% between
about 25 + 40 °C and about 120 4 40 °C, as measured by TGA. In some embodiments, Form Hi
shows a weight loss of approximately 10.7% between about 25 £ 30 °C and about 120 4+ 30 °C, as
measured by TGA. In some embodiments, Form HI shows a weight loss of approximately 10.7%
between about 25 £ 20 °C and about 120 £ 20 °C, as measured by TGA. In some embodiments,
Form {1 shows a weight loss of approximately 10.7% between about 25 £+ 10 °C and about 120 +
10 °C, as measured by TGA. In some embodiments, Form 11 shows a weight loss of
approximately 10.7% between about 25 £ 9 °C and about 120+ 9 °C, as measured by TGA. In
some embodiments, Form Ilf shows a weight loss of approximately 10.7% between about 25+ 8
°(C and about 120 £ 8 °C, as measured by TGA. In some embadiments, Form [ shows a weight

4

loss of approximately 10.7% between about 25 =7 °C and about 120 £ 7 °C, as measured by
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TGA. In some embodiments, Form I shows a weight loss of approximately 10.7% between about
25+ 6 °C and about 120 £ 6 °C, as measured by TGA. In some embodiments, Form I shows a
weight loss of approximately 10.7% between about 25 + 3 °C and about 120+ S °C, as measured
by TGA. In some embodiments, Form HI shows a weight loss of approximately 10.7% between
about 25 = 4 °C and about 120 £ 4 °C| as measured by TGA. In some embodiments, Form I}
shows a weight loss of approximately 10.7% between about 25 = 3 °C and about 120£3 °C, as
measured by TGA.

1017471 In some embodiments, Form [ shows a weight loss of approximately 10.7% between
about 25 £ 2 °C and about 120 = 2 °C, as measured by TGA. In some embodiments, Form HI
shows a weight loss of approximately 10.7% between about 25 + 1 °C and about 120 £ 1 °C, as
measured by TGA. In some embodiments, Forro TH shows a weight loss of approxamately 10.7%
between about 25 £ 0.5 °C and about 120 £ 0.5 °C, as measured by TGA.

Properties of the Crystaliine Form

[0175] In some embodiments, Form I 1s a white solid In some embodiments, Form I s

crystalline. In some embodiments, Form I s a crystalline white solid.

Form IV

X-Ray Power Diffraction (XRPD) Characterizations

[0176] In some embodiments, the present application provides a Form IV crystalline salt of the
mono-tris anhydrous salt of Compound 1 ("Form IV”) characterized by an X-ray diffraction
{“XRPD"} pattern comprising peaks at approximately 13.74 £ 0.2, 2316 £ 0.2, and 2500 £ 0.2
°28 using Cu Ko radiation. In some embodiments, Form IV is characterized by an XRPD pattern
comprising peaks at approximately 13.74 £ 02, 1425+02, 2078 £ 0.2, 21,04+ 02, 23164+ 072,
250002, and 2514 £ 0.2 "26 using Cu Ko radiation.

[0177] In some embodiments, the Form TV is characterized by an XRPD pattern having at least
one peak selected from 13.74 £ 0.2, 2316 £ 0.2, or 2500+ 0.2°28 (e.g, 13.74 £ 0.1, 2316 £ 0.1,
or 2500 0.1 °28{e.g., 13.74, 23.16, or 25.00 °26)) vsing Cu Ko radiation,

[0178] In some embodiments, the Form IV is characterized by an XRPD pattern having at least
two peaks selected from 13.74 + 0.2, 2316 £ 02, or 25,00 0.2 °268 {e.g,, 13.74 £ 0.1, 2316 &
0.1,0r 250001 °26{eg., 13.74, 23,16, or 25.00 °28}) using Cu Ko radiation.

[0179] In some embodiments, the Form IV is characterized by an XRPD patiern having at Jeast

three peaks selected from 1374402, 2078 £ 02,2316 £ 02, 0r 2500 £ 02 °28 (e g., 13.74 &

>
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01,2078 £ 0.1, 23.16 £ 0.1, or 25.00 = 0.1 °26 (e.g., 13.74, 20.78, 23.16, or 25.00 °28)) using Cu
Ko radiation.

[0180] In some embodiments, the Form IV is characterized by an XRPD patiern having at Jeast
four peaks selected from 13.74 2 02, 2078 £ 0.2, 2316 £ 02, 2500+ 02, or 2514 £ 0.2 °20
(eg, 13.74 = 0.1, 20.78 + 0.1, 23.16 + 0.1, 25.00 + 0.1, or 25.14 + 0.1 °20 {e.g., 13.74, 20.78,

f=20l >

~1

23.16, 25.00, or 25.14 °26)) using Cu Ko radiation.

[0181] In some embodiments, the Form IV 15 characterized by an XRPD pattern having at feast
five peaks selected from 13.74 £ 02,2078 £ 0.2, 2104 02,23. 16 £ 02 2500402 or 2514 &
027220 (eg, 1374 £ 01,2078 £ 01, 21.04 £ 0.1, 2316 £ 0.1, 25.00 + 0.1, or 25.14 + 0.1 °20
{e.g., 13.74,20.78, 21.04, 23.16, 25.00, or 25.14 °268}) using Cu Ko radiation.

{01821 Tn some embodiments, the Forra IV 15 characterized by an XRPD pattern having at least six
peaks selected from 1374202, 1425+02,20782 02,2104+ 02,2316+ 0.2, 2500+ 0.2, or
2514120220 {eg, 1374201, 1425+ 01,2078 £ 01,2104 £ 0.1, 23 16 £ 0.1, 2500 £ 0.1,
or 2514 + 0.1 °26 {e.g., 13.74, 14.25, 20.78, 21.04, 23.16, 25.00, or 25.14 °20}) using Cu Ka
radiation.

[0183] In some embodiments, Form 1V is characterized by an XRPD pattern comprising peaks at
approximately the positions shown in the table below:

Table 4. XRPD peak list for Form IV

Pos. [°20] | d-spacing [A] | Rel Int. [%)] Pos. [°28] | d-spacing |A] | Rel. Int. |%]
31 27.855 922 20.78 4.274 19.70
429 20.598 1.09 21.04 4222 16.41
6.36 13.894 1.00 21.83 4.072 1.18
12.57 7.040 8.34 23.16 3.840 2171
13.20 6.707 4.13 23.47 3.790 10.70
13.74 6.446 100.00 23 86 3.730 1.24
14.25 6216 13.40 2424 3.672 1.20
14.59 6.071 084 25.00 3.562 2410
14 89 5.950 472 25.14 3.543 18.96
1540 5.753 530 27.02 3.299 0.91
16.53 5.364 2.30 27.70 3.221 1.66
16.90 5.245 2.28 2817 3.168 346
17.61 5.037 1.37 28.73 3.108 1.90
18.77 4728 t.41 29.62 3.016 0.75
19.18 4628 292 31.61 2.831 2.01
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Pos. [°20] | d-spacing [A] | Rel Int. [%)] Pos. [°28] | d-spacing [A] | Rel. Int. [%]
3221 2.779 5.55 33.30 2.691 i
32.62 2.745 497 34 88 2.572 3.22

[0184] In some embodiments, Form 1V s characterized by an XRPD pattern substantially similar
to that set forth in Figure 4.

Differential Scanning Calorimerer (DSC) Characterizations

{01851 In some embodiments, Form |V 1s characterized by an endothermic event with onset at
appreximately 153 °C as measured by DSC.

[0186] In some embodiments, Form IV is characterized by an endothermic event with onset at
approximately 153 + 40 °C as measured by DSC. In some embodiments, Form IV 15 characterized
by an endothermic event with onset at approximately 153 + 30 °C as measured by DSC. In some
embodiments, Form [V 1s characterized by an endothermic event with onset at approximately 153
+ 20 °C as measured by DSC. In some embodiments, Form IV is characterized by an endothermic
event with onset at approxumately 153 £ 10 °C as measured by DSC. In some embodiments, Form
1V 1s characterized by an endothermic event with onset at approxumately 153 £ 9 °C as measured
by DSC. In some embodiments, Form IV is characterized by an endothermic event with onset at
approximately 153 + & °C as measured by DSC. In some embodiments, Form IV 15 characterized
by an endothermic event with onset at approximately 153 + 7 °C as measured by DSC. In some
embodiments, Form [V 15 characterized by an endothermic event with onset at approximately 153
+ 6 °C as measured by DSC. In some embodiments, Form IV 15 characterized by an endothermic
event with onset at approxamately 153 & 5 °C as measured by DSC. In some embodiments, Form
IV 1s characterized by an endothermic event with onset at approximately 153 £ 4 °C as measured
by DSC. In some embodiments, Form IV is characterized by an endothermic event with onset at
approximately 153 & 3 °C as measured by DSC. In some embodiments, Form IV is characterized
by an endothermic event with onset at approximately 153 + 2 °C as measured by DSC. In some
embodiments, Form 1V is characterized by an endothermic event with onset at approximately 153
4+ 1 °C as measured by DSC. In some embodiments, Form IV is characterized by an endothermic
event with onset at approximately 153 + 0.5 °C as measured by DSC.

Properties of the Crvstatline Form

[0187] In some embodiments, Form 1V is a white solid In some embodiments, Form IV is
crystalline. In some embodiments, Form IV 15 a crystalline white solid.
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Form V

X-Ray Power Diffraction (XRPD) Characterizations

[0188] In some embodiments, the present application provides a Form V crystalline salt of the bis-
N-(hydroxyethyDpyvrrolidine salt of Compound 1 ("Form V) characterized by an X-ray
diffraction (“XRPD”) pattern comprising peaks at approximately 1507 £ 0.2, 1565 £ 0.2, and
15.88 £ 0.2 °28 using Cu Ko radiation. In some embodiments, Form V is characterized by an
XRPD pattern comprising peaks at approximately 9.62 + 0.2, 15.07 £ 0.2, 1565+ 0.2, 1588 =
02, 1613202 18.01 £0.2, and 21.39 4+ 0.2 °26 using Cu Ku radiation.

{0189} In some embodiments, the Form V is characterized by an XRPD pattern having at least one
peak selected from 1507+ 02, 1565+ 0.2, or 15880220 {e.g, 1507201, 156501, or
1588+ 0.1 °28 (s.g., 15.07, 15.65, or 15.88 °26}) using Cu Ko radiation.

{01907 In some erobodiments, the Form V is characterized by an XRPD patiern having at least two
peaks selected from 1507202, 156502, or 1588+ 02 “28{e g, 1507+ 01,1565+01, or
1588+ 0.1 °28(eg, 15.07, 15,65, or 15.88 "28)) using Cu Ko radiation.

[0191] In some embodiments, the Form V 1s characterized by an XRPD pattern having at least
three peaks selected from 1507 £ 02, 1565+ 02, 1588+ 02, or 1801 £02°28 (eg, 1507 =
0.1,1565+0.1,1588+01, or 1801 £0.1 “28{e g, 1507, 1565, 15 88, or 18.01 "28)) using Cu
Ka radiation,

{01927 In some embodiments, the Form V 15 characterized by an XRPD pattern having at least
four peaks selected from 1507 £ 02, 1565 £ 0.2, 1588+ 02, 1613 = 02, or 1801 £ 0.2 °26
{eg, 1507+ 01, 1565 £ 01, 1588+ 0.1, 1613 + 0.1, or 1801 = 0.1 °28 (e.g, 15.07, 15.65,
15.88, 16.13, or 18.01 “20)) using Cu Ko radiation.

[0193] In some embodiments, the Form V 1 characterized by an XRPD pattern having at least
five peaks selected from 1507+ 0.2, 15654+ 0.2, 1588402, 1613 £0.2 1801 £0.2, or 21,39+
02°26 (e.g, 1507+ 01, 1565401, 1588+ 0.1, 1613 £0.1, 1801 £ 0.1, or 21.39: 0.1 °28
(e.g, 1507 1565, 1588, 16,13, 18.01, or 21.39 °28)) using Cu Ko radhation.

[0194] In some embodiments, the Form V 15 characterized by an XRPD pattern having at least six
peaks selected from 962+ 02, 15067 £ 0.2, 1565402, 15883+ 0.2, 1613+ 0.2, IB01 02, or
2139+ 02°208(eg, 962401, 15074£01,1565+01, 15883401, 1613401, 1801 0.1, or
2139 + 0.1 728 {eg, 9.62, 1507, 15.65, 15.88, 16,13, 1801, or 21.39 °28)} using Cu Ko

radiation.

98]
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[0195] In some embodiments, Form V is characterized by an XRPD patiern comprising peaks at
approximately the positions shown in the table below:

Table 5. XRPD peak list for Form V

Pos., [°28] | d-spacing [A] | Rel. Int, [%] Pos. [°26] | d-spacing [A] | Rel. Int. [%]
8.67 10.195 5.85 19.51 4.551 5.24
9.62 9.190 17.83 20.12 4.412 10.00
12.01 7.367 6.09 20.64 4.304 7.24
12.53 7.064 2.57 20.94 4.242 3.95
13.09 6.766 392 21.39 4153 22.35
14.44 6.133 8.06 21.87 4.064 14.76
14.60 6.066 1412 22.40 3.969 413
15.07 5.878 71.86 23.00 3.867 6.31
15.65 5.661 106,00 23.54 3.780 1321
1588 5.580 43953 23.99 3.710 6.37
16.13 5.496 2297 25.26 3.525 8.55
16.88 5254 6.05 26.60 3. 35 3.71
17.43 5.089 3.90 2695 3.308 3.10
18.01 4.926 26.64 28.36 3.147 3.09
18.34 4.837 5.44 29.35 3.044 2.83
19.03 4.664 5.26 31.96 2.801 2.46

{01961 In some embodiments, Form V 15 characterized by an XRPD patiern substantially similar
to that set forth in Figure 5.

Differenticl Scarning Calovimeter (DSC) Characterizations

[0197] In some embodiments, Form V is characterized by an endothermic event with onset at
approximately 75 °C and approximately 156 °C as measured by DSC. In some embodiments,
Form V s characterized by an endothermic event with onset at approximately 75 °C or
approximately 156 °C as measured by DSC.

[0198] In some embodiments, Form V is characterized by an endothermic event with onset at
approximately 75 £ 40 °C as measured by DSC. In some embodiments, Form V is characterized
by an endothermic event with onset at approximately 75 & 30 °C as measured by DRC. In some
embodimenis, Form V is characterized by an endothermic event with onset at approximately 75 &
20 °C as measured by DSC. In some embodiments, Form V is characterized by an endothermic
event with onset at approximately 75 = 10 °C as measured by DSC. In some embodiments, Form

V is characterized by an endothermic event with onset at approximately 75 + 9 °C as measured by
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DSC. In some embodiments, Form V is characterized by an endothermic event with onset at
approximately 75 + 8 °C as measured by DSC. In some embodiments, Form V is characterized by
an endothermic event with onset at approximately 75 = 7 °C as measured by DSC. In some
embodiments, Form V 1s characterized by an endothermic event with onset at approximately 75 +
6 °C as measured by DSC. In some embodiments, Form V is characterized by an endothermic
event with onset at approximately 75 £ 5 °C as measured by DSC. In some embodiments, Form V
is characterized by an endothermic event with onset at approxamately 75 = 4 °C as measured by
DSC. In some embodiments, Formn V is characterized by an endothermic event with onset at
approximately 75 + 3 °C as measured by DSC. In some embodiments, Form V s characterized by
an endothermic event with onset at approximately 75 = 2 °C as measured by DSC. In some
embodiuents, Form V ig characterized by an endothernuc event with onset at approximately 75 +
1 °C as measured by DSC. In some embodiments, Form V 18 characterized by an endothermie
event with onset at approximately 75 & 0.5 °C as measured by DSC.

[0199] In some embodiments, Form V 15 characterized by an endothermic event with onset at
approximately 156 4 40 °C as measured by DRC. In some embodiments, Form V s characterized
by an endothermic event with onset at approximately 1536 + 30 °C as measured by BSC. In some
embodiments, Form V s characterized by an endothermic event with onset at approximately 156 &
20 °C as measured by DSC. In some embodiments, Form V is characterized by an endothermic
event with onset at approximately 156 = 10 °C as measured by DSC. In some embodiments, Form
V is characterized by an endothermic event with onset at approximately 156 & 9 °C as measured
by DSC. In some embodiments, Form V 1s characterized by an endothermic event with onset at
approximately 156 + 8 °C as measured by DSC. In some embodiments, Form V is characterized
by an endothermic event with onset at approximately 156 + 7 °C as measured by DSC. In some
embodiments, Form V is characterized by an endothermic event with onset at approximately 156 +
6 °C as measured by DSC. In some embodiments, Form V is characterized by an endothermic
event with onset at approximately 156 &+ 5 °C as measured by DSC. In some embodiments, Form
V is characterized by an endothermic event with onset at approximately 156 & 4 °C as measured
by DSC. In some embodiments, Form V is characterized by an endothermic event with onset at
approximately 156 £ 3 °C as measured by DSC. In some embodiments, Form V is characterized
by an endothermic event with onset at approximately 156 + 2 °C as measured by DSC. 1o some

embodiments, Form V s characterized by an endothermic event with onset at approximately 156 +
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1 °C as measured by DSC. In some embodiments, Form V 15 characterized by an endothermic
event with onset at approximately 156 £ 0.5 °C as measured by DSC.

{02001 In some embodiments, Form V is characterized by an endothermic event with onset at
approximately 75 °C as measured by DSC. In some embodiments, Form V 1s characterized by an
endothermic event with onset at approximately 156 °C as measured by DSC.

Thermogravimetric Analysis (TGA) Characierizations

[0201] In some embodiments, Form V shows a weight loss of approximately 1.8% up to about 65
+ 40 °C, as measured by TGA. In some embodiruents, Formo V shows a weight loss of
approximately 1.8% us to about 65 + 30 °C, as mweasured by TGA. In some embodimuents, Formm V
shows a weight loss of approximately 1.8% up to about 65 = 20 °C, as measured by TGA. In some
embodients, Form V shows a weight loss of approxumately 1.8% up to about 65 = 10 °C, as
measured by TGA. In some embodiments, Form V shows a weight loss of approximately 1.8% up
to about 65 + 9 °C, as measured by TGA. In some embodiments, Form V shows a weight loss of
approximately 1.8% up to about 65 + 8 °C, as measured by TGA. In some embodiments, Form V
shows a weight foss of approximately 1.8% up to about 65 + 7 °C) as measured by TGA. In some
embodiments, Form V shows a weight loss of approximately 1.8% up to about 65 £ 6 °C, as
measured by TGA. In some embodiments, Form V shows a weight 1oss of approximately 1.8% up
to about 65 + S °C, as measured by TGA. In some embodiments, Form V shows a weight loss of
approximately 1.8% up to about 65 = 4 °C, as measured by TGA. In some embodiments, Form V
shows a weight loss of approximately 1.8% up to about 65 = 3 °C, as measured by TGA.

[0202] In some embodiments, Form V shows a weight loss of approximately 1.8% up to about 65

'i'.' 2 e

C, as measured by TGA. In some embodiments, Form V shows a weight loss of
approximately 1.8% up to about 65 £ 1 °C, as measwred by TGA. In some embodiments, Form V
shows a weight loss of approximately 1.8% up to about 65 £ 0.5 °C, as measured by TGA.
Properties of the Crysialline Form

{02031 In some embodiments, Form V is a white solid In some embodiments, Form V 15

crystalline. In some embodiments, Form V is a crystalline white solid.
3 > Y

Tris Salt Composition
{02047 In some embodiments, Compound 1A s ({(({E)}-1-{(8S,95,10R, 138,148,178}-10,13-

dimethyl-3-ox0-2,3,6,7.8,9,10,11,12,13,14,15,16,1 7-tetradecahydro-1H-

cyclopentajajphenanthren-17-vlethyhidenejaminooxymethyl dihydrogen phosphate tris salt,

o8]
el
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H{Compound 1A}
02057 In some aspects, the present disclosure provides a composition comprising ((({(E)-1-
((8S,95,10R,138,148,178)-10,13-dimethy1-3-0x0-2,3,6,7,8,9,10,11,12,13,14,15,16,17-
tetradecahydro-1H-cyclopentafalphenanthren-17-yhiethylidene}amino)oxy ymethyl dihydrogen

phosphate tris salt,

z{Compound 1A), having a purity greater than or equal to

about 98.0% as determined by HPLC.

[0206] In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 98.1% as determined by HPLC.

(02077 In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 98.2% as deternuned by HPLC.

{02081 In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 98.3% as determined by HPLC.

[0209] in some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 98.4% as determined by HPLC.

{02101} In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 98.5% as determined by HPLC.

[0211] in some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 98.6% as determined by HPLC.

[0212] In some aspects, the present disclosure provides a composition comprising Compound 1A,

having a purity greater than or equal to about 98.7% as determined by HPLC.
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[0213] In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or egual to about 98.8% as determined by HPLC.
[0214] In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or egual to about 98.9% as deternuned by HPLC.
[0215] In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 92 0% as determined by HPLC.
(02161 In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 99.1% as deternuned by HPLC.
[0217] In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 99.2% as deternuned by HPLC.
[0218] In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 99 3% as determuned by HPLC.
[0219] In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purtty greater than or equal to about 99.4% as determined by HPLC.
[0220] In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 99 5% as determined by HPLC.
(02217 In some aspects, the present disclosure provides a composition comprising Compound TA,
having a purity greater than or equal to about 99.6% as determuned by HPLC.
[0222] In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 99.7% as determined by HPLC.
[02231 In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 99.8% as determined by HPLC.
[0224] In some aspects, the present disclosure provides a composition comprising Compound 1A,
having a purity greater than or equal to about 99.9% as determined by HPLC.

{02257 In some embodiments, the composition contains less than 2% of an impurity selected from

{Compound A} or pharmacentically acceptable salt thereof,
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{Compound B} or pharmaceutically acceptable salt thereof, or , and

{Compound C) or a pharmaceutically acceptable salt thereof, and

combinations thereof.

[02261 In some embodiments, Compound A is present by weight trom about 0.01% to about 0.5%.
022
0228

71 In some embodiments, Compound A is present by weight from about 0.02% to about 0.5%
8] In some embodiments, Compound A 1s present by weight from about 0.03% to about 0.5%.
0229] In some embodiments, Compound A is present by weight from about 0.04% to about 0.5%
02307 In some embodiments, Compound A 18 present by weight from about 0.05% to about 0.5%.

0231] In some embodiments, Compound A is present by weight from about 0.06% to about 0.5%

0233
0234

1 In some embodiments, Compound A 1s present by weight from about 0.08% to about 0.5%
1 In some embodiments, Corapound A is present by weight from about 0.09% to about 0.5%.
0235] In some embodiments, Compound A 1s present by weight from about 0.1% to about 0.5%
02361 In some embodiments, Coropound A 15 present by weight from about 0.2% to about 0.5%.

[

f

[

f

[

{02321 In some embodiments, Compound A 1s present by weight from about 0.07% to about 0.5%.
[

{

[

f

{02371 Tn some embodinents, Compound A is present by weight from about 0.3% to about 0.3%
f

023

02381 In some embodiments, Coropound A 18 present by weight from about 0.4% to about 0.5%.
02397 In some embodiments, Compound A 1s present by weight from about .01% to about 0.4
2

0240] In some embodmments, Compound A 1s present by weight from about 6.01% to about 0.3%.

{
f
[0241] In some embodiments, Compound A 1s present by weight from about 0.01% to about 8.2%
[0242] In some embodiments, Compound A 18 present by weight from about 0.01% to about 0.1%.
{02437 In some embodiments, Compound A is present by weight from about 0.61% to about
0.09%

{02447 In some embodiments, Compound A is present by weight from about 0.61% to about

0.08%.
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{02457 In some embodiments, Compound A is present by weight from about 0.01% to about
0.07%.

{02467 In some embodiments, Compound A is present by weight from about 0.01% to about
0.06%.

{02477 In some embodiments, Compound A is present by weight from about 0.01% to about
0.05%.

[0248] Tn some embodinents, Compound A 1s present by weight from about 0.01% to about
0.04%.

{02491 Tn some embodinents, Compound A is present by weight from about 0.01% to about
0.03%.

{02501 Tn some embodinents, Compound A is present by weight from about 0.01% to about
0.02%.

[0251] In some embodiments, Compound A is present by weight in about 0.01%, about 0.02%
about 0.03%, about G.04%, about 0.05%, about ¢.06%, about 0.07%, about G.08%, about 8.09%,
about 0.1%, about 0.2%, about 0.3%, about 6.4%, or about 0.5%

{o

252}
{02537 In some embodiments, Compound A is present by weight in about 0.02%
254] Ir

{o

{02557 In some embodiments, Compound A 1s present by weight in about 0.04%

In some embodiments, Compound A 15 present by weight in about 0.01%.
n some embodmments, Compound A 1s present by weight in about 0.03%.

[0256] In some embodiments, Compound A is present by weight in about 0.05%.
[0257% In some embodiments, Compound A is present by weight in about .06%
[0258] In some embodiments, Compound A is present by weight in about 0.07%.
[02591 In some embodiments, Compound A is present by weight in about 0.08%
[0260] In some embodiments, Compound A 1s present by weight in about 0.09%.
[0261] In some embodiments, Compound A is present by weight in about 0.1%,.
[0262] In some embodiments, Compound A is present by weight in about 0.2%.

63] In some embodiments, Compound A 1s present by weight in about 0.3%.

0264] In some embodiments, Compound A is present by weight in about 0.4%.

0266] In some embodiments, Compound A is present by weight in about 1%

0267

j
63]
]

0265] In some embodiments, Compound A 1s present by weight in about 0.5%
6}
1 In some embodiments, Compound A is present by weight in about 1.5%
j

{02
{
[
{
]
]

0268] In some embodiments, Compound A 1s present by weight in about 2%
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{02691 In some embodiments,

f

{0271} In some embodiments,
f

{02731 In some embodiments,
02741 In some embodiments,
{02751 Tn some embodiments, C
102761 In some embodiments,
{02771 Tn some embodiments, €
102781 In some embodiments,
{02791 Tn some embodiments,
{02807 In some embodiments,
[0281] In some embodiments,
[0282] In some embodiments,
[0283] In some embodiments,
[0284] In some embodiments,
{0285} In some embodiments,
[0286] In some embodiments,
0.09%.

{02871 In some embodiments,

0.08%.

[0288] In some embodiments,

0.07%.

[0289] In some embodiments,

0.06%.

{02901 In some embodiments,

0.05%.

{0291} In some embodiments,

0.04%.

{02921 In some embodiments,

0.03%.

PCT/US2022/025339

Compound B is present by weight from about 9.01% to about 0.5%

02770} In some embodiments, Compound B is present by weight from about ¢.02% to about 0.5%.

Compound B is present by weight from about 0.03% to about 8.5%

0272} In some embediments, Compound B 1s present by weight from about ¢.04% to about 0.5%.

Compound B is present by weight from about 0.05% to about §.5%
Compound B is present by weight from about 0.06% to about 6.5%.
Compound B 1s present by weight from about 0.07% to about §.5%.
Compound B is present by weight from about $.08% to about 6.5%
Compound B 1s present by weight from about 0.09% to about 0,
Cormpound B is present by weight from about $.1% to about .5%
Compound B is present by weight from about 0.2% to about 0.5%.
Compound B is present by weight from about 0.3% to about 0.59
Compound B 15 present by weight from about 0.4% to about ¢.5%.
Compound B is present by weight from about ¢.01% to about 0.4%
Compound B 1s present by weight from about 0.01% to about $.3%.
Compound B is present by weight from about $.01% to about 0.2%
Compound B is present by weight from about 0.01% to about $.1%.

Compound B is present by weight from about $.01% to about

Compound B is present by weight from about 0.01% to about

Compound B is present by weight from about 0.01% to about

Compound B is present by weight from about 0.01% to about

Compound B 1s present by weight from about 0.01% to about

Compound B 15 present by weight from about 0.01% to about

Compound B 15 present by weight from about 0.01% to about
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{02937 In some embadiments,

0.02%.

029417 In some embodiments,

04%, about 0.05%, about 0.06%, about 0.07%, about 0.08%, about 0.09%

about 0.03%, about 0

PCT/US2022/025339

Compound B is present by weight from about 0.01% to about

Compound B is present by weight in about 0.01%, about 0.02%,

about 0.1%, about 0.2%, about 0.3%, about 8.4%, or about 0.5%.

02951 In some embodiments,
[02961 Tn some embodiments, C
102971 In some emboduments,
{02981 Tn some embodiments, C
102991 In some embodiments,
{0300] In some embodiments,
(03011 In some embodunents,
[0302] In some embodiments,
[0303] In some embodiments,
{0304}
{0305}
{0306}
{0307}
{0
{

030471 In some embodiments,

030357 In some embodiments,

0306
0307

In some embodiments,

In some embodiments,

308] In some embodiments,

03097 In some embodiments,
{0310} In some embodiments,
311] In some embodiments,
3127 In some embodiments,
0313} In some embodiments,

15] In some embodiments,
61 In some embodiments,
0317} In some embodiments,
0318} In some embodiments,
0319} In some embodiments,
1in
j

0320 some embodiments,

{0
{0
{
{0
{03
[031
{
[
{
]
]

0321] In some embodiments,

314] In some embodiments,

Compound B is present by weight in about 0.01%
Compound B 1s present by weight i about 0.02%
Compound B 1s present by weight in about 0.03%.
Compound B 1s present by weight in about 0.04%
Compound B 1s present by weight in about 0.05%.
Compound B 15 present by weight in about 0.06%
Cormopound B is present by weight in about 0.07%.
Compound B is present by weight in about 0.08%
Compound B 18 present by weight in about 0.09%.
Compound B 1s present by weight in about 0.1%
Compound B is present by weight i about 0.2%.
Compound B 1s present by weight in about 0.3%
Compound B is present by weight in about 0.4%.
Compound B 1s present by weight in about 0.5%.
Compound B is present by weight in about 1%.
Compound B is present by weight in about 1.5%.
Compound B is present by weight i about 2%.
Compound C is present by weight from about 0.01%6 to about 0.5%.

B A

Compound C is present by weight from about 0.02% to about G.5%.

Compound C is present by weight from about 0.03% to about 0.5%.
Compound C 1s present by weight from about 0.04% to about 0.5%.
Compound C is present by weight from about 8.05% to about 0.5%.
Compound C 15 present by weight from about 0.06% to about 0.5%.
Compound C 1s present by weight from about 8.07% to about 0.5%.
Compound C 15 present by weight from about 0.08% to about 8.5%
Compound C is present by weight from about 0.09% to about 6.5%.

Compound C s present by weight from about 0.1% to about 0.5%
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103227 In some embodiments,

5%
{03231 In some embodiments, Compound C is present by weight from about 0.3% to about 0.5%

{03247 In some embodiments,
[0325
[0326
[0327

]
]
6} In some embodiments,
1 In some embodiments,
{03281 Tn some embodiments, C
103297 In some embodiments,
0.09%.

0330} In some embodiments,

0.08%.

(03311 In some embodiments,

0.07%.

[0332] In some embodiments,

0.06%.

[0333] In some embodiments,

0.05%.

[0334] In some embodiments,

0.04%.

[0335] In some embodiments,

0.03%.

[0336] In some embodiments,

0.02%.

[0337] In some embodiments,

PCT/US2022/025339

Compound C is present by weight from about 8.2% to about O

I

Compound C is present by weight from about 0.4% to about §.5%

In some embodiments, Compound C is present by weight from about 8.01% to about 0.4%.

Compound C 1s present by weight from about 0.01% to about 0.3%.

Compound C is present by weight from about 8.01% to about 0.2%.

Compound C 15 present by weight from about 0.01% to about ¢.1%.

Compound C is present by weight from about $.01% to about

Coropound C is present by weight from about $.01% to about

Compound C is present by weight from about 0.01% to about

Compound C is present by weight from about 0.01% to about

Compound C is present by weight from about $.01% to about

Compound C is present by weight from about 0.01% to about

Compound C is present by weight from about 0.01% to about

Compound C is present by weight from about 0.01% to about

Compound C is present by weight in about 0.01%, about 0.02%,

about 0.03%, about 0.04%, about 0.05%, about 0.06%, about 0.07%, about 0.08%, about 0.09%,

about 0.1%, about 0.2%, about 0.3%, about 8.4%, or about 0.5%.

0338} In some embodiments,
339] In some embaodiments,
0340] In some embodiments,

[
to
[
{
]
]

0343] In some embodiments,

1

]

0341} In some embodiments,

0342] In some embodiments,
j

Compound C is present by weight in about 0.01%.
Compound C 15 present by weight in about 0.02%.
Compound C is present by weight in about 0.03%.
Compound C is present by weight in about 0.04%.

Compound C is present by weight in about 0.05%.

Compound C s present by weight 1n about 8.06%.
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0344] In some embodiments, Compound C 15 present by weight in about 80.07%.
0345] In some embodiments, Compound C is present by weight in about 0.08%.
0346
0347

1 In some embodiments, Compound C s present by weight in about 0.09%.
In some embodiments, Compound C 1s present by weight in about 0.1%,.

0348] In some embodiments, Compound C 15 present by weight in about 0.2%.

0351] In some embodiments, Compound C 1s present by weight in about 0.5%.
0352] In some embodiments, Compound C 1s present by weight in about 1%.
0353] In some embodiments, Compound C 1s present by weight in about 1.5%.

[
f
[
f
[
[0349] In some embodiments, Compound C is present by weight in about .3%.
[
{
[
f
{03541 Tn some embodiments, Compound C s present by weight tn about 2%.

f

]
i
347}
i
3491
0350] In some embodiments, Compound C 1s present by weight in about 0.4%.
]
352}
]
354}
]

03557 In some aspects, the present disclosure provides a pharmaceutical composition comprising:
a} about 98% (({{E)-1-({85,95,10R,138,148,17S)-10,1 3-dimethyl-3-oxo-
2,3,6,7.8910,11,12,13,14,15,16, 1 T-tetradecahydro- T H-cyclopentalaphenanthren-17-

yhethyhidenelaminojoxyymethyl dihvdrogen phosphate tris salt,

O
b-0OH

HO
Ho\fl/cm

NH,

“2({Compound 1A):

s =g o}

.o
7 o

o-—//

o

i

N

kY
AN
)1 .,
o

{

b} up to about 0.1% .J)'\/

acceptable salt thereof,

{(Compound A), or pharmaceutically
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¢} up to about 0.5% © {Compound B), or a pharmaceutically

acceptable salt thereof, and

d) up to about 0.1% o {Compound C}, or a pharmaceutically
acceptable salt thereof.

[0356] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 98% ((((E)-1-((85,98,10R,138,148,175)-10,13-dimethyl-3-oxo0-
2,3,6,78910,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phenanthren-17-

viyethylidenelaminoloxy)methy! dihydrogen phosphate tris salt,

o)
ob-OH
ot bH

1

N

-

N

L HO
‘i’%@ > . on

H HO OH |

o 4 H

OJ\’// ~ H,

2 {Compound 1A).

[0357] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 97% Compound 1A,

[0358] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 97.5% Compound 1A

[0359] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 98% Compound 1A,

{03601 In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 98.1% Compound 1A

[0361] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 98.2% Compound 1A
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[0362] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 98.3% Compound 1A

{03637 In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 98.4% Compound 1A

[0364] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 98.5% Compound 1A

{03651 Tn some aspects, the present disclosure provides a pharmaceutical composition comprising
about 98.6% Compound 1A,

{03661 Tn some aspects, the present disclosure provides a pharmaceutical composttion comprising
about 98.7% Compound 1A,

103671 Tn some aspects, the present disclosure provides a pharmaceutical composttion cormprisiog
about 98.8% Compound 1A

[0368] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 98 9% Compound TA.

[0369] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 99% Compound 1A,

{03701 In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 99.1% Compound 1A,

[0371] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 99.2% Compound 1A

[0372] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 99.3% Compound 1A

[0373] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 99.4% Compound 1A

[0374] in some aspects, the present disclosure provides a pharmaceutical composition comprising
about 99.5% Compound 1A

[0375] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 99.6% Compound 1A

[0376] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 99.7% Compound 1A,

{03771 In some aspects, the present disclosure provides a pharmaceutical composition comprising

about 99 8% Compound TA.
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[0378] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 99.9% Compound 1A

[0379] In some aspects, the present disclosure provides a pharmaceutical composition comprising

o

up to about 0.1% 0’/’&’/

salt thereof.

{(Compound A}, or pharmaceutically acceptable

03807 In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.1% Compound A, or pharmaceutically acceptable salt thereof.

[0381] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.09% Compound A, or pharmaceutically acceptable salt thereof.

[0382] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.08% Compound A, or pharmaceutically acceptable salt thereof.

[0383] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.07% Compound A, or pharmaceutically acceptable salt thereof

[0384] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.06% Compound A, or pharmaceutically acceptable salt thereof.

103857 In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.05% Compound A, or pharmaceutically acceptable salt thereof.

103861 In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.04% Compound A, or pharmaceutically acceptable salt thereof.

[0387] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.03% Compound A, or pharmaceutically acceptable salt thereof.

[0388] In some aspects, the present disclosure provides a pharmaceotical composition comprising
about 0.02% Compound A, or pharmaceutically acceptable salt thereof.

[0389] In some aspects, the present disclosure provides a pharmaceutical composition comprising

about 0.01% Compound A, or pharmaceotically acceptable salt thereof.
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[0390] In some aspects, the present disclosure provides a pharmaceutical composition comprising

OH
N
Ay
Mel H

+ 1A

S
(y/"f‘\/kv

up to about 0.5% {Compound B), or a pharmaceutically acceptable salt
thereof.

[0391] in some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.5% Compound B, or a pharmaceutically acceptable salt thereof

[0392] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.4% Compound B, or a pharmaceutically acceptable salt thereof.

{0393] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.3% Compound B, or a pharmaceutically acceptable salt thereof.

[0394] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.2% Compound B, or a pharmaceutically acceptable salt thereof.

(03957 In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.1% Compound B, or a pharmaceutically acceptable salt thereof.

[0396] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.09% Compound B, or a pharmaceutically acceptable salt thereof.

103971 In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.08% Compound B, or a pharmaceutically acceptable salt thereof.

[0398] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.07% Compound B, or a pharmaceutically acceptable salt thereof.

[0399] In some aspects, the present disclosure provides a pharmaceuatical composition comprising
abowt 0.06% Compound B, or a pharmaceutically acceptable salt thereof.

{04007 In some aspects, the present disclosure provides a pharmaceotical composition comprising
about 0.05% Compound B, or a pharmaceutically acceptable salt thereof.

[0401] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.04% Compound B, or a pharmaceutically acceptable salt thereof.

[0402] In some aspects, the present disclosure provides a pharmaceutical composition comprising

about 0.03% Compound B, or a pharmaceutically acceptable salt thereof.
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[0403] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.02% Compound B, or a pharmaceutically acceptable salt thereof.
04047 In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.01% Compound B, or a pharmaceutically acceptable salt thereof.

[0405] In some aspects, the present disclosure provides a pharmaceutical composition comprising

up to about 0.1% {Compound C), or a pharmaceutically acceptable salt
thereof.
04061 In some aspects, the present disclosure provides a pharmaceutical composition comprising
s p i P p F g
about 0.1% Compound C, or a pharmaceutically acceptable salt thereof.
040771 In some aspects, the present disclosure provides a pharmaceutical composition comprising
& p i P p F g
about 0.09% Compound C, or a pharmaceutically acceptable salt thereof.
0408] In some aspects, the present disclosure provides a pharmaceutical composition comprising
Jt p i P p P g
about 0.08% Compound C, or a pharmaceutically acceptable salt thereof.
0409] In some aspects, the present disclosure provides a pharmaceutical composition comprising
¥ p I P p ¥ g
about 0.07% Compound C, or a pharmaceutically acceptable salt thereof.
04107 In some aspects, the present disclosure provides a pharmaceutical composition comprising
¥ p I P p ¥ g
about 0.06% Compound C, or a pharmaceutically acceptable salt thereof.
04111 In some aspects, the present disclosure provides a pharmaceutical composition comprising
pat)
about 0.05% Compound C, or a pharmaceutically acceptable salt thereof.
(412] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.04% Compound C, or a pharmaceutically acceptable salt thereof.
104137 In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.03% Compound C, or a pharmaceutically acceptable salt thereof.
[0414] In some aspects, the present disclosure provides a pharmaceutical composition comprising
about 0.02% Compound C, or a pharmaceutically acceptable salt thereof.
104137 In some aspects, the present disclosure provides a pharmaceutical composition comprising
i P p p p p p g

about 0.01% Compound C, or a pharmaceutically acceptable salt thereof.
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Metheds of Preparing the Crystalline Forms

{04161 In some aspects, the present disclosure features a method of preparing a crystalline form of
Compound 1 or the pharmaceutically acceptable salt thereof described herein.

[0417] In some aspects, the present disclosure provides a method of preparing a crystalline form
of Compound 1 or the pharmaceutically acceptable salt thereof, comprising one or more steps as
described herein.

{04181 In some aspects, the present disclosure provides a compound obtainable by, or obtained by,
or directly obtained by a wethod for preparing a crystalline form of Compound 1 or the
pharmaceutically acceptable salt thereof as described heremn.

{0419} The crystalline form of Compound 1t or the pharmaceutically acceptable salt thereof can be
prepared by any suitable technique known in the art. Particular processes for the preparation of
these compounds are described further in the accorpanying examples.

[0420] An exemplary preparation of a compound of the application 15 described i Scheme |
heremn.

Scheme 1

Compound 1 E

e tyophilisation from water

SyIng iy raudgiple
soduRnt gysterns h

. .
| Farm } Farm i

‘ Forrm 1% |

{04217 Scheme 1 demonstrates a general synthetic route to the Form 1 or 11 of the bis-inis salt of
Compound 1 or Form HI or IV of the mono-tris salt of Compound 1.

{04227 Conveniently, the reaction of the compounds is carried out in the presence of a suitable
solvent, which is preferably inert under the respective reaction conditions. Examples of suitable
solvents comprise but are not himited to hydrocarbons, such as hexane, petroleum ether, benzene,
toluene or xylene; chlorinated hydrocarbons, such as ftrichlorethyiene, 1,2-dichloroethane,
tetrachloromethane, chloroform or dichloromethane; alcohols, such as methanol, ethanol,
isopropanol, n-propanol, n-butanol or tert-butansl; ethers, such as diethyl ether, diisopropyi ether,
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tetrahydrofuran {THF), Z-methyltetrahydrofuran, cyclopentylmethyl ether {CPME), methyl tert-
butyl ether (MTBE)} or dioxane; glycol ethers, such as ethylene glvcol monomethyl or monoethyl
ether or ethylene glycol dimethyl ether (diglyme); ketones, such as acetone, methylisobutylketone
(MIBK) or butanone; amides, such as acetamide, dimethylacetamide, dimethylformamide (DMF)
or N-methylpyrrolidinone (NMP); nitriles, such as acetonitrile; sulphoxides, such as dimethyl
sulphoxide (DMSO); nitro compounds, such as nitromethane or nitrobenzene; esters, such as ethyl
acetate or methyl acetate, or mixtures of the said solvents or mixtures with water.

04237 Reaction times are generally in the range between a fraction of a muinute and several days,
depending on the reactivity of the respective corapounds and the respective reaction conditions.
Suttable reaction tumes are readily determnable by methods known in the art, for example reaction
monitoring. Based on the reaction temperatures given above, suitable reaction times generally lie
i the range between about 5 minutes and about 48 hours.

[0424] In some aspects, the present disclosure features a method of preparing a high purity
Compound 1A described herein

[0425] In some aspects, the present disclosure provides a method of preparing a high purity
Compound 1A, comprising one or more steps as described herein,

(04267 In some aspects, the present disclosure provides a compound obtammable by, or obtained by,
or directly obtamed by a method for preparing a hugh purity Compound 1A as described herein,
{0427} The high purity Compound 1A can be prepared by any suitable technigue known i the art.
Particular processes for the preparation of these compounds are deseribed further in the
accompainying examples.

{04287 An exemplary preparation of a compound of the application is described in Scheme A
herein.

{04291 In some embodiments, Compound 1A is prepared from Intermediate 2, as descried herein.
{0430} In some embodiments, Compound 1A 1s purified by seed crystaliization in a solvent.

{04317 In some embodiments, Compound 1A 1s purified by seed crystallization with solvent
addition. In some embodiments, the solvent is methanol In some embodiments, the solvent 1s
water. In some embodiments, the solvent is a mixture of methanol and water.

04321 In some embodiments, Compound 1A 1s prepared on an about | to about 2 kilogram scale.
{04337 In some embodiments, Compound 1A is prepared on an about 2 kilogram scale. In some
emmbodiments, Compound 1A 1s prepared on an about 1.75 kilogram scale. In some embodiments,

Cormpound 1A s prepared on an about 1.5 kilogram scale. In some embodiments, Compound 1A
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is prepared on an about 1.25 kilogram scale. In some embodiments, Compound 1A is prepared on
an about 1 kilogram scale. In some embodiments, Compound 1A is prepared on an about 0.75
kilogram scale. In some embodiments, Compound 1A is prepared on an about .50 kilogram scale.
In some embodiments, Compound 1A is prepared on an about 0.25 kilogram scale. In some

embodiments, Compound 1 A is prepared on an about 0.1 kilogram scale.

Pharmaceuntical Compositions

[0434] In some aspects, the present disclosure features pharmaceutical compositions comprising a
crystalline form of Compound 1 or the pharmaceutically acceptable salt thereof described herein,
and one or more pharmaceutically acceptable carriers or excipients.

[0435] In sore aspects, the present disclosure features pharmaceutical compositions comprising a
crystalline form of Compound 1A or the pharmaceutically acceptable salt thereof described herein,
and one or more pharmaceutically acceptable carriers or excipients.

[0436] The pharmaceutical compositions containing active compounds of the present disclosure
may be manufactured in a manner that 1s generally known, e.2., by means of conventional mixing,
dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping, or
ivophilizing processes. Pharmaceutical compositions may be formulated in a conventional manner
using one or more pharmaceutically acceptable carriers comprising excipients and/or auxiliaries
that facilitate processing of the active compounds into preparations that can be wused
pharmaceutically. Of course, the appropriate formulation is dependent upon the route of
administration chosen.

{04371 Pharmaceutical compositions suitable for mjectable use include sterile aqueous solutions
{(where water soluble} or dispersions and sterile powders for the extemporaneous preparation of
sterife mjectable sohutions or dispersion. For intravenous admunistration, suitable carriers include
physiclogical saline, half-normal saline, bacteriostatic water, Cremophor EL™ {(BASF, Parsippany,
NI}, dextrose 5% in water (I35 or DBSW) or phosphate buffered saline (PBS). In all cases, the
composition must be sterile and should be fluid to the extent that easy syringeability exasts. It must
be stable under the conditions of manufacture and storage and rmust be preserved against the
contaminating action of microorgamsms such as bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol {for example, glvcerol,
propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures thereof. The

proper flhurdity can be mamtained, for example, by the use of a coating such as lecithin, by the
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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 wvarious antibacterial and
antifungal agents, for example, parabens, chlorcbutanol, phenol, ascorbic acid, thimerosal, and the
like. In many cases, it will be preferable to include isotonic agents, for example, sugars,
polyalcohols such as mannitol and sorbitol, and sodium chlonide in the composition. Prolonged
absorption of the injectable compositions can be brought about by including in the composition an
agent which delays absorption, for example, alunminum roonostearate and gelatin,

104387 Sterile inyectable solutions can be prepared by mcorporating the active compound in the
required armount 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 active compound nto a sterile vehicle that contaims a basic dispersion medium
and the required other ingredients from those enumerated above. In the case of sterile powders for
the preparation of sterile imjectable solutions, methods of preparation are vacuum drying and
freeze-drying that yields a powder of the active ingredient plus any additional desired ingredient
from a previously sterile-filtered solution thereof.

[0439] Oral composttions generally mclude an inert diduent or an edible pharmaceutically
acceptable carrier. They can be enclosed m gelatin capsules or compressed mto tablets. For the
purpose of oral therapeutic admumstration, the active compound can be incorporated with
excipients and used in the form of tablets, troches, or capsules. Oral compostiions can also be
prepared using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carner 1s
applied orally and swished and expectorated or swaliowed. Pharmaceutically compatible binding
agents, and/or adjuvant materials can be included as past of the composition. The tablets, pills,
capsules, troches and the like can contain any of the following mgredients, or compounds of a
simtifar nature: a binder such as microcrystalling cellulose, gum tragacanth or gelatin; an excipient
such as starch or lactose, a disintegrating agent such as alginic acid, Primogel, or corn starch; a
fubricant such as magnestum stearate or Sterotes; a ghidant such as colloidal silicon dioxide; a
sweetening agent such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl
salicylate, or orange flavoring.

{04401 For administration by inhalation, the compounds are delivered in the form of an aerosol
spray from pressured container or dispenser, which contains a suitable propellant, e.g., a gas such

as carbon dioxide, or a nebulizer.
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{04417 Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated
are used in the formulation. Such penetrants are generally known in the art, and include, for
example, for transmucosal adminisiration, detergents, bile salts, and fusidic acid derivatives.
Transmucosal administration can be accomplished through the use of nasal sprays or suppositories.
For transdermal administration, the active compounds are formulated 1nto ointments, salves, gels,
or creams as generally known 1o the art.

[0442] The active compounds can be prepared with pharmaceutically acceptable carriers that will
protect the compound agamnst rapid elimnation from the body, such as a controlled release
formulation, wncluding woplants and  mieroencapsulated  delivery  systems.  Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic
acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation of such formulations
will be apparent to those skilled in the art.

[0443] It may be especially advantageous to formulate oral or parenteral compositions in dosage
unit form for ease of admimstration and umformity of dosage. Dosage unit form as used herein
refers to physically discrete units susted as unitary dosages for the subject to be treated; each unit
containing a predetermuined (uantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification for the
dosage unit forms of the disclosure are dictated by and directly dependent on the unigue
characteristics of the active compound and the particular therapeutic effect to be achieved.

04441 In therapeutic applications, the dosages of the pharmaceutical compositions used in
accordance with the disclosure vary depending on the agent, the age, weight, and clinical
condition of the recipient patient, and the experience and judgment of the clinician or practitioner
admuinistering the therapy, among other factors affecting the selected dosage. Generally, the dose

should be sufficient to result in slowing

g=2]

and preferably regressing, the symptoms of the disease
and also preferably causing complete regression of the disease.
04457 It 1s understood that the pharmaceutical compositions can be included in a container, pack,

or dispenser together with instructions for administration.

Methods of Use
[0446] In some aspects, the present disclosure provides a method of preventing or treating a

disease in a subject, comprising administering to the subject a pharmaceutically effective amount
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of a crystalline form of Compound 1 or the pharmaceutically acceptable salt thereof described
herein.

104477 In some aspects, the present disclosure provides a method of treating a disease in a subject,
comprising administering to the subject a pharmaceutically effective amount of a crystalline form
of Compound 1 or the pharmaceutically acceptable salt thereof described herein.

{04481 In some aspects, the present disclosure provides a method of preventing or treating a
disease in a subject, comprising administering to the subject a crystalline form of Compound | or
the pharmaceutically acceptable salt thereof described herein

[0449] In some aspects, the present disclosure provides a method of treating a disease 1o a subject,
comprising adratnistering to the subject a crystalline form of Compound 1 or the pharmaceutically
acceptable salt thereof described heremn.

{04507 In some aspects, the present disclosure provides a crystalline form of Compound 1 or the
pharmaceutically acceptable salt thereof described herein for use in preventing or freating a
disease in 3 subject.

[0451] In some aspects, the present disclosure provides a crystalline form of Compound 1 or the
pharmaceutically acceptable salt thereof described herein for use i treating a disease in a subject.
{04527 In some aspects, the present disclosure provides use of a crystalline form of Compound 1
or the pharmaceutically acceptable salt thereof described herein in the manufacture of a
medicament for preventing or treating a disease in a subject.

{04537 In some aspects, the present disclosure provides use of a crystalline form of Compound 1
or the pharmaceutically accepiable salt thereof described herein in the manufacture of a
medicament for treating a disease in a subject.

{04547 In some aspects, the present disclosure provides use of a crystalline form of Compound 1
or the pharmaceutically acceptable salt thereof described herein for preventing or treating a
disease in a subject.

04557 In some aspects, the present disclosure provides use of a crystalline form of Compound 1
or the pharmaceutically acceptable salt thereof described herein for treating a disease in a subject.
{04561 In some aspects, the present disclosure provides a method of preventing or treating a
disease in a subject, comprising administering to the subject a pharmaceutically effective amount

of Form | crystalline salt.
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104577 In some aspects, the present disclosure provides a method of treating a disease in a subject,
comprising administering to the subject a pharmaceutically effective amount of Form 1 crystalline
salt.

{04581 In some aspects, the present disclosure provides a method of preventing or treating a
disease in a subject, comprising administering to the subject the Form I crystalline salt

(04591 In some aspects, the present disclosure provides a method of treating a disease in a subject,
comprising administering to the subject the Forro [ erystaliine salt.

104607 In some aspects, the present disclosure provides Form 1 crystalline salt for use m
preventing or treating a disease in a subject.

104617 In some aspects, the present disclosure provides Form 1 crystalline salt for use in treating a
disease in a subject.

{04627 In some aspects, the present disclosure provides use of Form 1 crystalline salt i the
manufacture of a medicarnent for preventing or treating a disease in a subject.

[0463] In some aspects, the present disclosure provides use of Form 1 crystalline salt n the
manufacture of a2 medicament for treating a disease in a subject.

(04641 In some aspects, the present disclosure provides use of Form I crystalline salt for
preventing of treating a disease in a subject.

[0465] In some aspects, the present disclosure provides use of Form I erysialling salt for treating a
disease in a subject.

{04661 In some aspects, the present disclosure provides a method of preventing or treating a
disease in a subject, comprising administering to the subject the Form U crystalline salt.

{04677 In some aspects, the present disclosure provides a method of treating a disease in a subject,
comprising administering to the subject the Form H crystaliine salt.

{04681 In some aspects, the present disclosure provides a method of preventing or treating a
disease in a subject, comprising administering to the subject a pharmaceutically effective amount
of Form If crystalline salt.

(04691 In some aspects, the present disclosure provides a method of treating a disease in a subject,
comprising administering to the subject a pharmaceutically effective amount of Form I crystalline
salt.

[0470] In some aspects, the present disclosure provides Form I crystalline salt for use m

preventing or treating a disease in a subject.
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{04717 In some aspects, the present disclosure provides Form I crystalline salt for use in treating a
disease in a subject.

1047271 In some aspects, the present disclosure provides use of Form U crystalline salt in the
manufacture of a medicament for preventing or treating a disease in a subject.

{04731 In some aspects, the present disclosure provides use of Form U crystalline salt i the
manufacture of a medicament for treating a disease in a subject.

{04741 In some aspects, the present disclosure provides use of Form I crystalline salt for
preventing or treating a disease 1n a subject.

{04751 Tn some aspects, the present disclosure provides use of Form I crystaliine salt for treating
a disease in a subject,

[0476] In some aspects, the present disclosure provides a method of preventing or treating a
disease in a subject, comprising administering to the subject a pharmaceutically effective amount
of Form TH crystalime salt.

[0477] In some aspects, the present disclosure provides a method of treating a disease i a subject,
comprising administering 1o the subject a pharmaceutically effective amount of Form IH
crystalline salt.

{04787 In some aspects, the present disclosure provides a method of preventing or treating a
disease in 3 subject, comprising administering to the subject the Form 11 crystalline salt.

{04791 In some aspects, the present disclosure provides a method of treating a disease in a subject,
comprising administering to the subject the Form [H crystalline salt.

{04801 In some aspects, the present disclosure provides Form HI crystalline salt for use in
preventing or ireating a disease in a subject.

{04811 In some aspects, the present disclosure provides Form I crystalline salt for use in treating
a disease in a subject.

{04827 In some aspects, the present disclosure provides use of Form I crystalline salt in the
manufacture of a medicament for preventing or treating a disease in a subject.

{04831 In some aspects, the present disclosure provides use of Form I crystalline salt in the
manufacture of a medicament for treating a disease in a subject.

{04841 In some aspects, the present disclosure provides use of Form Ml crystalline salt for
preventing or treating a disease in a subject.

[0485] In some aspects, the present disclosure provides use of Form I crystalline salt for treating

a disease in a subject.
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{04861 In some aspects, the present disclosure provides a method of preventing or treating a
disease in a subject, comprising administering to the subject a pharmaceutically effective amount
of Form IV crystalline salt.

{04871 In some aspects, the present disclosure provides a method of treating a disease in a subject,
comprising administering to the subject a pharmaceutically effective amcunt of Form IV
crystalline salt.

{04881 In some aspects, the present disclosure provides a method of preventing or treating a
disease in a subject, comprising admuustering to the subject the Form TV crystalline salt.

[0489] In some aspects, the present disclosure provides a method of treating a disease 1n g subject,
cormprising adrotnistering to the subject the Form IV crystalline salt

{04901 In some aspects, the present disclosure provides Form IV crystalline salt for use
preventing or treating a disease in a subject.

[0491] In some aspects, the present disclosure provides Form IV crystalline salt for use in treating
a disease i a subject.

[0492] In some aspects, the present disclosure provides use of Form IV crystaliine salt i the
manufacture of a medicament for preventing or treating a disease in a subject.

{04937 In some aspects, the present disclosure provides use of Form IV crystalline salt n the
manufacture of a medicament for treating a disease in a subject.

{04941 In some aspects, the present disclosure provides use of Form IV crystalline salt for
preventing or ireating a disease in a subject.

{04951 In some aspects, the present disclosure provides use of Form 1V crystalline salt for treating
a disease in a subject.

{04961 In some aspects, the present disclosure provides a method of preventing or treating a
disease in a subject, comprising administering 1o the subject a pharmaceutically effective amount
of Form V crystalline salt.

04971 In some aspects, the present disclosure provides a method of treating a disease in a subject,
comprising administering to the subject a pharmaceutically effective amount of Form V crystalline
salt.

{04981 In some aspects, the present disclosure provides a method of preventing or treating a
disease in a subject, comprising administering to the subject the Form V crysialline salt.

{04997 In some aspects, the present disclosure provides a method of treating a disease in a subject,

comprising admirnisiering to the subject the Form V crystalline salt.
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[0500] In some aspects, the present disclosure provides Form V crystalline salt for use in
preventing or treating a disease in a subject.

{05017 In some aspects, the present disclosure provides Form V crystalline salt for use in treating
a disease in a subject.

{05027 In some aspects, the present disclosure provides use of Form V crystalline salt i the
manufacture of a medicament for preventing or treating a disease in a subject.

{05031 In some aspects, the present disclosure provides use of Form V crystalline salt in the
manufacture of a medicament for treating a disease in a subject.

{05041 In some aspects, the present disclosure provides use of Form V crystallime salt for
preventing or treating a disease in a subject.

{05051 Tu some aspects, the present disclosure provides use of Forro V erystaliine salt for treating
a disease i a subject.

[0506] In some aspects, the present disclosure provides a method of preventing or treating a
disease in a subject, comprising administering to the subject a pharmaceutically effective amount
of a composition of Compound TA.

[0507] In some aspects, the present disclosure provides a method of treating a disease in a subject,
comprising administering o the subject a pharmaceutically effective amount of a composition of
Compoond 1A

[0508] In some aspects, the present disclosure provides a method of preventing or irealing a
disease in a subject, comprising administering to the subject a composition of Compound 1A,
[05091 In some aspects, the present disclosure provides a method of treating a disease in a subject,
comprising administering to the subject a composition of Compound 1A,

[0510] In some aspecis, the present disclosure provides a composition of Compound TA for use in
preventing or treating a disease in a subject.

{05117 In some aspects, the present disclosure provides a composition of Compound 1A for use
treating a disease in a subject.

[0512] In some aspects, the present disclosure provides use of a composition of Compound 1A in
the manufacture of a medicament for preventing or treating a disease in a subject.

[0513] In some aspects, the present disclosure provides use of a composition of Compound 1A in
the manufacture of a medicament for treating a disease in a subject.

[0514] In some aspects, the present disclosure provides use of a composition of Compound 1A for

preventing or treating a disease in a subject.
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{05157 In some aspects, the present disclosure provides use of a composition of Compound 1A for

treating a disease in a subject.

{0516} In some embodiments, the disease or disorder 1s a neurcdegenerative disease or disorder.
0517] In some embodiments, the disease or disorder is a stroke or a traumatic brain injury.

[0517]

{0518} In some embodiments, the disease or disorder 1s a stroke.

{05191 In some embodiments, the disease or disorder is a traumatic brain yjury.
(0320}

0520] In some embodiments, the disease or disorder is a symptom of a stroke or a traumatic brain
Hyury.

{05211 Tn some embodiments, the disease or disorder 15 a symptom of stroke.

105221 In some embodiments, the disease or disorder is a syrmptom of a trawmsatic brain imjury,
{05231 Tn some embodiments, the disease or disorder 15 progression of a stroke or a traumatic
brain injury.

[0524] In some embodiments, the disease or disorder 15 progression of stroke.

[0525] In some embodiments, the disease or disorder 1s progression of a traumatic brain mjury.
[0526] In some embodiments, the disease or disorder 15 an edema of a stroke or a traumatic bran
Yy,

(05277 In some embodiments, the disease or disorder 15 an edema of stroke.

[0528] In some embodiments, the disease or disorder is an edema of 3 traumatic brain injury.
{05291 In some embodiments, the disease or disorder is frontal lobe dementia.

{05301 In some embodiments, the disease or disorder is a neurodegenerative disease.

[0531} In some embodiments, the neurodegenerative disease 1s multiple scleresis, Parkinson's
disease, Alzheimer's disease, Huntington's Disease, Lewy body disease, amyotrophic lateral
sclerosis, or synucleinopathy.

{05327 In some aspects, the present disclosure features a method of managing inflammation in a
subject, {e.g, in vitro or in vivo}, comprising contacting a cefl with an effective amount of a
crystalline form of Compound 1 or a pharmaceutically acceptable salt thereof.

{05331 In some aspects, the present disclosure features a method of managing inflammation in a
subject, comprising administering to the subject a pharmaceutically effective amount of a
crystalline form of Compound 1 or a pharmaceutically acceptable salt thereof described herein.
{05341 In some aspects, the present disclosure features a crystalline form of Compound 1 or the

pharmaceutically acceptable salt thereof described herein for use in managing mflammation in a
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subject, {e.g., in vitro or in vive}, comprising contacting a cell with an effective amount of a
crystalline form of Compound | or a pharmaceutically acceptable salt thereof

{05357 In some aspects, the present disclosure features a method of managing inflanunation in a
subject, {e.g, iIn Vvitro or in vivo), comprising contacting a cell with a ecrystaliine form of
Compound 1 or a pharmaceutically acceptable salt thereof.

05361 In some aspects, the present disclosure features a method of managing inflammation in a
subject, comprising admimstering to the subject a crystalline formn of Compound 1 or a
pharmaceutically acceptable salt thereof described herein.

{05371 Tn some aspects, the present disclosure features a crystalline form of Compound 1 or the
pharmaceutically acceptable salt thereof described heren for use in managing wflammation in a
subject, {e.g,, m vilro or i vivo), coroprising contacting a cell with a crystalline form of
Compound 1 or a pharmaceutically acceptable salt thereof.

[0538] In some aspects, the present disclosure features a crystailine form of Compound 1 or a
pharmaceutically acceptable salt thereof described herem for use in managing mflammation in a
subject.

[0539] In some aspects, the present disclosure features use of a crystalline form of Compound 1 or
a pharmaceutically acceptable salt thereof described herein in the manufacture of a medicament
for managing mflammation {e.g,, 1 Viiro or m vivo).

{05401 In some aspects, the present disclosure features use of a crystalline form of Compound 1 or
a pharmaceutically acceptable salt thereof described herein in the manufacture of a medicament
for managing inflammation in a subject.

{05417 In some aspects, the present disclosure features use of a crystalline form of Compound 1 or
a pharmaceutically acceptable salt thereof described herein for managing inflammation {e.g, in
VitTo Of 1 VIVo).

{05421 In some aspects, the present disclosure features use of a crystalline form of Compound 1 or
a pharmaceutically acceptable salt thereof described herein for managing mflammation n a
subject.

{05437 In some aspects, the present disclosure features a method of masaging nflammation in a
subject, {e.g., in vitro or i vivo}, comprising contacting a cell with an effective amount of Form |

crystalline form described herein.
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{05447 In some aspects, the present disclosure features a method of managing inflammation in a
subject, comprising administering to the subject a pharmaceutically effective amount of Form |
crystalline form described herein.

054531 In some aspects, the present disclosure features Form I crystalline form described herein
for use i managing inflammation in a subject, {e.g, 11 viiro or n vivo), comprising contacting a
cell with an effective amount of Form { crystalline form.

{05461 Tn some aspects, the present disclosure features a method of mavaging mflanvoation in a
subject, {e.g., I vilro or i vivo), comprising contacting a cell with the Form 1 crystaliine form
described herein.

{05477 In some aspects, the present disclosure features a method of managing inflaromation n a
subject, comprising administering to the subject the Form 1 crystalline form described herein,
[0548] In some aspects, the present disclosure features Form T orystalline form described herein
for use i managing inflanumation 1o a subject, {e.g., 1 vitro or i vive), comprising contacting a
cell with the Form I crystalline form.

[0549] In some aspects, the present disclosure features Form [ crystalline formn described herem
for use it managing mflammation in a subject.

{05501 In some aspects, the present disclosure features use of Form 1 ¢rystaline form described
herein in the manufacture of a medicament for managing mflammation (e.g., i vitro or in vivo).
{05511 In some aspects, the present disclosure features use of Form 1 crvstalline form described
herein in the manufacture of a medicament for managing inflammation in a subject.

05521 In some aspects, the present disclosure features use of Form 1 crystaliine form described
herein for managing inflammation {e.g., i vitro of in vivo}

{05537 In some aspects, the present disclosure features use of Form 1 crystaliine form described
herein for managing inflammation in a subject.

{05541 In some aspects, the present disclosure features a method of managing inflammation in a
subject, {e.g., in Vitro of in vivo), comprising contacting a cell with an effective amount of Form U
crystalline form described herein.

{05551 In some aspects, the present disclosure features a method of masaging inflammation in a
subject, comprising administering to the subject a pharmaceutically effective amount of Form i

crystalline form described herein.
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{05561 In some aspects, the present disclosure features Form ¥ crystaliine form described hereimn
for use 11 managing inflammation 1n a subject, {e.g., 11 vitro or in vivo), comprising contacting a
cell with an effective amount of Form H erystalline form.

{05571 In some aspects, the present disclosure features a method of managing mflammation in a
subject, {e.g., 10 vitro or i vivo), comprising contacting a cell with the Form H crystalline form
described herein.

{05581 In some aspects, the present disclosure features a method of mavaging mflanvoation in a
subject, comprising admimstering to the subject the Form 11 crystalline form described herein,
{05591 Tn some aspects, the present disclosure features Forra I crystalline form described heren
for use in managing inflammation in a subject, {e.g, 1n Vitro or in Vivo), comprising contacting a
cell with the Form I crystaliine form.

05607 In some aspects, the present disclosure features Form I crystalline form described herein
for use in managing inflaromation in a subject.

[0561] In some aspects, the present disclosure features use of Form U orystalline form described
herein in the manufactare of a medicament for managing nflammation {e.2., 10 vitro or 1 vive).
[0562] In some aspects, the present disclosure features use of Form I orystalline form described
herein in the manufactore of a medicament for managing inflarmmmation in a subject.

[0563] In some aspects, the present disclosure features use of Form 1 corystalline form described
herein for managing inflammation {e.g., n vitro or in vivo).

{05647 In some aspects, the present disclosure features use of Form I crystalline form described
herein for managing inflammation in a subject.

{05657 In some aspects, the present disclosure features a method of managing inflammation in a
subject, {e.g., 1 vitro or in vivo), comprising contacting a cell with an effective amount of Form
I crystalline form described herein.

[0566] In some aspects, the present disclosure features a method of managing inflammation in a
subject, comprising administering to the subject a pharmaceutically effective amount of Form 11
crystalline form described herein.

{05671 In some aspects, the present disclosure features Form I crystailine form described herein
for use 1n managing inflammation in a subject, {e.g., 1n Vitro or in Vivo), comprising contacting a

cell with an effective amount of Form U crystaliine form.
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{05681 In some aspects, the present disclosure features a method of managing inflammation in a
subject, {e.g., in vitro or in vivo), comprising comtacting a cell with the Form [ crystalline form
described herein.

{05691 In some aspects, the present disclosure features a method of managing mflammation in a
subject, comprising administering to the subject the Form I crystalline form described herein.
{05701 In some aspects, the present disclosure features Form [ crystailine form described herein
for use i managing inflanmiation 1o a subiect, {e.g, 1 vitro or it Vivo), comprising contacting a
cell with the of Forro HI crystallne form.

{05711 Tn some aspects, the present disclosure features Form I crystalline form described heren
for use in managing inflamyvation i a subject.

{05721 Tn some aspects, the present disclosure features use of Form W crystailine form described
herein in the manufacture of a medicament for managing mflanmumation {e.g., i vitro ot 1 vivo).
[0573] In some aspects, the present disclosure features use of Form HI crystalline form described
herein in the mamuifacture of 2 medicament for managmg mflammation m a sebject.

[0574] In some aspects, the present disclosure features use of Form HI crystalline form described
herein for managing inflammation {e.g., I vifro or in vivo}.

{05751 In some aspects, the present disclosure features use of Form I crystailine form described
herein for managing inflammation m a subject.

{05761 In some aspects, the present disclosure features a method of managing inflammation in a
subject, {e.g., 1 vifro of i vivo), comprising contacting a cell with an effective amount of Form
IV erystalline form described heren.

{05771 In some aspects, the present disclosure features a method of managing inflammation in a
subject, comprising administering to the subject a pharmaceutically effective amount of Form IV
crysialiime form described herein.

{0578} In some aspects, the present disclosure features Form IV erystalline form described herein
for use i managing inflammation in a subject, {e.g, 11 viiro or n vivo), comprising contacting a
cell with an effective amount of Form IV crystalline form.

{05791 In some aspects, the present disclosure features a method of masaging inflanumation in a
subject, {e.g., in vitro or in vivo}, comprising contacting a cell with the Form IV crystalline form
described herein.

{05807 In some aspects, the present disclosure features a method of managing inflaramation in a

subject, comprising administering to the subject the Form IV crystalline form described herein.
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[0581] In some aspects, the present disclosure features Form IV crystalline form described herein
for use 11 managing inflammation n a subject, {e.g., 11 vitro or in vivo), comprising contacting a
cell with the Form IV crystalline form.

{05821 In some aspects, the present disclosure features Form IV crystalline form described herein
for use in managing inflammation in a subject.

{05831 In some aspects, the present disclosure features use of Form IV crystalline form described
herein in the manufacture of a medicament for managing mflaramation {e. g, i vitro or it vivo),
105847 In some aspects, the present disclosure features use of Form IV crystalline form described
herein in the manufacture of a medicament for managing mflaromation in 4 subject.

[0585] In some aspects, the present disclosure features use of Form TV crystalline form described
herein for managing nflammation {e.g,, in vitro or in vivo).

[0586] In some aspects, the present disclosure features use of Form TV crystalline form described
herein for managing inflammation in a subject.

[0587] In some aspects, the present disclosure features a method of managing mflarmmmation n a
sabject, {e.g., 1 vitro or in vive}, comprising contacting a cell with an effective amount of Form V
crystallime form described herein.

{0588} In some aspects, the present disclosure features a method of managing imflammation 1o a
subject, comprising admimstering 1o the subject a pharmaceuntically effective amount of Form V
crystalline form described herein.

[0589] In some aspects, the present disclosure features Form V crystalline form described herein
for use 1y managing inflammation 1o a sebject, {e.g, 1 vitro or in vive), comprising contacting a
cell with an effective amount of Form V crystalline form.

{05901 In some aspects, the present disclosure features a method of managing inflammation in a
subject, {e.g., 0 vitro or 0 vive), comprising contacting a cell with the Form V crystallime form
described herein.

{05917 In some aspects, the present disclosure features a method of masaging inflammation in a
subject, comprising administering to the subject the Form V crystalline form described herein
{05921 In some aspects, the present disclosure features Form V crystalline form described herein
for use 1n managing inflammation in a subject, {e.g., 1n Vitro or in Vivo), comprising contacting a
cell with the Form V crystalline form.

[0593] In some aspects, the present disclosure features Form V crystalline form described herein

for use in managing mflammation in a subject.
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{05947 In some aspects, the present disclosure features use of Form V crystalline form described
herein in the manufacture of a medicament for managing inflammation {e.g., in vitre or in vive).
{05957 In some aspects, the present disclosure features use of Form V crystalline form described
herein in the manufacture of a medicament for managing inflammation in a subject.

{05961 In some aspects, the present disclosure features use of Form V crystalline form described
herein for managing inflammation {e.g., in VIfro of in Vivo).

{05971 Tn some aspects, the present disclosure features use of Forra V crystalline form described
herein for managing inflammation in a subject.

{05981 In some aspects, the present disclosure features a method of mavaging mflanumation 1o a
subject, {e.g, W vitro or m vivo), comprising contacting a cell with an effective amount of a
compostiion of Cormpound 1A,

[0599] In some aspects, the present disclosure features a method of managing mnflaromation n a
subject, comprising administermg to the subject a pharmaceutically effective amount of a
composition of Compound 1A,

[0600] In some aspects, the present disclosure features a composition of Compound TA described
herein for use in managing inflammation m a subject, {e.g, in Viiro or in vive), cCOmMprismg
contacting a cell with an effective amount of a composition of Compound 1A

{06017 In some aspects, the present disclosure features a method of managing inflarnmation in a
subject, {e.g., in vitro of 1n vive), comprising contacting a cell with the composition of Compound
1A

{0602} In some aspects, the present disclosure features a method of managing inflammation in a
subject, comprising administering to the subject the composition of Compound 1A,

{0603} In some aspects, the present disclosure features a composition of Compound 1A described
herein for use in managing inflammation in a subject, {e.g., in Viiro or in vive), comprising
contacting a cell with the composition of Compound 1A

{06041 In some aspects, the present disclosure features a composition of Compound 1A described
herein for use in managing inflammation in a subject.

{06057 In some aspects, the present disclosure features use of a composition of Compound 1A
described herein in the manufacture of a medicament for managing inflammation {¢.g., in vitro or
m vivo).

[0606] In some aspects, the present disclosure features use of a composition of Compound 1A

described herein in the manufacture of a medicament for managing inflammation in a subject.
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[0607] In some aspects, the present disclosure features use of a composition of Compound 1A
described herein for managing inflammation {e.g., in vitro or i vivo).

[0608] In some aspects, the present disclosure features use of a composition of Compound 1A
described herein for managing inflammation in a subject.

{06091 In some embodiments, the inflammation s inflammation resulting from traumatic brain
mjury or stroke. In some embodiments, the inflammation is inflammation resulting from traumatic
brain injury.

106107 In some embodiments, the 1oflarmation 1s wflammation resulting from stroke.

{06111 In some embodiments, the subject is an anial In some embodunents, the subject 15 a
mammal. In some embodiments, the subject it a human. In sorse embodiments, the subject 15 a
cell. Tn some embodiments, the subject 15 a cell population.

(06121 The disclosure having been described, the following examples are offered by way of

llustration and not lmitation.

EXAMPLES
Example §. Salt Screen of Compound §
Methods of Analysis
[0013] X~vay Powder Diffraction (XRFPD). XRPD analysis was carried out on a PANalytical
X'pert pro with PIXcel detector (128 channels), scanning the samples between 3 and 35° 28. The
material was gently ground to release any agglomerates and loaded onto a multi-well plate with
Kapton or Mylar polvmer film to support the sample. The multi-well plate was then placed into
the diffractometer and analyzed using Cu K radiation (ol A = 1.54060 A; 02 = 1.54443 A; B =
1.39225 A; ol : o2 ratio = 0.5) running in transmission mode (step size 0.0130° 28, step time
18.87s) using 40 kV / 40 mA generator settings. Data were visualized and images generated using
the HighScore Plus 4.7 desktop application {PANalytical, 2017).
106141 Polarised Light Microscopy (PLM). The presence of crystallinity (buwefringence) was
determined using an Olympus BX53 microscope, equipped with cross-polarising lenses and a
Motic camera. Images were captured using Motic Images Plus 3.0 All images were recorded
using the 20x objective, unless otherwise stated.
[0615] Thermogravimetric/Differential Thermal Analysis (TG/DSC). Approximately, 5-10 mg of
material was added into a pre-tared open aluminum pan and icaded mto a TA Instrumenis

Discovery SDT 650 Auto - Simultaneous DSC and held at room temperature. The sample was
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then heated at a rate of 10 °C/min from 30°C to 300°C during which time the change in sample
weight was recorded along with the heat flow response (B8C). Nitrogen was used as the sample
purge gas, at a flow rate of 200 cm’/min.
(06161 Differential Scanning Calorimetry (DSC). Approximately, 1-5 mg of material was weighed
mto an aluminum DSC pan and sealed nonhermetically with an aluninum lid. The sample pan
was then loaded into a TA Instruments Discovery DSC 2500 differential scanning calorimeter
equipped with a RC90 cooler. The sample and reference were heated to 200°C or 225°C at a scan
rate of 10°C/nun and the resulting heat flow respounse mowntored. The sample was re-cooled to
20°C and then reheated again to 205°C all at 10 “C/mun. Nifrogen was used as the purge gas, at a
flow rate of 50 cot/roin,
{06171 Infraved Specivoscopy (IR). Tofrared spectroscopy was carried ot on a Bruker ALPHA P
spectrometer. Sufficient material was placed onto the centre of the plate of the spectrometer and
the spectra were obtained using the following parameters:

Resolution: 4 em-1

Background Scan Tume: 16 scans

Sample Scan Tune: 16 scans

Data Collection:; 4000 to 400 em-1

Result Spectrum: Transmittance

Software: OPUS version 6
{0018} Nuclear Magnetic Resonance (NMR) NMR experiments were performed on a Bruker
AVHIHD spectrometer equipped with a DCH crvoprobe operating at 500.12 MHz for protons.
Experiments were performed in D20 and each
sample was prepared to ca. 10 mM concentration.
{00191 Dynamic Vapour Sorption (DVS). Approximately 10-20 mg of sample was placed nto a
mesh vapour sorption balance pan and loaded into a DVS Advantage dynamic vapour sorption
balance by Surface Measurement Systems. The sample was subjected fo a ramping profile from 40
— 90% relative hunudity (RH) at 10% increments, maintaining the sample at each step until a
stable weight had been achieved {(dm/dt 0.004%, nunimum step length 30 minutes, maximum step
length 500 minutes) at 25°C. After completion of the sorption cycle, the sample was dried using
the same procedure to 0% RH and then a second sorption cycle back to 40% RH. Two cycles were

performed. The weight change during the sorption/desorption cycles were plotted, allowing for the
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hyoroscopic nature of the sample o be determined. XRPD analysis was then carried out on any
solid retained.
[0620] High Performance Liquid Chromatography-Ultraviolet Detection (HPLC-UV)
Instrument: Dionex Ultimate 3000
Column: Water Acquity HSS T3 1.8 um 150 mm x 2.1 mm
Celumn Temperature: 40°C
Autosampler Temperatore: Ambient
UV wavelength: 243 nm
Inyection Volume: 2 ul.
Flow Rate: 0.5 mL/min
Mobile Phase A: 0.1 % formic acid in water
Mobile Phase B: (.1 % fornuc acid n acetomitnile
Diluent: Water:acetonitrile 80:20 viv
Working concentration: 0.5 mg/mL

Gradient program:

Time {minutes) Selvent B [%%]
(.00 15
12.00 o5
15.00 95
1501 15
22.00 15
[0621] High Performance Liguid Chromatography - Charged Aevosol Detection (HPLC-CAD)

Instrumentation: Dhonex Ultimate 3000 with Dionex Corona Ultra CAD
Column; Phenomenex Aeris Peptide XB-C18 100 A, 150 x 4.6 mm, 3.6 um {as guard
column) and Dionex Acclaim Triowy P2, SO x 2.1 mum, 3 pm

Mobile Phase A: Water

Mobile Phase B 100 mM ammonium formate pH 3.65

Flow Rate: 0.45 mL/min

Runtime: 23 min

Columu Temperature: 30 °C

Injection Volume: 4 gk

Betection: CAD

Nebuhiser Temperature: 30°C

Filter: Corona
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Time (minuvtes) Selvent B [%%]
0.00 20
1.7 20
7.0 95
ii.7 95
12.3 20
23.0 20

Results

(06221 NMR analysis of Compound | bis sodium salt, a primary salt screen using 1on exchange

resins and 19 basic counterions and a secondary screen were performed (Table 6). 11 of the 19

counterions were investigated by resin 1on exchange.

Table 6 — Counterions selected for salt screening

Counterions Mas;:’:;iu;me Stock Solvent . Agaf;i?:gm
Potassium hydroxide 6.58568 Water 100
Zinc chloride 13.90816 Water 100
L-Lysine 14.91735 Water 160
Bis{Z-hydroxyethyh-amine 9.632 Water 90.368
{Diethanolamine)
N-Methyl glucamine 19.521 Water 100
Tromethamine (TRIS) 12,126 Water 100
Calcium chloride 11.806 Water 100
Magnesium chloride 20.53535 Water 100
L~Arginine 17.77551 Water 160
Choline hydroxide 24.5512 Water 75,4488
Ammonum hydroxide 13.5695 Water 86.4305
Diethylanune 10.3971 Water 89.6029
Benrathine (Dibenzylethylenediamine) 24291 Ethanol water 95.5 viv | 75.709
Ethanolamine 6.1587 Water 93.8413
N-{hydroxyethyl}pyrrolidine 12.3706 Water 87.6294
2-Dimethylanunoethanot 10,1115 Water 89.8885
Morpholine 8.83534 Water 91.16466
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y . Mass/volume . . Volume
Counterions (2/mL) Stock Solvent Added (mL)
N-ethyi-D-glucamine 2135102 Water 1060
2-{diethylamino)ethanol 13.3234 Water 80.6766

Table 7 — Solvents selected for sall screening

Solvent ICH Class
Fthanol 3
THF 2
Isopropyl Acetate 3
MEK 3
Acetontrile 2
IPA: Water 95:5 v/v 3

{06231 Salt formation was investigated via on exchange resin as follows. Ca. 4 g of BIO-RAD
AG SOW-X8 Cation Exchange Resin was weighed into an empty solid phase extraction tube. The
resin was washed with 15 mL of deionized water, followed by 30 ml of T M counterion solution
followed by a further 15 mL of deionized water. The pH of the resin rinse was then measured and
a further 30 mL of deionized water was added and the pH re-measured. This procedure was
continued until the ringe was pH neutral. Approximately 120 mg of Compound 1 was dissolved mn
1 mL of detonized water and passed through the resin o a tared vial. The material was washed
off the resin with 15 mL of deionized water inio the tared vial. The solutions were then frozen and
lyophilized. 'H NMR and CAD analysis were carried out as appropriate to confirm salt formation.
[0024] Salt crystallization screening was carried out as follows. Ca. 16 mg of Compound 1 ion
exchanged material from the counterions shown in was slurried m 400 to 700 ul of solvent as
shown 1in Table 7. The experiments were temperature cveled between ambient and 40°C in 4 howr
cycles for ca. 72 h. Further material was added to N-methy! glucaming IPA water 95:5 v/v due to
dissolution. The solids were then isolated via centrifuge filter and analyzed by XRPD. Selecied
salts were dried at 40°C for ca. two days and re-analyzed by XRPD. The salts were also
characterized by TG/DSC and 'H NMR. Potential salts were also stored at 40°C/75%RH for ca. 24
h then re-analyzed by XRPD.

(06257 pH 7.4 solubility was carried out for Form [ prior to progression to the secondary screen.
Ca. 6 mg of the salt was weighed into a 2 mL vial and 50 ul. aliquots of pH 7.4 FBS was added
until dissolution was obtained. Form [ and Form V were scaled-up for the secondary screen. The

preparations were analyzed by XRPD, PLM, TG/DSC, DSC, DVS, FTIR, 'H and *'P NMR and
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HPLC purity. One week stability testing was carried out, salt disproportionation and hydration
studies and thermodynamic solubility.

[0626] Ion exchange experiments were carrted out as follows. Ca. 10 g of BIO-RAD AG 50W-X8
Cation Exchange Resin was weighed into an empty solid phase extraction tube. The resin was
washed with 40 mL of deionized water, followed by 80 mbL of 1 M counterion solution followed
by a further 80 mL of deionized water. The pH of the resin rinse was then measured and a further
28 mL of detonized water was added and the pH re-measured. This procedure was continued until
the rinse was pH neutral. Approximately 500 wg of Compound | was dissolved m 3 mb of
deionized water and passed through the resin 1uto a tared vial. The material was washed off the
resin with 40 mL of deionized water into the tared vial. The solutions were then frozen and
iyophilized. 'H NMR analysis was carried out to confirm salt formation.

[0627] Secondary screen crystallization was carried out as follows. The Compound 1 ion
exchanged tromethanmine material was slurmed i 15 ml of ethanol. The Compound 1 ion
exchanged Form V material was shurried i 15 mb of sopropyl acetate. The experiments were
temperature cycled between ambient and 40°C in 4 hour cycles for ca. 20 h. Ca. 0.5 mL of the
sturries were 1solated by centrifuge filtration after ca. 20 h and analyzed by XRPD. The solids
were then isolated by glass sinter filtration with Grade 1 filter paper and dried under vacuum on
the filter paper for ca. 1.25 . XRPD analysis was then carried out on the dried solids.

06281 One week stability testing was carried out for the Form | and Form V at 40°C/75%RH and
ambient light and temperature in open vials and 80°C in an open 2 mL vials within a closed 20 mL
vial. After one week the solids were analyzed by XRPD for physical stability and HPLC for
PUrity.

[0629] Salt disproportionation and hydration studies were carried out as follows: Ca. 30 mg of
each salt was suspended 1y 400 pl of the solvent systems shown in and shaken at ambient for ca.
24 h. Thermodvnamic solubility studies were carried out as follows: Ca. 30 mg of each salt was
suspended tn 400 ul of the solvent systems shown in and shaken at ambient for ca. 24 h.

{06301 The primary salt screen dentified salts from nine of the 11 counterions mvestigated. Ion
exchange was successful for potassium, N-methyl glucamine, tromethamine, diethanolamine, L~
Lysine, L-Arginine, choline, ammonia ethanolamine, N-thydroxyethylpyirolidine and N-ethy!
glucamine. One salt Pattern was identified from the majority of the salts. One crystal form was
observed for MN-methyl glucamine, tromethamine, L-lysine, L-arginine ethanolamine and

ammona salts. Five salt forms were identified for potassium, with two patterns as mixtures with

b le )
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the first pattern. Two crystal forms were observed for bis-N-(hydroxyethyl)pyrrolidine. Two
crystal forms were also observed for N-ethy! glucamine with the second pattern observed as a
mixture with the first pattern. The results from the primary salt screen are shown in Table 8.

Table 8 — Primary Salt Screen Resulis

Counterion Solvent
Ethanol | THF [Isepropyll MEK |Acetonitrile

{PA Water
SRR yiy

N-methyl glucamine
Tromethamine
Diethanolamine

Potassium

{~lysine
L-arginine

Ethanolamine
N-
(hvdroxyethy Dpvrroliding
Ammonia

Choline
N-gthyl glucamine

: Potential salt
Numbers Salt Pattern
PC Poorly crystalline
A * ] Limited material
&\\\\\\\% Amorphous

LY

Predominantly amorphous
Gum/ glass-like
Pattern 1 Free Acid

# Pattern 2 Free Acid

Tris Sali

[0631] Thermal analysis of Form I from ethanol (Figure 6) showed a loss of 1.6% up to ca. 60°C
with the onset of degradation ca. 190°C. The weight loss corresponded with 0.6 equivalents of
water or 0.3 equivalents of ethanol. Two broad endothermic events were observed with onset of
ca. 27°C (peak at 38°C) and 193°C {peak at 197°().

{06321 Form 1 was found to be hydrated with 0.5% uptake between 40%RH and 90%RH. Total
uptake at 90%RH was corresponded with 1.2 equivalents of water. One week stability testing

showed = 0.2 Y%Area decrease in purity under the conditions tested and Pattern 1 remained

3
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unchanged. Solubility was found to be =45 mg/mL at pH 8 and 8.5 and 29 mg/ml at pH 7.4
Hydration experiments showed Form I to remamn. Solubility in water was too high for solids to be
recovered to assess disproportionation.

Potassivm

{06337 Thermal analysis of Pattern 1 from isopropyl acetate (Figure 7) showed a loss of 10.1% up
to ca. 125°C with the onset of degradation ca. 210°C. The weight loss observed corresponded to
3.5 equivalents of water. No defined thermal evenis were observed. Thermal analysis of Pattern 5
from storage at 40°C/75%RH of Pattern 1 (Figure 8) showed a loss of 18.7% up to ca. 200°C. The
weight loss observed corresponded with 6.5 equivalents of water. No defined thermal events were
observed.

Form V

[0634] Thermal analysis of Form V from sopropyi acetate (Figure 9) showed a loss of 3.6% up o
ca. 75°C followed by a loss of 10.6%. The mitial weight loss corresponded with 0.2 equivalents of
isopropyl acetate. PSC analysis showed no defined thermal events.

{06351 Form V was found to be hygroscopic with 19.0% uptake at 90%RH. One week stability
testing showed no loss in purity at ambient and 40°C/75%RH but 0.9 %Area decrease in purity at
80°C. Form V remained after stability testing but with some minor changes at 80°C. Solubility
was found to be >45 mg/mL at pH 7.4 and >39 mg/mL at pH 8 and 8.5, Solutions were obtained

from disproporiionation and hydration study experiments due to high solubility.
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Table 9 — Summary of Primary Salt Sereen
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Form I (Pattern I of the iromethamine salt)

[0636] Form I was scaled-up, confirmed with XRPD analysis. PLM analysis (Figure 10) showed a
rod-like morphology with slight birefringence. TG analysis (Figure 11) showed a loss of 2.0%
from the outset up to ca 60°C. This weight loss corresponded with 0.4 equivalents of ethanol
DSC analysis showed two endothermic evenis with onset ca. 35°C {peak at 45°C) and 192°C
{peak at 197°C). The thermal analysis was found to be consistent with the primary screen data.
DSC analysis (Figure 12) showed two endothermic events with onset ca. 353°C (peak at 77°C) and
197°C (peak at 200°C). DVS analysis {Figures 13A and 13B) showed Form I to be hvdrated.
Between 40%RH and 90%RH 0.5% uptake was observed. The total uptake at 90%RH (3.2%)
corresponded with 1.2 equavalents of water. Between 10%RH and 0%RH 2.5% loss was observed.
Post DVS XRPD analysis showed Form T to remam unchanged FT-IR analysis showed some
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differences compared with amorphous Compound 1. 'H NMR analysis showed 2.1 equivalents of
tromethamine and reprocess for ethanol HPLC analysis indicated 997 %Area purity. The one

week stability results are shown in Table 10, 0.2 %Area decrease in purity was observed for the

tromethamine salt. Form I was observed to remain under all conditions (Figure 14). Hydration
studies showed Forra 1 to remain under all 3 water activities tested. Insufficient sohids remained
from the disproportionation water experiment. Thermodynamic solubihty studies {Table 113

showed solubility > 45 mg/mL for pH 8 and 8.5 and 29 mg/mi. for pH 7 4.

Table 10 — One week stability resulis for Form

[
e

%
X0 A
13

Amibient

gH 7 4 PEBR g
pH 3.0 burate bufer =514

pH 8.5 bovate buller =45.0

Fotentinl Patlers 2 Taoms

Hynen

Form V (bis-N-(hvdroxvethvlipyrrolidine Patiern 2)

(0637} Form V salt was scaled-up. PLM analysis (Figure 15} showed bireftingent particles with
no clearly defined morphology. TG analysis (Figure 16) showed a weight loss of 1.8% up to ca.
65°C. This weight loss corresponded with 0.7 eq. water. DSC analysis showed no defined thermal
events. DSC analysis (Figure 17} showed two endothermic events with onset ca. 75°C {peak at
94°C) and 156°C {peak at 160°C} DVS analysis (Figures 18A and 18B) showed Form V to be
hygroscopic with 17.8% uptake between 40%RH and 90%RH. The total uptake observed at
90%RH was 19.0%, this corresponded with 7.3 equivalents of water. Post DVS XRPD avalysis

showed Form V to remain unchanged. FT-IR analysis showed some differences compared with

~3
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amorphous Compound 1. 'H NMR analysis showed 1.0 equivalents of N-
{(hydroxyethyljpyrrolidine. HPLC analysis indicated 99.6 %Area purity. The one week stability
results are shown in (Table 12a). No loss in purity was observed apart from 0.9 %Area decrease
for 80°C. Pattern 2 was observed to remain unchanged apart from some minor changes were noted
at 80°C (Figure 19). Hydration studies and disproportionation experiments showed no solids after
24 h. Thermodynamic solubility studies (Table 12b) showed solubility »>39 mg/mL for pH 8.0 and
8.5 and >45 mg/ml for pH 7.4,

Table 12a — Une week stability results for Ferm V

] \\\&\Q\\\\\\\\
L

\\\\\ \\\\ \ —
\ \\\\Q\\\\\\\\\\\& 888

pH 7.4 PBS =453
oH 8.0 bovate buffer =381
o 8.5 borate buffer >389

Summary

{06381 The primary salt screen located salts from nine of the 11 counterions investigated. 19
counterions were mvestigated for resin ion exchange, 11 of these showed ion exchanged to be
successtul. One salt Pattern was identified from the majority of the salts. One crystal form was
observed for N-methyl glucamine, tromethamine, L-lysine, L-arginine, ethanolamine and
aromonia. Five salt forms were identified for potassium. Two crystal formas were observed for N-
{(hydroxyethyDpyrrolidine. Two crystal forms were also observed for bis-N-ethyl glucamine. Form
I {Tromethamine Pattern 1) and Form V (N-(hydroxyethyDpyirolidine Pattern 2) were scaled-up.

The properties of these salt forms are summarized in Table 13, The tromethamine salt showed one

~J
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week stability and solubility <45 mg/mlb at pH 8 and 85 and 29 mg/mlb at pH 7.4, The
tromethamine  salt was observed to be hydrated i comparison  with the bis-N-
{(hydroxyethypyrrolidine salt which was found to be hvgroscopic. The tromethamine salt Pattern
1 was found to have favourable properties in comparison with the sodium salt Pattern 3. An
improvement in stability was observed in comparison with the sodiuro salt Pattern 3 wihuch
showed form conversion during one week stabnlity testing and a large drop in purity at 30°C.
Pattern 3 sodiom salt was scaled-up. Higher solubnlity at pH 7.4 was also observed for the

tromethamine salt compared with the sodium sali.

Table 13 — Summary of secondary screen

g2 %A“ea dcsrm:ff

Gdi"it‘?tf:i g I 3
3 4 mixiure from ambient.

245 mgimi pH
i mL n—% ?

Example 2. Tris Salt Properties (Form [, Form 1L, Form I, and Form IV}

Methods of Analysis

{0639 Xeray Powder Diffraction (XRPD). XRPD analysis was carried out on a PANalytical
X’pert pro with PIXcel detector (128 channels), scanning the samples between 3 and 35° 20, The
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material was gently ground to release any agglomerates and loaded onto a multi-well plate with
Kapton or Mylar polymer film to support the sample. The multi-well plate was then placed into
the diffractometer and analyzed using Cu K radiation (el A = 1.54060 A; a2 = 1.54443 A; B =
1.39225 A; 0l © a2 ratio = 0.5) running in transmission mode (step size ©.0130° 28, step time
18.87s) using 40 kV / 40 mA generator settings. Data were visualized and images generated using
the HighScore Plus 4.7 desktop application (PANalytical, 2017).

{06401 Polarized Light Microscopy (PLAM). The presence of crystallinny (bwefringence) was
deternuned using an Olympus BXSO microscope, equipped with cross-polarizing lenses and a
Motic camera. Tmages were captured using Motic Tmages Plus 2.0 All images were recorded
using the 20x objective, unless otherwise stated.

106411 Hot Stage Light Microscopy. Therroal events were montored visually using a calibrated
Linkam THMGO00 hotstage with connected controller unit coupled to an Olympus BX 50 polanizing
microscope equipped with a Motic camera and image capture software (Motic Images Plus 2.0).
Approximately 0.5 mg of material was placed onto a microscope coverslip and heated at a rate of
10 °C / min with images taken at routine intervals to document any thermal transitions. All images
were recorded using the 10x objective, unless otherwise stated.

[0642] Thermogravimetric  Analysis/  Differential  Scanning  Calovimetry  (TGADSC).
Approximately, 5-10 mg of material was added into a pre-tared open aluminum pan and foaded
mto a TA Instruments Discovery SDT 630 Auwto - Simultanecus DSC or simultaneous
thermogravimetric/differential thermal analyzer (TG/DTA} and held at room temperature. The
sample was then heated at a rate of 16°C/min from 30°C to 400°C during which time the change
i sample weight was recorded along with the heat flow response (DSC) or any differential
thermal events (DTA). Nitrogen was used as the sample purge gas, at a flow rate of 200 cm3/nmun
for TG/DSC or 300 om3/min for TG/DTA.

-

{06437 Differential Scanning Calorimetry (DSC). Approximately, 1-5 mg of material was weighed

mto an aluminum DSC pan and sealed nonhermetically with an aluninum lid. The sample pan
was then loaded into a TA Instruments Discovery DSC 2500 differential scanning calorimeter
equipped with a RC90 cooler. The sample and reference were heated to 220°C at a scan rate of
10°C/min and the resulting heat flow response monitored. The sample was re-cooled to 20°C and

then reheated again to 220°C all at 10 °C/min. Nitrogen was used as the purge gas, at a flow rate

of 50 cm3/min. Alternatively, a modulated DSC was used.
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[0644] Infrared Speciroscopy (IR). Infrared spectroscopy was carried out on a Bruker ALPHA P
spectrometer. Sufficient material was placed onto the centre of the plate of the spectrometer and
the spectra were obtained using the following parameters:

»  Resolution: 4 cm-1

« Background Scan Tuune: 16 scans

»  Sample Scan Time: 16 scans

«  Data Collection: 4000 to 400 cm-1

e Result Spectrum: Transmittance

s Software: OPUS version 6
106457 Nuclear Magneric Resonance (NMR} NMR experiments were performed on a Bruker
AVIHHD spectrometer equipped with a PRODIGY coryoprobe operating at 500.23MHz for
protons or DCH cryoprobe operating at 500 12MHz for protons. Experiments were performed in
D20 or BMSO-d6 and each sample was prepared to ca. 10 mM concentration,
[0646] Dynamic Vapour Sorption (DVS). Approximately, 10-20 mg of sample was placed mnto a
mesh vapour sorption balance pan and loaded into a DVS Advantage dynamic vapour sorption
balance by Surface Measurement Systems. The sample was subjected {0 a ramping profile from 40
~ 90% relative hunndity (RH) at 10% increments, maintaining the sample at each step until a
stable weight had been achieved {dm/dt 6.004%, minimum step length 30 mimutes, maximum step
length 120 minutes) at 25°C. After completion of the sorption cycle, the sample was dried using
the same procedure to 0% RH and then a second sorption cycle back to 40% RH. Additional
cycles were performed at 40°C and 60°C. On changing the instrument temperature 2 hours werg
allowed to equilibrate. The weight change duning the sorption/desorption cycles were plotted,
allowing for the hygroscopic nature of the sample to be determined. XRPD analysis was then
carried out on any solid retained.
(0647 Variable temperature X-ray Powder Diffraction (VI-XRPD) VT-XRPD analysis was
carried out on a Philips X'Pert Pro Multipurpose diffractometer equipped with a temperature
chamber. The samples were scanned between 4 and 3599 “28 using Cu K radiation (gl A =
1.54060 A; o2 = 1.54443 A; B = 1.39225 A; ol : o2 ratio = 0.5) running in Bragg-Brentano
geometry {step size 0.008 °26) using 40 kV / 40 mA generator settings.
{0648} Variable Humidity X-ray Powder Diffraction (VH-XRPD). VH-XRPD analysis was carried
out on a Philips X Pert Pro Multipurpose diffractometer equipped with a humidity chamber. The

samples were scanned between 4 and 35.99°26 using Cu K radiation (el A = 1.54060 A; a2 =
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1.54443 A; 8 = 1.39225 A; al : a2 ratio = 0.5) running in Bragg-Brentano geometry {step size
0.008 °28) using 40 kV / 40 mA generator settings. Measurements for received Pattern 1 were
performed at 40 %RH, 0 %RH and 40 %RH. Two measurements were taken at 0%RH after ca. 10
minutes at 0%RH and after ca. 100 minutes in total at 0%RH.
[0649] High Performance Liguid Chromatography-Ultraviolet Detection (HPLC-UV)

> lostrument: Dionex Ultimate 3000

o Column: Agilent Zorbax Echpse Plus C18, 150 x 3 rom, 3.5 um

o Column Temperature: 25°C

« Autosampler Temperature: Ambient

o UV wavelength: 246 am

s Injection Volume: S ul.

*  Flow Rate: 1.2 ol/min

s Mobile Phase A: 50 oM ammonium acetate in water

¢ Mobile Phase B: Acetonitrile

»  Diluent: Watermethano! 70:.30 v/v

o Working Concentration: 0.4 mg/mL

- Gradient Program:

Time {minutes) Selvent B [%%]
0.0 is
2.0 30
10.0 50
15.8 85
19.0 85
161 is
25.0 15

Sofvenr Solubility Screen

[0650] An amorphous batch of Compound 1 bis-tris salt was prepared by fast rotary svaporation
{e.g. from a methanolic solution) or freeze drying of an API solution {solubility depending). An
organic and aqueous solvent solubility screen was carried out using 32 solvent systers.

{06517 The solubility screen was carried out as follows. To ca. 10 mg of the lvophilized material,
the appropriate solvent systern was added in aliquots of 50 pl. and if solid remained, the vial was
gently heated to ca. 40°C to aid dissolution. The solvent systems used 1n the sclubility assessment
can be found m Table 14. Solvent addition was contimued until the material had fully dissolved or

1 mL of the appropriate solvent system had been added (< 10 mg/mL). Clear solations recovered
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from the assessment were uncapped and allowed to evaporate at ambient temperature to recover

solids. Any solids produced via slurries or evaporation were analyzed by XRPD to determine the

form.
Table 14 — Scelvent selections for solubility assessment of Form 1
No. Solvent System No. Solvent System
1 1-Butanol 17 Ethyl Acetate
2 1-Propanol 18 Ethylene Glycol
3 99% 1,4 Dioxane: 1% Water (% v/v) 19 Cyclopentane Methyl Ether
4 1,4 Dioxane 20 Isopropyl Acetate
S 59% 2-Propanol 41% Water (%% v/v) 21 48% Methanol:52% Water (% v/v)
6 93% 2-Propanch 7% Water (%6 v/v) 22 Methano!
7 2-Propanol 23 Methyl Acetate
& 2-Methyl THF 24 Methylethvi Ketone
9 69% Acetone:31% Water (% v/iv) 25 Methyhisobutyl Ketone
10 95% Acetone: 5% Water (% v/v}) 26 N,N'-Dimethylacetanide
11 Acetone 27 N N'-Dimethyiformamide
12 Acetoniirile 28 Nitromethane
13 Drhmethyl Sulfoxide 29 tert-Butylmethyl Ether
14 48% Ethanol:52% Water (% v/v) 30 THF
15 86% Ethanol:14% Water (%6 v/v} 31 Toluene
16 Ethanol 32 Water

Primary Polymorph Screen

{06521 A second batch of Compound 1 bis-iris salt was prepared via normal methods (2.
lyophilisation, rotary evaporation, milling or quench cooling} to provide a disordered starting
point and minimise the presence of seed material A polymorph screen was carried out in 24
solvent systems in order to identify any potential anhydrous or solvated forms. Crystallization
conditions investigated included thermal cycling, evaporation, cooling, anti-solvent addition and
solvent drop grinding. The primary polymorph screen was carried out as follows. To ca. 50 mg of
poorly crystalline Form I from freeze drying in water an appropriate volume of the solvent system

was added to form a slurry. See Table 15 for the volumes of solvent used.
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[0653] The solvent systems were selected based on the results of the approximate solubility
screen. EBthylene glycol and water mixtures were used for increased solubility. Temperature
cyching was carried out between ambient temperature and 40°C in 4 hour cyeles for ca. 72 h with
agitation. After ca. 24 h further solvent was added where experiments were observed to be
mmobile slurries (1 4-dioxanewater  59:41 v/v, 2-propanclethylene glyeol S50:30 vy,
ethanolethylene glycol 30:50 viv, DMA:ethylene glycol 50:50 viv, THF ethylene glycol 50:50
v/v, methanol water 48:52 v/v and DMA water 50:50 v/v) and further solid was added to solutions
or thin slurries (2-Me THF ethylene glycol 50:50 v/v, 1 4-dioxaneethylene glycol S0:50 viv,
ethvlene glycol, water and acetoneethylene glycol 530:50 v/v). After ca. 48 h further solid was
added to 2-Me THF:ethylene glycol 50:50 v/v which was observed to be a solution and further
solvent was added to methyl acetate experiment. Post temperature cycling the solids were solated
by centrifugation using 0.22 wm nylon filters and analyzed by XRPD. The saturated solutions
obtained were then divided into four for fast cooling, anti-solvent addition at ambient, slow

evaporation at ambient and solvent drop grinding.
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Table 18 — Solvent volumes used for temperature cycling

2 3 25

3 g 18

& b [

& 2 )
g 3
& 2
gt A

13 e WVaEr (B W 3 LER

ene Fhveat % vivd 2 873

Eifs 3 [

E 3 25

21 z 3

06541 Subsequent crystallization experiments were carried out as follows. Fast cooling: Saturated
solutions of Compound 1 trs salt were stored 1o the fridge (5°C) for ca. 4 days then moved to -
18°C where no or an nsufficient amount of solids for analvsis was observed. Slow Evaporation:
Saturated solutions were transferred to 2 mbL vials and uncapped and allowed to evaporate at
arobient temperature and pressure o recover solid material. Awdi~solvent addition: Anti-solvent
was added dropwise with sturing to saturated solutions at ambient. The anti-solvent and volumes
used are shown i Table 16, Where there was insufficient material the experiments were stored at
5°C to encourage precipitation. Solvent drop grinding: To ca. 20 myg of poorly crystalline Pattern |
from freeze drying in water, -2 drops of saturated solution was added and 2 x 2.8 mm bead mul
beads were added. The experniments were loaded into the bead mull and shaken m 10 x 90 second
mtervals with a 10 second pause between each interval at 6000 rpm. 4 ¢vcles m total were carried

ot
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Table 16. Anti-solvent volumes used for anti-solvent additions

4 %% Water (% wivy
5 F % S-Fropancd 741 Water {% v 1.8
SO% 2-Alelthyd THF. 50 % Eihviene Glyood 5% wiv THF 7
& S-hdathyl THE 1T
o ) t.8
1 Ethyiene Ghyool {% el THF 1.8
i3 Sulimade THE &
[ HF &
14 HE &
15 -BME Y
e THF B
7 1.8
18 T8
20 1.7
24 1.8
X 0% NUN- 18
2% THF E

(06557 All sohids were characterized by XRPD, gently dried, and re-analyzed by TG/DSC, NMR,
FT-IR, and PEM (where material allowed) XRPD samples were dried at elevated temperature

{e.g. 40 °C) and re-analyzed by XRPD.

pH 7.4 PBS Pariern 3 Experiment

(06561 A pH 7.4 PBS experiment was carried out to repeat the experiment which produced the
new Form IH in order to investigate and characterize this pattern. The experiment was carried out
as follows. 1.3 mb of pH 7.4 PBS was added to ca. 121 mg of Form { to create a slurry. The pH
was adjusted from pH 7.20 to 7.47 using 0.2 M MaOH. The experiment was agitated at ambient

for ca. 24 h. After ca. 24 h the pH was adjusted from pH 7.21 to 7.44. The solids were isolated by
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centrifugation using 0.22 wm nylon filter and analyzed by XRPD. The solids were then dried
under vacuum at ambient for ca. 17 h and re-analyzed by XRPD.

{06571 The pH 7.4 PBS experiment was repeated on a 1 g scale in order to carry out further
characterization. The experiment was carried out as follows. 10.7 mb of pH 7.4 PBS was added to
ca. 1 g of Form I to create a slurry. The pH was adjusted from pH 722 to 7.41 using 0.2 M NaOH.
The experiment was agitated at ambient for ca. 24 h. After ca. 24 h the pH was adjusted from pH
716 to 741 The slurry was analyzed by PLM. Ca. 1 ml of the slurry was 1solated by
centrifugation using 0.22 um nylon filter and avalyzed by XRPD. The sohds were solated by
Buchuer filtration with Grade 1 filter paper and dried under vacuurn on the filter paper forca. 1 h
XEPD analysis was carried out on the dried solids.

Stability Testing of Form 1T

[0658] Seven day stability testing was carried out for Form I at 40°C/75%RH and ambient in
open vials. 80°C was carried out in an open 2 mL vial within a closed 20 mL vial.

Form IV

[0659] Form IV which was obtained from Form [H after stability testing at 80°C was attemnpted to
be prepared as follows 10 order to obtain characterization. Ca. 24 mg of Form I was weighed into
a 2 mk vial and dried open at B0°C for ¢ca. 18h then analyzed by XRPD. Form IV was prepared as
follows within a closed vial. Ca. 56 mg of Form [II was weighed nito a 2 mL vial and dried open
at 80°C within a closed 20 mL vial for ca. 24h then analyzed by XRPD.

Secondary Polymorph Screen

[0660] The secondary screen examined forms obtained from the primary polymorph screen. The
forms were scaled-up to 400 —~ 500 mg to test reproducibility and carry out the following analyses:
XRPD, TG/DSC, DRO, NMR;, PLM; VT- / VH-XRPD; thermomicroscopy; DVS; FT-IR,
U{HPLC; 7-Day mdicative stability tests at 40 °C/75 %RH (open vial), at ambient temperature,
light and humidity or 25 “C/60 %RH (open vial} and 80 °C (sealed vial}; and solubility in three
media with postsolubility.

Polvmorph Stahility Studies (Competitive Slurring)

{06617 Competitive slurry experiments between any anhydrous forms of Compound bis-ris salt
were performed i up to 4 solvents at room temperature and at elevated temperature {e.g. 60 °C)
with an approximate 1:1 wt./wt. mix of each form in the selected solvents and agitated for ca. 48
hours. The resulting material was analyvzed by XRPD to ascertain the form.

Single Crystal Growth
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{06621 Form 1 crystals were grown using the following procedure. Ca. 10 mg of Form | was
weighed into 9 2 mL vials. 100, 150 or 200 ul of solvent was added. See Table 17 for the
volumes of solvent used. The experiments were temperature cycled between 40°C and ambient in
4 h cycles for ca 48 h After 48 h ethanolwater 48:52 v/v, methanol:water 48:52 v/v, 2-
propanol:water 59:41 v/v and water experiments were observed to be solutions and were stored at
ca. 5°C. After 48 h PLM analysis was carnied out for the remaining experiments which were
observed to be surries. The slurries were temperature cycled for ca. 4 further days then stored at
ca. 5°C.

Table 17 — Preparation of shurries for single crystal growth experiments
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Metastable Zone Width Fxperiments

{06631 Metastable zone width experiments were conducted for Form T using the following
Procedure. Form I was weighed into 16 < 1.5 mL vials and 1 mL of ethanol:water was added to
each vial at the concentrations shown in Table 18. A magnetic stirrer bar was then added to each
experiment and the experiments were placed mio the crystal 16 and temperature cycled between
S°C and 70°C at 0.1°C/mun with 1 b holds at 5°C and 70°C for 4 cycles. The experimenis wers
stirred at 700 rpm. After cooling to 5°C the experiments were then heated to 25°C and removed
from the instrument. XRPD analysis was carried out on the remaining solids,

Table 18 — Concentrations and solvent systems used for MSEZW experiments
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Water Ethanal 5051
Wiy 0

Water Ethanot 48630 38
iy 100
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Re-crystallization

[0664] The Form { re-crystaliizations were carried out as follows 1o assess the effect of the starting
concentration. 1.2 g and 1.5 g of Form I was weighed into 20 mb vials. 10 mL of water ethanol
08:32 viv was added to give 120 mg/mb and 150 mg/mi.. The slurries were stirred at 70°C with
overhead mechanical stirring to dissolve. The experiments were then cooled to 5°C over 650
mimites (¢ 1°C/min, 6°C/h) and held at 5°C. Ca. 0.5 mL of slurry was 1solated by centrifugation
using 0.22 pm nvlon filters and analyzed by XRPD. The experiments were then isolated by
Buchner filtration with Grade 1 filter paper and dried on the filter for ca. Th. Prior to drying on the
filter, a small portion of the 120 mg/mL experiment was dried at 40°C under vacuum for ca. 22 h.

The dried solids were analyzed by XRPD.

Example 3. Bis-Sedium Salt, Pattern 3 Analysis

[06631 The crystalline Bis-Sodium Pattern 3 material underwent 7-day stability tests at 406 °C/7S
%RH (open vial); at ambient temperature, light and humidity {open vial) and 80 °C (sealed vial),
with post-stability storage XRPD and HPLC analysis. The solubility of the bis-sodium patiern 3

salt was assessed.
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Example 4. Synthesis of High Purity Compound 1A
{06661 Herein we describe manufacturing high punity Compound 1A, The described
manufacturing processes are amenable to kilogram scale manufacturing of Compound 1A with

ultrahigh HPLC purity of »>90%,

Scheme A
o o
- o b P
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intermediate 2 - Compound 18

{06671 The process for manufacturing of Compound 1A 18 depicted m Scheme A above.
Intermediate 2 can be prepared on a kilogram scale according to previously described methods
(Wali et al Neuropharmacology 2016 and Guthrie et al. in US 2018/94018, mcorporated herein n
their entireties by reference).

{0668} A sohid charge of Intermediate 2 was added to a clean reactor followed by 30 vol (volumes)
of Z-methyltetrahydrofuran (2-Me THF)} and ¢ g/g of anhydrous 4A molecular sieve beads. The
mixture was chiled to -5 to 5°C and a solid charge 9.4 eq of anhydrous crystalline phosphoric acid
was added slowly, followed by addition of 1.5 eq. {equivalents} of N-iodosuccommide. A 11-12°C
temperature increase and a dark vellow/brown suspension was obsgerved. The reaction mixture was
stirred at -5 to 3°C for not more than 40 minutes. The reaction mixture was then vacuum filtered
into a chilled, clean reactor at -5 to 5°C and the filter cake was washed with 10 vol 2-Me THF.
The combined filtrates were charged to a clean reactor. A liguid charge of 12°C pre-cooled
aqueous sodiom bisulfite (25 vol, 4.4 wiv %, 4 eq.} was added between 5-15°C. This addition
resulted in the formation of an organic top layer and aqueous bottom laver phase. The top organic
layer was isolated and washed three times with S vol of water at 10-18°C 1n a time period of not
more than 30 minutes. To the organic layer was added a ligud charge of 1M TRIS {(aqueous) to
adjust the bottom agueous layer to a pH between 7.0-8.0 at 9-13°C. After TRIS charge
completion, the mixture was stirred at 5-10°C for not less than 20 minutes. The aqueous layer was
separated and transferred to a chilled, clean reactor at 0-13°C. The organic layer was washed with
2 vol of water at 5-10°C and the combined agueous washes were added to the reactor containing

the first aqueous layer. The combined agueous layers were filtered through a celite bed to remove
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turbidity from the solution and charged to a chilled, clean reactor at 0-15°C. To the filirate was
added 3 vol of methanol (MeCH]} at 0-15°C to form a clear, yellow solution. The solution was
stirred at -5 to 5°C, followed by addition of Compound 1A seed crystal addition (1.0 wt%) and
further stirring for 16-24 hours to form an off-white shurry. The solid Compound 1A was then
collected by vacuum filtration and washed with 2 vol of cold MeQOH. The Compound 1A was
dried iz vacuo between 60 — 70°C and the sohid was then recrystallized in 3:1 MeOH/water,

Table 19. Compound 1A Purity Profile

Results (% Area)
Batch Seale | Compound | Compound | Compound | Compound
Number {g} 1A A B C
Batch 1 350 99.1 0.01 0.23 0.03
Baich 2 230 99.5 0.06 (.10 0.05
Batch 3 203 98.3 0.07 0.40 0.03
Batch 4 480 98.8 .07 0.24 0.02
Baich 8 410 98.3 0.07 0.30 0.02
Batch 6 511 988 0.06 (.30 0.02
Batch 7 641 98.7 (.06 0.28 0.02
Batch 8 552 980 (.06 015 (.01
Batch 9 482 9.2 0.06 0.13 (.02
EQUIVALENTS

[0669] The details of one or more embodimenis of the disclosure are set forth in the
accompanying description above. Although anv methods and materials similar or equivalent to
those described herein can be used in the practice or testing of the present disclosure, the preferred
methods and materials are now described. Other features, objects, and advantages of the disclosure
will be apparent from the description and from the claims. In the specification and the appended
claims, the singular forms may include plural referents unless the context clearly dictates
otherwise. Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. All patents and publications cited in this specification are mcorporated by reference.

{06701 The foregoing description has been presented only for the purposes of illustration and is
not intended to limit the disclosure to the precise form disclosed, but by the claims appended

hereto.
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What is claimed is:

1. A crystalline form of Compound 1

O"A\f//’

or a pharmaceutically acceptable salt thereof.

2 The crystallive form of claim 1, wherein the crystalline form 13 a bis-tns salt

3. The crystalline form of claim 2, wheremn the bis-tris salt 1s 2 monchydrate.

4. The crystalline form of claim 1, wherein the crystalline form is a mono-trs salt.

s The crystallime form of claim 1, wheremn the crystalline form s a bis-N-

{hydroxyethylpyrrolidine salt.

6. The crystalline form of claim 1, selected from Form §, IE, HE IV, or V.

7. The Form I crystalline form of claim 6, characterized by having X-ray powder diffraction
peaks at approximately 431+ 02, 1304+ 02, 1319402, 1766+ 02, or 19.10 4 0.2 °28 using

Cu K radiation.

3. The Form 1 crystalline form of claim 6, characterized by having an Xeray powder

diffraction pattern sobstantially similar to that set forth 1 Figore 1.

S. The Form 1 crystalline form of ¢lamm 6, characterized by an endothermic event with onset

at approximately 45.4 °C or approximately 200.6 °C as measured by DSC.
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10, The Form 1 crystalline form of claim 6, characterized by a weight loss of approximately

2.2% between about 25 °C and about 60 °C, as measured by TGA.

i1 The Form H crystalline form of claim 6, characterized by having X-ray powder diffraction

peaks at approximately 13.51£0.2, 13.69 0.2, or 17.66 £ 0.2 °28 using Cu Ko radiation.

12. The Form II crystalline form of claim 6, characterized by having an X-ray powder

diffraction pattern substantially similar to that set forth in Figure 2.

13, The Form I crystalline form of claim 6, characterized by having X-ray powder diffraction

peaks at approximately 1506+ 0.2, 1812 £0.2, and 20.76 £ 0.2 °26 using Cu Ko radiation.

14, The Form I crystalline form of claim 6, characterized by having an Xeray powder

diffraction pattern substantially similar t¢ that set forth in Figure 3.

15. The Form 1 crystalline form of claim 6, characterized by an endothermic event with onset

at approximately 64.1 °C as measured by DSC.

16, The Form I crystalline form of claim 6, characterized by a weight loss of approximately

10.7% between about 25 °C and about 120 °C, as measured by TGA.

17 The Form 1V crystalline form of claim 6, characterized by having X-ray powder diffraction

peaks at approximately 13.74 £ 0.2, 2316 £ 0.2, or 25.00 £ 6.2 °28 using Cu Ko radiation.

18. The Form 1V crysialline form of claim 6, characterized by having an X-ray powder

diffraction pattern substantially similar to that set forth in Figure 4.

19, The Form IV crystalline form of claim 6, characterized by an endothermic event with onset

at approximately 153 °C as measured by DSC.

20. The Form V crystaliine form of claim 6, characterized by having X-ray powder diffraction

peaks at approximately 1507+ 0.2, 1565 £0.2, and 15,88 £ 0.2 °28 using Cu Ko radiation.
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21 The Form V crystalline form of claim 6, characterized by having an X-ray powder

diffraction pattern substantially similar to that set forth in Figure 5.

22, The Form V crystaliine form of claim 6, characterized by an endothermic event with onset

at approximately 75 °C or approximately 136 °( as measured by DSC.

23. The Form V crystalline form of claim 6, characterized by a weight loss of approxamately

1.8% up to about 65 °C, as measured by TGA

24, A pharmaceutical composition comprising a crystalline form of claim 1 and one or more

pharmaceutically acceptable carrier or excipient.

25, A method of preparing the crystaliine form of claim 1 according to Scheme 1.

26, A bis-tr1s salt of Compound 1.

e

27 The bis-tris salt of claim 29, wherein the salt is 2 monohydrate.

28 A mono-tris salt of Compound 1:
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29. A bis-N-{hydroxyethylpyrrolidine salt of Compound 1

30. A method of treating or preventing a disease or disorder disclosed in a subject in need
thereof, comprising administering to the subject an effective amount of a crystalline form of any
one of claims 1-23 or a pharmaceutically acceptable salt thereof, or a pharmaceutical composition

of the present disclosure.

31 A crystalline form of any one of claims 1-23 or a pharmaceutically acceptable salt thereof

for use in treating or preventing a disease or disorder disclosed herein.

32, Use of a crystaliine form of any one of claims 1-23 or a pharmaceutically acceptable salt
thereof in the manufacture of a medicament for ireating or preventing a disease or disorder

disclosed herein.

33. A method of treating or preventing a disease or disorder disclosed in a subject i need
thereof, comprising administering to the subject an effective amount of a salt of any one of claims

26-29, or a pharmaceutical composition of the present disclosure.
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34, A salt of any one of claims 26-29 for use in treating or preventing a disease or disorder

disclosed herein.

3s. Use of a salt of any one of claims 26-29 in the manufacture of a medicament for treating or

preventing a disease or disorder disclosed herein.

36. The method, crystalline form, or use of any oue of claims 30-35, wheren the disease or

disorder 13 a neurodegenerative disease or disorder.

37. The method, crystalline form, or use of any one of claims 30-35, wherein the disease or

disorder 1s g stroke.

38 The method, crystalling form, or use of any one of claims 30-35, wherein the disease or

disorder 15 a traumatic brain injury.
39. A composition comprising ({{{E}-1-{{8S,9S,10R,135,148,175}-10, 1 3~dimethyl-3-ox0-

2,3,6,7.8,910,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopentafajphenanthren-17-

yvijethylidenejamino}oxyymethyl dihvdrogen phosphate tris sal,

“2{Compound 1A}, having a purity greater than or equal to

about 98.0% as determuned by HPLC.

40, The composition of claim 39, wherein the composttion comprises less than 2% of an

impuority selected from:
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(Compound A}, or pharmaceutically acceptable salt

thereof

{Compound B}, or pharmaceutically acceptable salt thereof,

and

Me \>‘"CH3

(Compound C), or a pharmaceutically acceptable salt thereof,

and combinations thereof

41 The composition of clamm 39 or claim 40, wherein Compound A is present by weight from

about 0.01% to about 0.5%.
42, The composition of any one of claims 39-41, wherein Compound A is present by weight in
about 0.01%, about 0.02%, about 0.03%, about 0.04%, about 0.05%, about 0.06%, about 0.07%,

about 0.08%, about 0.0%%, about 0.1%, about ©.2%, about 0.3%, about 4.4%, or about 0.5%.

43 The composition of any one of claims 39-42, wherein Compound B is present by weight

from about 0.01% to about 0.5%.
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44, The composition of any one of claims 39-43, wherein Compound B is present by weight in
about 0.01%, about 0.02%, about 0.03%6, about £.04%, about 0.05%, about 0.06%, about 0.07%,

about 0.08%, about 0.09%, about 0.1%, about 0.2%, about 0.3%, about 0.4%, or about 0.5%.

48, The composition of any one of claims 39-44, wherein Compound C is present by weight

from about €.01% to about 0.5%.

46. The composition of any one of claims 39-45, wherein Compound C s present by weight 1o
about 0.01%, about 0.02%, about 0.03%, about 0.04%, about 0.05%, about 0.06%, about 8.07%,

about 0.08%, about G.09%, about 0.1%, about 0.2%, about 0.3%, about 8.4%, or about 0.5%.

47. The composition of any one of claims 39-46, wherein the composition is a pharmaceutical
composttion.
438 A pharmaceutical composition comprising:

a} about 98% ({{(E}-1-{{85,9S8,10R, 135,145,1758)-10, 1 3-dimethy]-3-ox0-
23,6,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopentala]phenanthren-17-
vijethylidenejaminooxy ymethy! dihydrogen phosphate tris salt,

]
bon

¢
b up to about 0.1% ¢ ~# {Compound A}, or pharmaceutically

acceptable salt thereof;
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¢) up to about 0.5% © {(Compound B), or a pharmaceutically

acceptable salt thereof,

d} up to about 0.1% o {Compound C}, or a pharraceutically

acceptable salt thereof

49, A method of treating or preventing a disease or disorder in a subject in need thereof,
wherein the subject is admmistered a therapeutically effect amount of the composition of any one

of claims 39-46 or the pharmaceutical coraposition of claim 47 or claim 48,

50. A composition of any one of claims 39-46 or a pharmaceutical composition of claim 47 or

claint 48 for use n treating or preventing a disease or disorder in 3 subject in need thereof.

S1 Use of a composition of any one of claims 39-46, or a pharmaceutical composition of
claim 47 or claim 48, for use in the manufacture of a medicament for the ireatment or prevention

of a disease or disorder in a subject in need thereof.
52, Use of a composition of any one of claims 39-46, or a pharmaceutical composition of
claim 47 or claim 48, for the treatment or prevention of a disease or disorder 1n a subject in need

thereof.

53 The method, compostition, or use of any one of claims 49-52, wherein the disease or

disorder 1s a stroke or a traumatic brain mijury.
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The method, composttion, or use of any one of claims 49-52, wherein the disease or

54,
disorder is a symptom of stroke or traumatic brain mjury.

35, The method, composition, or use of any one of claims 49-32, wherein the disease or
disorder 1s the progression of a stroke or traumatic brain mjury.
The rmethod, comaposition, or use of any one of clavns 49-52, wherein the disease or

56.
disorder ts an edema following stroke or traumatic brain mjury.

The method, composttion, or use of any one of claims 49-52, wherein the disease or

s
I

S

disorder 13 a neurodegenerative disease.

q
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