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(57) Abstract: Provided herein are solid forms comprising 2-(5-(3-fluorophenyl)-3- hydroxypicolinamido)acetic acid, methods of
making the solid forms, methods of their use for the treatment of various diseases and/or disorders and pharmaceutical compositions
comprising the solid forms.
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SOLID FORMS OF 2-(5-(3-FLUOROPHENYL})}-3-
BYDROXYPICOLINAMIDOJACETIC ACID, COMPOSITIONS, AND USES THEREOF

{6001} This application claims the benefit of U.S. Provisional Application No.
62/205,096, filed August 14, 2015, and U.S. Provisional Application No. 62/106,765, filed

January 23, 2015, the entire contents of each of which are incorporated herein by reference.

i. FIELD OF THE INVENTION

10002} Provided herein are solid forms of 2-(5-(3-tfluorophenyl}-3-
hydroxypicolinamidojacetic acid, methods of making the solid forms, methods of their use for

the treatment of various diseases or symptoms thereof, and pharmaceutical compositions thereof.

2. ACKGROUND OF THE INVENTION

{6003] The identification and selection of a solid form for making a pharmaceutical
composition is complex, given that a change tn solid form may affect a variety of physical and
chemical properties, which may provide benefits or drawbacks in processing, maintaining,
storage, formulation, stability and bioavailability, among other important pharmaceutical
characteristics. Potential pharmaceutical solids include crystalline solids, amorphous solids, and
mixtures thereof. Amorphous solids are characterized by a lack of long-range structural order,
whereas crystalline solids are characterized by structural periodicity. The desired class of
pharmaceutical solid depends upon the specific application; amorphous solids are sometimes
selected on the basis of, e.g., an enhanced dissolution profile, while erystalline solids may be
desirable for properties such as, e.g., physical or chemical stability (See, e.g., 5. R. Vippagunta ef
al., Adv. Drug. Deliv. Rev., (2001} 48:3-26; L. Yu, ddv. Drug. Deliv. Rev., (2001) 48:27-42).
10004} Whether crystalline or amorphous, potential solid forms for making a
pharmaceutical composition include single-component and multiple-component solids. Single-
component solids consist essentially of the pharmaceutical Compound 1 in the absence of other
compounds. Variety among single-component crystalline materials may potentially arise from
the phenomenon of polymorphism, wherein muitiple three-dimensional arrangements exist for a

particular pharmaceutical compound (See, e.g., S. R. Byrn ef /., Solid State Chemistry of Drugs,
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{1999} §8CI, West Lafayette). The importance of discovering polymorphs was underscored by
the case of Ritonavir, an HIV protease inhibitor that was formulated as soft gelatin capsules.
About two years after the product was {aunched, the unanticipated precipitation of a new, less
soluble polymorph in the formulation necessitated the withdrawal of the product from the market
until a more consistent formulation could be developed (S§ee S. R. Chemburkar ef al., Org.
Process Res. Dev., {2000) 4:413-417).

[6003] Additional diversity among the potential solid forms of a pharmaceutical
compound may arise from the possibility of multiple-component solids. Crystalline solids
comprising two or more 101 species are termed salts (See, e.g., Handbook of Pharmaceutical
Salts: Properties, Selection and Use, P. H. Stahl and C. G. Wermuth, Eds,, (2002), Wiley,
Weinhetm). Additional types of multiple-component solids that may potentially offer other
property improvements for a pharmaceutical compound or salt thereof include, e.g., hydrates,
solvates, co-crystals and clathrates, among others (See, e.g., S. R. Byrn ef o/, Solid State
Chemistry of Drugs, (1999) SS8CI, West Latayette). Moreover, multiple-component crystal
forms may potentially be susceptible to polymorphism, wherein a given multiple-component
composition may exist in more than one three-dimensional crystalline arrangement. The
discovery of solid forms is of great importance in the development of a safe, effective, stable and
marketable pharmaceutical compound.

{6006} Nobel Prize winner Dr. Judah Folkman first proposed in 1971 that all cancer
tumors were angiogenesis-dependent and therefore targeting angiogenesis was a potential means
for treating cancer. Angiogenesis is the growth of new capillaries from pre-existent
microvasculature. A wide range of pathological conditions, from atherosclerosis to cancer, are
associated with either excessive or deficient angiogenesis,

{6007] it is now widely accepted that tumor growth beyond a few cubic millimeters
cannot occur without the induction of a new vascular supply. Therefore, inhibition of new
vasculature (antiangiognesis} can provide a non-chemotherapy or non-radiation therapy approach
to the treatment of cancer by denying tumors the nutrient supply necessary for the tumors to
grow. Although normally quiescent, endothelial cells are responsible for the formation of new
vasculature in response to various stimuli. These stimult can have their genesis in many forms.
10008&] The endothelial cells which form new vascular networks in tumors respond to

angiogenic stimuli produced by the tumor itself. The best known of these stimuli is vascular
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endothelial growth factor (VEGF). Found to be ubiquitous in human tumors, increasing levels of
VEGF correlate with an increasing rate of tumor growth. Therefore, suppression of VEGF
represents a method for controlling the growth rate of tumors {primary and metastatic) and offers

a possible means for shrinking existing tumors.

3. SUMMARY OF THE INVENTION

{0009] Provided herein are solid forms of Compound 1
~N
F | N H O
7 OH
OH O
1
{6010] having the name 2-(5-(3-flucrophenyl}-3-hydroxypicolinamido)acetic acid,

including tautomers thereof. Also provided are methods of preparing, 1solating and
characterizing the solid forms. 2-(5-(3-fluorophenyl}-3-hydroxypicolinamidojacetic acid
(“Compound 17} 15 disclosed in United States Patent Application Publication No. 2007/0299086,
published December 27, 2007, United States Patent Application Publication No. 2012/0329836,
published December 27, 2012 and International Patent Application Publication No.

WO 2012/170442, published December 13, 2012, the entireties of which are incorporated by
reference herein.

[0011] Provided herein are pharmaceutical compositions and dosage units comprising a
solid form of Compound 1. In certain embodiments, the pharmaceutical compositions and
dosage units comprise a solid form of Compound 1 and a pharmaceutically acceptable diluent,
excipient or carrier.

{6012} Provided herein are methods for treating or preventing cancer, compronising
administering an effective amount of a solid form of Compound 1 to a patient having cancer.
{6013] Provided herein are methods for decreasing vascular endothelial growth factor
(VEGF) in a cell in vitro, in vivo or ex vivo, comprising contacting the cell with an effective

amount of a solid form of Compound 1.

3
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{6014] Provided herein are methods for increasing secretion of soluble vascular
endothelial growth factor receptor-1 (SVEGF-1) in a cell in vitro, in vivo or ex vivo, comprising
contacting the cell with an effective amount of a solid form of Compound 1.

{0015] Provided herein are methods for stabilizing hypoxia inducible factor-2 alpha
{(HIF-2a} in a cell in vitro, in vivo or ex vivo, comprising contacting the cell with an effective

amount of a solid form of Compound 1.

4. BRIEF DESCRIPTION OF THE FIGURES
{06016} Figure 1 depicts an overlay of X-ray powder diffractogram (XRPD) patterns of

Forms A, B, C, B, E, F, Gand H of Compound 1.

{0017} Figure 2 depicts an XRPD pattern of Form A of Compound 1.
[0018] Figure 3 depicts an XRPD pattern of Form B of Compound 1.
{6019} Figure 4 depicts an XRPD pattern of Form € of Compound 1.
{0020} Figure 5 depicts an XRPD pattern of Form D of Compound 1.
{0021} Figure 6 depicts an XRPD pattern of Form E of Compound 1.
{0022] Figure 7 depicts an XRPD pattern of Form F of Compound 1.
16023} Figure 8 depicts an XRPD pattern of Form G of Compound 1.
10024] Figure 9 depicts an XRPD pattern of Form H of Compound 1.
{6025} Figure 10 depicts a 'H NMR spectrum of Form A of Compound 1.
{0026} Figure 11 depicts a DSC thermogram of Form A of Compound 1.
[8027] Figure 12 depicts a TGA thermogram of Form A of Compound 1.
{0028] Figure 13 depicts a DVS analysis of Form A of Compound 1.
{0029} Figure 14 depicts an XRPD pattern of post-DVS Form A of Compound 1.
1803¢] Figure 15 depicts a 'H NMR spectrum of Form B of Compound 1.
10031} Figure 16 depicts a DSC thermogram of Form B of Compound 1.
16032} Figure 17 depicts a TGA thermogram of Form B of Compound 1.
{6033} Figure 18 depicts a 'H NMR spectrum of Form C of Compound 1.
10034] Figure 19 depicts a BSC thermogram of Form C of Compound 1.
18035] Figure 20 depicts a TGA thermogram of Form C of Compound 1.
{0036] Figure 21 depicts a 'H NMR spectrum of Form D of Compound 1.
{6037} Figure 22 depicts a DSC thermogram of Form D of Compound 1.
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[0038]
[6039]
16646]
[0041]
[0042]
[0043]
[0044]
{0045}
[0046]
[0047]
[0048]
16649]
[0056]
[0051]
[0052]
[0053]
{0034}
[0055]
[0056]
[0057]
16658]
[0059]
[0060]
[0061]

Figure 23 depicts a TGA thermogram of Form D of Compound 1.
Figure 24 depicts a DVS analysis of Forr D of Compound 1.
Figure 25 depicts a XRPD pattern of post-DVS Form D of Compound 1.
Figure 26 depicts a 'H NMR spectrum of Form E of Compound 1.
Figure 27 depicts a DSC thermogram of Form E of Compound 1.
Figure 28 depicts a TGA thermogram of Form E of Compound 1.
Figure 29 depicts a 'H NMR spectrum of Form F of Compound 1.
Figure 30 depicts a DSC thermogram of Form F of Compound 1.
Figure 31 depicts a TGA thermogram of Form F of Compound 1.
Figure 32 depicts a 'H NMR spectrum of Form G of Compound 1.
Figure 33 depicts a DSC thermogram of Form G of Compound 1.
Figure 34 depicts a TGA thermogram of Form G of Compound 1.
Figure 35 depicts a DVS analysis of Form G of Compound 1.

Figure 36 depicts a XRPD pattern of post-DVS of Form G of Compound 1.
Figure 37 depicts a 'H NMR spectrum of Form H of Compound 1.
Figure 38 depicts a DSC thermogram of Form H of Compound 1.
Figure 39 depicts a TGA thermogram of Form H of Compound 1.
Figure 40 depicts a XRPD Diffractogram of Salt I of Compound 1.
Figure 41 depicts a XRPD Diffractogram of Salt H of Compound 1.
Figure 42 depicts a XRPD Diffractogram of Salt I of Compound 1.
Figure 43 depicts a XRPD Diffractogram of Salt IV of Compound 1.
Figure 44 depicts a XRPD Diftractogram of Salt V of Compound 1.

e

Figure 46 depicts a XRPD stackplot of Salt I of Compound 1 before (middle) and

after DVS (bottom) analysis,

{0062}
[0063]
[0064]
[0065]
16666]

Figure 47 depicts a 'H NMR spectrum of Salt I of Compound 1.

Figure 48 depicts a DSC thermogram of Salt [ of Compound 1.

Figure 49 depicts a TGA thermogram of Salt I of Compound 1.

Figure 50 depicts a DVS thermogram of Salt I of Compound 1.

Figure 51 depicts a XRPD stackplot of Salt I of Compound 1 before {middle) and

after DV'S (bottom} analysis.
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[0067]
[0068]
16669]
[0676]
[0071]

Figure 52 depicts a 'H NMR spectrum of Salt Il of Compound 1.
Figure 53 depicts a DSC thermogram of Salt Il of Compound 1.
Figure 54 depicts a TGA thermogram of Salt 1T of Compound 1.
Figure 55 depicts a DVS thermogram of Salt I of Compound 1.

Figure 56 depicts a XRPD stackplot of Salt 11 of Compound 1 before (middle)

and after DVS (bottom) analysis.

[6672]
{0073}
[0074]
[0075]
[6076]

Figure 57 depicts a 'H NMR spectrum of Salt I of Compound 1.
Figure 58 depicts a DSC thermogram of Salt [Tl of Compound 1.
Figure 59 depicts a TGA thermogram of Salt IIT of Compound 1.
Figure 60 depicts a DVS thermogram of Salt [H of Compound 1.

Figure 61 depicts a XRPD stackplot of Salt IV of Compound 1 before (middie)

and after DVS (bottom) analysis.

[0677]
[0078]
[0079]
[0050]
[0081]

Figure 62 depicts a 'H NMR spectrum of Salt IV of Compound 1.

Figure 63 depicts a DSC thermogram of Salt [V of Compound 1.

Figure 64 depicts a TGA thermogram of Salt IV of Compound 1.

Figure 65 depicts a DVS thermogram of Salt IV of Compound 1.

Figure 06 depicts a XRPD stackplot of Salt V of Compound 1 before {middle} and

after DVS (bottom) analysis.

[0082]
[0083]
16684]
[0085]
[0036]

Figure 67 depicts a 'H NMR spectrum of Salt V of Compound 1.
Figure 68 depicts a DSC thermogram of Salt V of Compound 1.
Figure 09 depicts a TGA thermogram of Salt V of Compound 1.
Figure 70 depicts a DVS thermogram of Salt V of Compound 1.

Figure 71 depicts a XRPD stackplot of Salt VI of Compound 1 before (top) and

after DVS (bottom) analysis.

[0087]

Figure 72 depicts a XRPD stackplot (zoom in) of Salt VI of Compound 1 before

(top) and atter DVS (bottom) analysis.

[0088]
[0039]
[6090]
16691]

Figure 73 depicts a 'H NMR spectrum of Salt VI of Compound 1.
Figure 74 depicts a DSC thermogram of Salt VI of Compound 1.
Figure 75 depicts a TGA thermogram of Salt VI of Compound 1.
Figure 76 depicts a DVS thermogram of Salt VI of Compound 1.
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{6092 Figure 77 depicts a 'H NMR spectrum of 5-(3-fluorophenyl)-3-chloro-2-
cyanopyridine.

16093} Figure 78 depicts a 'H NMR spectrum of 5-(3-fluoropheny!)-3-methoxy-2-
cyanopyridine.

{0094] Figure 79 depicts a 'H NMR spectrum of 5-(3-fluoropheny!)-3-hydroxypyridine-

2-carboxylic acid.

10095] Figure 80 depicts a 'H NMR spectrum of N-carboxymethyl-5-(3-fluorophenyl)-3-
hydroxypyridine-2-carboxamide.

10096} Figure 81 depicts a 'H NMR spectrum of a mixture of 5-(3-fluoropheny!)-3-
methoxypicolinamide and S-(3-fluorophenyl)-3-methoxypicolinic acid.

{6097} Figure 82 depicts a 'H NMR spectrum of 5-(3-flucropheny!)-2-(2-methoxy-2-
oxoethylcarbamoyDpyridin-3-y] pivalate.

{0098] Figure 83 depicts a 'H NMR spectrum of 2-(5~(3-fluorophenyl}-3-

hydroxypicolinamido)acetate.

{6099] Figure 84 depicts a XRPD Diffractogram of Salt VII of Compound 1.

{6010¢] Figure 85 depicts a 'H NMR spectrum of Salt VI of Compound 1.

180101} Figure 806 depicts a DSC thermogram of Salt VI of Compound 1.

100102] Figure 87 depicts a TGA thermogram of Salt VII of Compound 1.

{60103} Figure 88 depicts a microscopy analysis of Salt VI of Compound 1.

[00104] Figure 89 depicts a DVS thermogram of Salt VII of Compound 1.

180105] Figure 90 depicts a XRPD stackplot of Salt VI of Compound 1 before (top) and
after DV'S (bottom} analysis.

160106] Figure 91 depicts a XRPD Diffractogram of Salt VI of Compound 1.

{60107} Figure 92 depicts a 'H NMR spectrum of Salt VIII of Compound 1.

{001 08] Figure 93 depicts a DSC thermogram of Salt VIII of Compound 1.

180109} Figure 94 depicts a TGA thermogram of Salt VIH of Compound 1.

{00116} Figure 95 depicts a microscopy analysis of Salt VIII of Compound 1.

{00111} Figure 96 depicts a DVS thermogram of Salt VIII of Compound 1.

{00112] Figure 97 depicts a XRPD stackplot of Salt VIII of Compound 1 before (top) and

after BVS (bottom} analysis.



WO 2016/118858 PCT/US2016/014517

{00113} Figure 98 depicts a XRPD Diffractogram of Salt IX of Compound 1.
{00114} Figure 99 depicts a 'H NMR spectrum of Salt IX of Compound 1.
{60115} Figure 100 depicts a DSC thermogram of Salt 1X of Compound 1.
{00116] Figure 101 depicts a TGA thermogram of Salt IX of Compound 1.
160117] Figure 102 depicts a DSC thermogram of Salt IX of Compound 1.
{00118} Figure 103 depicts a microscopy analysis of Salt IX of Compound 1.
{60119] Figure 104 depicts a XRPD stackplot of Salt IX of Compound 1 before (top) and
after DVS (bottom} analysis.

{00126} Figure 105 depicts a XRPD Diffractogram of Salt X of Compound 1.
{00121} Figure 106 depicts a 'H NMR spectrum of Salt X of Compound 1.
{00122} Figure 107 depicts a DSC thermogram of Salt X of Compound 1.
{00123} Figure 108 depicts a TGA thermogram of Salt X of Compound 1.
100124] Figure 109 depicts a microscopy analysis of Salt X of Compound 1.

3. BETAILED DESCRIPTION

51 Definitions

{00125] As used herein, the terms “prevent”, “preventing” and “prevention” are art-
recognized, and when used in relation to a condition, such as a local recurrence, a disease or any
other medical condition, such as those described herein, is well understood in the art, and
includes admimstration of a compound, such as a solid form of Compound 1, which reduces the
frequency of, or delays the onset of, symptoms of a medical condition in a patient relative to a
patient which does not receive the composition.

{60126} As used herein, the terms “treat”, “treating” and “treatment” refer to the reversing,
reducing, or arresting the symptoms, clinical signs, and underlying pathology of a disease
condition, such as those described herein, in manuver to improve or stabilize a subject’s condition.
The terms “treat” and “treatment” also refer to the eradication or amelioration of the disease or
symptoms associated with the disease. In certain embodiments, such terms refer to minimizing
the spread or worsening of the disease by the administration of a solid form of Compound 1 toa

patient with such a disease.
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{60127] As used herein, the term “hydrate” means 5-(3-tluorophenyl)-3-hydroxypyridine-
2-carbonyllaminojacetic acid or a pharraceutically acceptable salt thereof, that further includes
a stoichiometric or non-stoichiometric amount of water bound by non-covalent intermolecular
forces.

{00128] As used herein, the term “solvate” means 5-(3-tluorophenyl}-3-hydroxypyridineg-
2-carbonyllamino facetic acid or a pharmaceutically acceptable salt thereof, that further includes
a stoichiometric or non-stoichiometric amount of a solvent, other than water, bound by non-
covalent intermolecular forces.

[00129] As used herein, the term “HIF prolyl hydroxylase” 15 art-recognized and may be
abbreviated as “PHD”. HIF prolyl hydroxylase is alsc known as “prolyl hydroxylase domain-
containing protein” which may be abbreviated as “PHD”. In this regard, there are three different
PHD isoforms, PHD1, PHID2, and PHD3, also referred to as EGLNZ, EGLNI, and EGLIN3, or
HPH3, HPH2, and HPHI, respectively.

{60130} The terms “solid form,” “solid forms™ and related terms, when used herein to
refer to Compound 1, refer to a physical form comprising Compound T which is not
predominantly in a liquid or a gaseous state. Crystal forms are examples of solid forms. In one
embodiment, the solid form is Form A. In another embodiment, the solid form is Form B. In
another embodiment, the solid form is Form €. In another embodiment, the solid form is Form
D. In another embodiment, the solid form is Form E. In another embodiment, the solid form is
Form F. In another embodiment, the solid form is Form G. In another embodiment, the solid
form is Form H. In one embodiment, the solid form is Salt I In one embodiment, the solid form
is Salt II. In one embodiment, the solid form is Salt HI. In one embodiment, the solid form is
Salt IV. In one embodiment, the solid form is Salt V. In one embodiment, the solid form 1s Salt
\%8

{00131} The term “crystalline” and related terms used herein, when used to descnibe a
substance, component, product, or form, means that the substance, component or product is
substantially crystalline as determined by X-ray diffraction. See, e.g., Remington’s
Pharmaceutical Sciences, 22nd ed., Pharmaceutical Press, (2012).; The Unifed Sitates
Pharmacopoeia, 30th ed,, (2011).

60132} The term “crystal form,” “crystalline form” and related terms herein refer to a

crystaliine solid form comprising a chemical compound, and may refer to a particular single-

9
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component or multiple-component crystal form, including, but not limited to, a polymorph, a
solvate, a hydrate or other molecular corplex, a salt, a solvate of a salt, a hydrate of a salt, or
other molecular complex of a salt, or a polymorph thereof.

{00133] The terms “polymorphs,” “polymorphic forms” and related terms herein refer to
two or more crystal forms that comprise the same molecule, molecules or ions. Different
polymorphs may have different physical properties such as, for example, melting temperatures,
heats of fusion, solubilities, dissolution rates and/or vibrational spectra as a result of the
arrangement or conformation of the molecules or ions in the crystal lattice. The differences in
physical properties exhibited by polymeorphs affect pharmaceutical parameters such as storage
stability, compressibility and density (important in formulation and product manufacturing), and
dissolution rate (an important factor in bicavailability). Differences in stability can result from
changes in chemical reactivity {(e.g., differential oxidation, such that a dosage form discolors
more rapidly when comprised of one polymorph than when comprised of another polymorph) or
mechanical changes {e.g., tablets crumble on storage as a kinetically favored polymorph converts
to thermodynamically more stable polymorph} or both (e.g., tablets of one polymorph are more
susceptible to breakdown at high hurmidity). As a result of solubility/dissolution differences, in
the extreme case, some polymorphic transitions may result in lack of potency or, at the other
extreme, toxicity. In addition, the physical properties of the crystal may be important in
processing; for example, one polymorph might be more likely to form solvates or might be
difficult to filter and wash free of impurities (e.g., particle shape and size distribution might be
different between polymorphs).

{00134] Techniques for characterizing crystal forms and amorphous forms include, but are
not limited to, thermal gravimetric analysis (TGA}, melting point, differential scanning
calorimetry (DSC), X-ray powder diffractometry (XRPD), single-crystal X-ray diffractometry,
vibrational spectroscopy, e.g., infrared (IR) and Raman spectroscopy, solid-state and solution
nuclear magnetic resonance (NMR) spectroscopy, optical microscopy (e.g., polaraized light
microscopy ), hot stage optical microscopy, scanning electron microscopy (SEM), electron
crystallography, dynamic vapor sorption (DVS), and quantitative analysis, particle size analysis
(PSA), surface area analysis, solubility studies and dissolution studies.

{00135 As used herein, and unless otherwise specitied, the terms “about” and

“approximately,” when used in connection with doses, amounts, or weight percent of ingredients

10
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of a composition or a dosage form, mean a dose, amount, or weight percent that is recognized by
those of ordinary skill in the art to provide a pharmacological etfect equivalent to that obtained
from the specified dose, amount, or weight percent. Specifically, the terms “about” and
“approximately,” when used in this context, contemplate a dose, amount, or weight percent
within 15%, more specifically within 10%, more specifically within 5%, of the specified dose,
amount, or weight percent.

{00136] As used herein, and unless otherwise specified, the terms “about” and

>

“approximately,” when used in connection with a numeric value or range of values, which is

provided to characterize a particular solid form, e.g., a specific temperature or temperature range,
such as, for example, that describing a melting, dehydration, desolvation or glass transition
temperature; a mass change, such as, for example, a mass change as a function of temperature or
humidity; a solvent or water content, in terms of, for example, mass or a percentage; or a peak
position, such as, for example, in analysis by IR or Raman spectroscopy or XRPD; indicate that
the value or range of values may deviate to an extent deemed reasonable to one of ordinary skill
in the art while still describing the particular solid form. Specifically, the terms “about” and
“approximately,” when used in this context, indicate that the numeric value or range of values
may vary, in particular embodiments, within 20%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
1.5%, 1%, 0.5%, or 0.25% of the recited value or range of values. With respect to XRPD, values
given are £0.2 degrees 2 theta.

{060137] As used herein, and unless otherwise specified, a crystalline that is “pure,” 7.e.,
substantially free of other erystalline or amorphous solids, contains less than about 10% by
weight of one or more other crystaliine or amorphous solids, less than about 5% by weight of one
or more other crystalline or amorphous solids, less than about 3% by weight of one or more other
crystatiine or amorphous solids, or less than about 1% by weight of one or more other crystalling
or amorphous solids.

{00138} As used herein, and unless otherwise specitied, a solid form that is “substantially
physically pure” 15 substantially free from other solid forms. In certain embodiments, a crystal
form that is substantially physically pure contains less than about 10%, 9%, 8%, 7%, 6%, 5%,
4%, 3%, 2%, 1%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1%, 0.05%, or 0.01% of one or more other solid

forms on a weight basis. The detection of other solid forms can be accomplished by any method

11
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apparent to a person of ordinary skill in the art, including, but not limited to, diffraction analysis,
thermal analysis, elemental combustion analysis and/or spectroscopic analysis,

{00139 As used herein, and unless otherwise specified, a solid form that i1s “substantially
chemically pure” is substantially free from other chemical compounds (7.e., chemical impurities).
In certain embodiments, a solid form that is substantially chemically pure contains less than
about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1%, 0.05%, or
0.01% of one or more other chemical compounds on a weight basis. The detection of other
chemical compounds can be accomplished by any method apparent to a person of ordinary skill
in the art, including, but not limited to, methods of cherical analysis, such as, e.g., mass
spectrometry analysis, spectroscopic analysis, thermal analysis, elemental combustion analysis
and/or chromatographic analysis.

100140 As used herein, and unless otherwise indicated, a chemical compound, solid form,
or composition that is “substantially free” of another chemical compound, solid torm, or
compaosttion means that the compound, solid form, or composition contains, in certain
embodiments, less than about 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.4%, 0.3%,
0.2% 0.1%%, 0.05%, or 0.01% by weight of the other compound, sohid form, or composition.
100141} As used herein, an “effective amount” refers to that amount of Compound 1 or a
pharmaceutically acceptable salt, solvate or hydrate thereof sufficient to provide a therapeutic
benefit in the treatment of the disease or to delay or minimize symptoms associated with the
disease, such as any disease or condition described herein.

100142} The terms “subject” and “patient,” unless otherwise specified, are defined herein
to include animals such as mammals, including, but not limited to, primates {e.g., humans),
cows, sheep, goats, horses, dogs, cats, rabbits, rats, mice and the like. In specific embodiments,
the patient or patient is a human. In certain embodiments, the patient has a disease or condition
as described herein.

100143] “VEGF-dependent cancer,” “VEGF dependent cancers,” “VEGF-dependent

tumeor” or “VEGF dependent tumors” refers to cancers that rely on VEGF to proliferate.
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52  Compound 1

{60144 The solid forms (e.g., Form A, Form B, Form C, Form D, Form E, Form F, Form
G, Form H, Salt I, Salt I, Salt H1, Salt IV, Salt V, Salt VI, Salt VII, Salt VIII, Salt IX and Salt

X)), formulations and methods of use provided herein relate to Compound 1:

F | \/N H \)OJ\
OH
OH O
1
{00145] having the name 2-(5-(3-flucrophenyl}-3-hydroxypicolinamidojacetic acid,
including tautomers thereof.
{60146) In certain embodiments, Form A, Form B, Form C, Form D, Form E, Form F,

Form G and Form H of Compound 1 exist in the tollowing zwitterionic form:

F | SNH* H )
N
= o
OH O
{00147} Compound 1 can be prepared using reagents and methods known in the art,

including the methods provided in United States Patent Application Publication No.
2007/0299086, published December 27, 2007, United States Patent Application Publication
2012/0329836, published December 27, 2012 and International Patent Application Publication
No. WO 2012/170442, published December 13, 2012, the entireties of which are incorporated by
reference herein.

{00148] It should be noted that if there is a discrepancy between a depicted structure and a
name given that structure, the depicted structure is to be accorded more weight. In addition, if
the stereochemistry of a structure or a portion of a structure is not indicated with, for example,
bold or dashed lines, the structure or portion of the structure is to be interpreted as encompassing

all sterecisomers of it
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53 ~olid Forms of Compound 1

{00149] In certain embodiments, provided herein are solid forms of Compound 1. In
certain embodiments, the solid form is crystalline. In certain embodiments, the solid formis a
single-component solid form. In certain embodiments, the solid form is a solvate. In certain
embodiments, the solid form 1s anhydrous. In certain embodiments, the solid form i1s Form A,
Form B, Form C, Form D, Form E, Form F, Form G, Form H, Salt |, Salt 1L, Salt HI, Salt IV, Salt
Y, Salt V1, Salt VI, Salt VUL, Salt IX or Salt X.
{00130} While not intending to be bound by any particular theory, certain solid forms are
characterized by physical properties, e.g., stability, solubility and dissolution rate, appropriate for
pharmaceutical and therapeutic dosage forms. Moreover, while not wishing to be bound by any
particular theory, certain solid forms are characterized by physical properties {(e.g., density,
compressibility, hardness, morphology, cleavage, stickiness, solubility, water uptake, electrical
properties, thermal behavior, solid-state reactivity, physical stability, and chemical stability)
affecting particular processes {e.g., yield, filtration, washing, drving, milling, mixing, tableting,
flowability, dissolution, formulation, and lyophilization) which make certain solid forms suitable
for the manufacture of a solid dosage form. Such properties can be determined using particular
analytical chemical techniques, inchuding solid-state analytical techniques (e.g., X-ray
diffraction, microscopy, spectroscopy and thermal analysis), as described herein and known in
the art.
{00151] The solid forms provided herein (e.g., Form A, Form B, Form C, Form D, Form
E, Form F, Form G, Form H, Salt I, Salt 1T, Salt HI, Salt IV, Salt V|, Salt VI, Salt VH, Salt VIII,
Salt IX and Salt X of Compound 1) may be characterized using a number of methods known to a
person skilled in the art, including, but not limited to, X-ray powder diffraction (XRPD),
microscopy {e.g., scanning electron microscopy (SEM)) and thermal analysis (e.g., thermal
gravimetric analysis {TGA) and differential scanning calorimetry (BSC)). The particle size and
size distribution of the solid form provided herein may be determined by conventional methods,
such as laser light scattering technique.
100152] It should be understood that the numerical values of the peaks of an X-ray powder
diffraction pattern may vary slightly from one machine to another or from one sample to another,
and so the values gquoted are not to be construed as absolute, but with an allowable variability,
such as +0.2 ° 26 (see United State Pharmacopoeia, page 2228 (2003)).
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531 Form A of Compound 1

{60153] In certain embodiments, provided herein is Form A of Compound 1.

[00134] In one embodiment, Form A 1s a solid form of Compound 1. In one embodiment,
Form A is anhydrous. In another embodiment, Form A is crystalline.

{00155] In certain embodiments, Form A 15 prepared by single solvent fast cooling
crystatiization, single solvent slow cooling crystallization, binary solvent fast cooling
crystallization or binary solvent slow cooling crystallization experiments (see Table 1-Table 10}
100156} In one embodiment, provided herein are methods for preparing Form A of
Compound 1 comprising single solvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., approximately 10-55 mg) with a minimum amount of solvents
{e.g., from about 0.25 mL to about 14.0 mL} at a first temperature {¢.g., from about 30 °C 10
about 90 °Cy; (2) filtering the hot solution; (3} cooling the solution to a second temperature (e.g.,
from about -5 °C to about 10 °C) for a period of time {e.g., from about 6 hours to about 72
hours); (4) isolating the resulting solids; and (5) evaporating the samples without precipitation to
dryness and collecting the resulting solids. See Table 1. In certain embodiments, the solvent is
THF, MIBK or MTBE.

{00157} In one ernbodiment, provided herein are methods for preparing Form A of
Compound 1 comprising single selvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., approximately 30-35 mg) with a minimum amouunt of solvents
{e.g., up to about 7.0 mL} at a first temperature (e.g., about 50 or 70 °C}; (2) filtering the hot
solution {e.g., filtering through a 0.45 pm syringe filter); (3) cooling the solution to a second
temperature {(e.g., about 4 °C}) for a period of time (e.g., about 24 hours); {4} isolating the
resulting solids {e.g., isolating by vacuum filtration); and (S} evaporating the samples without
precipitation to dryness {e.g., evaporating under a gentle stream of nitrogen) and collecting the
resulting solids. See Table 1. In certain embodiments, the solvent is THF, MIBK or MTBE.
{60158] In one embodiment, provided herein are methods for preparing Form A of
Compound 1 comprising single sclvent slow cooling crystallization comprising the steps of: (1}
dissolving Compound 1 (e.g., approximately 10-55 mg) with a minimum amount of solvents
{e.g, from about 0.25 mL to about 14.0 mL} at a first temperature {e.g., from about 30 °C to
about 90 °C); (2) filtering the hot solution; (3} cooling the hot solution to ambient temperature at
a rate (e.g., from about 5 °C/hr to about 40 °C/hr) and allowing to equilibrate at ambient

~
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temperature over a period of time {(e.g., from about 6 hours to about 72 hours}; {4) isolating the
resulting solids; and (5) evaporating the samples without precipitation to dryness and collecting
the resulting solids. See Table 2. In certain embodiments, the solvent is THF or MTBE.
{60159] In one embodiment, provided herein are methods for preparing Form A of
Compound 1 comprising single solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 (e.g., approximately 30-35 mg) with a minimum amount of solvents
{e.g, up to about 7.0 mL) at a first teraperature {e.g., about 50 or 70 °C); (2) filtering the hot
solution {(e.g., filtering through a 0.45 um syringe filter); (3) cooling the hot solution to ambient
temperature at a rate (e.g., about 20 °C/hr) and allowing to equilibrate at ambient temperature
over a pertod of time {e.g., about 24 hours); (4} isolating the resulting solids {e.g., isolating by
vacuum filtration); and (5) evaporating the samples without precipitation to dryness {e.g.,
evaporating under a gentle stream of nitrogen) and collecting the resulting solids. See Table 2.
in certain embodiments, the solvent is THF or MTBE.

{00160} In one ernbodiment, provided herein are methods for preparing Form A of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {¢.g., about 10-55 mg) with a minimum amount of solvents {e.g., from
about 0.25 mL to about 14.0 mL) at a first temperature {e.g., from about 30 °C to about 90 °C);
(2) filtering the hot solution; (3} adding a co-solvent; (4} placing the solution at a second
temperature {(e.g., from about -5 °C to about 10 °C) for a period of time {e.g., from about 6 hours
to about 72 hours); (5} isolating the resulting solids; and (6) evaporating the samples without
precipitation to dryness and collecting the resulting solids. All obtained solids were analyzed by
XRPD to determine the solid form. See Table 3, Table 5, Table 7 and Table 9. In certain
embodiments, the solvent 1s MeOH, EtOH, IPA, acetone, DMSO, DMF, NMP, IPA¢, MIBK or
MTBE. In certain embodiments, the co-solvent is water, toluene, heptane or cyclohexane.

{00161} In one embodiment, provided herein are methods for preparing Form A of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 30-35 mg) with a minimum amount of solvents {(e.g., up to
7.0 mL} at a first temperature (e.g., about 50 or 70 °C); (2) filtering the hot solution {e.g.,
filtering through a 0.45 um syringe filter); (3) adding a co-solvent; (4) placing the solution at a
second temperature (e.g., about 4 °C} for a period of time {e.g., about 24 hours); {5) isolating the
resulting solids {e.g., isolating by vacuum filtration); and (6} evaporating the samples without
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precipitation to dryness (e.g., evaporating under a gentle stream of nitrogen gas) and collecting
the resulting solids. All obtained solids were analyzed by XRPD to determine the solid form.
See Table 3, Table 5, Table 7 and Table 9. In certain embodiments, the solvent is MeOH, EtOH,
IPA, acetone, DMSO, DMF, NMP, IPAc, MIBK or MTBE. In certain embodiments, the co-

solvent 1s water, toluene, heptane or cyclohexane.

100162 In one embaodiment, provided herein are methods for preparing Form A of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 10-55 mg) with a minimum amount of solvents (e.g., from
about 0.25 mL to about 14.0 mL) at a first temperature {¢.g., from about 30 °C to about 90 °C};
(2} filtering the hot solution; (3) adding a co-solvent; (4} cooling the solution to ambient
temperature at a rate (e.g., from about 5 °C/hr to about 40 °C/hr) and allowing to equilibrate at
ambient temperature for a period of time {e.g., from about 6 hours to about 72 hours}; (5)
isolating the resulting solids; and (6} evaporating the samples without precipitation to dryness
and collecting the resulting solids. All obtained solids were analyzed by XRPD to deternune the
solid form. See Table 4, Table 6, Table 8 and Table 10. In certain embodiments, the solvent is
acetone, DMF, NMP, MeCN, [PAc¢, MIBK or MTBE. In certain embodiments, the co-solvent is
water, toluene, heptane or cyclohexane.

{60163] in one embodiment, provided herein are methods for preparing Form A of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 30-35 mg) with a minimum amount of solvents {(e.g., up to
7.0 mL} at a first temperature (e.g., about 50 or 70 °C); (2) filtering the hot solution {e.g.,
filtering through a 0.45 um syringe filter); (3} adding a co-solvent; (4} cooling the sclution to
ambient temperature at a rate (e.g., about 20 °C/hr) and allowing to equilibrate at ambient
temperature for a period of time {e.g., about 24 hours), {(5) isolating the resulting solids (e.g.,
isolating by vacuum filtration); and (6) evaporating the samples without precipitation to dryness
{e.g., evaporating under a gentle stream of nitrogen gas) and collecting the resulting solids. All
obtained solids were analyzed by XRPD to determine the solid form. See Table 4, Table 6,
Table 8 and Table 10. In certain embodiments, the solvent is acetone, DMFE, NMP, MeCN,
PAc, MIBK or MTBE. Iu certain embodiments, the co-solvent is water, toluene, heptane or

cyclohexane.
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{00164} In one embodiment, provided herein is Form A prepared by stirring Form Gin a
solvent for a period of time. See Table 13. In ove embodiment, the solvent is [PAc/heptane
{e.g., about 1.2 (V:V}) or toluene. In one embodiment, the solvent is acetone/water {e.g., about
12 {V:V)). In one embodiment, the period of time is from about 1 day to about 7 days {(e.g.,
about 1 day or about 7 days).

{60165] In one embodiment, provided herein is Form A having a DSC thermogram
substantially as depicted in Figure 11. In certain embodiments, the crystalline form exhibits a
DSC thermogram comprising an endothermic event with a maximum at about 186 °C when
heated from approximately 30 °C to approximately 230 °C.

{60166] In one embodiment, provided herein is Form A having a TGA thermogram
corresponding substantially to the representative TGA thermogram as depicted in Figure 12, In
certain embodiments, the crystalline form exhibits a TGA thermogram comprising no mass loss
before about 155 °C when heated from approximately 30 °C to approximately 300 °C. The TGA
thermogram further comprises a decomposition event with an onset temperature at
approximately 249.2 °C when heated from approximately 30 °C to approximately 300 °C. Thus,
in certain embodiments, the crystalline form has no roass loss at a temperature lower than about
166 °C.

{00167} In one ernbodiment, provided herein is moderately hygroscopic Form A having
about 0% weight motsture uptake at 60% RH and about 6.1% weight moisture uptake at 90%
RH. See Figure 13,

100168} In certain embodiments, a solid form provided herein, e.g., Form A, is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form A has an X-ray powder diffraction pattern substantially as shown in Figure 2.
in one embodiment, Form A has one or more characteristic X-ray powder ditfraction peaks at
approximately 3.73, 3.86, 4.24, 4.39, 5.46, 5.58, 5.77, 6.01, 6.49, 6.86, 7.27, 7.40, 7.83, §.13,
8.56, 8.67, 8.80,8.93, 991, 10.09, 10.23, 1041, 11.07, 12.14, 13.05, 14,45, 15.67, 16.20, 16.60,
7.21,17.70, 18.71, 19.19, 19.59, 20.08, 20.54, 21.60, 22.15, 22.97, 23 34, 2437, 25.02, 25.55,
25.93,26.92,27.55, 2920, 2970, 30,10, 31.68, 32.13, 32.59,33.00, 33.77, 3418, 34.67, 35.19,
35.88, 36.40, 36.99, 37.46, 38.08, 39.74, 40.38, 40.96, 41.76, 42.12, 42.45, 43.26, 43 87 or 44.52
© 26 as depicted in Figure 2. In a specific embodiment, Form A has one, two, three, four, five,

six, seven or eight characteristic X-ray powder diffraction peaks at approximately 12.14, 13.05,
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14.45 1660, 19.59, 20.08, 22 .97 or 26.92 °20. In another embodiment, Form A has one, two,
three or four characteristic X-ray powder diffraction peaks at approximately 12.14, 13.05, 22.97
or 26.92 ° 28, In another embodiment, Form A has one, two, three, four, five, six, seven, eight,
nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen,
twenty, ftwenty-one, twenty-two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-
seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two, thirty-three, thirty-four, thirty-
five, thirty-six, thirty-seven, thirty-eight, thirty-nine, forty, forty-one, forty-two, forty-three,
forty-four, forty-five, forty-six, forty-seven, forty-eight, forty-nine, fifty, fifty-one, fifty-two,
fifty-three, fifty-four, fifty-five, fifty-six, fifty-seven, fifty-eight, fifty-uine, sixty, sixty-one,
sixty-two, sixty-three, sixty-four, sixty-five, sixty-six, sixty-seven, sixty-eight, sixty-nine,
seventy or seventy-one characteristic X-ray powder diffraction peaks as set forth in Table 20.
100169} In certain embodiments, a solid form provided herein, e.g., Form A, is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form A has an X-ray powder diffraction pattern substantially as shown in Figure 2.
in one embodiment, Form A has one or more characteristic X-ray powder ditfraction peaks at
approximately 3.7,3.9,4.2,44,55,56,58,60,65,69, 73,74, 78,8.1,86,87 88,809,
9.9, 10.1,10.2, 104, 11, 12.1, 13, 14.5,15.7, 162, 16.6, 17.2, 17.7, 18.7, 19.2, 19.6, 20.1, 20.5,
21.6,22.2,23.0,23.3, 24.4,25.0,25.6, 259, 26.9,27.6,29.2,29.7,30.1,31 7, 32.1, 32.6, 33.0,
33.8,342, 347,352,359, 36.4,37.0,37.5,38.1,39.7,40.4,41.0,41.8,42.1,42.5, 433, 43.9 or
44.5 ° 28 as depicted in Figure 2. In a specific embodiment, Form A has one, two, three, four,
five, six, seven or gight characteristic X-ray powder diffraction peaks at approximately 12.1,
13.1, 145, 16.6,19.6,20.1, 23 0 or 26.9°28. In another embodiment, Form A has one, two,
three or four characteristic X-ray powder diffraction peaks at approxtmately 12,1, 13.1, 230 or
26.9°26. In another embodiment, Form A has one, two, three, four, five or six characteristic X-
ray powder diffraction peaks at approximately 12.1, 131, 16.6,20.1,23.00r 269726, Tn
another embodiment, Form A has one, two or three characteristic X-ray powder diffraction peaks
at approxamately 121, 23.0 or 26.9 ° 28, In another embodiment, Form A has one, two, three,
four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen,
seventeen, eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four,
twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two,

thirty-three, thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine, forty, forty-
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one, forty-two, forty-three, torty-four, forty-tive, forty-six, forty-seven, forty-eight, forty-nine,
fifty, fifty~-one, fitty-two, fitty-three, fifty-four, fifty-five, fifty-six, fifty-seven, fifty-eight, fifty-
nine, sixty, sixty-one, sixty-two, sixty-three, sixty-four, sixty-five, sixty-six, sixty-seven, sixty-
eight, sixty-nine, seventy or seventy-one characteristic X-ray powder diftraction peaks as set
forth in Table 20

{60170} In still another embodiment, Form A is substantially pure. In certain
embodiments, the substantially pure Form A is substantially free of other solid forms, e.g.,

Forms B, C, B, E, F, G or H. In certain embodiments, the purity of the substantially pure Form
A is no less than about 95%, no less than about 96%, no less than about 97%, no less than about
98%, no less than about 98.5%, no less than about 99%, no less than about 99 5%, or no less than

about 99 894,

532 Form B of Compound 1

{60171} In certain embodiments, provided herein is Form B of Compound 1.
100172} In one embodiment, Form B is a solid form of Compound 1. In one embodiment,

Form B is anhydrous. In one embodiment, Form B is an anhydrous solid form of Compound 1|
retaining residual solvent. In one embodiment, Form B 1s an anhydrous solid form of Compound
1 retaining residual MEK. 1n ancther embodiment, Form B is crystalline.

{00173} In certain embodiments, Form B is prepared by single solvent fast cooling
crystallization, single solvent stow cooling crystallization, binary solvent fast cocoling
crystallization or binary solvent slow cooling crystallization experiments {see Table 1-Table 10).
{60174] In one embodiment, provided herein are methods for preparing Form B of
Compound 1 comprising single solvent fast cooling crystallization comprising the steps of’ (1)
dissolving Compound 1 (e.g., approximately 10-55 mg) with a minimum amount of solvents
{e.g., from about 0.25 mL to about 14.0 mL) at a first temperature {e.g., from about 30 °C to
about 90 °C); (2) filtering the hot solution; (3) cooling the solution o a second temperature (e.g.,
from about -5 °C to about 10 °C} for a period of time (e.g., from about 6 hours to about 72
hours); {(4) 1solating the resulting solids; and (5) evaporating the samples without precipitation to
dryness and collecting the resulting solids. See Table 1. In certain embodiments, the solvent is

MeOH, THF or acetone.
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{60175] In one embodiment, provided herein are methods for preparing Form B of
Compound 1 compnising single solvent fast cooling crystallization comprising the steps of’ (1)
dissolving Compound 1 {e.g., approximately 30-35 mg) with a minimum amount of solvents
{e.g., up to about 7.0 mL) at a first temperature (e.g., about 50 or 70 °C}; (2) filtering the hot
solution {e.g., filtering through a 0.45 um syringe filter); (3) cooling the solution to a second
temperature (e.g., about 4 °C} for a period of time {e.g., about 24 hours); (4} isolating the
resulting solids {e.g., 1solating by vacoum filtration); and (5) evaporating the samples without
precipitation to dryness {(e.g., evaporating under a gentle stream of nitrogen) and collecting the

resulting solids. See Table 1. In certain embodiments, the solvent is MeOH, THF or acetone.

{60176} In one embodiment, provided herein are methods for preparing Form B of
Compound 1 comprising single solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., approximately 10-55 mg) with a minimum amount of solvents
{e.g, from about 0.25 mL to about 14.0 mL} at a first temperature {e.g., from about 30 °C to
about 90 °Cy; (2) filtering the hot solution; (3) cooling the hot solution to ambient temperature at
a rate (e.g., from about 5 °C/hr to about 40 °C/hr) and allowing to equilibrate at ambient
temperature over a pertod of time {e.g., from about 6 hours to about 72 hours); {4) 1solating the
resulting solids; and {5} evaporating the samples without precipitation to dryness and collecting
the resulting solids. See Table 2. In certain embodiments, the solvent is MeOH, MeCN, THF,

acetone or MIBK.

{60177] In one embodiment, provided herein are methods for preparing Form B of
Compound 1 comprising single solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 (e.g., approximately 30-35 mg) with a minimum amount of solvents
{e.g, up to about 7.0 mL) at a first teraperature {e.g., about 50 or 70 °C); (2) filtering the hot
solution {e.g., filtering through a 0.45 um syringe filter}; (3) cooling the hot solution to ambient
temperature at a rate (e.g., about 20 °C/hr) and allowing to equilibrate at ambient temperature
over a pertod of time {e.g., about 24 hours); (4} isolating the resulting solids {e.g., isolating by
vacuum filtration); and (5) evaporating the samples without precipitation to dryness {e.g.,
evaporating under a gentle stream of nitrogen) and collecting the resulting solids. See Table 2.
in certain embodiments, the solvent is MeOH, MeCN, THF acetone or MIBK.

100178} In one embodiment, provided herein are methods for preparing Form B of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)

21



WO 2016/118858 PCT/US2016/014517

dissolving Compound 1 {e.g., about 10-55 mg) with a minimum amount of solvents (e.g., from
about 0.25 mL to about 14.0 mL) at a first temperature {e.g., from about 30 °C to about 90 °C);
(2} filtering the hot solution; (3} adding a co-solvent; (4) placing the solution at a second
ternperature {e.g., from about -5 °C to about 10 °C) for a period of time (e.g., from about 6 hours
to about 72 hours); {5} isolating the resulting solids; and (6) evaporating the samples without
precipitation to dryness and collecting the resulting solids. All obtained solids were analyzed by
XRPD to determine the solid form (see Table 3). In certain embodiments, the solvent is THF. In
certain embodiments, the co-solvent is water.

{60179} In one embodiment, provided herein are methods for preparing Form B of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of (1)
dissolving Compound 1 (e.g., about 30-35 mg} with a minimum amount of solvents {(¢.g., up to
7.0 mlL.) at a first temperature {(e.g., about 50 or 70 °C); (2} filtering the hot solution {e.g.,
filtering through a 0.45 um syringe filter); (3) adding a co-solvent; {4) placing the solution at a
second temperature {e.g., about 4 °C) for a period of time (e.g., about 24 hours); (5) 1solating the
resulting solids {e.g., isolating by vacuum filtration}; and (0} evaporating the samples without
precipitation to dryness {(e.g., evaporating under a gentle stream of nitrogen gas}) and collecting
the resulting solids. All obtained solids were analyzed by XRPD to determine the solid form (see
Table 3). In certain embodiments, the solvent is THF. In certain embodiments, the co-solvent is
water.

{6018¢) In one embodiment, provided herein are methods for preparing Form B of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 10-55 mg) with a minimum amount of solvents {e.g., from
about 0.25 mL to about 14.0 mL) at a first temperature (e.g., from about 30 °C to about 90 °C);
(2) filtering the hot solution; (3) adding a co-~solvent; (4) cooling the solution to ambient
temperature at a rate {e.g., from about 5 °C/hr to about 40 °C/hr) and allowing to equilibrate at
ambient temperature for a period of time {(e.g., from about 6 hours to about 72 hours); (5)
isolating the resulting solids; and (6) evaporating the samples without precipitation to dryness
and collecting the resulting solids. All obtained solids were analyzed by XRPD to deternune the
solid form (see Table 4 and Table 6). In certain embodiments, the solvent is MeOH, MEK,

MIBK or DMF. In certain embodiments, the co-solvent is water or toluene.
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{60181] In one embodiment, provided herein are methods for preparing Form B of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps oft (1)
dissolving Compound 1 (e.g., about 30-35 mg} with a minimum amount of solvents {e.g., up to
7.0 mL} at a first temperature (e.g., about 50 or 70 °C); (2) filtering the hot solution {e.g.,
filtering through a 0.45 um syringe filter); (3) adding a co-solvent; (4) cooling the solution to
ambient temperature at a rate {e.g., about 20 °C/hr) and allowing to equilibrate at ambient
temperature for a period of time {e.g., about 24 hours); (5) isolating the resulting solids {(e.g.,
isolating by vacuum filtration); and (6) evaporating the samples without precipitation to dryness
{e.g., evaporating under a gentle stream of nitrogen gas) and collecting the resulting solids. All
obtained solids were analyzed by XRPD to determine the solid form {se¢e Table 4 and Table 6).
In certain embodiments, the solvent is MeOH, MEK, MIBK or DMF. In certain embodiments,
the co~-solvent is water or toluene.

{060182] In one embodiment, provided herein is Form B having a DSC thermogram
substantially as depicted in Figure 16. In certain embodiments, the crystalline form exhibits a
DSC thermogram comprising an endothermic event with a maximum at about 141.5 °C when
heated from approximately 30 °C to approximately 230 °C. In one embodiment, the BSC
thermogram further comprises an endothermic event with a maximum at about 185.2 °C when
heated from approximately 30 °C to approximately 230 °C. In one embodiment, the DSC
thermogram further comprises an exothermic event with a maximum at about 146.9 °C when
heated from approximately 30 °C to approximately 230 °C.

{060183] In one embodiment, provided herein is Form B having a TGA thermogram
corresponding substantially to the representative TGA thermogram as depicted in Figure 17, In
certain embodiments, the crystalline form exhibits a TGA thermogram comprising about 0.64%
mass loss betore about 155 °C when heated from approximately 30 °C to approximately 300 °C.
The TGA thermogram further comprises a decomposition event with an onset temperature at
approxiroately 258.0 °C when heated from approximately 30 °C to approximately 300 °C.
100184} In one embodiment, provided herein is Form B that can be converted to Form A
after being stirred in a solvent for a period of time. See Table 13, In one embodiment, the
solvent is IPAc/heptane {e.g., about 1.2 (V:V)) or toluene. In one embodiment, the period of

time is from about | day to about 7 days {e.g., about 1 day or about 7 days).
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{60185] In certain embodiments, a solid form provided herein, e.g., Form B, 1s
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form B has an X-ray powder diffraction pattern substantially as shown in Figure 3.
In one embodiment, Form B has one or more characteristic X-ray powder diffraction peaks at
approximately 4.34, 7.46, 8.61, 11.37, 12.90, 14.89, 15.50, 18.76, 19.71, 21.52, 22.15, 22.81,
23.03,23.77, 24.60,25.29, 25.73, 26.23, 26.76, 27.49, 28.17, 30.10, 31.76, 32.57, 34.34, 35.94,
37.74, 38.63,39.27, 4175, 42.20 or 44 45 ° 20 as depicted in Figure 3. In a specific
embodiment, Form B has one, two, three, four, five, six, seven or eight characteristic X-ray
powder diffraction peaks at approximately 4.34, 861, 12.90, 14.89, 15.50, 18.76, 23.77 or 25.29
©28. In ancther embodiment, Form B has one, two, three or four characteristic X-ray powder
diffraction peaks at approximately 4 34, 8 61, 14.89 or 15.50 ©28. In another embodiment, Form
B has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen,
fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three,
twenty-four, twenty-five, twenty-six, twenty-seven, twenty-etght, twenty-ning, thirty, thirty-one
or thirty-two characteristic X-ray powder diffraction peaks as set forth in Table 21,

{00186] In certain embodiments, a solid form provided herein, e.g., Form B, is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form B has an X-ray powder diffraction pattern substantially as shown in Figure 3.
in one embodiment, Form B has one or more characteristic X-ray powder diffraction peaks at
approximately 4.3, 7.5, 8.6, 11.4, 129, 14.9, 15.5, 18.8, 197, 21.5, 22.2, 22.8, 23.0, 23.8, 24.6,
25.3,25.7,26.2,26.8,27.5,28.2,30.1,31.8,32.6, 343, 35.9, 37.7, 38.6,39.3, 41.8, 422 or 44.5

2 2

© 20 as depicted in Figure 3. In a specific embodiment, Form B has one, two, three, four, five,
six, seven or eight characteristic X-ray powder diffraction peaks at approximately 4.3, 8.6, 12.9,
149,155 18.8,23 8 or 25.3 °28. In another embodiment, Form B has one, two, three or four
characteristic X-~ray powder diffraction peaks at approximately 4.3, 8.6, 149 0r 155°208. In
another embodiment, Form B has one, two, three, four, five, six or seven characteristic X-ray
powder diffraction peaks at approamately 43,86, 129,149, 155, 18 8or 25.3 ° 28. In another
embodiment, Form B has one, two, three, four, five or six characteristic X-ray powder diffraction
peaks at approximately 43, 8.6, 149, 155 188 or 253 ° 28, In another embodiment, Form B
has one, two, three or four characteristic X-ray powder diffraction peaks at approximately 4.3,

86,155 0r 253726, In another embodiment, Form B has one, two or three characteristic X-ray
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powder diffraction peaks at approximately 4.3, 8.6 or 15.5°28. In another embodiment, Form B
has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen,
fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three,
twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one
or thirty~two characteristic X-ray powder diffraction peaks as set forth in Table 21

{60187} In still another embodiment, Form B 1s substantially pure. In certain
embodiments, the substantially pure Form B is substantially free of other solid forms, e.g., Forms
A, C,D E F GorH Incertain embodiments, the purity of the substantially pure Form B is no
fess than about 95%, no less than about 96%, no less than about 97%., no less than about 98%, no

less than about 98.5%, no less than about 99%, no less than about 99.5%, or no less than about

99.8%.
533 Form C of Compound 1
{60188} In certain embodiments, provided herein is Form C of Compound 1.
100189} In one embodiment, Form C is a solid form of Compound 1. In one embodiment,

Form C is anhydrous. In one embodiment, Form C is an anhydrous solid form of Compound 1
retaining residual solvent. In one embodiment, Form C 1s an anhydrous solid form of Compound
1 retaining residual EtOH. In another embodiment, Form C is crystalline.

{00196} In certain embodiments, Form C is prepared by single solvent fast cooling
crystallization, single solvent stow cooling crystallization, binary solvent fast cocoling
crystallization or binary solvent slow cooling crystallization experiments {see Table 1-Table 10).
{00191} In one embodiment, provided herein are methods for preparing Form C of
Compound 1 comprising single solvent fast cooling crystallization comprising the steps of’ (1)
dissolving Compound 1 (e.g., approximately 10-55 mg) with a minimum amount of solvents
{e.g., from about 0.25 mL to about 14.0 mL) at a first temperature {e.g., from about 30 °C to
about 90 °C); (2) filtering the hot solution; (3) cooling the solution to a second temperature (e.g.,
from about -5 °C to about 10 °C} for a period of time (e.g., from about 6 hours to about 72
hours); {(4) 1solating the resulting solids; and (5) evaporating the samples without precipitation to
dryness and collecting the resulting solids. See Table 1. In certain embodiments, the solvent is

EtOH or IPAc.

A
W
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{60192] In one embodiment, provided herein are methods for preparing Form C of
Compound 1 compnising single solvent fast cooling crystallization comprising the steps of’ (1)
dissolving Compound 1 {e.g., approximately 30-35 mg) with a minimum amount of solvents
{e.g., up to about 7.0 mL) at a first temperature (e.g., about 50 or 70 °C}; (2) filtering the hot
solution {e.g., filtering through a 0.45 um syringe filter); (3) cooling the solution to a second
temperature (e.g., about 4 °C} for a period of time {e.g., about 24 hours); (4} isolating the
resulting solids {e.g., 1solating by vacoum filtration); and (5) evaporating the samples without
precipitation to dryness {(e.g., evaporating under a gentle stream of nitrogen) and collecting the

resulting solids. See Table 1. In certain embodiments, the solvent 1s EtOH or IPAc.

{60193} In one embodiment, provided herein are methods for preparing Form C of
Compound 1 comprising single solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., approximately 10-55 mg) with a minimum amount of solvents
{e.g, from about 0.25 mL to about 14.0 mL} at a first temperature {e.g., from about 30 °C to
about 90 °Cy; (2) filtering the hot solution; (3) cooling the hot solution to ambient temperature at
a rate (e.g., from about 5 °C/hr to about 40 °C/hr) and allowing to equilibrate at ambient
temperature over a pertod of time {e.g., from about 6 hours to about 72 hours); {4) 1solating the
resulting solids; and {5} evaporating the samples without precipitation to dryness and collecting
the resulting solids. See Table 2. In certain embodiments, the solvent is EtOH or IPAc.
{60194] In one embodiment, provided herein are methods for preparing Form C of
Compound 1 comprising single selvent slow cooling crystallization comprising the steps of: {1}
dissolving Compound 1 {e.g., approximately 30-35 mg) with a minimum amouunt of solvents
(e.g, up to about 7.0 mL) at a first temperature {e.g., about 50 or 70 °C); (2} filtering the hot
solution {e.g., filtering through a 0.45 um syringe filter); (3) cooling the hot solution to ambient
temperature at a rate (e.g., about 20 °C/hr) and allowing to equilibrate at ambient temperature
over a period of time {e.g., about 24 hours}); (4) isolating the resulting solids (e.g., isolating by
vacuum filtration); and (5) evaporating the samples without precipitation to dryness (e.g.,
evaporating under a gentle stream of nitrogen) and collecting the resulting solids. See Table 2.
In certain embodiments, the solvent is EtOH or [PAc.

{00195] In one embodiment, provided herein are methods for preparing Form C of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)

dissolving Compound 1 {e.g., about 10-55 mg) with a minimum amount of solvents (e.g., from

(I
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about 0.25 mL to about 14.0 mL) at a first temperature (e.g., from about 30 °C to about 90 °C);
(2) filtering the hot solution; (3) adding a co-solvent; (4) placing the solution at a second
temperature {e.g., from about -5 °C to about 10 °C) for a period of time (e.g., from about 0 hours
to about 72 hours); (5) isolating the resulting solids; and (6) evaporating the samples without
precipitation to dryness and collecting the resulting solids. All obtained solids were analyzed by
XRPD to determine the solid form (see Table 3, Table 5 and Table 9). In certain embodiments,
the solvent is EtOH. In certain embodiments, the co-solvent is water, toluene or cyclohexane.
{60196] In one embodiment, provided herein are methods for preparing Form C of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound 1 (e.g., about 30-35 mg} with a minimum amount of solvents {e.g., up to
7.0 mL} at a first temperature (e.g., about 50 or 70 °C); (2) filtering the hot solution {e.g.,
filtering through a 0.45 um syringe filter); (3) adding a co-solvent; (4) placing the sclution at a
second temperature {e.g., about 4 °C) for a period of time (e.g., about 24 hours); (5) isolating the
resulting solids {e.g., 1solating by vacuum filtration); and (6) evaporating the samples without
precipitation to dryness {e.g., evaporating under a gentle stream of mitrogen gas) and collecting
the resulting solids. All obtained solids were analyzed by XRPD to determine the solid form (see
Table 3, Table § and Table 9). In certain embodiments, the solvent 13 EtOH. In certain
embodiments, the co-solvent is water, toluene or cyclohexane.

{60197} In one embodiment, provided herein are methods for preparing Form C of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 10-55 mg} with a minimum amount of solvents {e.g., from
about 0.25 mL to about 14.0 L) at a first termperature {e.g., from about 30 °C to about 90 °C);
{2) filtering the hot solution; (3) adding a co-solvent; {4} cooling the solution to ambient
temperature at a rate {e.g., from about 5 °C/hr to about 40 °C/hr) and allowing to equilibrate at
ambient temperature for a period of time (e.g., from about 6 hours to about 72 hours); (5}
isolating the resulting solids; and (6) evaporating the samples without precipitation to dryness
and collecting the resulting solids. All obtained solids were analvzed by XRPD to determine the
solid form (see Table 10). In certain embodiments, the solvent 1s EtOH, EtOAc or IPAc. In
certain embodiments, the co~-solvent 1s cyclohexane.

{60198] In one embodiment, provided herein are methods for preparing Form C of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of’ {1}
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dissolving Compound 1 {e.g., about 30-35 mg) with a minimum amount of solvents {(e.g., up to
7.0 mL} at a first temperature (e.g., about 50 or 70 °C); (2) filtering the hot solution {e.g.,
filtering through a 0.45 um syringe filter); (3} adding a co-solvent; (4} cooling the sclution to
ambient temperature at a rate (e.g., about 20 °C/hr) and allowing to equilibrate at ambient
temperature for a period of time {e.g., about 24 hours); (5) isolating the resulting solids {e.g.,
isolating by vacuum filtration); and (6) evaporating the samples without precipitation to dryness
{e.g., evaporating under a gentle stream of nitrogen gas) and collecting the resulting solids. All
obtained solids were analyzed by XRPD to determine the solid form (see Table 10). In certain
embodiments, the solvent is EtOH, EtOAc or IPAc. In certain embodiments, the co-solvent is
cyclohexane.

{60199] In one embodiment, provided herein is Form C having a BSC thermogram
substantially as depicted in Figure 19. In certain embodiments, the crystalline form exhibits a
DSC thermogram comprising an endothermic event with a maximum at about 63.5 °C when
heated from approximately 30 °C to approximately 230 °C. In one embodiment, the DSC
thermogram further comprises an endothermic event with a maximum at about 77.6 °C when
heated from approximately 30 °C to approximately 230 °C. In one embodiment, the BSC
thermogram further comprises an endothermic event with a maximum at about 134.9 °C when
heated from approximately 30 °C to approximately 230 °C. In one embodiment, the DSC
thermogram further comprises an endothermic event with a maximum at about 1858 °C when
heated from approximately 30 °C to approximately 230 °C. In one embodiment, the BSC
thermogram further comprises an exothermic event with a maximum at about 143.0 °C when
heated from approximately 30 °C to approximately 230 °C.

{00200] in one embaodiment, provided herein is Form C having a TGA thermogram
corresponding substantially to the representative TGA thermogram as depicted in Figure 20, In
certain embodiments, the crystalline form exhibits a TGA thermogram comprising about 1.08%
mass loss before about 150.0 °C when heated from approximately 30 °C to approximately 300
°C. The TGA thermogram further comprises a decomposition event with an onset temperature at
approximately 269.1 °C when heated from approximately 30 °C to approximately 300 °C.
{00201} In one embodiment, provided herein is Form C that can be converted to Form A

after being stirred in a solvent for a period of time. See Table 13, In one embodiment, the
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solvent is IPAc/heptane {e.g., about 1:2 (V:V)} or toluene. In one embodiment, the period of
time 1s from about 1 day to about 7 days (e.g., about 1 day or about 7 days).

100202} In certain embodiments, a solid form provided herein, e.g., Form C, is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form C has an X-ray powder diffraction pattern substantially as shown in Figure 4,
In one embodiment, Form C has one or more characteristic X-ray powder diffraction peaks at
approximately 3.09, 4,35, 7.46, 8.63, 11.41, 12.93, 14.94, 15.55, 18.80, 19.78, 21.60, 22.51,
22.89 2331, 2410, 24 87 2525, 2634, 2707 2777 2810, 2845, 2009 2943 2975 3037,
30.73,31.77. 32.24, 32.86, 34.02, 35 67, 37.86, 38.39, 39.35, 41.85, 42.35, 43 28, 43.74 or 44.24
© 28 as depicted in Figure 4. In a specific embodiment, Form C has one, two, three, four, five,
six, seven or eight characteristic X-ray powder diffraction peaks at approximately 4.35, 8.63,
11.41,12.93, 1494, 1555, 18.80 or 21.60 ° 26, In another embodiment, Form C has one, two,
three or four characteristic X-ray powder diffraction peaks at approximately 4.35, 8.63, 1494 or
15.55°28. In another embodiment, Form C has oneg, two, three, four, five, six, seven, eight,
nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen,
twenty, twenty-one, twenty-two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-
seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two, thirty-three, thirty-four, thirty-
five, thirty-six, thirty-seven, thirty-eight, thirty-nine or forty charactenistic X-ray powder
diffraction peaks as set forth in Table 22.

{060203] In certain embodiments, a solid form provided herein, e.g., Form C, is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form C has an X-ray powder diffraction pattern substantially as shown in Figure 4.
In one embodiment, Form C has one or more characteristic X-ray powder diffraction peaks at
approximately 3.1, 4.4, 7.5, 8.6, 11.4, 12.9, 14.9, 15.6, 18.8, 19.8,21.6,22.5,22.9, 23.3, 24.1,
249,253,263,27.1,27.8,281,285,29.1,29.4, 298 30.4,30.7,31.8,32.2. 32.9, 34.0, 35.7,
379,384,394, 419 424 433, 437 or 44.2 ° 26 as depicted in Figure 4. In a specific
embodiment, Form C has one, two, three, four, five, six, seven or eight characteristic X-ray
powder diffraction peaks at approximately 4.4, 86,114, 129,149,156, 188 0r21.6°28. In
another embodiment, Form C has one, two, three or four characteristic X-ray powder diffraction
peaks at approximately 4.4, 86, 149 or 15.6 ° 28, In another embodiment, Form C has one, two,

three, four, five or six characteristic X-ray powder diffraction peaks at approximately 4.4, 8.6,
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114,149 156 0r 18.8°260. In another embodiment, Form C has one, two, three or four
characteristic X-~ray powder diffraction peaks at approximately 4.4, 8.6, 114 0r 156°208. In
another embodiment, Form C has one, two or three characteristic X-ray powder diffraction peaks
at approximately 4.4, 8.6 or 15.6°26. In another embodiment, Form C has one, two, three, four,
five, six, seven, etght, ning, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen,
eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four, twenty-five,
twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two, thirty-three,
thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine or forty characteristic
X-ray powder diffraction peaks as set forth in Table 22.

100204] In still ancther embodiment, Form C is substantially pure. In certain
embodiments, the substantially pure Form C is substantially free of other solid forms, e.g., Forms
A B D EF GorH Incertain embodiments, the purity of the substantially pure Form C is no
less than about 95%, no less than about 96%, no less than about 97%, no less than about 98%, no
fess than about 98 5%, no less than about 99%, no less than about 99.5%, or no less than about

99.8%.

534 Form D of Compound 1

{00205] In certain embodiments, provided herein is Form D of Compound 1.

{00206] In one embodiment, Form D 1s a solid form of Compound 1. In one embodiment,
Form D is anhydrous. In another embodiment, Form D is crystalline.

100207] In certain embodiments, Form D is prepared by single solvent fast cooling
crystaliization, single solvent slow cooling crystallization, binary solvent fast cooling
crystallization or binary solvent slow cooling crystallization experiments (see Table 1-Table 10}
100208} In one embodiment, provided herein are methods for preparing Form D of
Compound 1 comprising single solvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., approxirnately 10-55 mg) with a minimum amount of solvents
{e.g., from about 0.25 mL to about 14.0 mL} at a first temperature {¢.g., from about 30 °C 10
about 90 °Cy; (2) filtering the hot solution; (3} cooling the solution to a second temperature {e.g.,
from about -5 °C to about 10 °C) for a period of time {(e.g., from about 6 hours to about 72

hours); (4) isolating the resulting solids; and (5) evaporating the samples without precipitation to
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dryness and collecting the resulting solids. See Table 1. In certain embodiments, the solvent is

IPA, 1-BuOH, MeCN or FtOAc.

160209] In one embodiment, provided herein are methods for preparing Form D of
Compound 1 comprising single solvent fast cooling crystallization comprising the steps of’ (1)
dissolving Compound 1 {e.g., approximately 30-35 mg) with a minimum amouunt of solvents
{e.g., up to about 7.0 mL} at a first temperature (e.g., about 50 or 70 °C}; (2) filtering the hot
solution {e.g., filtering through a 0.45 pm syringe filter); (3) cooling the solution to a second
temperature (e.g., about 4 °C} for a period of time {e.2., about 24 hours); (4} isolating the
resulting solids {e.g., isolating by vacuum filtration); and (S} evaporating the samples without
precipitation to dryness {e.g., evaporating under a gentle stream of nitrogen) and collecting the
resulting solids. See Table 1. In certain embodiments, the solvent is IPA, 1-BuOH, MeCN or
EtOAc.

100210 In one embaodiment, provided herein are methods for preparing Form D of
Compound 1 comprising single solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., approximately 10-55 mg) with a minimum amount of solvents
{e.g, from about 0.25 mL to about 14.0 mL) at a first temperature (e.g., from about 30 °C to
about 90 °Cy; (2) filtering the hot solution; (3) cooling the hot solution to ambient temperature at
a rate {e.g., from about S °C/hr to about 40 °C/hr) and allowing to equilibrate at ambient
temperature over a petiod of time (e.g., from about 6 hours to about 72 hours}); {4) isolating the
resulting solids; and (5} evaporating the samples without precipitation to dryness and collecting
the resulting solids. See Table 2. In certain embodiments, the solvent is IPA, EtOAc or MEK.
160211 In one embodiment, provided herein are methods for preparing Form D of
Compound 1 comprising single solvent slow cooling crystallization comprising the steps of: (1)}
dissolving Compound 1 {e.g., approximately 30-35 mg) with a minimum amount of solvents
(e.g, up to about 7.0 mL) at a first temperature {e.g., about 50 or 70 °C); (2) filtering the hot
solution {e.g., filtering through a 0.45 um syringe filter); (3) cooling the hot solution to ambient
temperature at a rate (e.g., about 20 °C/hr) and allowing to equilibrate at ambient temperature
over a period of time {e.g., about 24 hours); (4) isolating the resulting solids (e.g., 1solating by
vacuum filtration); and (5) evaporating the samples without precipitation to dryness (e.g,
evaporating under a gentle stream of nitrogen) and collecting the resulting solids. See Table 2.
In certain embodiments, the solvent is [PA, EtOA¢ or MEK.
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{60212] In one embodiment, provided herein are methods for preparing Form D of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 10-55 mg} with a minimum amount of solvents {e.g., from
about 0.25 mL to about 14.0 mL) at a first temperature {e.g., from about 30 °C to about 90 °C);
{2} filtering the hot solution; (3) adding a co-solvent; {4} placing the solution at a second
temperature (e.g., from about -5 °C to about 10 °C) for a period of time {e.g., from about 6 hours
to about 72 hours); (5} tsolating the resulting solids; and (6) evaporating the samples without
precipitation to dryness and collecting the resulting solids. All obtained solids were analyzed by
XRPD to determine the solid form (see Table 3, Table 5, Table 7 and Table 9). In certain
embodiments, the solvent is MeOH, MeCUN, n-Propanol, 1-BuOH, THF, 2-MeTHF, EtOAc, IPA,
IPAc, acetone, MEK or MIBK. In certain embodiments, the co-solvent is water, toluene,
heptane or cyclohexane.

{60213] In one embodiment, provided herein are methods for preparing Form D of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound 1 (e.g., about 30-35 mg} with a minimum amount of solvents (e.g., up to
7.0 mL) at a first temperature (e.g., about 50 or 70 °C); (2) filtering the hot solution {e.g.,
filtering through a 0.45 um syringe filter); (3) adding a co-solvent; (4) placing the solution at a
second temperature {e.g., about 4 °C) for a period of time (e.g., about 24 hours); (5) isolating the
resulting solids {e.g., 1solating by vacuum filtration); and (6) evaporating the samples without
precipitation to dryness {e.2., evaporating under a gentle stream of nitrogen gas) and collecting
the resulting solids. All obtained solids were analyzed by XRPD to determine the solid form (see
Table 3, Table 5, Table 7 and Table 9}. In certain embodiments, the solvent is MeOH, MeCN, n-
Propanol, 1-BuOH, THF, 2-MeTHF, EtOAc, IPA, [PAc, acetone, MEK or MIBK. In certain
embodiments, the co-solvent 13 water, toluene, heptane or cyclohexane.

100214} In one embodiment, provided herein are methods for preparing Form D of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 10-55 mg) with a minimum amount of solvents {e.g., from
about 0.25 mL to about 14.0 mL) at a first temperature {e.g., from about 30 °C to about 90 °C};
(2) filtering the hot solution; (3) adding a co-~solvent; (4) cooling the solution to ambient
temperature at a rate {e.g., from about 5 °C/hr to about 40 °C/hr) and allowing to equilibrate at
ambient temperature for a period of time {e.g., from about 6 hours to about 72 hours); (5)
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isolating the resulting solids; and (6} evaporating the samples without precipitation to dryness
and collecting the resulting solids. All obtained solids were analyzed by XRPD to deternune the
solid form. (see Table 4, Table 6, Table & and Table 10}. In certain embodiments, the solvent is
n-propanol, 1-BuOH, MeOH, MeCN, THF, acetone, MEK or MIBK. In certain embodiments,
the co-solvent is water, toluene, heptane or cyclohexane.

100215 In one embaodiment, provided herein are methods for preparing Form D of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 30-35 mg) with a minimum amount of solvents {(e.g., up to
7.0 mL) at a first temperature {e.g., about 50 or 70 °C); (2} filtering the hot solution {e.g,
filtering through a 0.45 pm syringe filter); (3) adding a co-solvent; (4} cooling the solution to
ambient temperature at a rate {(e.g., about 20 °C/hr) and allowing to eguilibrate at ambient
temperature for a period of time {e.g., about 24 hours); (5) isolating the resulting solids {e.g.,
isolating by vacuum filtration); and (6) evaporating the samples without precipitation to dryness
{e.g., evaporating under a gentle stream of nitrogen gas) and collecting the resulting solids. All
obtained solids were analyzed by XRPD to determive the solid form (see Table 4, Table 6, Table
& and Table 10}. In certain embodiments, the solvent is n-propanol, 1-BuCOH, MeOH, MeCN,
THF, acetone, MEK or MIBK. In certain embodiments, the co-solvent is water, toluene, heptane
or cyclohexane.

{60216} In one embodiment, provided herein is Form D having a DSC thermogram
substantially as depicted in Figure 11, In certain embodiments, the crystalline form exhibits a
DSC thermogram comprising an endothermic event with a maximum at about 185.2 °C when
heated from approximately 30 °C to approximately 230 °C. In one embodiment, the DSC
thermogram further comprises an exothermic event with a maximum at about 118.7 °C when
heated from approximately 30 °C to approximately 230 °C,

{060217] In one embodiment, provided herein is Form D having a TGA thermogram
corresponding substantially to the representative TGA thermogram as depicted in Figure 12, In
certain embodiments, the crystalline form exhibits a TGA thermogram comprising no mass loss
before about 155 °C when heated from approximately 30 °C to approximately 300 °C. The TGA
thermogram further comprises a decomposition event with an onset temperature at

approximately 259.8 °C when heated from approximately 30 °C to approximately 300 °C. Thus,
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in certain embodiments, the crystalline form has no mass loss at a temperature lower than about
160 °C.

{60218} In one embodiment, provided herein is slightly hygroscopic Form I having about
0.7% weight moisture uptake at 60% RH and about 1.0% weight moisture uptake at 90% RH.
See Figure 24

{60219} In one embodiment, provided herein 1s Form D that can be converted to Form A
after being stirred in a solvent for a period of time. See Table 13, In one embodiment, the
solvent 1s IPAc/heptane (e.g., about 1:2 (V:V}} or toluene. In one embodiment, the period of
time 13 from about 1 day to about 7 days {e.g., about 1 day or about 7 days).

{60220] In certain embodiments, a solid form provided herein, e.g., Form D), is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form D has an X-ray powder diffraction pattern substantially as shown in Figure 5.
In one embodiment, Form D has one or more characteristic X-ray powder diffraction peaks at
approximately 4.32, 7.44, 8,59, 11.31, 12.85, 14.85, 15.49, 18.72, 19.71, 21.51, 22.40, 22.75,
23.62,24.48, 2517, 26.19, 20.68, 2690, 27.32, 27 98, 28.35, 29.34, 2998, 30.30, 32.44, 34 .07,
35.81,37.16,37.69,38.44,39.25,41.71, 42.19 or 44.35 ° 28 as depicted in Figure 5. Ina
specific embodiment, Form D has one, two, three, four, five, six, seven or eight characteristic X-
ray powder diffraction peaks at approximately 4.32, 7.44, 8.59, 11.31, 12.85, 1485, 1549 or
18.72 ° 28. In ancther embodiment, Form D has one, two, three or four characteristic X-ray
powder diffraction peaks at approximately 4.32, 8.59, 14.85 or 1549 °28. In another
embodiment, Form D has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one, twenty-
two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-
nine, thirty, thirty-one, thirty-two, thirty-three or thirty-four characteristic X-ray powder
diffraction peaks as set forth in Table 23.

{00221] In certain embodiments, a solid form provided herein, e.g., Form D, is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form D has an X-ray powder diffraction pattern substantially as shown in Figure 5.
In one embodiment, Form D has one or more characteristic X-ray powder diffraction peaks at
approximately 4.3, 7.4, 8.6, 11.3,12.9, 149, 15.5, 18.7, 19.7, 21.5, 22.4, 22.8, 23.6, 24.5, 25.2,
262,26.7.27.0,27.3,28.0, 28.4, 293, 30.0, 30.3, 32.4,34.1, 35.8, 372, 37.7, 38 4,393, 41 7,
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42.2 or 44.4 ° 20 as depicted in Figure 5. In a specific embodiment, Form D has one, two, three,
four, five, six, seven or eight characteristic X-ray powder diffraction peaks at approximately 4.3,
74,86, 113,129,149, 155 0r 18.7°26. In another embodiment, Form D has one, two, three
or four characteristic X-ray powder diffraction peaks at approximately 4.3, 8.6, 149 or 15.5°26.
in another embodiment, Form D has one, two, three, four, five, six or seven characteristic X-ray
powder diffraction peaks at approximately 4.3, 7.4, 8.6, 12.9, 149 155 0r 18.7°28. In another
embodiment, Form D has one, two, three, four, five or six characteristic X-ray powder
diffraction peaks at approximately 4.3, 8.6, 12.8, 14.9, 15.5 or 18.7 ° 28. In another embodiment,
Form I has one, two, three or four charactenistic X-ray powder diffraction peaks at
approximately 4.3, 7.4, 8.6 or 15.5° 26 In another embodiment, Form D has one, two or three
characteristic X-ray powder diffraction peaks at approximately 4.3, 8.6 or 15.5°26. In another
embodiment, Form D has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one, twenty-
two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-
nine, thirty, thirty-one, thirty-two, thirty-three or thirty-four characteristic X-ray powder
diffraction peaks as set forth in Table 23.

180222} in still another embodiment, Form D is substantially pure. In certain
embodiments, the substantially pure Form D is substantially free of other solid forms, e.g.,
Forms A, B, C,E, F, Gand H In certain embodiments, the purity of the substantially pure Form
D 18 no less than about 95%, no less than about 96%, no less than about 97%, no less than about
98%, no less than about 98.5%, no less than about 99%, no less than about 99.5%, or no less than

ahout 99.8%.

535 Form E of Compound 1

180223} In certain embodiments, provided herein is Form E of Compound 1.

{00224] In one embodiment, Form E 15 a solid form of Compound 1. In one embodiment,
Form E 1s anhydrous. In one embodiment, Form E is an anhydrous solid form of Compound 1
retaining residual solvent. In one embodiment, Form E 18 an anhydrous solid form of Compound

I retaining residual EtOAc. In ancther embodiment, Form E is crystalline.



WO 2016/118858 PCT/US2016/014517

100225] In certain embodiments, Form E is prepared by single solvent fast cooling
crystallization, single solvent stow cooling crystallization, binary solvent fast cooling
crystallization or binary solvent slow cooling crystallization experiments {see Table 1-Table 10).
{00226] In one embodiment, provided herein are methods for preparing Form E of
Compound 1 comprising single solvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound | {¢.g., approximately 10-55 mg) with a minimum amount of solvents
{e.g., from about 0.25 mL to about 14.0 mL} at a first temperature {e.g., from about 30 °C to
about 90 °Cy; (2) filtering the hot solution; (3) cooling the solution to a second temperature (e.g.,
from about -5 °C to about 10 °C) for a period of time {(e.g., from about 6 hours to about 72
hours); (4) isolating the resulting solids; and (5} evaporating the samples without precipitation to
dryness and collecting the resulting solids. See Table 1. In certain embodiments, the solvent is 2-
MeTHEF, MEK or n-Propanol.

{60227] In one embodiment, provided herein are methods for preparing Form E of
Compound 1 compnising single solvent fast cooling crystallization comprising the steps of’ (1)
dissolving Compound 1 (e.g., approximately 30-35 mg) with a minimum amount of solvents
{e.g., up to about 7.0 mL) at a first temperature (e.g., about 50 or 70 °C}; (2) filtering the hot
solution {e.g., filtering through a 0.45 um syringe filter); (3) cooling the solution to a second
temperature (e.g., about 4 °C} for a period of time {e.g., about 24 hours); (4} isolating the
resulting solids {e.g., tsolating by vacuum filtration};, and (5} evaporating the samples without
precipitation to dryness (e.g., evaporating under a gentle stream of nitrogen) and collecting the
resulting solids. See Table 1. In certain embodiments, the solvent is 2-MegTHF, MEK or n-
Propanol.

100228] In one emnbodiment, provided herein are methods for preparing Form E of
Compound 1 comprising single solvent slow cooling crystallization comprising the steps of: (1}
dissolving Compound | {¢.g., approximately 10-55 mg) with a minimum amount of solvents
(e.g, from about 0.25 mL to about 14.0 mL} at a first temperature {e.g., from about 30 °C 1o
about 90 °CY; (2) filtering the hot solution; (3) cooling the hot solution to ambient temperature at
a rate {e.g., from about S °C/hr to about 40 °C/hr) and allowing to equilibrate at ambient
temperature over a period of time {(e.g., from about 6 hours to about 72 hours}; {4) isolating the

resulting solids; and (5) evaporating the samples without precipitation to dryness and collecting
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the resulting solids. See Table 2. In certain embodiments, the solvent is 1-BuOH, 2-MeTHF or
n-Propanol.

{00229 In one embodiment, provided herein are methods for preparing Form E of
Compound 1 comprising single solvent slow cooling crystallization comprising the steps of: (1)}
dissolving Compound 1 {e.g., approximately 30-35 mg) with a minimum amouunt of solvents
(e.g, up to about 7.0 mL) at a first temperature {e.g., about 50 or 70 °C); (2} filtering the hot
solution {e.g., filtering through a 0.45 um syringe filter); (3) cooling the hot solution to ambient
temperature at a rate (e.g., about 20 °C/hr) and allowing to equilibrate at ambient temperature
over a period of time {e.g., about 24 hours}); (4) isolating the resulting solids (e.g., isolating by
vacuum filtration); and (5) evaporating the samples without precipitation to dryness (e.g.,
evaporating under a gentle stream of nitrogen) and collecting the resulting solids. See Table 2.
In certain embodiments, the solvent is 1-BuOH, 2-MeTHF or n-Propanol.

100230] In one embaodiment, provided herein are methods for preparing Form E of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 10-55 mg) with a minimum amount of solvents (e.g., from
about 0.25 mL to about 14.0 mL) at a first temperature {¢.g., from about 30 °C to about 90 °C};
(2} filtering the hot solution; (3} adding a co-solvent; (4) placing the solution at a second
ternperature {e.g., from about -5 °C to about 10 °C) for a period of time (e.g., from about 6 hours
to about 72 hours); {5} isolating the resulting solids; and (6) evaporating the samples without
precipitation to dryness and collecting the resulting solids. All obtained solids were analyzed by
XRPD to determine the solid form {see Table 3, Table 5, Table 7 and Table 9} In certain
embodiments, the solvent is IPA, MEK, n-Propanol, EtOH, 1-BuOH, IPA, THF, 2-MeTHF or
EtOAc. In certain embodiments, the co-solvent is toluene, heptane or cyclohexane.

100231} in one embodiment, provided herein are methods for preparing Form E of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.2., about 30-35 mg) with a minimum amount of solvents {e.g., up to
7.0 mL) at a first temperature {e.g., about 50 or 70 °C); (2} filtering the hot solution {e.g.,
filtering through a 0 .45 pm syringe filter); (3) adding a co-solvent; {(4) placing the solution at a
second temperature {e.g., about 4 °C) for a period of time (e.g., about 24 hours); (5) 1solating the
resulting solids {e.g., isolating by vacuum filtration); and {0} evaporating the samples without
precipitation to dryness (e.g., evaporating under a gentle stream of nitrogen gas) and collecting
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the resuiting solids. All obtained solids were analyzed by XRPD to determine the solid form (see
Table 3, Table 5, Table 7 and Table 9). In certain embodiments, the solvent 15 IPA, MEK, n-
Propanol, EtOH, 1-BuQOH, IPA, THF, 2-MeTHF or EtOAc. In certain embodiments, the co-
solvent 1s toluene, heptane or cyclohexane.

{00232} In one embodiment, provided herein are methods for preparing Form E of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 10-55 mg) with a minimum arount of solvents {e.g., from
about 0.25 mL to about 14.0 mL) at a first temperature (e.g., from about 30 °C to about 90 °C);
(2) filtering the hot solution; (3) adding a co-solvent; (4) cooling the solution to ambient
temperature at a rate {e.g., from about 5 °C/hr to about 40 °C/hr) and allowing to equilibrate at
ambient temperature for a period of time {(e.g., from about 6 hours to about 72 hours); (5)
isolating the resulting solids; and (6) evaporating the samples without precipitation to dryness
and collecting the resulting solids. All obtained solids were analvzed by XRPD to determine the
solid form (see Table 4, Table 6, Table 8 and Table 10}, In certain ernbodiments, the solvent 1s
EtOH, THF, IPA, 2-MeTHF, EtOAc, n-Propancl, 1-BuOH or MIBK. In certain embodiments,
the co-solvent 13 water, toluene, heptane or cyclohexane.

100233 in one embodiment, provided herein are methods for preparing Form E of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 30-35 mg) with a minimum amount of solvents {(e.g., up to
7.0 mL) at a first temperature (e.g., about 50 or 70 °C); (2} filtering the hot solution {e.g.,
filtering through a 0 .45 um syringe filter); (3) adding a co-solvent; (4) cooling the solution to
ambient temperature at a rate {e.g., about 20 °C/hr) and allowing to equilibrate at ambient
temperature for a period of time (e.g., about 24 hours); (§) isolating the resulting solids {e.g.,
isolating by vacuum filtration); and {6) evaporating the samples without precipitation to dryness
{e.g., evaporating under a gentle stream of nitrogen gas) and collecting the resulting solids. All
obtained solids were analyzed by XRPD to determine the solid form (see Table 4, Table 6, Table
& and Table 10). In certain embodiments, the solvent is EtOH, THF, IPA, 2-MeTHF, EtCAc, n-
Propanol, 1-BuOH or MIBK. In certain embodiments, the co-solvent is water, toluene, heptane
or cyclohexane.

{60234] In one embodiment, provided herein is Form E having a DSC thermogram
substantially as depicted in Figure 27. In certain embodiments, the crystalline form exhibits a
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DSC thermogram comprising an endothermic event with a maximum at about 154.8 °C when
heated from approximately 30 °C to approximately 230 °C. To one embodiment, the DSC
thermogram further comprises an endothermic event with a maximum at about 185.6 °C when
heated from approximately 30 °C to approximately 230 °C. In one embodiment, the DSC
thermogram further comprises an exothermic event with a maximum at about 156.7 °C when
heated from approximately 30 °C to approximately 230 °C.

{00235] In one embodiment, provided herein 13 Form E having a TGA thermogram
corresponding substantially to the representative TGA thermogram as depicted in Figure 28, In
certain embodiments, the crystalline form exhibits a TGA thermogram comprising about 1.96%
mass loss before about 165.0 °C when heated from approximately 30 °C to approximately 300
°C. The TGA thermogram further comprises a decomposition event with an onset temperature at
approximately 261.6 °C when heated from approximately 30 °C to approximately 300 °C.
100236] In one embodiment, provided herein is Form E that can be converted to Form A
after being stirred in a solvent for a period of time. See Table 13, In one embodiment, the
solvent is IPAc/heptane {e.g., about 1:2 (V:V)} or toluene. In one embodiment, the period of
time 1s from about 1 day to about 7 days (e.g., about 1 day or about 7 days).

{00237] In certain embodiments, a solid form provided herein, e.g., Form E, is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form E has an X-ray powder diffraction pattern substantially as shown in Figure 6.
In one embodiment, Form E has one or more characteristic X-ray powder diffraction peaks at
approximately 4.33, 466, 542,573, 5.99,6.16, 6.29, 6,50, 7.46, 8.61,9.32, 1007, 10.7§, 10.93,
11.37, 12,17, 12.89, 13.45, 14.45, 14.89, 15.50, 16.66, 18.74, 19.73, 20.04, 20.56, 21.53, 21.80,
22.19,22.57, 22,81, 23 45,23 .87, 24.23, 24,97, 25 35, 26.24, 26 47, 26,96, 27.24, 27 85, 28 36,
29.19, 2957, 29.85, 30.30, 30.81, 31.25,32.34, 3293, 34,10, 34.77, 35.74, 3636, 37.23, 37.71,
38.36,3928, 4074, 41.66,42.19,42.61,43.29, 43 71 or 4418 7 28 as depicted in Figure 6. Ina
specific embodiment, Form E has one, two, three, four, five, six, seven or eight characteristic X-
ray powder diffraction peaks at approximately 4.33, 8.61, 14.89, 15.50, 1874, 23.45,24.97 or
27.85°28. In another embodiment, Form E has one, two, three or four characteristic X-ray
powder diffraction peaks at approximately 4.33, 8.61, 14.89 or 1550 °28. In another
embodiment, Form E has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,

thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one, twenty-
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two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-
nine, thirty, thirty-one, thirty-two, thirty-three, thirty-four, thirty-five, thirty-six, thirty-seven,
thirty-eight, thirty-nine, forty, forty-one, forty-two, forty-three, forty-four, forty-five, forty-six,
forty-seven, forty-eight, forty-nine, fifty, fitty-one, fifty-two, fifty-three, tifty-four, fifty-five,
fifty-six, fifty-seven, fifty-eight, fifty-nine, sixty, sixty-one, sixty-two, sixty-three, stxty-four or
sixty-five characteristic X-ray powder diffraction peaks as set forth in Table 24.

{00238] In certain embodiments, a solid form provided herein, e.g., Form E, 13
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form E has an X-ray powder diffraction pattern substantially as shown in Figure 6.
in one embodiment, Form E has one or more characteristic X-ray powder diffraction peaks at
approximately 4.3,4.7,54,57,6.0,62,63,65,7.5 86,93, 10.1, 10.8,10.9, 114, 122, 12.9,
13.5, 145, 149,155, 167, 187,197, 20.0, 20.6, 21.5, 21.8,22.2, 22.6, 22.8, 235, 23.9, 24.2,
250,254,262, 265 27.0,27.2,27.0, 284, 29.2, 29.6,29.9,30.3,30.8, 313,323, 32.9, 34.1,
34.8,35.7,36.4,37.2,37.7, 38.4,39.3, 40.7, 41.7, 42.2, 42.6, 43 3, 43.7 or 44.2 ° 26 as depicted
in Figure 6. In a specific embodiment, Form E has one, two, three, four, tive, six, seven or eight
characteristic X-~ray powder diffraction peaks at approximately 4.3, 8.6, 14.9, 155, 18.7, 23 .5,
25.00r27.9°26. In ancther embodiment, Form E has one, two, three or four characteristic X-
ray powder diffraction peaks at approximately 4.3, 8.6, 14.9 or 15.5°28. In another
embodiment, Form E has one, two, three, four, five, six or seven characteristic X-ray powder
diffraction peaks at approximately 4.3, 8.6, 149, 155 18,7, 25.0 or 27.9°28. In ancther
embodiment, Form E has one, two, three, four, five or six characteristic X-ray powder diffraction
peaks at approximately 4.3, 8.6, 149 15.5 18.7 or 25.0 ° 26. In another embodiment, Form E
has one, two, three or four characteristic X-ray powder diffraction peaks at approximately 4.3,
8.6, 15.50r27.9°28. In another embodiment, Form E has one, two or three characteristic X-ray
powder diffraction peaks at approximately 4.3, 8.6 or 15.5° 28, In another embodiment, Form E
has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen,
fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one, twenty~-two, twenty-three,
twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-nineg, thirty, thirty-one,
thirty-two, thirty-three, thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine,
forty, forty-one, forty-two, forty-three, tforty-four, forty-five, forty-six, forty-seven, forty-eight,

forty-nine, fifty, fifty-one, fifty-two, fifty-three, fifty-four, fifty-five, fifty-six, fifty-seven, fifty-
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eight, fifty-nine, sixty, sixty-one, sixty-two, sixty-three, sixty-four or sixty-five characteristic
X-ray powder diffraction peaks as set forth in Table 24

{60239} In still another embodiment, Form E is substantially pure. In certain
embodiments, the substantially pure Form E is substantially free of other solid forms, e.g., Forms
A, B, C, B F Gand H.  In certain embodiments, the purity of the substantially pure Form E is
no less than about 95%, no less than about 96%, no less than about 97%, no less than about 98%,
no less than about 98 5%, no less than about 99%, no less than about 99.5%, or no less than

about 99.8%.

536 Form F of Compound 1

180240} In certain embodiments, provided herein is Form F.

100241} In one embodiment, Form F 1s a solid form of Compound 1. In one embodiment,
Form F is a hydrate solid form of Compound 1. In another embodiment, Form F s crystalline.
100242} In certain embodiments, Form F is prepared by binary solvent fast cooling
crystallization or binary solvent slow cooling crystallization experiments {see Table 3 and Table
4}.

100243] In one ernbodiment, provided herein are methods for preparing Form F of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1}
dissolving Compound 1 {e.g., about 10-55 mg) with a minimum amount of solvents {e.g., from
about 0.25 mL to about 14.0 mL) at a first temperature {e.g., from about 30 °C to about 90 °C);
(2) filtering the hot solution; (3} adding a co-solvent; (4} placing the solution at a second
temperature {(e.g., from about -5 °C to about 10 °C) for a period of time {e.g., from about 6 hours
to about 72 hours); (5} isolating the resulting solids; and (6) evaporating the samples without
precipitation to dryness and collecting the resulting solids. All obtained solids were analyzed by
XRPD to determine the solid form (see Table 3). In certain embodiments, the solvent is THF, n-
Propanol or MIBK. In certain embodiments, the co-solvent 1s water.

100244} In one embodiment, provided are methods for preparing Form F of Compound 1
comprising binary solvent fast cooling crystallization comprising the steps of: (1) dissolving
Compound 1 {e.g., about 30-35 mg) with a minimum amount of solvents {e.g., upto 70 ml.) ata
first ternperature {e.g., about 30 or 70 °C); (2} filtering the hot solution (e.g., filtering through a
0.45 um syringe filter); (3) adding a co-solvent; {4) placing the solution at a second temperature
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{e.g., about 4 °C) for a period of time {e.g., about 24 hours}; (5) isolating the resulting solids
{e.g., 1solating by vacuurn filtration); and (6) evaporating the samples without precipitation to
dryness {e.g., evaporating under a gentle stream of nitrogen gas} and collecting the resulting
solids. All obtained solids were analyzed by XRPD to determine the solid form {se¢ Table 3} In
certain embodiments, the solvent is THF, n-Propanol or MIBK. In certain embodiments, the co-
solvent is water.

{00245] In one ernbodiment, provided herein are methods for preparing Form F of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of’ (1)
dissolving Compound 1 {¢.g., about 10-55 mg) with a minimum amount of solvents {e.g., from
about 0.25 mL to about 14.0 mL) at a first temperature {e.g., from about 30 °C to about 90 °C);
(2) filtering the hot solution; (3} adding a co-solvent; (4) cooling the solution to ambient
temperature at a rate (e.g., from about 5 °C/hr to about 40 °C/hr) and allowing to equilibrate at
ambient temperature for a period of time {e.g., from about 6 hours to about 72 hours}; (5)
isolating the resulting sohids; and (6) evaporating the samples without precipitation to dryness
and collecting the resulting solids. All obtained solids were analyzed by XRPD to determine the
solid form (see Table 4). In certain embodiments, the solvent 13 THF. In certain embodiments,
the co-solvent is water.

{00246] In one embodiment, provided herein are methods for preparing Form F of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 30-35 mg) with a minimum amount of solvents {(e.g., up to
7.0 mL} at a first temperature (e.g., about 50 or 70 °C); (2) filtering the hot solution {e.g.,
filtering through a 0.45 um syringe filter); (3} adding a co-solvent; (4} cooling the sclution to
ambient temperature at a rate (e.g., about 20 °C/hr) and allowing to equilibrate at ambient
temperature for a period of time {e.g., about 24 hours), {(5) isolating the resulting solids (e.g.,
isolating by vacuum filtration); and (6) evaporating the samples without precipitation to dryness
{e.g., evaporating under a gentle stream of nitrogen gas) and collecting the resulting solids. All
obtained solids were analyzed by XRPD to determine the solid form (see Table 4). In certain
embodiments, the solvent is THF. In certain embodiments, the co-solvent is water.

{00247] In one embodiment, provided herein is Form F having a DSC thermogram
substantially as depicted in Figure 30. In certain embodiments, the crystalline form exhibits a
DSC thermogram comprising an endothermic event with a maximum at about 64.1 °C when
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heated from approximately 30 °C to approximately 230 °C. In one embodiment, the BSC
thermogram further comprises an endothermic event with a maximum at about 91.3 °C when
heated from approximately 30 °C to approximately 230 °C. In one embodiment, the DSC
thermogram further comprises an endothermic event with a maximum at about 1859 °C when
heated from approximately 30 °C to approximately 230 °C.

{00248] In one embodiment, provided herein 1s Form F having a TGA thermogram
corresponding substantially to the representative TGA thermogram as depicted in Figure 31, In
certain embodiments, the crystalline form exhibits a TGA thermogram comprising about 1.86%
mass loss before about 110.0 °C when heated from approximately 30 °C to approximately 300
°C. The TGA thermogram further comprises a decomposition event with an onset temperature at
approximately 268.3 °C when heated from approximately 30 °C to approximately 300 °C.
100249} in one embodiment, provided herein is Form F that can be converted to Form A
after being stirred in a solvent for a period of time. See Table 13, In one embodiment, the
solvent is IPAc/heptane {e.g., about 1.2 (V:V)) or toluene. In one embodiment, the period of
time is from about 1 day to about 7 days {e.g., about 1 day or about 7 days).

{060250] In certain embodiments, a solid form provided herein, e.g., Form F, is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form F has an X-ray powder diffraction pattern substantially as shown in Figure 7.
in one embodiment, Form F has one or more characteristic X-ray powder diffraction peaks at
approximately 3.99, 4.23,7.89, 8.36, 11.81, 15.21, 15.44, 17.39, 17.79, 19.78, 20.87, 22.98,
23.83,25.17,26.10,27.15,28.53,30.30, 31.71 or 34.06 ° 28 as depicted in Figure 7. Ina
specific embodiment, Form F has one, two, three, four, five, six, seven or eight characteristic X-
ray powder diffraction peaks at approximately 3.99, 4.23, 7.89, 8.36, 15.21, 1544, 2087 or
2517 °28. In another embodiment, Form F has one, two, three or four characteristic X-ray
powder diffraction peaks at approximately 3.99, 4.23, 7.89 or 1521 °20. In another
embodiment, Form F has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen or twenty charactenstic X-ray
powder diffraction peaks as set forth in Table 25,

{060251] In certain embodiments, a solid form provided herein, e.g., Form F, is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one

embodiment, Form F has an X-ray powder diftfraction pattern substantially as shown in Figure 7.
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in one embodiment, Form F has one or more characteristic X-ray powder diffraction peaks at
approximately 4.0,42,7.9, 84,118,152, 154, 174, 17.8, 19.8, 20.9, 23.0, 23.8, 25.2, 26.1,
27.2,28.5,30.3,31.7 or 34.1 ° 28 as depicted in Figure 7. In a specific embodiment, Form F has
one, two, three, four, five, six, seven or eight characteristic X-ray powder diffraction peaks at
approximately 4.0,4.2, 7.9, 8.4, 152, 154, 209 or 25.2°26. In another embodiment, Form F
has one, two, three or four characteristic X-ray powder diffraction peaks at approxamately 4.0,
4.2, 79 0r 152 °268. In anocther embodiment, Form F has one, two, three, four, five or six
characteristic X-ray powder diffraction peaks at approximately 4.0, 42,79, 84, 1520r 154°
26. In another erubodiment, Form F has one, two or three characteristic X-ray powder
diffraction peaks at approximately 4.0, 4.2 or 15.2°28. In ancther embodiment, Form F has one,
two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen,
sixteen, seventeen, eighteen, nineteen or twenty characteristic X-ray powder diffraction peaks as
set forth in Table 25,

160252] In still ancther embodiment, Form F is substantially pure. In certain
embodiments, the substantially pure Form F is substantially free of other solid forms, e.g., Forms
A B C D E Gand H In certain embodiments, the punity of the substantially pure Form Fis
no less than about 95%, no less than about 96%, no less than about 97%, no less than about 98%,
no less than about 98.5%, no less than about 99%, no less than about 99.5%, or no less than

about 99 .8%.

537 Form G of Compound 1

{00253} In certain embodiments, provided herein is Form G,

{002354] In one embodiment, Form G is a solid form of Compound 1. In one embodiment,
Form G 18 anhydrous. In another embodiment, Form G 15 crystalline.

180255] In certain embodiments, Form G is prepared by binary solvent fast cooling
crystallization or binary solvent slow cooling crystallization experiments {see Table 3 and Table
4y,

{00236] In one embodiment, provided herein are methods for preparing Form G of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of (1)
dissolving Compound 1 (e.g., about 30-35 mg} with a minimum amount of solvents {(¢.g., up to

7.0 ml.) at a first temperature (e.g., about 50 or 70 °C); (2} filtering the hot solution {e.g.,
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filtering through a 0.45 um syringe filter); (3) adding a co-solvent; (4) placing the solution at a
second temperature {e.g., about 4 °C) for a period of time (e.g., about 24 hours); (5) isolating the
resulting solids {e.g., isolating by vacuum filtration}; and {6} evaporating the samples without
precipitation to dryness {(e.g., evaporating under a gentle stream of nitrogen gas}) and collecting
the resulting solids. All obtained solids were analyzed by XRPD to determine the solid form (see
Table 3). In certain embodiments, the solvent ts MEK, MIBK or 2-MeTHF . In certain
embodiments, the co-solvent 15 water.

{00257} In one embodiment, provided herein are methods for preparing Form G of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.2., about 30-35 mg) with a minimum amount of solvents {e.g., up to
7.0 mlL.) at a first temperature (e.g., about 50 or 70 °C); (2} filtering the hot solution {e.g.,
filtering through a 0.45 um syringe filter); (3) adding a co-solvent; (4) cooling the solution to
ambient temperature at a rate {e.g., about 20 °C/hr) and allowing to equilibrate at ambient
temperature for a period of time (e.g., about 24 hours); (5} isolating the resulting solids {e.g.,
isolating by vacuum filtration); and {6) evaporating the samples without precipitation to dryness
{e.g., evaporating under a gentle stream of nitrogen gas) and collecting the resulting solids. All
obtained solids were analyzed by XRPD to determine the solid form (see Table 4. In certain
embodiments, the solvent is IPA or 2-MeTHF . In certain embodiments, the co-solvent 1s water.

{00258} In one embodiment, provided herein is Form G having a DSC thermogram

o]
3

substantially as depicted in Figure 33. In certain embodiments, the crystalline form exhibits a
DSC thermogram comprising an endothermic event with a maximum at about 90.5 °C when
heated from approximately 30 °C to approximately 230 °C. In one embodiment, the BSC
thermogram further comprises an endothermic event with a maximum at about 184.9 °C when
heated from approximately 30 °C to approximately 230 °C.

{00259] In one erabodiment, provided herein is Form G having a TGA thermogram
corresponding substantially to the representative TGA thermogram as depicted in Figure 34. In
certain embodiments, the crystalline form exhibits a TGA thermogram comprising no mass loss
before about 110.0 °C when heated from approximately 30 °C to approximately 300 °C. The
TGA thermogram further comprises a decomposition event with an onset temperature at

approxtmately 263.5 °C when heated from approximately 30 °C to approximately 300 °C.
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{00260} In one embodiment, provided herein is Form G that can be converted to Form A
after being stirred in a solvent for a period of time. See Table 13, In one embodiment, the
solvent is IPAc/heptane {(e.g., about 1.2 (V:V}} or toluene. In one embodiment, the period of
time 1s from about 1 day to about 7 days {(e.g., about 1 day or about 7 days}.

{00261} In one embodiment, provided herein is slightly hygroscopic Form G having about
0.4% weight moisture uptake at 60% RH and about 7.1% weight moisture uptake at 90% RH.
See Figure 35.

{00262] in certain embodiments, a solid form provided herein, e.g., Form G, is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form ( has an X-ray powder diffraction pattern substantially as shown in Figure 8.
In one embodiment, Form G has one or more characteristic X-ray powder diffraction peaks at
approximately 4.19, 8.33, 12.47, 15.19, 15.44, 16.67, 17.81, 19.26, 20.87, 21.33, 22.18, 22 86,
2371, 24.59, 25.09, 2589, 27.00, 28.36, 28.63, 29.87, 32.45, 34.70, 39.53 or 42.08 ° 20 as
depicted in Figure &, In a specific embodiment, Form G has one, two, three, four, five, six, seven
or eight characteristic X-ray powder diffraction peaks at approximately 4.19, 8.33, 15,19, 15.44,
17.81, 2087, 27.00 or 2836 ° 28. In another embodiment, Form G has one, two, three or four
characteristic X-ray powder diffraction peaks at approximately 4.19, 8.33, 15.19 or 20.87 ° 28.

In another embodiment, Form G has one, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-
one, twenty-two, twenty-three or twenty-four characteristic X-ray powder diffraction peaks as set
forth in Table 26.

{00263] In certain embodiments, a solid form provided herein, e.g., Form G, i
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form ( has an X-ray powder diffraction pattern substantially as shown in Figure 8.
In one embodiment, Form G has one or more characteristic X-ray powder diffraction peaks at
approximately 4.2, 83, 12.5, 15.2, 15.4, 16.7, 17.8, 19.3,20.9, 21.3, 22.2, 22.9, 23.7, 24.6, 25 1,
259,270,284, 286,299,325, 347,395 or42.1 °26 as depicted in Figure 8. In a specific
embodiment, Form G has one, two, three, four, five, six, seven or eight characteristic X-ray
powder diffraction peaks at approximately 4.2, 8.3, 15.2, 154, 178,209, 270 0r284°28. In
another embodiment, Form G has one, two, three or four characteristic X-ray powder diffraction

caks at approximately 4.2, 8.3, 15.2 or 20.9 °28. In another embodiment, Form G has one, two
K o s > 2 2
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three, four, five or six characteristic X-ray powder diffraction peaks at approximately 4.2, 8.3,
152,154, 17.8 or 20.9°28. In another embodiment, Form G has one, two or three
characteristic X-ray powder diffraction peaks at approximately 4.2, 8.3 or 152 °28. In another
embodiment, Form G has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen, fifteen, sixteen, seventeen, eighieen, nineteen, twenty, twenty-one, twenty-
two, twenty-three or twenty-four characteristic X-ray powder diffraction peaks as set forth in
Table 26.

100264} in still another embodiment, Form ( s substantially pure. In certain
embodiments, the substantially pure Form G is substantially free of other solid forms, e.g.,
Forms A, B, C, D, E F and H. In certain embodiments, the purity of the substantially pure Form
(3 18 no less than about 95%, no less than about 96%, no less than about 97%, no less than about
98%, no less than about 98.5%, no less than about 99%, no less than about 99.5%, or no less than

ahout 99.8%.

538 Form H of Compound 1

180265] In certain embodiments, provided herein is Form H.

{00266] In one embodiment, Form H is a solid form of Compound 1. In one embodiment,
Form H is a solvate of Compound 1. In one embodiment, Form H is a DMSO solvate of
Compound 1. In one embodiment, Form H is a mono-DMSO solvate of Compound 1. In
another embodiment, Form H is crystatline.

100267] In certain embodiments, Form H 1s prepared by binary solvent fast cooling
crystallization or binary solvent slow cooling crystallization experiments (see Table 3 and Table
43.

100268} In one embodiment, provided herein are methods for preparing Form H of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 10-55 mg) with a minimum arount of solvents {e.g., from
about 0.25 mL to about 14.0 mL) at a first temperature (e.g., from about 30 °C to about 90 °C);
(2) filtering the hot solution; (3) adding a co-solvent; (4) placing the solution at a second
temperature {e.g., from about -5 °C to about 10 °C} for a period of time (e.g., from about 0 hours
to about 72 hours); (5) isolating the resulting solids; and (6) evaporating the samples without

precipitation to dryness and collecting the resulting solids. Al obtained solids were analyzed by
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XRPD to determine the solid form (see Table 3 and Table 5}. In certain embodiments, the
solvent is DMSO. In certain embodiments, the co-solvent is toluene.

160269] In one embodiment, provided herein are methods for preparing Form H of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)
dissolving Compound 1 {e.g., about 30-35 mg) with a minimum amount of solvents (e.g., up to
7.0 mL} at a first temperature (e.g., about 50 or 70 °C); (2) filtering the hot solution {e.g.,
filtering through a 0.45 wm syringe filter); (3} adding a co-solvent; (4) placing the solution at a
second temperature {e.g., about 4 °C) for a period of time (e.g., about 24 hours); (5) isolating the
resulting solids {e.g., isolating by vacuum filtration}; and (6) evaporating the samples without
precipitation to dryness {e.g., evaporating under a gentle stream of mitrogen gas) and collecting
the resulting solids. All obtained solids were analyzed by XRPD to determine the solid form (see
Table 3 and Table 5). In certain embodiments, the solvent is DMSQO. In certain embodiments,
the co-solvent is toluene.

{60278] In one embodiment, provided herein are methods for preparing Form H of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps oft (1)
dissolving Compound 1 {e.g., about 10-55 mg} with a minimum amount of solvents {e.g., from
about 0.25 mL to about 14.0 mL) at a first temperature {e.g., from about 30 °C to about 90 °C);
{2} filtering the hot solution; (3) adding a co-solvent; {4} cooled the solution to ambient
temperature at a rate (e.g., from about 5 °C/hr to about 40 °C/hr) and allowing to equilibrate at
ambient temperature for a period of time (e.g., from about 6 hours to about 72 hours); (5}
isolating the resulting solids; and (6) evaporating the samples without precipitation to dryness
and collecting the resulting solids. All obtained solids were analyzed by XRPD to determine the
solid torm (see Table 6). In certain embodiments, the solvent is DMSO. In certain
embodiments, the co-solvent is toluene.

{00271} In one embodiment, provided herein are methods for preparing Form H of
Compound 1 comprising binary solvent slow cooling crystallization comprising the steps of’ {1}
dissolving Compound 1 {e.g., about 30-35 mg) with a minimum amount of solvents (e.g., up to
7.0 mL} at a first temperature (e.g., about 50 or 70 °C); (2) filtering the hot solution {e.g.,
filtering through a 0.45 w syringe filter); (3) adding a co-solvent; (4) cooled the solution to
ambient terperature at a rate {e.g., about 20 °C/hr) and allowing to equilibrate at ambient
temperature for a period of time {e.g., about 24 hours}); (5) 1solating the resulting solids {(e.g.,
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isolating by vacuum filtration); and (6) evaporating the samples without precipitation to dryness
{e.g., evaporating under a gentle stream of nitrogen gas) and collecting the resulting solids. All
obtained solids were analyzed by XRPD to determine the solid form (see Table 6). In certain
embodiments, the solvent 1s DMSO. In certain embodiments, the co-solvent is toluene.

160272} In one embodiment, provided herein 1s Form H having a DSC thermogram
substantially as depicted in Figure 38. In certain embodiments, the crystalline form exhibits a
DSC thermogram comprising an endothermic event with a maximum at about 88.0 °C when
heated from approximately 30 °C to approximately 230 °C.

160273] In one embodiment, provided herein is Form H having a TGA thermogram
corresponding substantially to the representative TGA thermogram as depicted in Figure 39, In
certain embodiments, the crystalline form exhibits a TGA thermogram comprising about 6.4%
mass loss before about 140 °C when heated from approximately 30 °C to approximately 300 °C.
In certain embodiments, the TGA thermogram further comprises about 9. 8% mass loss before
about 240 °C when heated from approximately 30 °C to approximately 300 °C. The TGA
thermogram further comprises a decomposition event with an onset temperature at
approximately 2681 °C when heated from approximately 30 °C to approximately 300 °C.
{60274] In one embodiment, provided herein is Form H that can be converted to Form A
after being stirred in a solvent for a period of time. See Table 13, In one embodiment, the
solvent is IPAc/heptane {(e.g., about 1.2 (V:V}} or toluene. In one embodiment, the period of
time 1s from about 1 day to about 7 days {(e.g., about 1 day or about 7 days}.

{00275} In certain embodiments, a solid form provided herein, e.g., Form H, is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Forro H has an X-ray powder diffraction pattern substantially as shown in Figure 9.
in one embodiment, Form H has one or more characteristic X-ray powder diffraction peaks at
approximately 3.07, 5.35, 8.56, 10.69, 12.20, 12.62, 13.08, 13.32, 14.08, 1546, 16.04, 17.18,
17.69,17.93, 18,76, 19.69, 20.14, 21.19, 21,40, 22 22, 2299, 24 02, 24,59, 251§, 25.75, 26 .55,
26.93,27.53,28.32,29.07, 31.19, 31.72, 32.05, 33.70, 35.09, 35.76, 37.23, 37.94, 38.67, 39.26,
39.96, 40.36, 43.14 or 44.56 ° 28 as depicted in Figure 9. In a specific embodiment, Form H has
one, two, three, four, five, six, seven or eight characteristic X-ray powder diffraction peaks at
approximately 3.07, 12.62, 1408, 17.18, 18.76, 21 .40, 24 59 or 2575 ° 28. In another

embodiment, Form H has one, two, three or four characteristic X-ray powder diffraction peaks at
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approximately 14.08, 18.76, 21,40 or 24.59 ° 28. In anocther embodiment, Form H has one, two,
three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen,
seventeen, eighteen, nineteen, twenty, twenty-ong, twenty-two, twenty-three, twenty-four,
twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two,
thirty-three, thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine, forty, forty-
one, forty-two, forty-three or forty-four characteristic X-ray powder diffraction peaks as set forth
in Table 27

{00276] in certain embodiments, a solid form provided herein, e.g., Form H, is
substantially crystalline, as indicated by, e.g., X-ray powder diffraction measurements. In one
embodiment, Form H has an X-ray powder diffraction pattern substantially as shown in Figure 9.
In one embodiment, Form H has one or more characteristic X-ray powder diffraction peaks at
approximately 3.1, 5.4, 8.6, 10,7, 12.2, 126, 13.1, 13.3, 14.1, 15,5, 16.0, 17.2, 17.7, 17.9, 18.8,
19.7.20.1,21.2, 214,222, 23.0, 24.0, 24.6, 25.2, 25.8, 26.6, 269,275,283, 29.1, 31.2, 31.7,
32.1,33.7,35.1,358,37.2,37.9,38.7,393,40.0,40.4, 43.1 or 44.6 ° 20 as depicted in Figure 9.
in a specific embodiment, Form H has one, two, three, four, five, six, seven or eight
characteristic X-~ray powder diffraction peaks at approximately 3.1, 12.6, 14.1, 17.2, 18.8, 21 4,
24 6 or 25.8 ° 26. In another embodiment, Form H has one, two, three or four characteristic X-
ray powder diffraction peaks at approximately 14.1, 18.8, 21.4 or 24.6 ° 26, In another
embodiment, Form H has one, two, three, four, five or six characteristic X-ray powder
diffraction peaks at approximately 14.1, 17.2, 18.8, 21,4, 24.6 or 25.7° 28. In another
embodiment, Form H has one, two or three characteristic X-ray powder diffraction peaks at
approximately 141, 18 8 or 21,4 ° 28, In another embodiment, Form H has one, two, three, four,
five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixieen, seventeen,
eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four, twenty-five,
twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two, thirty-three,
thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine, forty, forty-one, forty-
two, forty-three or forty-four characteristic X-ray powder diffraction peaks as set forth in Table
27.

160277 In still another embodiment, Form H is substantially pure. In certain
embodiments, the substantially pure Form H is substantially free of other solid forms, e.g.,

Forms A, B, C, D E F and G. In certain embodiments, the purity of the substantially pure
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Form H is no less than about 95%, no less than about 96%, no less than about 97%, no less than
about 98%, no less than about 98 5%, no less than about 99%, no less than about 99.5%, or no

less than about 99.8%.

[V

4 Salts of Compound 1

100278} In certain embodiments, provided herein are salts of Compound 1. In one
embodiment, the salt is crystalline.

[60279] The salts provided herein (e.g., Salt 1, Salt 1T, Salt IH, Salt IV, Salt V and Salt VI
of Compound 1} may be characterized using a number of methods known to a person skilled in
the art, including, but not limited to, single crystal X-ray diffraction, X-ray powder diffraction
{(XRPD), microscopy {e.g., scanning electron microscopy (SEM)), thermal analysis (e.g.,
differential scanning calorimetry (DSC), dynamic vapor sorption (DVS), thermal gravimetric
analysis {(TGA), and hot-stage microscopy), spectroscopy (e.g., infrared, Raman, and solid-state
nuclear magnetic resonance), high performance hiquid chromatography (HPLC), and proton
nuclear magnetic resonance (' H NMR) spectrum. The particle size and size distribution of the
salt provided herein may be determined by conventional methods, such as laser light scattering
technique.

{00280} it should be understood that the numerical values of the peaks of an X-ray powder
diffraction pattern may vary shghtly from one machine to another or from one sample to another,
and so the values quoted are not to be construed as absolute, but with an allowable variability,
such as £0.2° 28 (see United State Pharmacopoeia, page 2228 (2003)).

160281] In certain embodiments, provided herein 1s a method for making a salt of
Compound 1, comprising 1) dissolving Compound 1 in a solvent (e.g., CH;OH, CH;CN or
acetone} to yield a mixture; 2} heating the mixture to an elevated temperature (e.g., about 30-70
°C or about 50 °C}; 3) filtering the mixture at the elevated temperature to yield a solution; 4)
adding a basic counter-ion solution {e.g., about 1 or 3 equivalents); 5) cooling the resulting
mixture to a temperature {e.g., about 10-30 °C or about 25°C}; 6) collecting precipitation by
filtration; and 7) evaporating the solution to yield a solid it no precipitation and collecting the
solid. In certain embodiments, the solvent 1s CH;OH, CH5CN or acetone. In certain
embodiments, the basic counter-ion is provided by calcium acetate hydrate, choline hydroxide,

potassium hydroxide, sodium hydroxide in, l-arginine, n-methyl-d-glucamine {(meglumine), a
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mixture of magnesium nitrate and sodium hydroxide or a mixture of calcium nitrate and sodium
hydroxide. In certain embodiments, the solvent of the basic counter-ion solution 1s water,

CH30OH or a mixture of water and CH;OH.

541 Hemi-Calcium Salt of Compound 1 {(Sali )

100282] In one embodiment, provided herein is a calcium salt of Compound 1. In one
embodiment, provided herein is a hemi-calcium salt of Compound 1 ("Salt 7). In one
embodiment, Salt I s crystalline. In one embodiment, Salt Iis moderately hydroscopic. In one
embodiment, Salt I is chemically stable.

{00283} In certain embodiments, provided herein is a method for making Salt I,
comprising 1} dissolving Compound 1 in a solvent {e.g., CH;0H) to yield a mixture; 2) heating
the mixture to an elevated temperature (e.g., about 30-70 °C); 3) filtering the mixture at the
elevated temperature to yield a solution; 4) contacting the mixture with a calcium acetate
solution {e.g., about 0.5-1.5 equivalents); 5} cooling the resulting mixture (e.g., to about 10-30
°CY, 6} collecting precipitation by filtration; and 7} in the absence of precipitation, evaporating
the solution to vield a solid and coliecting the solid. In one embodiment, the calcium acetate
solution 15 a solution of calcium acetate hydrate in water, methanol or a mixture of methanol and
water {e.g., about 1:1).

{00284} In certain embodiments, provided herein is a method for making Salt I,
comprising 1} dissolving Compound 1 in a solvent {e.g., CH;0H) to yield a mixture; 2) heating
the mixture to an elevated temperature (e.g., about 50 °C}; 3) filtering the nuxture at the elevated
temperature with a 0.45 pm syringe filter to vield a solution; 4) contacting the mixture with a
calcium acetate solution {e.g., about T equivalent); 5) cooling the resulting mixture (e.g., to about
25 °CY (e.g., at a speed of about 20 °C/hour); 6} collecting precipitation by filtration; and 7} in
the absence of precipitation, evaporating the solution to vield a solid and collecting the solid. In
one embodiment, the calcium acetate solution is a solution of calciurs acetate hydrate in water,
methanol or a mixture of methanol and water (e.g., about 1:1}.

{00285 In one embodiment, Salt I has a TGA thermogram corresponding substantially to
the representative TGA thermogram as depicted in Figure 49. In certain embodiments, Salt |
exhibits a TGA thermogram comprising a total mass loss of approximately 0.34% of the total

mass of the sample between approximately 65 °C and approximately 105 °C when heated from
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approximately 25 °C to approximately 230 °C. In one embodiment, the TGA thermogram further
comprises a total mass loss of approximately 1.41% of the total mass of the sample between
approximately 140 °C and approximately 190 °C when heated from approximately 25 °C to
approximately 230 °C. In one embodiment, the TGA thermogram further comprises a
decomposition event with onset temperature at approximately 213.8 °C when heated from
approximately 25 °C to approximately 230 °C.

{00286] In one embodiment, Salt I has a DSC thermogram as depicted in Figure 48
comprising an endothermic event with a maximum at approximately 104.0 °C when heated from
approximately 25 °C to approximately 230 °C. In one embodiment, the DSC thermogram
further comprises an endothermic event with a maximum at approximately 170.6 °C when heated
from approximately 25 °C to approximately 230 °C. In one embodiment, the DSC thermogram
further comprises an endothermic event with a maximum at approximately 179.1 °C when heated
from approximately 25 °C to approximately 230 °C. In one embodiment, the DSC thermogram
further comprises an endothermic event with a maximum at approximately 210.6 °C when heated
from approximately 25 °C to approximately 230 °C.

{00287 In certain embodiments, Salt T is substantially crystalline, as indicated by, e.g., X-
ray powder diffraction measurements. In one embodiment, Salt I has an X-ray powder
diffraction pattern substantially as shown in Figure 40, In one embodiment, Salt I has one or
more characteristic X-ray powder diffraction peaks at approximately 3.20, 4.09, 4.51, 4.85, 499,
5.19,5.43,5.69, 6.01, 6.49, 692,721,829, 8. 47, ©.17, 9.53. 10.39, 10.58, 11.30, 11 87, 12.10,
12.23,12.73, 13.23, 1423, 15.60. 15.97, 17.21, 17.49, 18.08, 18.88, 19.15, 22.00, 22.41, 23.92,
2525 25.60, 26.35, 26.67, 27.76, 28.21, 20.29. 31.08, 31.46, 31.82, 33.44, 34.63, 35.58, 37.97,
38.05,38.96, 41.35,42.29 or 43.31 ° 20 as depicted in Figure 40. In a specific embodiment, Salt
{ has one, two, three, four, five, six, seven or eight characteristic X-ray powder diffraction peaks
at approximately 3.20, 543, 953, 13.23, 1560, 1597, 1915 or 22.41 ° 20. In another
embodiment, Salt I has one, two, three or four characteristic X-ray powder diffraction peaks at
approximately 3.20, 9.53, 1597 or 22.41 ° 26, In another embodiment, Salt I has one, two, three,
four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen,
seventeen, eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four,
twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two,

thirty-three, thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine, forty, forty-
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one, forty-two, forty-three, torty-four, forty-tive, forty-six, forty-seven, forty-eight, forty-nine,
fifty, fifty~-one, fitty-two, fitty-three or fitty-four characteristic X-ray powder diffraction peaks as
set forth in Table 38,

{00288] In certain embodiments, Salt 1 is substantially crystalline, as indicated by, e.g., X-
ray powder diffraction measurements. In one embodiment, Salt I has an X-ray powder
diffraction pattern substantially as shown in Figure 40. In one embodiment, Salt { has one or
more characteristic X-ray powder diffraction peaks at approxamately 3.2, 4.1, 45,49, 5.0, 5.2,
54576065 69 72 83,8592, 95 104,106,113, 119,121,122, 12.7, 132, 14 2,
15.6,16.0, 17.2, 17.5, 18.1, 18.9, 19.2, 22.0, 22.4, 23.9,25.3, 25.6, 26.4, 26 .7, 27.8, 28.2, 293,
31.1,31.5,31.8,33.4, 34.6,35.6, 38.0, 38.7, 39.0, 41.4, 42.3 or 43.3 ° 26 as depicted in Figure
40. In a specific embodiment, Salt T has one, two, three, four, five, six, seven or eight
characteristic X-ray powder diffraction peaks at approximately 3.2, 54,95, 13.2, 15.6, 16.0,
19.2 or 22.4 ° 26. In another embodiment, Salt T has one, two, three or four characteristic X-ray
powder diffraction peaks at approximately 3.2, 9.5, 16.0 or 224 ° 268, In another embodiment,
Salt I has one, two, three, four, five or six characteristic X-ray powder diffraction peaks at
approximately 3.2, 9.5, 15.6, 16.0, 19.2 or 22,4 ° 28. In another embodiment, Salt I has one, two
or three characteristic X-ray powder diftraction peaks at approximately 3.2, 9.5 0r 16.0°28. In
another embodiment, Salt I has one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one,
twenty-two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight,
twenty-nine, thirty, thirty-one, thirty-two, thirty-three, thirty-four, thirty-five, thirty-six, thirty-
seven, thirty-eight, thirty-nine, forty, forty-one, forty-two, forty-three, forty-four, torty-five,
forty-six, forty-seven, forty-eight, forty-nine, fifty, fifty-one, fifty-two, fifty-three or fifty-four

characteristic X-ray powder diffraction peaks as set forth in Table 38,

542 DBihydrate Hemi-Calciom Salt of Compound 1 (Salt [}

{00289 In one embodiment, provided herein is a calcium salt of Compound 1. In one
embodiment, provided herein 1s a hemi-calcium salt of Compound 1. In one embodiment, the
hemi-caicium salt is a hydrate. In one embodiment, the hemi-calcium salt is a dihydrate (“Salt
117}, In one embodiment, Salt I 1s crystalline. In one embodiment, Salt I 1s moderately

hydroscopic. In one embodiment, Salt I is chemically stable.
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{60290} In certain embodiments, provided herein is a method for making Salt I
comprising 1) disselving Compound 1 in a solvent {e.g., acetone) to vield a mixture; 2) heating
the mixture to an elevated temperature {(e.g., about 30-70 °C); 3) filtering the mixture at the
elevated temperature to yield a solution; 4) contacting the mixture with a calcium acetate
solution {e.g., about 0.5-1.5 equivalents}); 5} cooling the resulting mixture {e.g., to about 10-30
°C}); 6) collecting precipitation by filtration; and 7) in the absence of precipitation, evaporating
the solution to vield a solid and collecting the solid. In one embodiment, the calcium acetate
solution is a solution of calcium acetate hydrate in water, methanol or a mixture of methanol and
water {(e.g., about 1.1},

{00291} In certain embodiments, provided herein is a method for making Salt I
comprising 1) dissolving Compound 1 in a solvent {e.g., acetone) to yield a mixture; 2) heating
the mixture to an elevated temperature {e.g2., about 50 °C); 3) filtering the mixture at the elevated
temperature with a 0.45 pm syringe filter to yield a solution; 4) contacting the mixture with a
calcium acetate solution {e.g., about T equivalent); 5) cooling the resulting mixture (e.g., to about
25 °Cy{e.g., at a speed of about 20 °C/houry; 0) collecting precipitation by filtration; and 7} in
the absence of precipitation, evaporating the solution to yield a solid and collecting the solid. In
one embodiment, the calcium acetate solution is a solution of calcium acetate hydrate in water,
methanol or a mixture of methanol and water {(e.g., about 1:1).

{60292 In one embodiment, Salt 1 has a TGA thermogram corresponding substantially to
the representative TGA thermogram as depicted in Figure 54, In one embodiment, Salt H
exhibits a TGA thermogram comprising a total mass loss of approximately 10.98% of the total
mass of the sample between approximately 65 °C and approximately 140 °C when heated from
approxtmately 25 °C to approximately 350 °C. In one embodiment, the TGA thermogram further
comprises a total mass loss of approximately 0.33% of the total mass of the sample between
approxirately 150 °C and approximately 180 °C when heated from approximately 25 °C to
approximately 350 °C. In one embodiment, the TGA thermogram further comprises a
decomposition event with onset temperature at approximately 298 °C when heated from
approximately 25 °C to approximately 350 °C.

160293} In one embodiment, Salt 1T has a DSC thermogram as depicted in Figure 53
comprising an endothermic event with a2 maximum at approximately 115.5 °C when heated from

approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
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further comprises an endothermic event with a maximum at approximately 127.0 °C when heated
from approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
further comprises an exothermic event with a maximum at approximately 200.5 °C when heated
from approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
further comprises an endothermic event with a maximum at approximately 220.8 °C when heated
from approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
further comprises an endothermic event with a maximum at approximately 311.3 °C when heated
from approximately 25 °C to approximately 350 °C.

[60294] In certain embodiments, Salt 1T 1s substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. In one embodiment, Salt 1 has an X-ray powder
diffraction pattern substantially as shown in Figure 41. In one embodiment, Salt 11 has one or
more characteristic X-ray powder diffraction peaks at approximately 3.37, 3.81,3.94, 415, 433,
459,477,512, 5,51, 6.07, 6.25, 7.27. 7.45, 7.82, 8.03, 8.56, 8.83, 10.07, 10.39, 10.71, 11.32,
11.56, 11.70, 13.21, 13.46, 1410, 1436, 15.32, 15.58, 16.86, 19.28, 1951, 20.23, 20.68, 21 32,
22.41,2295,23.71, 2427, 2490, 2587, 26,21, 26 .83, 27.15, 27.57, 27.85, 28.12, 28.95, 29 .24,
29.53,29.95,31.08,31.47, 31.90, 32.59, 32.97, 33.42, 3473, 34.97. 35.25, 36.09, 38.09, 39.69,
41.35, 42.56, 42.94 or 44.06 ° 28 as depicted in Figure 41. In a specific embodiment, Salt H has
one, two, three, four, five, six, seven or eight characteristic X-ray powder diffraction peaks at
approximately 3.37, 10.07, 13.21, 16.86,20.23, 23.71,31.47 or 38.09°26. In another
embodiment, Salt IT has one, two, three or tour characteristic X-ray powder diffraction peaks at
approximately 3.37, 10.07, 16.86 or 23.71 ° 28. In another embodiment, Salt I has one, two,
three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen,
seventeen, eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four,
twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two,
thirty~three, thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nive, forty, forty-
one, forty-two, forty-three, forty-four, forty-five, forty-six, forty-seven, forty-eight, forty-nine,
fifty, fifty-one, fifty-two, fifty~-three, fifty-four, fifty-five, fifty-six, fifty-seven, fifty-eight, fifty-
nine, sixty, sixty-one, sixty-two, sixty-three, sixty-four, sixty-five, sixty-six or sixty-seven
characteristic X-ray powder diffraction peaks as set forth in Table 39.

100295} In certain embodiments, Salt 11 is substantially crystalline, as indicated by, e.g.,

X-ray powder diffraction measurements. In one embodiment, Salt I has an X-ray powder
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diffraction pattern substantially as shown in Figure 41. In one embodiment, Salt If has one or
more characteristic X-ray powder diffraction peaks at approximately 3.4,3.8,3.9, 4.2, 43, 4.6,
48,51,55,6.1,63,73,7.578,80,86,88,10.1,104, 107,113,116, 11.7, 13.2, 13.5,
14.1,14.4, 153,156, 16.9, 193, 19.5, 202, 20.7, 21.3, 22.4, 23.0,23.7, 243, 249, 259, 262,
26.8,27.2,27.6,27.9,28.1,29.0,29.2.295.30.0,31.1,31.5,31.9,32.6, 33.0, 33 .4, 34.7, 35.0,
35.3,36.1,38.1,39.7, 41.4, 42.6, 42.9 or 44.1 ° 26 as depicted in Figure 41. In a specific
embodiment, Salt IT has one, two, three, four, five, six, seven or eight charactenistic X-ray
powder diffraction peaks at approximately 3.4, 10.1, 132, 169,202, 237,31 50r 381 °26. In
another embodiment, Salt IT has one, two, three or four characteristic X-ray powder diffraction
peaks at approximately 3.4, 10.1, 16.9 or 23.7 ° 28. In another embodiment, Salt IT has one, two,
three, four, five or six characteristic X-ray powder diffraction peaks at approximately 3.4, 10.1,
13.2, 169,202 ¢or 23.7°26. In ancther embodiment, Salt 11 has one, two or three characteristic

7
I
i

X-ray powder diffraction peaks at approximately 10.1, 16.9 0or 23.7 ® 28. In another
embodiment, Salt [T has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one, twenty-
two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-seven, twenty-¢ight, twenty-
nine, thirty, thirty-one, thirty-two, thirty-three, thirty-four, thirty-five, thirty-six, thirty-seven,
thirty-eight, thirty-nine, forty, forty-one, forty-two, forty-three, forty-four, forty-five, forty-six,
forty-seven, forty-eight, forty-nine, fifty, fifty-one, fifty-two, fifty-three, fifty-four, tifty-five,
fifty-six, fifty-seven, fifty-eight, fifty-nine, sixty, sixty-one, sixty-two, sixty-three, sixty-four,
sixty-five, sixty-six or sixty-seven characteristic X-ray powder diffraction peaks as set forth in

Table 39.

543 Mono-Potassium Salt of Compound 1 (Salt I}

180296} in one embodiment, provided herein is a potassium salt of Compound 1. In one
embodiment, provided herein 1s a mono-potassium salt of Compound 1 (“Salt "), In one
embodiment, Salt HI is crystalline. In one embodiment, Salt {1l is moderately hydroscopic. In
one embodiment, Salt Il 1s chemically stable. In one embodiment, Salt I has a tendency to
form hydrates.

100297} In certain embodiments, provided herein is a method for making Salt 111,

comprising 1} dissolving Compound 1 in a solvent {e.g., acetonitrile} to yield a mixture; 2)
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heating the mixture to an elevated temperature {e.g., about 30-70 °C}; 3) filtering the mixture at
the elevated temperature to vield a solution; 4) contacting the mixture with a potassium
hydroxide solution {e.g., about 0.5-1.5 equivalents}); 5) cooling the resulting mixture (e.g., to
about 10-30 °C); 6) collecting precipitation by filtration; and 7) in the absence of precipitation,
evaporating the solution to vield a solid and collecting the solid. In one embodiment, the
potassium hydroxide solution is a solution of potassium hydroxide in water, methanol or a
mixture of methanol and water {e.g., about 1:1).

100298} In certain embodiments, provided herein is a method for making Salt [11
comprising 1) dissolving Compound 1 in a solvent {e.g., acetonitrile) to yield a nuxture; 2)
heating the mixture to an elevated temperature {e.g., about 50 °C); 3} filtering the mixture at the
elevated teraperature with a 0.45 pm syringe filter to vield a solution; 4} contacting the mixture
with a potassium hydroxide solution {e.g., about 1 equivalent};, 5) cooling the resulting mixture
{e.g., to about 25 °C) {e.g., at a speed of about 20 °C/hour); 6} collecting precipitation by
filtration; and 7) in the absence of precipitation, evaporating the solution to yield a solid and
coliecting the solid. In one embodiment, the potassium hydroxide solution is a solution of
potassium hydroxide in water, methanol or a mixture of methanol and water {e.g., about 1:1).
180299] in one embodiment, Salt {If has a TGA thermogram corresponding substantially
to the representative TGA thermogram as depicted in Figure 59. In one erobodirnent, Salt IH
exhibits a TGA thermogram comprising a total mass loss of approximately 0.91% of the total
mass of the sample between approximately 40 °C and approximately 70 °C when heated trom
approximately 25 °C to approximately 350 °C. In one embodiment, the TGA thermogram further
comprises a total mass loss of approximately 0.25% of the total mass of the sample between
approxtmately 100 °C and approximately 120 °C when heated from approximately 25 °C to
approximately 350 °C. In one embodiment, the TGA thermogram further comprises a
decomposition event with onset temperature at approximately 297.2 °C when heated from
approximately 25 °C to approximately 350 °C.

100300} In one ernbodiment, Salt HI bas a DSC thermogram as depicted in Figure 58
comprising an endothermic event with a maximum at approximately 54.3 °C when heated from
approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
further comprises an endothermic event with a maximum at approximately 1093 °C when heated

from approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
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further comprises an endothermic event with a maximum at approximately 314 .4 °C when heated
from approximately 25 °C to approximately 350 °C.

100301} In certain embodiments, Salt 11 1s substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. In one embodiment, Salt Il has an X-ray powder
diffraction pattern substantially as shown in Figure 42. In one embodiment, Salt II has one or
more characteristic X-ray powder diffraction peaks at approximately 4.18, 471, 4 98, 5 61, 6.00,
6.41,6.73, 7.14, 739, 8.01, 8 55,8 78, 9.03, 9.73, 9.8, 10.72. 10.89, 11.76, 11.89, 12 48 12.97,
13.29, 1397, 1454, 14.65, 15.18, 15.29, 16.35, 1649, 17.01, 17.17, 18.09, 1970, 21.78, 22 62,
23.13,23.99, 24.44, 2516, 25 44, 25.8%,27.37. 28.88. 29.93, 32.09, 34.55, 37.21, 40.15, 40.86
or 41.95 ° 26 as depicted in Figure 42. In a specific embodiment, Salt I has one, two, three,
four, five, six, seven or eight characteristic X-ray powder diftraction peaks at approximately
471, 10.72, 10.89, 14.54, 14.65, 15.18, 1529 or 16.35 ° 28. In another embodiment, Salt I has
one, two, three or four characteristic X-ray powder diffraction peaks at approximately 471,
14.54, 14.65 or 15.29°26. In another embodiment, Salt 11 has one, two, three, four, five, six,
seven, gight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen,
nineteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four, twenty-five, twenty-six,
twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two, thirty-three, thirty-four,
thirty-five, thirty-~six, thirty-seven, thirty~-eight, thirty-nine, forty, forty-one, forty-two, forty-
three, forty-four, forty-tive, forty-six, forty-seven, forty-eight, forty-nine or fitty characteristic
X-ray powder diffraction peaks as set forth in Table 40.

100302} In certain embodiments, Salt 11 1s substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. In one embodiment, Salt Il has an X-ray powder
diffraction pattern substantially as shown in Figure 42. In one embodiment, Salt II has one or
more characteristic X-ray powder diffraction peaks at approximately 4.2, 4.7, 5.0, 5.6, 6.1, 6.4,
6.7,7.1.7.4,80,86 88 90,9799 107,109, 11.8 11.9, 125 13.0, 133, 14.0, 145, 14.7,
152,153, 16.4, 165, 17.0, 172, 18.1, 19.7, 21.8,22.6, 23.1,24.0, 24.4, 252, 254, 259, 27 4,
28.9,299,32.1,34.6,37.2,402,40.9 or 42.0 ° 26 as depicted in Figure 42, In a specific
embodiment, Salt IH has one, two, three, four, five, six, seven or eight characteristic X-ray
powder diffraction peaks at approximately 4.7, 107, 109, 14.5, 146,152,153 0r 164°20. In
another embodiment, Salt 11 has one, two, three or four characteristic X-ray powder diffraction

peaks at approximately 4.7, 14.5, 14.7 or 15.3 °28. In another embodiment, Salt II1 has one,
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two, three, four, five or six characteristic X-ray powder diffraction peaks at approximately 4.7,
109,145, 147, 152 or 153 °28. In another embodiment, Salt I has one, two or three
characteristic X-~ray powder diffraction peaks at approximately 14.5, 14.70r 153 °28. In
another embodiment, Salt Il has one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one,
twenty-two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight,
twenty-nine, thirty, thirty-one, thirty-two, thirty-three, thirty-four, thirty-five, thirty-six, thirty-
seven, thirty-eight, thirty-nine, forty, forty-one, forty-two, forty-three, forty-four, forty-five,
forty-six, forty-seven, forty-eight, forty-nine or fifty characteristic X-ray powder diffraction

peaks as set forth in Table 40.

544 DMonohydrate Mono-Sodinm Salt of Compound 1 (Salt IV)

{¢0303] In one embodiment, provided herein is a sodium salt of Compound 1. In one
embodiment, provided herein is a mono-sodium salt of Compound 1. In one embodiment, the
mono-sodium salt is a hydrate. In one embodiment, the mono-sodium salt is a mono-hydrate
(“Salt IV”). In one embodiment, Salt IV is crystalline. In one embodiment, Salt IV is
moderately hydroscopic. In one embodiment, Salt IV is chemically stable. In one embodiment,
Salt IV 1s a stable hydrate.

{00304] In certain embodiments, provided herein is a method for making Salt IV,
comprising 1} dissolving Compound 1 in a solvent {e.g., acetone) to vield a mixture; 2) heating
the mixture to an elevated temperature (e.g., about 30-70 °C); 3) filtering the mixture at the
elevated temperature to yield a solution; 4) contacting the mixture with a sodium hydroxide
solution {e.g., about 0.5-1.5 equivalents); 5} cooling the resulting mixture (e.g., to about 10-30
°CY, 6} collecting precipitation by filtration; and 7} in the absence of precipitation, evaporating
the solution to yield a solid and collecting the solid. In one embodiment, the sodium hydroxide
solution 15 a solution of sodium hydroxide in water, methanol or a mixture of methanol and water
{e.g., about 1:1}.

{60305 In certain embodiments, provided herein is a method for making Salt IV,
comprising 1) dissolving Compound 1 in a solvent (e.g., acetone) to yield a mixture; 2) heating
the mixture to an elevated temperature (e.g., about 50 °C}; 3) filtering the nuxture at the elevated

temperature with a 0.45 pm syringe filter to vield a solution; 4) contacting the mixture with a
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sodium hydroxide solution {e.g., about 1 equivalent); 5} cooling the resulting mixture {e.g., to
about 25 °C)(e.g., at a speed of about 20 “C/hour), 6) collecting precipitation by filtration; and
7} in the absence of precipitation, evaporating the solution 1o vield a solid and collecting the
solid. In one embodiment, the sodium hydroxide solution is a solution of sodium hydroxide in
water, methanol or a mixture of methanol and water {e.g., about 1:1).

{60306] In one embodiment, Salt IV has a TGA thermogram corresponding substantially
to the representative TGA thermogram as depicted in Figure 64. In one embodiment, Salt IV
exhibits a TGA thermogram comprising a total mass loss of approximately 5% of the total mass
of the sample between approximately 60 °C and approximately 120 °C when heated from
approximately 25 °C to approximately 350 °C. In one embodiment, Salt I'V exhibits a TGA
thermogram comprising a total mass loss of approximately 5.43% of the total mass of the sample
between approximately 60 °C and approximately 120 °C when heated from approximately 25 °C
to approximately 350 °C. In one embodiment, the TGA thermogram further comprises a
decomposition event with onset temperature at approximately 302.5 °C when heated from
approximately 25 °C to approximately 350 °C.

{00307} In one embodiment, Salt IV has a DSC thermogram as depicted in Figure 63
comprising an endothermic event with a maximum at approximately 107.9 °C when heated from
approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
further comprises an exothermic event with a maximum at approximately 217 2 °C when heated
from approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
further comprises an endothermic event with a maximum at approximately 307 4 °C when heated
from approximately 25 °C to approximately 350 °C.

{60308] In certain embodiments, Salt IV is substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. In one embodiment, Salt I'V has an X-ray powder
diffraction pattern substantially as shown in Figure 43. In one embodiment, Salt IV has one or
more characteristic X-ray powder diffraction peaks at approximately 3.18,4.17, 478, 5.23, 5.62,
586,593, 629,644, 674,743,945 966,994, 10.63, 11,83, 12.03, 12.62, 13.24, 13.61,
14.57, 14.85, 15.05, 15.80, 16.17, 16.68, 16.98, 17.37, 18.31, 19.00, 19.43, 19.94, 20.72, 22.20,
22.69, 23.63,24.22, 25.42, 26.01, 26.70, 27.54, 28 35, 28.67. 29.39, 31.24, 31.97, 32.69, 33 18,
3429, 34.73,3582, 3741, 3784, 3827, 38.67, 39.65, 40.64, 41.02, 41 .48, 41 .90, 42 80, 43 80,

44 32 or 44.59 ° 29 as depicted in Figure 43, In a specific embodiment, Salt IV has one, two,

61



WO 2016/118858 PCT/US2016/014517

three, four, five, six, seven or eight characteristic X-ray powder diffraction peaks at
approximately 3.18, 629, 945, 1580, 16.17, 19.00, 1943 or 2542 ° 28, In another embodiment,
Salt IV has one, two, three or four characteristic X-ray powder diffraction peaks at
approximately 3.18, 9.45, 1580 or 19.00° 26. In another embodiment, Salt IV has one, two,
three, four, five, stx, seven, eight, ning, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen,
seventeen, eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four,
twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-uoine, thirty, thitty-one, thirty-two,
thirty-three, thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine, forty, forty-
one, forty-two, forty-three, forty-four, forty-five, forty-six, forty-seven, forty~-eight, forty-nine,
fifty, fitty-one, fifty-two, fifty-three, fifty-four, fifty-five, fifty-six, fitty-seven, fifty-eight, fifty-
nine, sixty, sixty-one, sixty-two, sixty-three or sixty-four characteristic X-ray powder diffraction
peaks as set forth in Table 41.

{00309] In certain embodiments, Salt IV is substantially crystalline, as indicated by, e.g.,
diffraction pattern substantially as shown in Figure 43. In one embodiment, Salt IV has one or
more characteristic X-ray powder diffraction peaks at approximately 3.2,4.2, 48,52, 56,59,
63,6467, 74,95,97,99, 106, 11.8, 120,126, 13.2, 13.6, 14.6, 14.9,15.1, 15.8, 162, 16.7,
17.0, 17.4, 18.3, 19.00, 19.4, 19.9,20.7,22.2, 22.7, 23 6, 24.2, 254, 26.0, 26.7, 27.5, 28.4, 287,
294,312,32.0,327,332,343,347,358,37.4,378,383,387,39.7,406,41.0,415,41.9,
42.8, 438,443 or 44.6 ° 26 as depicted in Figure 43. In a specitic embodiment, Salt IV has one,
two, three, four, five, six, seven or eight characteristic X-ray powder diffraction peaks at
approximately 3.2, 6.3, 9.5, 158,162, 19.0, 194 or 25 4° 20 In ancther embodiment, Salt IV
has one, two, three or four characteristic X-ray powder diffraction peaks at approximately 3.2,
9.5, 158 or 19.0°26. In another embodiment, Salt I'V has one, two, three, four, five or six
characteristic X-~ray powder diffraction peaks at approximately 3.2, 63,95, 158,190 0r 194°
26. In ancther embodiment, Salt IV has one, two or three characteristic X-ray powder diffraction
peaks at approximately 3.2, 9.5 or 19.0 ° 28, In another embodiment, Salt IV has one, two, three,
four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen,
seventeen, eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four,
twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two,

thirty-three, thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine, forty, forty-
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one, forty-two, forty-three, torty-four, forty-tive, forty-six, forty-seven, forty-eight, forty-nine,
fifty, fifty~-one, fitty-two, fitty-three, fifty-four, fifty-five, fifty-six, fifty-seven, fifty-eight, fifty-

e

peaks as set forth in Table 41

545 Monohydrate Bis-Sodivm Salt of Compound 1 (Salt V)

{00310} In one embodiment, provided herein is a sodium salt of Compound 1. In one
embodiment, provided herein is a bis-sodium salt of Compound 1. In one embodiment, the bis-
sodium salt is a hydrate. In one embodiment, the bis-sodium salt is a mono-hydrate ("Salt V).
In one embodiment, Salt V is erystalline. In one embodiment, Salt V is moderately hydroscopic,
In one embodiment, Salt V is an unstable hydrate.

{00311} In certain embodiments, provided herein is a method for making Salt V,
comprising 1} dissolving Compound 1 in a solvent {e.g., acetone} to yield a mixture; 2) heating
the mixture to an elevated temperature (e.g., about 30-70 °C); 3) filtering the mixture at the
elevated temperature to yield a solution; 4} contacting the mixture with a sodium hydroxide
solution {e.g., about 2-4 equivalents); 5) cooling the resulting mixture {e.g., to about 10-30 °C};
6} collecting precipitation by filtration; and 7) in the absence of precipitation, evaporating the
solution to yield a solid and collecting the solid. In one embodiment, the sodium hydroxide
solution is a solution of sodium hydroxide in water, methanol or a mixture of methanol and water
{e.g., about 1:1}.

100312] In certain embodiments, provided herein is a method for making Salt V|
comprising 1} dissolving Compound 1 in a solvent {e.g., acetone} to yield a mixture; 2) heating
the mixture to an elevated temperature (e.g., about 50 °C); 3} filtering the mixture at the elevated
temperature with a 0.45 pum syringe filter to yield a solution; 4} contacting the mixture with a
sodium hydroxide solution {e.g., about 3 equivalents); 5} cooling the resulting mixture {e.g., to
about 25 °C) {e.g., at a speed of about 20 °C/hour); 6) collecting precipitation by filtration; and
7} in the absence of precipitation, evaporating the solution to yield a solid and collecting the
solid. In one embodiment, the sodium hydroxide solution i3 a solution of sodium hydroxide in
water, methanol or a mixture of methanol and water {e.g., about 1:1).

{00313] In one embodiment, Salt V has a TGA thermogram corresponding substantially to

the representative TGA thermogram as depicted in Figure 69. In one embodiment, Salt V
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exhibits a TGA thermogram comprising a total mass loss of approximately 5.85% of the total
mass of the sample between approximately 40 °C and approximately 130 °C when heated from
approximately 25 °C to approximately 350 °C. In one embodiment, the TGA thermogram
further comprises a decomposition event with onset temperature at approximately 34477 °C
when heated from approximately 25 °C to approximately 350 °C.

{00314} In one embodiment, Salt V has a DSC thermogram as depicted in Figure 68
comprising an endothermic event with a maximum at approximately 93.3 °C when heated from
approximately 25 °C to approximately 350 °C.

[00315] In certain embodiments, Salt V is substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. In one embodiment, Salt V has an X-ray powder
diffraction pattern substantially as shown in Figure 44. In one embodiment, Salt V has one or
more characteristic X-ray powder diffraction peaks at approximately 3.15, 3.33, 3.51, 3.65, 4.19,
445,474, 5.00, 524, 540, 5.75, 6.00, 6.24, 6.43, 6.64, 7.29, 7.45,7.58, 7.92, 8.57, 921, 9.39,
9.97,13.02, 13.31, 13.64, 13.97, 1669, 17.13, 17.65, 18.09, 18.65, 19.51, 20,06, 22.15, 22.50,
22.87,23.41,24.54, 2501, 2570, 2629, 26.87, 2781, 28.89, 29.06, 29.90, 30.29, 30.60, 31.08,
31.97,32.21, 33.85, 34.24, 35.73, 37.31, 38.39, 39.71, 40.87, 42.01 or 44.30 ° 26 as depicted in
Figure 44. In a specific embodiment, Salt V has one, two, three, four, five, six, seven or eight
characteristic X-ray powder diffraction peaks at approximately 3.15, 9.97, 13 .31, 13.64, 13.97,
16.69, 20.06 or 26.87 © 26. In another embodiment, Salt V has one, two, three or four
characteristic X-ray powder diffraction peaks at approximately 9.97, 13.64, 13.97 or 16.69 © 28.
In ancther embodiment, Salt V has one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one,
twenty-two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight,
twenty-nine, thirty, thirty-one, thirty-two, thirty-three, thirty-four, thirty-five, thirty-six, thirty-
seven, thirty-eight, thirty-nine, forty, forty-one, torty-two, forty-three, forty-four, forty-five,
forty-six, forty-seven, forty-eight, forty-nine, fifty, fifty-one, fifty-two, fifty-three, fifty-four,
fifty-five, fifty-six, fifty-seven, fifty-eight, fifty-nine, sixty or sixty-oue characteristic X-ray
powder diffraction peaks as set forth in Table 42,

{60316} In certain embodiments, Salt V is substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. ln one embodiment, Salt V has an X-ray powder

diffraction pattern substantially as shown in Figure 44, In one embodiment, Salt V has one or
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more characteristic X-ray powder diffraction peaks at approximately 3.2,3.3,3.5,3.7, 42, 4.5,
47,51,52.54,58 60,62,64,66,73,75,76,7.9,86,92, 94, 10.0,13.0, 133, 136, 14.0,
16.7,17.1, 17.7, 18.1, 18.7, 19.5,20.1,22.2, 22.5, 22.9, 23.4, 24 5, 25.0, 25.7, 26 .3, 26.9, 27.8,
28.9,20.1,29.9,303,30.6, 31.1,32.0, 32.2, 33.9,34.2,35.7, 373,384, 39.7, 40.9, 42.0 or 44.3
© 268 as depicted in Figure 44, In a specific embodiment, Salt V has one, two, three, four, five,
six, seven or eight characteristic X-ray powder diffraction peaks at approximately 3.2, 10.0, 133,
13.6,14.0, 16.7, 201 or 26.9°28. In another embodiment, Salt V has one, two, three or four
characteristic X-ray powder diffraction peaks at approximately 10.0, 13.6, 140 or 16.7°26. In
another embodiment, Salt V has one, two, three, four, five or six characteristic X-ray powder
diffraction peaks at approximately 3.2, 10.0, 13.3, 13.6, 14.0 or 16.7 °26. In another
embodiment, Salt V has one, two or three characteristic X-ray powder ditfraction peaks at
approximately 10.0, 13.6 or 16.7 ° 28. In another embodiment, Salt V has one, two, three, four,
five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen,
eighteen, ningteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four, twenty-five,
twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two, thirty-three,
thirty~four, thitty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine, forty, forty-one, forty-
two, forty-three, forty-four, forty-five, forty-six, forty-seven, forty-eight, forty-nine, fifty, fitty-
one, fifty-two, fifty-three, fifty-four, fifty-five, fifty-six, fifty-seven, fifty-eight, fifty-nine, sixty

or sixty-one characteristic X-ray powder diffraction peaks as set forth in Table 42.

546 Anhydrous Mone-Sodium Sali of Compound 1 (Salt Vi)

{00317] In one embodiment, provided herein is a sodium salt of Compound 1. In one
embodiment, provided herein is a mono-sodium salt of Compound 1. In one embodiment, the
mono-sodium salt is anhydrous (“Salt VI7). In one embodiment, Salt Vi is crystalline. In one
embodiment, Salt V1 is slightly hydroscopic. In one embodiment, Salt VI is chemically stable.
[60318] In certain embodiments, provided herein 15 a method for making Salt VI,
comprising 1} heating Salt IV of Compound 1 from a first temperature (e.g., about 160-200 °C}
to a second temperature {e.g., about 240-280 °C) at a speed {e.g., about 10 °C/minute);, 2)
holding the solid at the second temperature for a period of time {e.g., about 1-10 minutes); and 3}

collecting the resulting solids.
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100319] In certain embodiments, provided herein is a method for making Salt Vi,
comprising 1) heating Salt IV of Compound 1 from a first temperature (e.g., about 180 °Cito a
second temperature {e.g., about 260 °C) at a speed {e.g., about 10 °C/minute); 2) holding the
solid at the second terperature for a period of time {e.g., about 2 minutes}); and 3} collecting the
resulting solids,

{60320} In one embodiment, Salt VI has a TGA thermogram corresponding substantially
to the representative TGA thermogram as depicted in Figure 75, In one embodiment, Salt VI
exhibits a TGA thermogram comprising a decomposition event with onset temperature at
approximately 305.7 °C when heated from approximately 25 °C to approximately 350 °C.
100321} in one embodiment, Salt VI has a DSC thermogram as depicted in Figure 74
comprising an endothermic event with a maximum at approximately 282 4 °C when heated from
approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
further comprises an exothermic event with a maximum at approximately 283 .9 °C when heated
from approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
further comprises an endothermic event with a maximum at approximately 308 .4 °C when heated
from approximately 25 °C to approximately 350 °C.

180322} In certain embodiments, Salt VI 1s substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. In one embodiment, Salt VI has an X-ray powder
diffraction pattern substantially as shown in Figure 45. In one embodiment, Salt V1 has one or
more characteristic X-ray powder diffraction peaks at approximately 3.03, 3.39, 4 42, 4.63, 5.01,
5.40,5.81, 6.23, 6.42, 7.06, 7.66, 8.96, 10.06, 10.68, 11.53, 11.89, 12.42, 13.40, 13.73, 14.04,
14.91, 1522, 15.67, 16.33, 16.74, 17.10, 17.82, 18.11, 18.48, 19.07, 20.15, 20.94, 21.47, 22.05,
23.37,24.03, 24.96, 2638, 20.90, 28 88, 30.07, 31.04, 31.61, 33.20, 33.94, 34 87, 37 .20, 38.13,
39.72,40.29, 40,97, 4235 43 .41 or 44 38 ° 20 as depicted in Figure 45. In a specific
embodiment, Salt VI has one, two, three, four, five, six, seven or eight characteristic X-ray
powder diffraction peaks at approximately 3.03, 3.39, 10.06, 11.89, 13,40, 1522, 1674 or 18.11
©28. In another embodiment, Salt VI has one, two, three or four charactenistic X-ray powder
diffraction peaks at approximately 3.03, 3.39, 10.06 or 11.89 ° 28. In another embodiment, Salt
V1 has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen,
fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three,

twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one,
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thirty-two, thirty-three, thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine,
forty, forty~-one, forty-two, forty-three or forty-four characteristic X-ray powder diffraction peaks
as set forth in Table 43,

100323] In certain embodiments, Salt V1 is substantially crystalline, as indicated by, e.g.,
diffraction pattern substantially as shown in Figure 45. In one embodiment, Salt VI has one or
more characteristic X-ray powder diffraction peaks at approximately 3.0,3.4, 4.4, 4.6, 5.0, 5.4,
58,62 64,7.1,7.7,90,10.1, 107, 11.5, 11.9, 12.4, 13.4, 13.7, 14.0, 149, 152, 157, 163,
16.7,17.1, 17.8, 18.1, 18.5, 19.1,20.2, 209, 21.5, 22.1, 23.4, 24.0, 25.0, 26 4, 27.0, 28.9, 30.1,
31.0,31.6,33.2,339,349, 372,381,397, 403,410,424, 43 4 or 444 ° 28 as depicted in
Figure 45. In a specific embodiment, Salt VI has one, two, three, four, five, six, seven or eight
characteristic X-~ray powder diffraction peaks at approximately 3.0, 3.4, 10.1, 11.9, 13.4, 15.2,
16.7 or 18.1 ° 26. In another embodiment, Salt VI has one, two, three or four characteristic X-ray
powder diffraction peaks at approximately 3.0, 3.4, 10.1 or 11.9°28. In another embodiment,
Salt VI has one, two, three, four, five or six characteristic X-ray powder diffraction peaks at
approximately 3.0, 3.4, 10.1, 11.9, 16.7 or 18.1 ° 28, In another embodiment, Salt V1 has one,
two or three characteristic X-ray powder diftraction peaks at approximately 3.0, 3.4 or 10.1 °28.
In another embodiment, Salt VI has one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one,
twenty-two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight,
twenty-nine, thirty, thirty-one, thirty-two, thirty-three, thirty-four, thirty-five, thirty-six, thirty-

seven, thirty-eight, thirty-nine, forty, forty-one, forty-two, forty-three or forty-four characteristic

e

547 Hydrated Meons-Sodium Salt of Compound 1 (Salt VI

[60324] In one embodiment, provided herein is a sodium salt of Compound 1. In one
embodiment, provided herein is a mono-sodium salt of Compound 1. In one embodiment, the
mono-sodium salt is a hydrate (“Salt VII”). In one embodiment, Salt VI is crystalline. In one
embodiment, Salt VII ts moderately hydroscopic. In one embodiment, Salt VI is chemically

stable. In one embodiment, Salt VI is a stable hydrate.
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{60325] In certain embodiments, provided herein is a method for making Salt VII,
comprising 1) disselving Compound 1 in a solvent {e.g., methanol) to yield a mixture; 2) heating
the mixture to an elevated temperature {(e.g., about 30-70 °C); 3) filtering the mixture at the
elevated temperature to yield a solution; 4) contacting the mixture with a sodium hydroxide
solution {e.g., about 0.5-1.5 equivalents}); 5} cooling the resulting mixture {e.g., to about 10-30
°C}); 6) collecting precipitation by filtration; and 7) in the absence of precipitation, evaporating
the solution to vield a solid and collecting the solid. In one embodiment, the sodium hydroxide
solution is a solution of sodium hydroxide in water, methano! or a mixture of methanol and
water.

{60326} In certain embodiments, provided herein is a method for making Salt VII,
comprising 1) dissolving Compound 1 in a solvent {e.g., methanol) to yield a mixture; 2) heating
the mixture to an elevated temperature {e.g2., about 50 °C); 3) filtering the mixture at the elevated
temperature with a 0.45 pm syringe filter to yield a solution; 4) contacting the mixture with a
sodium hydroxide solution (e.g., about 1 equivalent); 5} cooling the resulting mixture {e.g, to
about 25 °C) (e.g., at a speed of about 20 °C/hour), 6} collecting precipitation by filtration; and
7} in the absence of precipitation, evaporating the solution to yield a solid and collecting the
solid. In one embodiment, the sodium hydroxide solution is a solution of sodium hydroxide in
water, methanol or a mixture of methanol and water.

100327] in one embodiment, Salt VII has a TGA thermogram corresponding substantially
to the representative TGA thermogram as depicted in Figure 87, In one embodiment, the TGA
thermogram comprises a decomposition event with onset temperature at approximately 290.6 °C
when heated from approximately 25 °C to approximately 350 °C.

160328] In one embodiment, Salt VI has a DSC thermogram as depicted in Figure 86
comprising a broad transition event before approximately 90 °C when heated from
approxirately 25 °C to approximately 350 °C. In one embediment, the DSC thermogram
further comprises a glass transition event at approximately 160 °C when heated from
approximately 25 °C to approximately 350 °C.

160329] In certain embodiments, Salt V1L is substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. In one embodiment, Salt VI has an X-ray powder
diffraction pattern substantially as shown in Figure 43. In one embodiment, Salt VII has one or

more characteristic X-ray powder diffraction peaks at approximately 3.40, 3.71, 4.08, 431, 495,
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507,533,539, 611,655 695,727, 760,779, 849,862, 954,996, 1087, 11.53, 11 88,
12.53, 12,78, 13.28, 13.64, 13.97. 1431, 14.90, 1548, 15.73, 16.37. 16.66, 18.02, 18.68, 20.03,
20.76, 20.96, 2158, 22.15, 24.89, 25.46, 25.82, 26.83, 28.73, 29.35, 31.10, 32.28, 32.84, 33.75,
34.30,37.27, 38.29, 38 86, 39.67, 40.80 or 44.33 ° 20 as depicted in Figure 43. In a specific
embodiment, Salt VII has one, two, three, four, five, six, seven or gight characteristic X-ray
powder diffraction peaks at approximately 3.40, 3.71, 996, 10.87, 1490, 1548, 1573 or 16.66°
28, In another embodiment, Salt VI has one, two, three or four charactenstic X-ray powder
diffraction peaks at approximately 3.40, 9.96, 14.90 or 16.66 ° 28. In another embodiment, Salt
VII has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen,
fifteen, sixteen, seventeen, eighteen, ningteen, twenty, twenty-one, twenty-two, twenty-three,
twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one,
thirty~two, thirty-three, thirty-four, thirty-five, thirty~six, thirtv-seven, thirty-eight, thirty-nine,
forty, forty-one, forty-two, forty-three, torty-four, forty-tive, forty-six, forty-seven, forty-eight,
forty-nine, fifty, fifty-one, fifty-two, fifty-three, fifty-four, fifty-five, or fifty-six characteristic
X-ray powder diffraction peaks as set forth in Table 44.

{00330} In certain embodiments, Salt VI is substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. In one embodiment, Salt VII has an X-ray powder
diffraction pattern substantially as shown in Figure 43, In one embodiment, Salt VII has one or
more characteristic X-ray powder diffraction peaks at approximately 3.4,3.7, 4.1, 43,50, 5.1,
53,56,6.1,66.7.0,73,7.6,78 85 86,95, 100,109, 11.5, 11.9,12.5, 128, 133, 13.6,
140,143, 149,155,157, 164, 16.7, 18.0, 18.7, 20.0, 20.8, 21.0, 21.6, 22.2, 249, 255, 25.8,
26.8,28.7,29.4,31.1,32.3,32.8, 33.8, 343, 37.3, 383, 38.9, 39.7, 40.8 or 44.3 ° 26 as depicted
in Figure 43. In a specific embodiment, Salt VII has one, two, three, four, five, six, seven or
eight characteristic X-ray powder diffraction peaks at approximately 3.4, 3.7, 10.0, 10.9, 14.9,
15.5,15.7 or 16.7°28. In another embodiment, Salt VII has one, two, three or four
characteristic X-ray powder diffraction peaks at approximately 3.4, 10.0, 149 0r 16.7°28. In
another embodiment, Salt VII has one, two, three, four, five or six characteristic X-ray powder
diffraction peaks at approximately 3.4, 10.0, 10.9, 14.9, 15.5 or 16.7°28. In another
embodiment, Salt VII has one, two or three characteristic X-ray powder diffraction peaks at
approximately 3.4, 10.0 or 14.9° 28, In another embodiment, Salt VI has one, two, three, four,

five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen,
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eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four, twenty-five,
twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two, thirty-three,
thirty-four, thirty-five, thirty-six, thirty-seven, thirty-etght, thisty-nine, forty, forty-one, forty-
two, forty-three, forty-four, forty-five, forty-six, forty-seven, forty-eight, forty-nine, fifty, fifty-
one, fifty-two, fifty-three, fifty-four, fifty-five, or fifty-six characteristic X-ray powder

diffraction peaks as set forth in Table 44.

548 Anhydrous Mono-Sodium Salt of Compound 1 (Salt VIiI)

{00331} In one embodiment, provided herein is a sodium salt of Compound 1. In one
embodiment, provided herein is a mono-sodium salt of Compound 1. In one embodiment, the
mono-sodium salt is anhydrous (“"Salt VIT™). In one embodiment, Salt VI is crystalline. In
one embodiment, Salt VI is moderately hydroscopic. In one embodiment, Salt VI is
chemically stable.

180332} In certain embodiments, provided herein is a method for making Salt VIIL
comprising 1) stirring Salt IV of Compound 1 in a solvent (e.g., methanol) for a period of time
{e.g., about 12 hours to about 48 hours} at a temperature {e.g., about 5 °C to about 45 °C); 2)
collecting precipitation by filtration; and 3) in the absence of precipitation, evaporating the
solution to yield a solid and collecting the solid.

{00333] In certain embodiments, provided herein is a method for making Salt VIIL
comprising 1} stirring Salt 1V of Compound 1 in a solvent (e.g., methanol) for a period of time
{e.g., about 24 hours) at a temperature {e.g., about 25 °C); 2) collecting precipitation by
filtration; and 3} in the absence of precipitation, evaporating the solution to yield a solid and
coliecting the solid.

{00334} In one emnbodiment, Salt VII has a TGA thermogram corresponding substantially
to the representative TGA thermogram as depicted in Figure 94, In one embodiment, the TGA
thermogram comprises a decomposition event with onset temperature at approximately 2912 °C

when heated from approximately 25 °C to approximately 350 °C.
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{00335] In one embodiment, Salt VIII has a DSC thermogram as depicted in Figure 93
comprising a decomposition event with onset temperature at approximately 294.0 °C when
heated from approximately 25 °C to approximately 350 °C.

100336] In certain embodiments, Salt VI is substantially crystalline, as indicated by, e.g.,
diffraction pattern substantially as shown in Figure 91, In one embodiment, Salt VHI has one or
more characteristic X-ray powder diffraction peaks at approximately 3.06, 3.39, 3.64, 3.79, 3.95,
454,494, 5.07,521, 540, 6.02, 6.27, 6.65, 7.18, 8.00, 8.37, 9.32, 10.00, 10.43, 11.04, 11.94,
12.72, 13.01, 13.71, 13.97, 14.66, 15.01, 15.65, 15.73, 16.34, 16.69, 17.14, 17.37, 18.31, 18.91,
19.57,20.13,22.17, 24.68, 25.02, 26,92, 28.96, 2953, 31.12, 32,42, 33.47,33.76, 34.58, 35.75,
37.25,39.65,40.87, 42.36, 43.42 or 4434 ° 20 as depicted in Figure 91. In a specific
embodiment, Salt VIH has one, two, three, four, five, six, seven or eight characteristic X-ray
powder diffraction peaks at approximately 3.06, 339, 3 .64, 1371, 1397 1501, 1565 or 1573 °
26. In another embodiment, Salt VHI has one, two, three or four characteristic X-ray powder
diffraction peaks at approximately 3.06, 3.39, 15.01 or 15.65 °28. In another embodiment, Salt
VI has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen,
fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three,
twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight, tweunty-nine, thirty, thirty-one,
thirty-two, thirty-three, thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine,
forty, forty-one, forty-two, forty-three, forty-four, forty-five, forty-six, forty-seven, forty-eight,
forty-nine, fifty, fifty-one, fifty-two, fifty-three, fifty-four or fifty-five characteristic X-ray
powder diffraction peaks as set forth in Table 45,

160337] In certain embodiments, Salt VHI is substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. In one embodiment, Salt VI has an X-ray powder
diffraction pattern substantially as shown in Figure 91. In one embodiment, Salt VI has one or
more characteristic X-ray powder diffraction peaks at approximately 3.1,3.4,3.6,3.8, 4.0, 45,
49,51,52,54,60,63,6.7,7.2, 80,84 93100, 104, 11.0,11.9,12.7, 13.0, 13.7, 14.0,
14.7,15.0, 15.7, 15.7, 163, 167, 17.1, 174, 18.3, 18.9, 19.6, 20.1,22.2, 247, 25.0, 26.9, 29.0,
29.5,31.1,32.4,33.5,33.8,34.6, 358, 37.3,30.7, 40.9, 42.4, 43.4 or 44.3 ° 20 as depicted in
Figure 91. In a specific embodiment, Salt VIII has one, two, three, four, five, six, seven or eight

characteristic X-ray powder diffraction peaks at approximately 3.1, 3.4, 3.6, 13.7, 14.0, 15.0,
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157 0r 15.7 °28. In another embodiment, Salt VII has one, two, three or four characteristic X-
ray powder diffraction peaks at approximately 3.1, 3.4, 150 or 15.7°28. In another
embodiment, Salt VIH has one, two, three, four, five or six characteristic X-ray powder
diffraction peaks at approximately 3.1, 3.4, 13.7, 15.0, 15.6 or 157 ° 28, In another embodiment,
Salt VII has one, two or three characteristic X-ray powder diffraction peaks at approximately
3.1, 34 0r 15.0°28. In another embodiment, Salt VIII has one, two, three, four, five, six, seven,
eight, nine, ten, eleven, twelve, thirteen, tfourteen, fifteen, sixteen, seventeen, eighteen, nineteen,
twenty, twenty-one, twenty-two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-
seven, twenty-eight, twenty-uine, thirty, thitty-one, thirty-two, thirty-three, thirty-four, thirty-
five, thirty-six, thirty-seven, thirty-eight, thirty-nine, forty, forty-one, forty-two, forty-three,
forty-four, forty-five, torty-six, forty-seven, forty-eight, forty-nine, fitty, fitty-one, fifty-two,
fifty-three, {ifty-four or fifty-five characteristic X-ray powder diffraction peaks as set forth in

Table 45

549 Anhydrous Mone-Sodium Salt of Compound 1 (Salt 1X)

{00338} In one embodiment, provided herein is a sodium salt of Compound 1. In one
embodiment, provided herein is a mono-sodium salt of Compound 1. In one embodiment, the
mongo-sodium salt is anhydrous ("Salt X7}, In one embodiment, Salt IX is crystalline. In one
embodiment, Salt IX 1s moderately hydroscopic. In one embodiment, Salt IX is chemically
stable.

100339] In certain embodiments, provided herein is a method for making Salt IX]
comprising 1) dissolving Compound 1 in a solvent (e.2., acetone} to yield a mixture; 2) heating
the mixture to an elevated temperature (e.g., about 30-70 °C); 3) filtering the mixture at the
elevated temperature to yield a solution; 4} contacting the mixture with a sodium hydroxide
solution {e.g., about 0.5-1.5 equivalents}); 5} cooling the resulting mixture {(e.g., to about 10-30
°C}); 6) collecting precipitation by filtration; and 7) in the absence of precipitation, evaporating
the solution to vield a solid and collecting the solid. 1n one embodiment, the sodium hydroxide
solution is a solution of sodium hydroxide in water, acetone or a mixture of acetone and water.
100340} In certain embodiments, provided herein is a method for making Salt IX]
comprising 1} dissolving Compound | in a solvent {e.g., acetone) to yield a mixture; 2) heating

the mixture to an elevated temperature (e.g., about 50 °C); 3} filtering the mixture at the elevated
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temperature with a 0.45 um syringe filter to vield a solution; 4) contacting the mixture with a
sodium hydroxide solution {e.g., about 1 equivalent); 5) cooling the resulting muxture {e.g., to
about 25 °C) {e.g., at a speed of about 20 °C/hour}; 0) collecting precipitation by filtration; and
7} in the absence of precipitation, evaporating the solution to yield a solid and collecting the
solid. In one embodiment, the sodium hydroxide solution ts a solution of sodium hydroxide in
water, acetone or a mixture of acetone and water.

{00341} In one embodiment, Salt IX has a TGA thermogram corresponding substantially
to the representative TGA thermogram as depicted in Figure 101, In one embodiment, the TGA
thermogram comprises a decomposition event with onset teraperature at approximately 301.8 °C
when heated from approximately 25 °C to approximately 350 °C.

160342} In one embodiment, Salt IX has a DSC thermogram as depicted in Figure 100
comprising an endothermic event with a maximum at approximately 82.8 °C when heated from
approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
further comprises an exothermic event with a maximum at approximately 229.5 °C when heated
from approximately 25 °C to approximately 350 °C.

{00343} In certain embodiments, Salt IX is substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. In one embodiment, Salt IX has an X-ray powder
diffraction pattern substantially as shown 1n Figure 98, In one embodiment, Salt IX has one or
more characteristic X-ray powder diffraction peaks at approximately 3.05,3.19, 433, 457, 5.11,
525,571,632, 7.68, 7.88,9.47,9.93, 10.04, 12.63, 13.06, 13.69, 14.01, 14.89, 1583, 16,31,
16.68, 17.39, 18.33, 19.01, 19.94, 20.72, 20.88, 22.12, 2227, 22.60, 23.58, 24 21, 24.69, 25 47,
26.26,26.62, 27.63, 28.42, 28.73, 29.44, 31.25, 31.90, 32.51, 33.23, 34.35, 35.85, 37.39, 38.30,
39.79, 40.61, 41.44, 41 .96 or 44 56 ° 28 as depicted in Figure 98. In a specific embodiment, Salt
IX has one, two, three, four, five, six, seven or eight characteristic X-ray powder diffraction
peaks at approximately 3.05, 319,632, 947, 13.69, 1583, 19.01 or 25.47 ° 28. In another
embodiment, Salt IX has one, two, three or tour characteristic X-ray powder diffraction peaks at
approximately 3.05, 3.19, 947 or 19.01 ° 28. In another embodiment, Salt IX has one, two,
three, four, five, stx, seven, eight, ning, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen,
seventeen, eighteen, nineteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four,
twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one, thirty-two,

thirty-three, thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine, forty, forty-
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one, forty-two, forty-three, torty-four, forty-tive, forty-six, forty-seven, forty-eight, forty-nine,
fifty, fifty~one, fitty-two or fifty-three characteristic X-ray powder diffraction peaks as set forth
in Table 46,

{00344] In certain embodiments, Salt IX is substantially crystalline, as indicated by, e.g.,
diffraction pattern substantially as shown in Figure 98. In one embodiment, Salt IX has one or
more characteristic X-ray powder diffraction peaks at approximately 3.1,3.2,43, 4.6, 5.1, 5.3,
57.63,7.7,7.9,9.5,99 10.0,12.6, 13.1, 13.7, 14.0, 149, 158, 163, 16.7, 174, 18.3, 19.0,
19.9,20.7, 20.9, 22.1, 22.3. 22.6, 23.6, 24.2, 24.7,25.5, 26.3, 26.6, 27.6, 28 4, 28 7, 29.4, 31 3,
31.9,32.5,33.2, 34.4, 35.9, 37.4, 38.3,30.8,40.6, 41.4, 42.0 or 44.6 ° 26 as depicted in Figure
98. In a specific embodiment, Salt TX has one, two, three, four, five, six, seven or eight
characteristic X-ray powder diffraction peaks at approximately 3.1,3.2, 63,95, 13.7, 158, 19.0
or 25.5°268. In another embodiment, Salt IX has one, two, three or four characteristic X-ray
powder diffraction peaks at approximately 3.1, 3.2, 9.5 or 19.0°26. In another embodiment,
Salt IX has one, two, three, four, five or six characteristic X-ray powder diffraction peaks at
approximately 3.1, 3.2,6.3, 9.5, 158 or 19.0°28. In another embodiment, Salt IX has one, two
or three characteristic X-ray powder diftraction peaks at approximately 3.2,9.50r 19.0°268. In
another embodiment, Salt IX has one, two, three, four, five, six, seven, eight, nine, ten, eleven,
twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one,
twenty-two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight,
twenty-nine, thirty, thirty-one, thirty-two, thirty-three, thirty-four, thirty-five, thirty-six, thirty-
seven, thirty-eight, thirty-nine, forty, forty-one, forty-two, forty-three, forty-four, torty-five,
forty-six, forty-seven, forty-eight, forty-nine, fifty, fifty-one, fifty-two or fifty-three

characteristic X-ray powder diffraction peaks as set forth in Table 46.

5.4.10 Hydrated Mono-Sodium Salt of Compound  (Salt X}

{00345] In one embodiment, provided herein is a sodium salt of Compound 1. In one
embodiment, provided herein 1s a mono-sodium salt of Compound 1. In ove embodiment, the
mono-sodium salt is a hydrate (“Salt X7). In one embodiment, Salt X is crystalline. In one
embodiment, Salt X is moderately hydroscopic. In one embodiment, Salt X is chemically

unstable. In one embodiment, Salt X is an unstable hydrate.
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{00346} In one embodiment, provided herein are methods for preparing Salt X of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)
dissolving Salt IV of Compound 1 {e.g., about 100-300 mg} with a minimum amount of solvents
{e.g., up to 7.0 mL) at a first temperature {e.g., about 50 or 70 °C); (2) adding a co-solvent (e.g.,
about 5-25 mL}; (3) placing the solution at a second temperature {e.g., about 15-35°C) fora
period of time {e.g., about 12-48 hours); and (4) evaporating the samples without precipitation to
dryness (e.g., evaporating under a gentle stream of nitrogen gas) and collecting the resulting
solids. All obtained solids were analyzed by XRPD to determine the solid form {see Table 47). In
certain embodiments, the solvent is water. In certain embodiments, the co-solvent 1s THF.
100347} In one embodiment, provided herein are methods for preparing Salt X of
Compound 1 comprising binary solvent fast cooling crystallization comprising the steps of: (1)
dissolving Salt IV of Compound 1 {e.g., about 168 mg) with a minimum amount of solvents
{e.g., about 4.3 mL) at a first temperature {e.g., about 60 °C); (2} adding a co-solvent {e.g., about
12.8 mL}; (3) placing the solution at a second temperature (e.g., about 25 °C) for a period of time
(e.g., about 24 hours); and {4) evaporating the samples without precipitation to dryness {e.g.,
evaporating under a gentle stream of nitrogen gas) and collecting the resulting solids. All
obtained solids were analyzed by XRPD to determine the solid form (see Table 47). In certain
embodiments, the solvent is water. In certain embodiments, the co-solvent is THF.

{003438] In one embodiment, Salt X has a TGA thermogram corresponding substantially to
the representative TGA thermogram as depicted in Figure 108, In one embodiment, Salt X
exhibits a TGA thermogram comprising a total mass loss of approximately 1.3% of the total
mass of the sample between approximately 60 °C and approximately 120 °C when heated from
approximately 25 °C to approxamately 350 °C. In one embodiment, Salt X exhibits a TGA
thermogram comprising a total mass loss of approximately 2.3% of the total mass of the sample
between approximately 120 °C and approximately 180 °C when heated from approximately 25
°C to approximately 350 °C. In one embodiment, the TGA thermogram further comprises a
decomposition event with onset temperature at approximately 296.7 °C when heated from
approximately 25 °C to approximately 350 °C.

100349] In one embodiment, Salt IX has a DSC thermogram as depicted in Figure 107
comprising an endothermic event with a maximum at approximately 91.3 °C when heated from

approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
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further comprises an endothermic event with a maximum at approximately 1493 °C when heated
from approximately 25 °C to approximately 350 °C. In one embodiment, the DSC thermogram
further comprises an exothermic event with a maximum at approximately 230.6 °C when heated
from approximately 25 °C to approximately 350 °C.

{60350} In certain embodiments, Salt X is substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. In one embodiment, Salt X has an X-ray powder
diffraction pattern substantially as shown in Figure 105, In one embodiment, Salt X has one or
more characteristic X-ray powder diffraction peaks at approximately 3.20, 3.74, 4.11,4.23, 4 36,
459, 478 503,522, 543, 5.62.5.88, 6.06, 6.28, 6.76, 7.24, 7.41, 7.83,8 01, 9.50, 10.37, 11.01,
11.15, 11.38,12.12, 12,75, 13.58, 1437, 14.87, 15.06, 1541, 1578, 10.65, 18.71, 19.70, 20 35,
20.88,22.16, 22.49, 23 .83, 24.73, 25.62, 26.38, 27.11, 28.71, 29.79, 30.65, 31.15, 32.80, 34.52,
35.81,37.64,38.77,41.35,42.26, 4370 or 44.25 ° 26 as depicted in Figure 105, In a specific
embodiment, Salt X has one, two, three, four, five, six, seven or eight characteristic X-ray
powder diffraction peaks at approximately 3.20, 3.74, 1541, 18.71, 1970, 22.16, 23 83 or 25.62
©28. In another embodiment, Salt X has one, two, three or four characteristic X-ray powder
diffraction peaks at approximately 3.20, 3.74, 1541 or 25.62 ° 28. In another embodiment, Salt
X has one, two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen,
fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-one, twenty~-two, twenty-three,
twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight, twenty-nine, thirty, thirty-one,
thirty-two, thirty-three, thirty-four, thirty-five, thirty-six, thirty-seven, thirty-eight, thirty-nine,
forty, forty-one, forty-two, forty-three, tforty-four, forty-five, forty-six, forty-seven, forty-eight,
forty-nine, fifty, fifty-one, fifty-two, fifty-three, fifty-four, fifty-five, fifty-six, fifty-seven, fifty-
eight, fifty-nine, sixty, sixty-one, sixty-two, sixty-three or sixty-four characteristic X-ray powder
diffraction peaks as set forth in Table 47.

{00331} In certain embodiments, Salt X is substantially crystalline, as indicated by, e.g.,
X-ray powder diffraction measurements. In one embodiment, Salt X has an X-ray powder
diffraction pattern substantially as shown in Figure 105, In one embodiment, Salt X has one or
more characteristic X-ray powder diffraction peaks at approximately 3.2,3.7,4.1,42, 44, 46,
48,50,52.54,56,59,61,63,68 72 74,78, 80,95,104,11.0,11.2, 114,121, 128,
13.6,14.4,14.9,15.0, 154, 158, 16.7, 187, 19.7, 20.4, 20.9, 22.1, 22.5, 23 .8, 24.7, 25.6, 26 4,
27.1,28.7,29.8,30.7,31.2, 32.8, 34.5, 35.8, 37.6, 38.8, 41.4, 42.3, 43.7 or 44.3 ° 26 as depicted
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in Figure 105, 1n a specific embodiment, Salt X has one, two, three, four, five, six, seven or
eight characteristic X-ray powder diffraction peaks at approximately 3.2, 3.7, 15.4, 18.7, 19.7,
222,238 or 25.6°26. In ancther embodiment, Salt X has one, two, three or four characteristic
X-ray powder diffraction peaks at approximately 3.2,3.7, 154 or 25.6°268. In another
embodiment, Salt X has one, two, three, four, five or six characteristic X-ray powder diffraction
peaks at approximately 3.2, 3.7, 154, 187, 23 8 or 25.6 ° 28. In another embodiment, Salt X has
one, two or three characteristic X-ray powder diffraction peaks at approximately 3.2,3.7 or 25.6
©28. In another embodiment, Salt X has one, two, three, four, five, six, seven, eight, nine, ten,
eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, nineteen, twenty, twenty-
one, twenty-two, twenty-three, twenty-four, twenty-five, twenty-six, twenty-seven, twenty-eight,
twenty-nine, thirty, thirty-one, thirty-two, thirty-three, thirty-four, thirty-five, thirty-six, thirty-
seven, thirty-eight, thirty-nine, forty, forty-one, forty-two, forty-three, forty-four, forty-five,
forty-six, forty-seven, forty-eight, forty-nine, fifty, fifty-one, fifty-two, fitty-three, fifty-four,
fifty-five, fifty-six, fifty-seven, fifty-eight, fifty-nine, sixty, sixty-one, sixty-two, sixty-three or

sixty-four characteristic X-ray powder diffraction peaks as set forth in Table 47.
5.5 Methods for Making Compound 1

{00352] By way of example and not limitation, Compound 1 can be prepared as outlined

in Scheme 1, as well as in the examples set forth herein.

~d
3



WO 2016/118858 PCT/US2016/014517

F
Cl F
| SN PdCl,(dppf)
= + + KCO3 + HO ——7— X
CN DMF PN
Cl B(OH), 7 >eN
2 3 4 Cl
. - jYCI
CH,OH, o}
NaOCH, HCI S DIPEA
— XN — N ",
@ water 7 COoH  THF
CN OH
OMe
5 6
F
0 F F
H2N\)j\o/
| ~N HCI
7 SN o o+ @ H\)Ok
H = N -
O O O | N O
e R
O O
O OH O
7 8 O o
F F
NaOH,
H,O
’ N 0] aqg HCI
THF | H SN o
SLLES AN A — | H
ON
a % N\)LOH
OH O
OH O
L 10 _ Compound 1
Scheme 1
{00353} Provided are methods of preparing Compound 1
F
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Z N\)J\OH
OH O

t

2
comprising contacting compound 10
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H O
= N\)J\ONa

10
with an acid {e.g., aq. HCl) in a solvent {e.g., tetrahydrofuran (THF), water or a
mixture of THF and water) at about 10 °C to about 35 °C. In one embodiment, the solvent 1s
THF, water or a mixture thereof. In one embodiment, the acid is 37% HCI agueous solution. In
one embodiment, the contacting proceeds at about 22 °C. In one embodiment, the contacting

lasts for about 15 minutes to about 2 hours.

160354] Also provided are methods of preparing compound 10
F
| \N H O
Z N\)J\ONa
OH O
10
comprising contacting a mixture of compound & and compound 9
F
F
~N O
SN o + | H
H Z N -
R o
O O
OH O
O
3 9

with a base (e.g., NaOH) in a solvent (e.g., tetrabydrofuran (THF), water or
THF/water) at about 10 °C to about 35 °C. In some embodiments, the solvent is THF, water or a
mixture thereof. In one embodiment, the base is NaOH. In one embodiment, the contacting
proceeds at about 22 °C. In one embodiment, the contacting lasts for about | hour to about S
hours.
{00355 Also provided are methods of preparing a mixture of compound 8 and

compound 9
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comprising contacting compound 7
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7

with glycine methyl ester HCI salt in a solvent (e.g., tetrahvdrofuran (THF)) in the
presence of a base (e.g., ditsopropylethylamine} at about 10 °C to about 35 °C. In some
embodiments, the solvent is THF. In one embodiment, the base ts diisopropylethylamine. In
one embodiment, the contacting proceeds at about 22 °C. In one embodiment, the contacting

tasts for about 4 hours to about 16 hours.

180356} Also provided are methods of preparing compound 7
F

SN
| = Oj*
*(o 0 O

O
7

comprising contacting compound 6
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P
CO,H
OH
6
with trimethylacetyl chlonide 1n a solvent {e.g., tetrabhydrofuran (THF}) in the

presence of a base {(e.g., diisopropylethylamine) at about -10 °C to about 10 °C. In some
embodiments, the solvent is THF. In one embodiment, the base 1s diisopropylethylamine. In
one embodiment, the contacting proceeds at about 3 °C. In one embodiment, the contacting lasts

for about 1 hours to about 3 hours.

{G0357] Also provided are methods of preparing compound 6
F
| =N
7 ~CO,H
OH
6

comprising contacting compound 5

with an acid (e.g., 37% HCI aqueous solution) in a solvent {e.g., water) at about
60 °C to about 110 °C. In one embodiment, the acid is 37% HCI aqueous solution. In one
embodiment, the contacting proceeds at about 100 °C. In one embodiment, the contacting lasts
for about 10 hours to about 60 hours.

{00358} Also provided are methods of preparing compound 5
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)

7 CN
OMe

5

comprising contacting compound 4
F

)
7 CN
Cl

4

with a methoxide {e.g., sodium methoxide) in a solvent (e.g., methanol) at about
50 °C to about 90 °C. In one embodiment, the methoxide is sodium methoxide. In one
embodiment, the solvent is methanol. In one embodiment, the contacting proceeds at about 68

°C. In one embodiment, the contacting lasts for about 6 hours to about 36 hours.

{00359} Also provided are methods of preparing compound 4
F
N
7 CN
Cl
4
comprising contacting compound 2
Cl | N
7 >CN
Cl
2

with (3-fluorophenyhboronic acid and a catalyst (e.g., DCM adduct PdCly{(dppf)
and PACL{dppf)) in a solvent (e.g., DMF, water or DMF/water) in the presence of a base {e.g.,

potassium carbonate) at about 25 °C to about 75 °C. In certain embodiments, the catalyst is
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DCM adduct PACL{dppf) or PACL{dppf). In some embodiments, the solvent is DMF, water or a
mixture thereof. In some embodiments, the base is potassium carbonate. In one embodiment,
the contacting proceeds at about 56 °C. In one embodiment, the contacting lasts for about 6

hours to about 36 hours.
5.6 Methods of Use

00360] Provided herein are methods for treating or preventing cancer, comprising
administering an effective amount of a solid form of Compound 1 to a patient having cancer.
{00361} Further provided herein are methods for preventing metastasis of malignant
tumors or other cancerous cells, comprising administering an effective amount of a solid forr of
Compound 1 to a patient having a malignant tumor or cancerous cells.

100362 Further provided herein are methods for reducing the rate of tumor growth or
cancer cell growth, comprising administering an effective amount of a solid form of Compound
1 to a patient having a malignant tumor or cancerous cells.

{00363} Further provided herein are methods for decreasing tumor angiogenesis,
comprising administering an effective amount of a solid form of Compound 1 to a patient having
cancer.

100364] Further provided herein are methods for stabilizing hypoxia inducible factor-2
alpha (HIF-2a), comprising administering an effective amount of a solid form of Compound 1 to
a patient in need thereof.

{00365] Further provided herein are methods for decreasing vascular endothelial growth
factor (VEGF) in a cell in vitro, in vivo or ex vivo, by inhibiting the binding of VEGF to
vascular endothelial growth factor receptors {(VEGFRs), comprising contacting the cell with an
effective amount of a solid form of Compound 1. In one embodiment, the cell is a cancer cell. In
another embodiment, the cell is a human cell. In as still further embodiment, the cell is a human
cancer cell.

{00366} Further provided herein are methods for increasing secretion of soluble vascular
endothelial growth factor receptor-1 (sVEGF-1) from a cell in vitro, in vivo or ex vivo,
comprising contacting the cell with an effective amount of a solid form of Compound 1. In one
embodiment, the cell is a tumor associated cell. In another embodiment, the cell is a human

tumor associated cell. In as still further embodiment, the cell 1s a human cancer cell.
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{60367] Further provided herein are methods for the treatment or prevention of cancer
treatable or preventable by decreasing vascular endothelial growth factor (VEGF), comprising
administering an effective amount of a solid form of Compound 1 to a patient having cancer
treatable or preventable by decreasing VEGF.

{00363] Further provided herein are methods for the treatment or prevention of cancer
treatable or preventable by increasing secretion of soluble vascular endothelial growth factor
receptor-1 (sVEGF-1), comprising administering effective amount of a solid form of Compound
I to a patient having cancer treatable or preventable by increasing sSVEGF-1.

{60369 Further provided herein are methods for the treatment or prevention of cancer
treatable or preventable by stabilizing hypoxia inducible factor-2 alpha (HIF-2a), comprising
administering an effective amount of a solid form of Compound 1 to a patient having cancer
treatable or preventable by stabilizing HIF-2a.

100370] Further provided are methods for controlling, inhibiting or decreasing tumor
growth in a patient, comprising administering effective amount of a solid form of Compound 1 to
a patient having a tumor,

{60371} Further provided herein is the use of a solid form of Compound 1 for making a
medicament for treating cancer.

{60372] Further provided herein 1s the use of a solid form of Compound 1 for making a
medicament for the uses provided herein.

{60373] Provided herein is the use of a solid form of Compound 1 for treating or
preventing cances.

100374} Further provided herein is the use of a solid form of Compound 1 for preventing
metastasts of malignant tumors or other cancerous cells and for slowing tumor growth.

{00375] Further still provided herein 1s the use of a solid form of Compound 1 for
decreasing tumor angiogenesis.

180376} Further provided herein are methods for treating or preventing cancer, comprising
administering to a patient having cancer an effective amount of a solid form of Compound 1 and
an effective amount of one or more chemotherapeutic agents, wherein a solid form of Compound
I and the one or more chemotherapeutic agents are administered in any order. Non-limiting
examples of chemotherapeutic agents include taxol, 1L-2, gemcitabine, erlotinib, doxil,

> O

irinortecan, and bevacizumab.
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{60377] Further provided herein are methods for preventing metastasis of cancer cells,
comprising administering to a patient having cancer an effective amount of a solid form of
Compound 1 and an effective amount of one or more chemotherapeutic agents, wherein a solid
form of Compound 1 and the one or more chemotherapeutic agents are administered in any
order. Non-limiting examples of chemotherapeutic agents include taxol, IL-2, gemcitabine,
erlotinib, doxil, innortecan, and bevacizumab.

{B0378] Further provided herein are methods for treating a patient diagnosed with cancer,
comprising administering to a patient diagnosed with cancer an effective amount of a solid form
of Compound 1 and an effective amouunt of one or more chemotherapeutic agents, wherein a
solid torm of Compound 1 and the one or more chemotherapeutic agents are administered in any
order. Non-limiting examples of chemotherapeutic agents include taxol, IL-2, gemcitabine,
erlotinib, doxil, irinortecan, and bevacizumab.

{00379] The following are non-limiting examples of cancers that can be treated by the
disclosed methods and compositions: Acute Lymphoblastic; Acute Myeloid Leukemia;
Adrenocortical Carcinoma; Adrenocortical Carcinoma, Childhood; Appendix Cancer; Basal Cell
Carcinoma; Bile Duct Cancer, Extrahepatic; Bladder Cancer; Bone Cancer; Osteosarcoma and
Malignant Fibrous Histiocytoma, Brain Stem Glioma, Childhood; Brain Tumor, Adult; Brain
Tumor, Brain Stem Glioma, Childhood; Brain Tumor, Central Nervous Systemn Atypical
Teratoid/Rhabdoid Tumor, Childhood; Central Nervous System Embryonal Tumors; Cerebellar
Astrocytoma; Cerebral Astrocytoma/Malignant Glioma; Craniopharyngioma;
Ependymoblastoma; Ependymoma; Medulloblastoma; Medulloepithelioma; Pineal Parenchymal
Tumors of Intermediate Differentiation; Supratentorial Primitive Neurcectodermal Tumors and
Pinecblastoma; Visual Pathway and Hypothalamic Glioma; Brain and Spinal Cord Tumors,
Breast Cancer; Bronchial Tumors; Burkitt Lymphoma; Carcinoid Tumor, Carcinoid Tumor,
Gastrointestinal; Central Nervous Systern Atypical Teratoid/Rhabdoid Tumor; Central Nervous
System Embryonal Tumors; Central Nervous System Lymphoma; Cerebellar Astrocytoma;
Cerebral Astrocytoma/Malignant Glioma, Childhood; Cervical Cancer; Chordoma, Childhood,
Chronic Lymphocytic Leukemia; Chronie Myelogenous Leukemia; Chronic Myeloproliferative
Disorders; Colon Cancer; Colorectal Cancer; Craniopharyngioma; Cutaneous T-Cell Lymphoma,
Esophageal Cancer; Ewing Family of Tumors; Extragonadal Germ Cell Tumor; Extrahepatic

Bile Duct Cancer; Eve Cancer, Intraocular Melanoma; Eye Cancer, Retinoblastoma; Gallbladder
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Cancer; Gastric (Stomach) Cancer, Gastrointestinal Carcinoid Tumor; Gastrointestinal Stromal
Tumor {GISTY; Germ Cell Tumor, Extracranial; Gerra Cell Tumor, Extragonadal, Germ Cell
Tumor, Ovarian; Gestational Trophoblastic Tumor; Glioma, Glioma, Childhood Brain Stem;
Glioma, Childhood Cerebral Astrocytoma; Glioma, Childhood Visual Pathway and
Hypothalamic; Hairy Cell Leukemia, Head and Neck Cancer; Hepatocellular (Liver) Cancer;
Histiocytosis, Langerhans Cell; Hodgkin Lymphoma; Hypopharyngeal Cancer; Hypothalamic
and Visual Pathway Glioma; Intraocular Melanoma; Islet Cell Tumors; Kidney (Renal Cell)
Cancer; Langerhans Cell Histiocytosis; Laryngeal Cancer; Leukemia, Acute Lymphoblastic;
Leukemia, Acute Myeloid; Leukemia, Chronic Lymphocytic; Leukemia, Chronic Myelogenous;
Leukemia, Hairy Cell; Lip and Oral Cavity Cancer; Liver Cancer; Lung Cancer, Non-Small Cell;
Lung Cancer, Small Cell; Lymphoma, AIDS-Related; Lymphoma, Burkitt; Lymphoma,
Cutaneous T-Cell; Lymphoma, Hodgkin, Lymphoma, Non-Hodgkin, Lymphoma, Primary
Central Nervous System; Macroglobulinemia, Waldenstrom; Malignant Fibrous Histiocytoma of
Bone and Osteosarcoma; Medulloblastoma; Melanoma, Melanoma, Intraccular (Eye}, Merkel
Cell Carcinoma; Mesothelioma; Metastatic Squamous Neck Cancer with Occult Primary; Mouth
Cancer; Multiple Endocrine Neoplasia Syndrome, (Childhood); Multiple Myeloma/Plasma Cell
Neoplasm; Mycosis Fungoides; Myelodysplastic Syndromes;

Myelodysplastic/: Myeloproliferative Diseases; Myelogenous Leukenua, Chronic; Myeloid
Leukemia, Adult Acute; Myeloid Leukemia, Childhood Acute; Myeloma, Multiple;
Myeloproliferative Disorders, Chronic; Nasal Cavity and Paranasal Sinus Cancer;
Nasopharyngeal Cancer; Neuroblastoma; Non-Small Cell Lung Cancer; Oral Cancer; Oral
Cavity Cancer; Oropharyngeal Cancer; Osteosarcoma and Malignant Fibrous Histiocytoma of
Bone, Ovarian Cancer, Ovarian Epithelial Cancer; Ovarian Germ Cell Tumor; Ovarian Low
Malignant Potential Tumor; Pancreatic Cancer; Pancreatic Cancer, Islet Cell Tumors;
Papillomatosis; Parathyroid Cancer; Penule Cancer; Pharyngeal Cancer; Pheochromocytoma;
Pineal Parenchymal Tumors of Intermediate Differentiation; Pineoblastoma and Supratentorial
Primitive Neuroectodermal Tumors; Pituitary Tumor; Plasma Cell Neoplasm/Multiple Myeloma;
Pleuropulmonary Blastoma, Primary Central Nervous System Lymphoma; Prostate Cancer,
Rectal Cancer; Renal Cell (Kidney) Cancer; Renal Pelvis and Ureter, Transitional Cell Cancer;
Respiratory Tract Carcinoma Involving the NUT Gene on Chromosome 15, Retinoblastoma,;

Rhabdomyosarcoma; Salivary Gland Cancer; Sarcoma, Ewing Family of Tumors; Sarcoma,
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Kaposi; Sarcoma, Soft Tissue; Sarcoma, Uterine; Sezary Syndrome; Skin Cancer
{Nonmelanoma}, Skin Cancer (Melanoma);, Skin Carcinoma, Merkel Cell; Small Cell Lung
Cancer; Small Intesting Cancer; Soft Tissue Sarcoma; Squamous Cell Carcinoma, Squamous
Neck Cancer with Occult Primary, Metastatic; Stomach (Gastric) Cancer; Supratentorial
Primitive Neuroectodermal Tumors; T-Cell Lymphoma, Cutanecus; Testicular Cancer, Throat
Cancer; Thymoma and Thymic Carcinoma; Thyroid Cancer; Transitional Cell Cancer of the
Renal Pelvis and Ureter; Trophoblastic Tumor, Gestational; Urethral Cancer; Uterine Cancer,
Endometrial; Uterine Sarcoma; Vaginal Cancer; Vulvar Cancer; Waldenstrom

Macroglobulinenua; and Wilras Tumor.

{00380} The cancer can be any cancer described herein, including VEGF-dependent
Cancers.
100381} In certain embodiments, provided herein are methods of treating and/or

preventing conditions of the eve wherein the methods comprise administering to a subject in
need of treatment and/or prevention a solid form of Compound 1. Hustrative conditions of the
eve include, but are not limited to, retinopathy {(including diabetic retinopathy}, radiation
retinopathy, macular degeneration, age-related macular degeneration (including early,
intermediate, and advanced stage age-related macular degeneration), Wet (exudative) age-related
macular degeneration, specific genotypes associated with macular degeneration, cancer, solid or
blood borne tumors, choroidal melanoma, sickle cell retinopathy, neovascularization, ocular
neovascularization, subretinal neovascularization, vein occlusion, retinopathy of prematurity,
chronic uveitis/vitritis, ocular trauma, ocular ischemia, retinal ischemia, Best’s disease, chronic
retinal detachment, diseases associated with rubeosis, Eales’ disease proliferative
vitreoretinopathy, familial exudative vitreoretinopathy, Stargardt’s disease, presumed ocular
histoplasmosis, hyperviscosity syndromes, myopia, post-laser complications, retinopathy of
prematurity, infections causing a retinitis or choroiditis, optic pits, pars planitis, toxoplasmosis,
choroidal neovascularization (including Type 1, 2, and 3 choroidal neovascularization), macular
edema, cystoid macular edema, diabetic macular edema, ocular edema, glaucoma, neovascular
glaucoma, surgerv-induced edema, surgery-induced neovascularization, retinoschisis, retinal
capillary occlusions, retinal angiomatous proliferation, vitreous hemorrhage, retinal
neovascularization, polypoidal choroidal vasculopathy (quxtafoveal and subfovial), vitreomacular

adhesion, geographic atrophy, retinal hypoxia, pathological myopia, dysregulated para-
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inflammation, chronic inflammation, chronic wound healing environment in the aging eye,
carotid vacernous fistula, idiopathic occlusive arteriolitis, birdshot retinochoroidopathy, retinal
vasculitis, incontinentia pigmenti, retinitis pigmentosa, tachyphylaxis, and himbal stem cell

deficiency.
5.7 Pharmaceutical Compositions

{00382} Pharmaceutical compositions may be used in the preparation of individual, single
unit dosage forms. Pharmaceutical compositions and dosage forms provided herein comprise a
solid form of Compound 1.

{00383] In certain embodiment, pharmaceutical compositions and dosage forms comprise
a solid form of Compound 1 and one or more excipients. Suitable excipients are well known to
those skilled 1n the art of pharmacy, and non-limiting examples of suitable excipients are
provided herein. Whether a particular excipient is suitable for incorporation tnto a
pharmaceutical composition or dosage form depends on a variety of factors well known in the art
including, but not limited to, the way in which the dosage form will be administered to a patient.
For example, oral dosage forms such as tablets may contain excipients not suited for use in
parenteral dosage forms. The suitability of a particular excipient may also depend on the specific
active ingredients in the dosage form. For example, the decomposition of some active
ingredients may be accelerated by some excipients such as lactose, or when exposed to water.
100384} Lactose-free compositions can comprise excipients that are well known in the art
and are listed, for example, in the U.S. Pharmacopeia (USP) 25 NF20 (2002). In general,
factose-free compositions comprise active ingredients, a binder/filler, and a hubricant in
pharmaceutically compatible and pharmaceutically acceptable amounts. In one embodiment,
lactose-free dosage forms comprise active ingredients, microcrystalline celiulose, pre-gelatinized
starch, and magnesium stearate.

[00385] Also provided are anhydrous pharmaceutical compositions and dosage forms
since water can facilitate the degradation of some compounds. For example, the addition of
water {e.g., 5%) is widely accepted in the pharmaceutical arts as a means of simulating long-term
storage in order to determine characteristics such as shelf-life or the stability of formulations
over time. See, e.g., Jens T. Carstensen, Drug Stability: Principles & Practice, 2d. Ed., Marcel

Dekker, NY, NY, 1995, pp. 379-80. In effect, water and heat accelerate the decomposition of
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some compounds. Thus, the effect of water on a formulation can be of great significance since
motsture and/or humidity are commonly encountered during manufacture, handling, packaging,
storage, shipment, and use of formulations.

100386] An anhydrous pharmaceutical composition should be prepared and stored such
that its anhydrous nature is maintained. Accordingly, anhydrous compositions are, in one
embodiment, packaged using materials known to prevent exposure to water such that they can be
included in suitable formulary kits. Examples of suitable packaging include, but are not limited
to, hermetically sealed foils, plastics, unit dose containers {e.g., vials), blister packs, and strip
packs.

{00387 Also provided are pharmaceutical compositions and dosage forms that comprise
one or more compounds that reduce the rate by which an active ingredient will decompose. Such
compounds, which are referred to herein as “stabilizers,” include, but are not limited to,
antioxidants such as ascorbic acid, pH bufters, or salt butters.

{¢0383] Like the amounts and types of excipients, the amounts and specific types of active
ingredients in a dosage form may differ depending on factors such as, but not limited to, the

route by which it is to be administered to patients.

571 ©Oral Dosage Forms

{00385] Pharmaceutical compositions that are suitable for oral adminisiration can be
provided as discrete dosage forms, such as, but not limited to, tablets (e.g., chewable tablets),
caplets, capsules, suspensions and liquids {(e.g., flavored syrups). Such dosage forms contain
predetermined amounts of active ingredients, and may be prepared by methods of pharmacy well
known to those skilled in the art. See generally, Renungton’s The Science and Practice of
Pharmacy, 21st Ed., Lippincott Williams & Wilkins (2005).

180390] Oral dosage forms provided herein are prepared by combining the active
ingredients in an intimate admixture with at least one excipient according to conventional
pharmaceutical compounding techniques. Excipients can take a wide variety of forms depending
on the form of preparation desired for administration. For example, excipients suitable for use in
oral liquid or aerosol dosage forms include, but are not limited to, water, glycols, oils, alcohols,
flavoring agents, preservatives, and coloring agents. Examples of excipients suitable for use in

solid oral dosage forms {e.g., powders, tablets, capsules, and caplets) include, but are not limited
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to, starches, sugars, micro-crystalline cellulose, diluents, granulating agents, lubricants, binders,
and disintegrating agents.

100391} In one embodiment, oral dosage forms are tablets or capsules, in which case solid
excipients are employed. In another embodiment, tablets can be coated by standard aqueous or
non-aqueous techniques. Such dosage forms can be prepared by any of the methods of
pharmacy. In general, pharmaceutical compositions and dosage forms are prepared by uniformly
and intimately admixing the active ingredients with hiquid carriers, finely divided solid carriers,
or both, and then shaping the product into the desired presentation if necessary.

100392] For example, a tablet can be prepared by compression or molding. Compressed
tablets can be prepared by compressing in a suitable machine the active ingredients in a free-
flowing form such as powder or granules, optionally mixed with an excipient.

100393} Examples of excipients that can be used in oral dosage forms provided herein
include, but are not limited to, binders, fillers, disintegrants, and hubricants. Binders suitable tor
use in pharmaceutical compositions and dosage forms include, but are not limited to, corn starch,
potato starch, or other starches, gelatin, natural and synthetic gums such as acacia, sodium
alginate, alginic acid, other alginates, powdered tragacanth, guar gum, cellulose and its
derivatives {e.g., ethyi cellulose, cellulose acetate, carboxymethyl cellulose calcium, sodium
carboxymethy! cellulose), polyvinyl pyrrolidone, methyl cellulose, pre-gelatinized starch,
hydroxypropyl methyl cellulose, {e.g., Nos. 2208, 2906, 2910}, microcrystalline cetlulose, and
mixtures thereof.

1060394} Suitable forms of microcrystalline cellulose include, but are not limited to, the
materials sold as AVICEL-PH-101, AVICEL-PH-103 AVICEL RC-581, AVICEL-PH-105
{available from FMC Corporation, American Viscose Division, Avicel Sales, Marcus Hook, PA),
and mixtures thereof. A specific binder is a2 mixture of microcrystalline cetlulose and sodium
carboxyrethyl cellulose sold as AVICEL RC-581. Suitable anhydrous or low moisture
excipients or additives include AVICEL-PH-103™ and Starch 1500 LM. Other suitable forms
of microcrystalline cellulose include, but are not limited to, silicified microcrystalline celluiose,
such as the materials sold as PROSCLY 50, PROSOLYV 90, PROSOLY HD90, PROSOLY 90
LM, and mixtures thereof.

{00395] Examples of fillers suitable for use in the pharmaceutical compositions and

dosage forms provided herein include, but are not limited to, talc, microcrystalline cellulose,
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powdered cellulose, dextrates, kaolin, mannitol, silicic acid, sorbitol, starch, pre-gelatinized
starch, and mixtures thereof. The binder or filler in pharmaceutical compositions s, o one
embodiment, present in from about 50 to about 99 weight percent of the pharmaceutical
composition or dosage form. The binder or filler in pharmaceutical compositions is, in another
embodiment, present in from about 20 to about 30 weight percent of the pharmaceutical
composition or dosage form. The binder or filler in pharmaceutical compositions is, in another
embodiment, present in about 24 weight percent of the pharmaceutical composition or dosage
form.

[60396] In certain embodiments, fillers may include, but are not himited to block
copolymers of ethylene oxide and propylene oxide. Such block copolymers may be sold as
POLOXAMER or PLURONIC, and include, but are not limited to POLOXAMER 188 NF,
POLOXAMER 237 NF, POLOXAMER 338 NF, POLOXAMER 437 NF, and mixtures thereof.
In certain embodiments, POLOXAMER or PLURONIC, including, but not limited to
POLOXAMER 188 NF, POLOXAMER 237 NF, POLOXAMER 338 NF, POLOXAMER 437
WNF, and mixtures thereof, are surfactants.

{60397] In certain embodiments, fillers may include, but are not limited to isomalt,
lactose, lactitol, mannitol, sorbitol xylitol, erythritol, and mixtures thereof.

[60398] Disintegrants may be used in the compositions to provide tablets that disintegrate
when exposed to an aqueous environment. Tablets that contain too much disintegrant may
disintegrate in storage, while those that contain too little may not disintegrate at a desired rate or
nor too little to detrimentally alter the release of the active ingredients may be used to form sohid
oral dosage forms. The amount of disintegrant used varies based upon the type of formulation,
and is readily discernible to those of ordinary skill in the art. In one embodiment,
pharmaceutical compositions comprise from about 0.5 to about 15 weight percent of disintegrant,
or from about 5 to about 9 weight percent of disintegrant, or from about 1 to about 5 weight
percent of disintegrant, or from about 1 to about 7 weight percent of disintegrant, or about 7
weight percent of disintegrant.

{60399] Disintegrants that can be used in pharmaceutical compositions and dosage forms
include, but are not limited to, agar-agar, alginic acid, calcium carbonate, microcrystalline

cellulose, croscarmellose sodium, povidone, crospovidone, polacrilin potassium, sodium starch
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glycolate, potato or tapioca starch, other starches, pre-gelatinized starch, other starches, clays,
other algins, other celluloses, gums, and mixtures thereof.

100400 (Glidants and/or lubricants that can be used in pharmaceutical compositions and
dosage forms include, but are not limited to, calcium stearate, magnesium stearate, mineral oil,
light mineral oil, glycerin, sorbitol, mannitol, polyethylene glycol, other glycols, stearic acid,
sodium stearyl fumarate, sodium lauryl sulfate, talc, hydrogenated vegetable oil {e.g., peanut otl,
cottonseed o1, sunflower oil, sesame otl, olive oil, corn oil, and soybean oil), zinc stearate, ethyl
oleate, ethyl laureate, agar, and mixtures thereof. Additional glidants inchude, for example, a
syloid silica gel (AEROSIL 200, manufactured by W.R. Grace Co. of Baltimore, MD), a
coagulated aerosol of synthetic silica {marketed by Degussa Co. of Plano, TX), CAB-O-SIL {a
pyrogenic colloidal silicon dioxide product sold by Cabot Co. of Boston, MA), and mixtures
thereof. If used at all, glidants and/or lubricants may be used in an amount of less than about 1
weight percent of the pharmaceutical compositions or dosage forms into which they are
incorporated.

{00401} In certain embodiments, an oral dosage form comprises the compound, silicified
microcrystalline cellulose, sodium starch glycolate, a block copolymer of ethylene oxide and
propvlene oxide, sodium stearyl fumarate and colloidal silicon dioxide. In certain embodiments,
an oral dosage form comprises a solid form of Compound 1 in an amount of about 5% to about
75% by weight, silicified microcrystalline cellulose in an amount of about 15% to about 85%,
sodium starch glycolate in an amount of about 2% to about 10%, block copolymer of ethylene
oxide and propviene oxide in an amount of about 2% to about 10%, sodium stearvl fumarate in
an amount of 0.2% to about 2%, and colloidal silicon dioxide in an amount of about 0.2% to
about 2% by weight of the oral dosage form.

{00402] In certain embodiments, an oral dosage form comprises the solid form of
Compound 1, microcrystalline celiulose, 1somalt, sodium starch glycolate, sodium lauryl sulfate,
povidone, colloidal silicon dioxide, and magnesium stearate. In certain embodiments, an oral
dosage form cormprises a solid form of Compound 1 in an amount of about 40% to about 50%,
microcrystalline cellulose in an amount of about 40% to about 50%, 1somalt in an amount of 0%
to about 5%, sodium starch glycolate in an amount of about 5% to about 10%, sodium lauryl

sulfate in an amount of 0.2% to about 2%, povidone tn an amount of about 2% to about 10%,
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colipidal silicon dioxide in an amount of 0.1% to about 1%, and magnesium stearate in an
amount of about 0.1% to about 1% by weight of the oral dosage form.

100403} In certain embodiments, the invention relates to unit dosage forms that comprise
between about 100 mg and about 1,200 mg, about 200 mg and about 1,000 mg, about 400 mg
and about 800 mg, or about 450 mg and about 600 mg of a solid form of Compound 1.

[00404] In certain embodiments, the invention relates to unit dosage forms that comprise
about 100 mg, 150 mg, 200 mg, 250 mg, 300 mg, 350 mg, 400 mg, 450 mg, 500 mg, 550 mg,
600 mg, 650 mg, 700 mg, 750 mg, 800 mg, 850 mg, 900 mg, 950 mg, 1,000 mg, 1,050 mg,
1,100 mg, 1,150, or even about 1,200 mg of a solid form of Compound 1. In certain such
embodiments, the unit dosage form is a capsule comprising about 40 mg, about 120 mg, about
185 mg, about 200 mg, about 250 mg, or about 400 mg of a solid form of Compound 1.

{00405] Liquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. In addition to the active
ingredient, the liquid dosage forms may contain inert diluents commonly used in the art, such as,
for example, water or other solvents, solubilizing agents, and emulsifiers such as ethyl alcohol,
isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene
giveol, 1 ,3-butylene glycol, oils {(in particular, cottonseed, groundnut, corn, germ, olive, castor,
and sesame oils), glycerol, tetrahydrofuryl alcohol, polyethylene glycols, and fatty acid esters of
sorbitan, and mixtures thereof.

{60406] Besides inert diluents, the oral compositions can also include adjuvants such as
wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring, perfuming,
and preservative agents.

{G0407] Suspensions, in addition to the active inhibitor(s) may contain suspending agents
as, for example, ethoxylated isosteary! alcohols, polyoxyethylene sorbitol and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth, and

mixtures thereof
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6. Examples
100408] The following examples are presented by way of illustration, not limitation. The

following abbreviations are used tn descriptions and examples:

ACN: Acetonitrile

AUC: Area under the curve

Cl: Counter fon

DMEF: N N-Dimethylformide

DMSO: Dimethylsulfoxide

DSC: Differential Scanning Calornimetry
DVS: Dynamic Vapor Sorption

EtOH: Ethanol

Evp: Evaporation

HPLC: High performance liguid chromatography
IC: fon Chromatography

IPA: 2-Propanol

IPAC Isopropyl Acetate

LCMSE: Liquid Chromatography with Mass Spectroscopy
MEK: Methyl Ethyl Ketone

MeCN: Acetonitrile

MeOH: Methanol

MIBK: Methyl 1s0Butyl Ketone

mp: Melting point

MS: Mass spectrometry

MTRBE: tert-Butyl methy! ether

NMEP: N-Methyl-2-pyrrolidone

NMR: Nuclear magnetic resonance

ppt: Precipitation
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RH: Relative Humidity

RT: Koom Temperature

SME Compound 1

TGA: Thermogravimetric Analysis
THEF: Tetrahydrofuran

XRPD: X-Ray Powder Diffraction

6.1 SUMMARY OF POLYMORPH SCREEN OF COMPOUND 1

{00409 Eight unique crystal forms (Forms A, B, C, D, E, F, G, and H) were prepared in
the polymorph screen, including single solvent and binary solvent erystallization experiments,
based on XRPD analysis. The characterization data indicated that Form A is a stable anhydrate
polymorph. Forms B, C, D, and E showed high similarity with each other, with small
differences between approximately 15 and 30 °26. Based on the DSC analysis, all four forms (B,
C, D and E) showed similar endotherms at low temperature and recrystallization events at ~150.0
°C. Characterization data showed that Form D is likely a metastable anhydrate polymorph.
Forms B, C and E are likely either metastable anhydrate polymorph or solvent inclusion
complexes, in which variable amount and type of organic solvents are retained and cause minor
changes in crystal lattice. Form F is likely a metastable hydrate polymorph. Although Form G
showed simifarity to Form F, 11s TGA analysis did not show significant weight loss so it is
possibly a metastable anhydrate polymorph. Form H is a mono-DMSO solvate, harvested when
DMSO was used as primary solvent during re-crystallization experiment. Form A was found to

be thermodynamically the most stable anhydrate polymorph.

6.1.1 Crystallization Experiments
{60410] Both fast cooling (refrigerating at 4 °C, 24 hrs) and slow cooling (20 °C/hr)
approaches were used in attempt to generate crystals via single-solvent and binary solvent
crystaliization steps. Solvent crystallization experiments were performed as described in
Sections 6.1.1.1 and 6.1.1.2 and summarized in Table 1-Table 10.
{00411} Table 1. Compound 1 single solvent fast cooling crystallization experiments
{refrigerate at 4 °C, 24 hrs), no precipitation formed.
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Cmpd 1 Solvent Solid form
. Temp. .

e;mqunt. Solvent Vol ¢C) determined by

{(mg) {mL} XRPD

33.0 MeCGH 2.25 50.0 B

336 EtOH 2.63 50.0 C

325 IPA 481 50.0 D

312 | 1-BuOH | 4.91 500 | mmor
additional peaks

32.8 MeCN 5.06 50.0 D

362 THF 3.08 50.0 A+B

32.2 2-MeTHF 5.1¢ 50.0 E

32.1 EtOAc 4.61 50.0 D

358 IPAc 4.50 50.0 C

329 Acetone 3.35 50.0 B

342 | MEK 464  |sop | =T mmor
additional peaks

327 | MIBK 600  |s00 | mmer
additional peaks

351 MTBE 6.13 50.0 A

303 DMSO 1.04 50.0 -

316 n-Propanol | 3.72 50.0 E

160412} Table 2. Compound 1 single solvent slow cooling crystallization experiments (20

°C/hr) | no precipitation formed.

b Solvent
;(Mf(iil; Solvent :)Ji; " Femp. ) Solid form by
. : ¢y XRPD
{mg) (mL)
35.6 MeOH 2.25 50.0 B
32.8 EtOH 2.63 500 C
311 IPA 481 50.0 D
310 1-BuOH 491 50.0 E
312 Me(N 5.06 50.0 B
347 THF 3.08 50.0 A+B
33.1 2-MeTHF 5.10 50.0 E
32.0 EtOAc 4.61 50.0 D
332 IPAC 4.50 500 C
30.7 Acetone 3.85 50.0 B
32.1 MEK 4.64 50.0 D
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30.0 MIBK 6.00 50.6 B
358 MTBE 6.13 50.0 A + minor peak
332 DMSO 1.04 50.0 -
353 n-Propanol | 3.72 50.0 E
{00413} Table 3. Compound 1 binary solvent fast cooling crystallization experiments,
water as co-solvent (refrigerate at 4 °C, 24 hrs).
Solid

Cmpd 1| _ . . . T o
it Primary Temp. | 1° solvent | Co-solvent | Precipitation/ | Yield form
(mdf Solvent (°Cy | Vol. (mL) | Vol (ul) | Evaporation {mg) by
ne) XRPD
36.5 MeOH 50.0 2.5 3.0 Precipitation 3.9% A+D
328 EtOH 70.0 2.0 5.0 Precipitation 1213 { A+C
334 iPA 70.0 49 10.0 Precipitation 20.6 A
350 MeCN 70.0 54 10.0 Precipitation 13.49 D

Hvaporati
313 THF 50.0 3.2 75 vaperaion - | B+F
with N,
325 Acetone 50.0 38 8.0 Precipitation 13.06 A
355 DMSO 70.0 1.2 1.0 Precipitation 20.80 A
30.1 DMFY 70.0 1.1 2.4 Precipitation 7.86 A
339 NMP 70.0 1.3 2.0 Precipitation 15.46 A
342 n-Propanol | 70.0 4.0 8.0 Precipitation 491 D+F
30.2 MEK | 70.0 a1 2.0 vaporeran . G
with N»
315 | MIBK | 700 5.7 1.0 vapareron - | F+G
with N>
Hvaporati
318 | 2-MeTHF | 70.0 5.0 1.0 vaperaion . G
with N,
Ev i
325 | 1-BuOH | 700 5.1 5.0 vaporation ; D
with N3
{00414} Table 4. Compound 1 binary solvent slow cooling crystallization experiments,
water as co-solvent (20 °C/hr).

Copd 1 ‘ e ‘ Solid
;;i; Primary | Temp. | 1°solvent | Co-solvent | Precipitation/ | Yield for(:nib )
(mg). Solvent (°C) Vol. (mL} | Vol {(ml) Evaporation {mg) XRPS
326 MeOH 50.0 22 3.0 Precipitation | 14.35 A+B
359 EtOH 70.0 2.8 5.0 Precipitation 12, E
35.1 PA 70.0 5.2 10.0 Evaporation - G
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with N,
348 MeCN 70.0 54 10.0 Precipitation | 12.86 A
36.7 THE | 50.0 3.7 75 Evaporation ; E+F
with Np
363 Acetone | S0.0 42 8.0 Precipitation | 16.90 A
Evaporati oil
307 | DMSO | 700 11 10 vaporation - .
with Ny material
322 DMF 70.0 12 2.0 Precipitation 2.66 A
335 NMP | 700 13 2.0 Precipitation | 11.16 A
o E 7 3 - 5
340 ! 70.0 40 8.0 vaporation - D
Propanol with N
316 | MEBK | 700 43 20 Evaporation ; B
with N
Evaporati
334 | MIBK | 700 6.0 10 Vaperation - B
with N
2- Evaporation
301 70.0 4.8 1.0 , - G
MeTHF with N, i
Evaporali
319 | 1-BuOH | 700 5.0 5.0 vaporation - D
with 1\'2
100415] Table 5. Compound 1 binary solvent fast cooling crystallization experiments,

toluene as co-solvent (refrigerate at 4 °C, 24 hrs), no precipitation formed.

Copd Tem 1° Co-

i Primary solvent | solvent Solid form by
amnt. | Solvent ( Dp C Vol. Vol. XRPD
(mg) Ol ey | @

D + extra peak
30.0 MeOH 50.0 2.0 4.0 {5.475° 26)
320 EtCH 70.0 2.5 5.0 C
35.0 IPA 70.0 52 10.0 E

B + extra peak
313 1-BuOH | 70.0 4.9 95 (4.984° 26)
35.0 MeCN 70.0 54 10.8 D
310 THF 50.0 3 6.4 D

7.

1S MeTHE | 70.0 50 10.0 D
332 HiOAc 70.0 4.7 9.6 D
31 PAc 70.6 39 7.6 D
32 Acetone | 50.0 39 7. D
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326 MEK 70.0 44 RIS E

312 MIBK 70.0 59 116 D

328 DMSO 70.0 11 2.2 H

A + extra peaks

LA DMF 70.0 Li 2. (4.32, 154° 26}

331 NMP 70.0 13 2.5 Oily material

-

32.0 | Propanol | 70.0 38 7.4 E
{00416} Table 6. Compound 1 binary solvent slow cooling crystallization experiments,
toluene as co-solvent (20 °C/hr), no precipitation formed.

Cmpd e Con
i Pramary | Temp. | solven Solid form by
amnt. | Solvent | (°C) | t Vol _SOIV,G o XRPD
.1 Vol (ml)

(mg) (mL)

3372 MeOH 50.0 23 4.4 D

3L HtOH 70.0 2.4 4.8 E

300 IPA 70.0 44 838 E

E + extra peak

324 1-BuCH 70.0 5.1 10.0 (4.984° 26)

30.4 MeCN 70.0 47 93 D

315 THF 50.0 32 6.4 D

304 | 2-MeTHF | 700 48 9.6 E

343 EiOAc 70.0 49 938 E

323 PAcC 70.0 4.0 3.0 A

300 Acetone 50.0 35 7.0 D

339 MEK 70.0 4.6 9.2 D

331 MIBK 70.0 6.0 12.0 D

343 DMSO 70.0 1.2 2. H

312 DMF 70.0 11 2 A+B

34.6 NMP 70.0 1.3 2. Oily material

-

335 | Propanol | 700 3.9 7.8 E
{60417} Table 7. Compound 1 binary solvent fast cooling crystallization expeniments,
heptane as co-solvent (refrigerate at 4 °C, 24 hrs), no precipitation formed.

Cmpd 1° Co-
1 Primary | Temp. | solvent | solvent | Solid form by
amut. Solvent {°C) Vol. Vol. XRPD

(mg) (mL) | (mL)
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320 EtOH 70.6 2.5 5.0 E
347 IPA 70.0 51 10.0 D
325 1-BuOH 70.0 5.1 10.0 E
329 THF 50.0 34 6.7 D
338 2-MeTHF 70.0 5.4 108 D
321 EtOAc 70.0 4.6 9.0 D
343 IPAC 70.6 43 8.6 C
32.1 Acetone 50.0 38 7. D
338 MEK 70.6 4.6 9.0 i)
357 MIBK 70.0 6.5 12.5 A+D
A {with strong
327 MTBE 70.0 57 114 preferred
orientation)
34.0 NMP 70.0 1.3 2.5 Gily material
358 | n-Propanol | 70.0 42 3. E
{00418} Table 8. Compound 1 binary solvent slow cooling crystallization experiments,
heptane as co-solvent (20 °C/hr}.
Cmpd 1? Co- o
) e . Solid
1 Primary | Temp. | solvent | solvent Precipitation / Yield form by
amnt. Solvent (°C) Vol Vol BEvaporation {(mg} XRPIj
(mg (mL} (mL) o
Evaporation with
32.4 EtOH 70.6 2.5 5.0 No - E
Evaporation with
309 PA 70.0 4.5 9.0 N; - E
H +extra
Evaporation with peak
N, (5.07°
339 1-BuOH 70.6 53 10.5 - 26}
Evaporation with
30.4 THEF 50.0 3.1 6.2 N> - E
Evaporation with
33.0 | 2-MeTHF 70.0 52 104 N» - E
Evaporation with
319 EtOAc 70.0 0 9.0 Ny - E
33.6 IPAc 70.0 2 8.4 Precipitation 2057 A
Evaporation with
32.6 Acetone 50.0 338 7. Ny - D
352 MEK 70.0 48 5.4 Evaporation with - D
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Ny
348 MIBK 70.0 6.3 12.6 Precipitation 13.01 A
331 MTBE 70.0 5.8 116 Precipitation 1549 A
Evaporation with Oily
313 NMP 70.0 1.2 2.4 N - material
Evaporation with
30.8 | n-Propandl 70.0 36 7.2 Ny - E
{00419} Table 9. Compound 1 binary solvent fast cooling crystallization experiments,

cyclohexane as co-solvent (refrigerate at 4 °C, 24 hrs), no precipitation formed.

Cmpd 1° Co-

1 Primary | Temp | solvent | solvent | Solid form by
amnt. Solvent | . {(°C) Yol. Vol. XRPD
(mg) {mL) (mL)

30.5 EtOH 70.0 2.4 4.8 C
33.0 IPA 70.0 4.9 08 E
334 1-BuOH | 70.0 52 10.4 E
312 THF 50.0 32 6.4 E
349 | 2-MeTHF | 70.0 55 11.0 E
304 EtOAc 70.0 4.4 8.8 E
30.5 IPAC 70.0 38 7.6 A
356 Acetone 50.0 42 8.4 D
30.1 MEK 70.0 4.1 82 D
324 MIBK 70.0 59 11.8 D
303 NMP 70.0 I.1 22 Oily material
30.0 | n-Propanol | 700 3.5 7.0 E
180420} Table 10. Compound 1 binary solvent slow cooling crystallization experiments,

cyclohexane as co-solvent (20 °C/hr), no precipitation formed.

Cmpd 1° Co-

1 Primary | Temp | solvent | solvent | Solid form by
arnt. Solvent {70 Vol Vol XRPD
{(mg} {mL} {mL}

342 EtOH 70.0 2.7 5.4 C
342 PA 70.0 S.0 10.0 E

E + extra peak
34.5 1-BuOH | 700 54 10.8 (5.05°28)
335 THF 50.0 34 6.8 E
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326 ¢ 2-MeTHF | 70.0 5.2 10.4 E

319 EtOAc 70.0 4.6 9.2 C

326 PAc 70.0 4.1 82 A+C
328 Acetone 50.0 39 7.8 D

308 MEK 70.0 4.2 8.4 D

30.0 MIBK 70.0 55 110 E

315 NMP 70.0 1.2 2.4 Oily material
313 | n-Propanol | 70.0 3.7 7. E

6.1.1.1  Single Solvent Crystallization

{00421} Single solvent crystallizations were conducted at 30 -~ 35 mg scale using the
primary solvents listed in Table 1 and Table 2. The experiments employed fast and slow cooling
profiles as described in Table T and Table 2. No precipitates were obtained for all single-solvent
crystallization experiments. All 30 crystallization samples had to be evaporated to dryness under
a geuntle stream of nitrogen to obtain solid for XRPD analysis (Table 1 and Table 2). Five unique
XRPD patterns (Forms A, B, C, B, and E, Figure 1) were observed from 28 crystallization
experiments. Forms A, B, C, D, and E were prepared. The remaining two experiments produced
an oily material that was not suitable for XRPD analysis.

100422] The method of single solvent fast cooling crystallization comprised the steps of:
(1) placing approximately 30-35 mg of Compound 1 1oto 8 ml clear glass vials equipped with
stir bars; (2) dissolving with a minimum amount of solvents (starting with 500 pL increment) at
50 °C (up to 7.0 mL); (3) filtering the hot solution through a 0.45 pm syringe filter into a clean
preheated vial; (4) placing the vial in a refrigerator (4 °C) without stirring over 24 hours; (5}
isolating the resulting solids by vacuum filtration; and (6) evaporating the samples without
precipitation to dryness under a gentle stream of nitrogen. All obtained solids were analyzed by
XRPD to determine the solid form. See Table 1.

{00423} The method of single solvent slow cooling crystallization comprised the steps of’
(1) placing approximately 30-35 mg of Compound 1 into 8 mL clear glass vials equipped with
stir bars; (2} dissolving with a minimum amount of solvents (starting with 500 pL increment) at
50 °C {up to 7.0 mL); (3) filtering the hot solution through a 0.45 um syringe filter into a clean
preheated vial; (4) cooling to ambient temperature at a rate of 20 °C/hr and allowing to

equilibrate with stirring at ambient temperature over 24 hours, {5) isolating the resulting solids
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by vacuum filtration; and {(0) evaporating the samples without precipitation to dryness under a
gentle stream of nitrogen. All obtained solids were analyzed by XRPD to determine the solid
form. See Table 2.

6.1.1.2 Binary Selvent Crystallization
[60424] Binary solvent crystailizations were conducted at ~30 mg scale. A list of the
chosen primary solvent systems is presented in Table 3-Table 10, respectively, to dissolve the
Compound 1 at 50 or 70 °C. Solvents such as H)O, toluene, heptane and cyclohexane were used
as co-solvents as described in Table 3-Table 10, Besides the six patterns (Forms A, B, C, D, E
and F), two additional unique XRPD patterns (Forms G and H} were obtained from 110 binary
solvent crystallization experiments. Forms A, B, C, D, E, F, G and H were prepared. A
representative overlay of XRPD patterns of all eight forms is shown in Figure 1.
[80425] The method of binary solvent fast cooling crystallization comprised the steps of:
{1} placing approximately 30.0-35.0 mg of Compound 1 into 8 mL clear glass vials equipped
with stir bars; (2} dissolving with a minimum amount of solvents (starting with S00 mL
increment) at S0 or 70 °C (up to 7.0 mL}; (3) filtering the hot solution through a 0.45 pum syringe
filter into a clean preheated vial, (4) adding a co-solvent drop-wise; (5} placing the vials in a
refrigerator (4 °C) without stirring over 24 hours; (6} isolating the resulting solids by vacuum
filtration; and (7} evaporating the samples without precipitation to dryness under a gentle stream
of nitrogen gas. All obtained solids were analyzed by XRPD to determine the solid form {see
Table 3, Table 5, Table 7 and Table 9).
{00426} The method of binary solvent slow cooling crystallization comprised the steps of’
(1) placing approximately 30.0-35.0 mg of Compound 1 into 8 mL clear glass vials equipped
with stir bars; (2) dissolving with a minimum amount of solvents {starting with 500 mL
increment} at SO or 70 °C (up to 7.0 mL); (3) filtering the hot solution through a 0.45 pm syringe
filter into a clean preheated vial; (4) adding a co-solvent drop-wise; (5) cooling the vial to
ambient temperature at a rate of 20 °C/br and allowing to equilibrate with stirring at ambient
temperature over 24 hours; (6) isolating the resulting solids by vacuum filtration; and (7)
evaporating the samples without precipitation to dryness under a gentle stream of nitrogen gas.
All obtained solids were analyzed by XRPD to determine the solid form (see Table 4, Table 0,

Table 8 and Table 10).
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1604271 Water as co-solvent:

{00428] Precipitations were isolated by filtration from 15 experiments out of 28
crystaliization experiments (Table 3 and Table 4). For the remaining crystallization experiments,
solids were obtained in most experiments after the solutions were evaporated to dryness under a
gentle stream of nitrogen, tollowed by XRPD analysis. Five unique XRPD patterns (Forms A,

B, D, E and G) and seven XRPD pattern mixtures were observed. Forms A, B, D, E and G were

prepared.
{06429] Toluene as co-solvent:
{00430} No precipitates were obtained for all binary-solvent crystallizations in toluene

{Table 5 and Table 6). All the solutions were evaporated to dryness under a gentle stream of
nitrogen to obtain solids for XRPD analysis. In 32 crystallization experiments, five unique
XRPD patterns (Forms A, C, D, E and H) and one pattern mixture were observed. Forms A, C,
D, and E were prepared. New unique Form H was observed and prepared from DMSO/Toluene
via both fast and slow cooling methods.

{60431} Heptane as co-solvent:

180432} Precipitations were isolated by filtration from 3 experiments out of 26
crystallization experiments (Table 7 and Table 8). For the remaining crystallization samples,
solids were obtained in most experiments after the solutions were evaporated to dryness under a
gentle stream of nitrogen, followed by XRPD analysis. Four unique XRPD patterns (Forms A,

C, B, and E) and one XRPD pattern mixture were observed. Forms A, C, D, and E were

prepared.
{00433] Cyclohexane as co-solvent:
{00434} No precipitates were obtained for all binary-solvent crystallizations in

cyclohexane (Table 9 and Table 10). All the solutions were evaporated to dryness under a gentle
stream of nitrogen to obtain solids for XRPD analysis. In 24 crystallization experiments, four
unigue XRPD patterns (Forms A, C, D, and E) and one pattern mixture was observed. Forms A,

C, D, and E were prepared.
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6.1.2  Scale up of crystalline Forms Dand G

{00435] Forms A, D and G were identified as potential anhydrate polymorphs and
prepared for full characterization. The starting material was Form A A series of experiments
were performed to generate a sufficient quantity of Forms D and G materials for further

characterization. Details of the experiments are suramarized in Table 11

100436} Table 11. Scale up of crystalline Forms I and G with the slow cooling method
(20 °C/hr).
Cmpd | Primary | Temp. 1° Co- Co- | Precipitation/ | Yield | Solid
i Solvent | (°C) | solvent | solvent | solvent | Evaporation | (mg) | form
amnt. Vol Vol by
(mg) (mL) (mL) XRPD
60.7 THE 30.0 6.2 Toluene 12.0 Evaporation - D
with Nz
62.5 MEK 70.0 &S Toluene | 17.0 Evaporation - D
with Ng
597 iPA 70.0 8.8 Water 175 Precipitation | 30.2 G
61.4 2- 70.0 9.8 Water 12.0 Evaporation - G
MeTHF with N,
{00437] Form D material was scaled up using the binary solvent crystallizations method

and conducted at ~00 mg scale (Table 11). Two batches of Form D materials were generated.
Procedures utilized to generate these Form D materials followed the methods used for the two
batches in intermediate scale experiments (Table S and Table 6).

100438} The scale-up method of binary solvent slow cooling crystallization for preparation
of Form D comprised the steps of: (1) placing approximately 60 mg of Compound 1 into 20 mL
clear glass vials equipped with stir bars; (2} dissclving with a mintmum amount of solvents (THF
or MEK, starting with 500 mL increment) at 50 or 70 °C; (3) filtering the hot solution through a
(.45 um syringe filter into a clean preheated vial; {(4) adding a co-solvent (toluene); (5) cooling
the vial to ambient temperature at a rate of 20 °C/hr and allowing to equilibrate with stirring at
ambient temperature over 5 hours, (0) isolating the resulting selids by vacuum filtration; and (7}
evaporating the samples without precipitation to dryness under a gentle stream of nitrogen gas.

All obtained solids were analyzed by XRPD to determine the solid form (Table 11}
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{00439] Form G material was scaled up using binary solvent crystallizations method and
conducted at ~60 mg scale (Table 11). Two batches of Form G materials were generated.
Procedures utilized to generate these Form (G materials followed the methods used for the two
batches 1n intermediate scale experiments (Table 3 and Table 4).

{00440} The scale-up method of binary solvent slow cooling crystallization for preparation
of Form G comprised the steps of: (1) placing approximately 60 mg of Compound 1 into 20 mL
clear glass vials equipped with stir bars; (2} dissolving with a minimum amount of solvents (IPA
or 2-MeTHF, starting with 500 mL increment) at 70 °C; (3} filtering the hot solution through a
0.45 pm syringe filter into a clean preheated vial; (4) adding a co-solvent (water); (5) cooling the
vial to ambient temperature at a rate of 20 °C/hr and allowing to equilibrate with stirring at
ambient temperature over 5 hours, (0) 1solating the resulting solids by vacuum filtration; and (7}
evaporating the samples without precipitation to dryness under a gentle stream of nitrogen gas.
All obtained solids were analyzed by XRPD to determine the solid form (Table 11}

6.13 Competitive Slurry experiment of Forms A, Dand G

{60441] To evaluate relative stability of the anhydrate polymorphs, competitive slurry
experiments of Forms A, D and G were conducted as described in below and summarized in
Table 12, In all three solvent systems, water, 1:2 v/v IPAc/heptane, and toluene, Form A was the
final polymorph after equilibration for 8 days. Theretore, Form A is the most stable anhydrate

polymorph among the three polymorphs at amnbient temperature.

160442] Table 12. Competitive slurry experiment of Forms A, D and G
Parent Weight | Solvent | Vol | Tempt. Aliquot time Aliguot time
Materials {mg) {mlL) (°C) point point
Pay | XRPD | Day | XRP
D
Form A 12.54
Form D 11.06 Water 1.0 RT ] A+D g A
Form G 12.00
Form A 12.45 IPAc
Form D 12.88 | /Heptane 1.0 RT i A 8 A
Form G 1234 | (1:2V/V)
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Form A 15.20
Form D 16.70 Toluene 1.0 RT A 8 A
Form G 14.75
{00443} Slurry experiments were performed using the following procedure: a mixture of

Form A (~12.0 mg, Compound 1}, Form D (~12.0 mg} and Form G (~12.0 mg) were weighed

into a 20.0 ml clear vial equipped with magnetic stir bars (Table 12). Water, IPAc/Heptane (1.2

V/V) and toluene were used as the solvent systems for these competitive slurry experiments.

Three selected solvents, 1.0 mL., were added to achieve free-flowing shurry and allowed to

equilibrate at room temperature.

100444]

6.1.4 Competitive Shurry experiment of Forms A through B

Competitive slurry experiment of all unique Forms A through H were also

conducted as described below and summarized in Table 13, Again Form A was detected after

one day and seven days equilibration, indicating that it is the most stable polymorph.

100445] Table 13. Competitive slurry experiment of Forms A to H.
‘ L . ‘ Aliquot time Aliquot time
Parent Weight Solvent Vol. Tempt. oint oint
Materials (mg) ‘ (mL) O Pt i
XRPD | Day | XRPD
Form A 4.72
Form B 3.01
1.13
F ) ’ / »l/ N
orm L 91 IPA;Q He
ytane
FormD | 16500170 ton 10 RT A 7 A
- - o (1.2,
Form E 323 V/V)
Form F 3.45
Form G 343
Form H 3.52
Form A 495
F B 332 ) ;
o ; 5 Toluene 1.0 RT A 7 A
orm C 180
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Form D 1.640r1.72

Form E 3.60

Form F 3.22

Form G 3.25

Form H 3.61

{00446} Approximately 2 to 3 mg of materials from Forms A to H were weighed into a

20.0 mL clear vial equipped with magnetic stir bars (Table 13). IPAc/Heptane (1:2 V/V) and
toluene were used as the solvent systems for these competitive shurry experiments. Two selected
solvents, 1.0 mL.,, were added to achieve free-flowing slurry and allowed to equilibrate at room
ternperature. Al slurries will be 1solated via centrifuge filtration after one day and seven days of

equilibration.

6.1.5 Single form slurry experiments

100447] Single form slurry experiments were conducted for Forms A, D and G in three
solvents stems, water, 1.2 v/v IPAc/heptane, and toluene to evaluate their physical form stability
as a single polymorph (Table 14). Form A remained unchanged at six day time point. Form G
converted to Form A after three day time points. Form D remained unchanged for three days in
water but converted to a mixture A and D at six days. In 1.2 IPAc/heptane and toluene, Form D
converted to a mixture of A and D at three days and then Form A at six days. These results
showed that Form G is a metastable polymorph and readily converts to Form A under slurry
conditions at ambient temperature. Form D is also a metastable polymorph but its conversion to
Form A is kinetically slower than Form G. The conversion was the slowest in water partly due

to low solubility.

{00448} Table 14. Single form slurry experiment of Forms A, Dand G
. i Aliquot time | Aliguot time
Parent Weight Solvent Vol. | Tempt sint sint
Materials (mg) ) (mL) °Cy . ot - pr -
‘ Day | XRPD | Day | XRPD
Form A 1633 Water 1.0 RT 3 A 6 A
IPAc/Heptane
F A 17.80 1.0 RT 3 A 6 A
o (12 V/V) ’
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Form A 16.28 Toluene 1.0 RT 3 A 6 A
Form D 10.01 Water 1.0 RT 3 D 6 A+D

. , [PAc¢/Heptane - ]

Form D 11.70 (1:2 VW) 1.0 R 3 A+Di 6 A
Form D 10.90 Toluene 1.0 RT 3 A+D 6 A
Form G 27.01 Water 1.0 RT 3 A & A
IPAC/H
Fom G| 2132 woHeptane |\ o) gy 3 A |6 A
(1:2 V/V)
Form G 21.29 Toluene 1.0 RT 3 A 6 A
100449} Approximately 10 - 20 mg of Forms A, D and G were weighed into 8 mL clear

vials equipped with magunetic stir bars (Table 14). Water, IPAc/Heptane (1:2 V/V}) and toluene
were used as the solvent systems for these competitive slurry experiments. Three selected
solvents, 1.0 ml., were added to achieve free-flowing slurry and allowed to equilibrate at room
temperature. All slurries will be isolated via centrifuge filtration after three day and six days of

equilibration.

160450] Thermal stability experiments of Forms A, I and G were conducted and

summarized in Table 15,

{00451} Table 15 Thermal Stability Experiments
Aliquot time Aliquot time Parent
Parent | Weight | Tempt. point point Material | HPLC
Material (mg) (°C) D YRED D YRPD HPLC | (%AUC)
& ' AR (HAUC)
Form A 27.0 60.0 i A 7 A >99.9 >99.9
Form D 265 60.0 i D 7 D >99.9 >99.9
Form G 273 60.0 I A+G 7 A >993 >99.9
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6.1.0  Aqueous Solubility

{00452} Approximately 14 - 25 mg of Forms A, D and G were transferred to 20 mL vials
equipped with magnetic stir bars. 1.0 mL of deionized water was added and the resulting free
flowing slurry was allowed to equilibrate over 1 and 7 days period with stirring at room
ternperature. The slurries were filtered through 0.45 roicron centrifuge filters and the resulting

solids analyzed by XRPD (Table 16). The filtrates were analyzed by HPLC to determine

solubility.
{00453} Table 16. Aqueous solubility of Forms A, B and G
.. DI HL,O Solid form | Solid form "
Initial | Mass . Solubility
;:r: (njs; vol. Condition | by XRPD | by XRPD (;uz;g
& {mL) after 1 day | after 7 day e
free flowi
A | 2593 10 ree Howms A A (0.0026)*
slurry was
- 1 g8 o allowed to 0.49\#
I £ 14
1. b equilibrate A A (0.49)
with stirring
G 21.94 1.0 at room A A 0.061
femperature
*Extrapolated values based on the standard curve (0.008 — 0.2 mg/mL}.
6.2 Instrumentation
{00454] The vendor and model information of the instruments used for analysis are

provided below in Table 17.

{00455] Table 17. Instrument vendors and models
Instrument Vendor/Model #
Differential Scanning Calorimeter Mettler DSC1
Thermal Gravimetric Analyzer Mettler 851° TGA
X-Ray Powder Diffractometer CubiX-Pro
Nuclear Magnetic Res : ,
uciear Magnetic Resonance Bruker 500 MHz AVANCE
Spectrometer
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6.2.1 Differential Scanning Calorimetry (DSC)

{00436} DSC analysis was performed on the sample “as is.” Sample was weighed in an
aluminum pan, covered with a pierced lid, and then crimped and analyzed from 30-230 °C at 10

°C/min.

6.2.2 Thermal Gravimetric Analysis (TGA)

{00457} TGA was carried out on the sample “as is.” Sample was weighed in an alumina

crucible and analyzed from 30-300 °C at 10 °C/min.

6.23 X-Ray Powder Diffraction

{00458] Samples were analyzed “as 1s.” Sample was placed on Si zero-return ultra-micro
sample holders. Analysis was performed using a 10 mm irradiated width and the following

parameters were set within the hardware/software:

{00459] X-ray tube: Cu Ko, 45 kV, 40 mA

{00460} Detector: X’ Celerator

{00461 ] ASS Primary Shit: Fixed 1°

{00462] Divergence Slit (Prog): Automatic - 5 mm irradiated length
100463] Soller Slits: 0.02 radian

[00464] Scatter Shit (PASS): Automatic ~ S mm observed length
{00465] Scan Range: 3.0-45.0°

100466] Scan Mode: Continuous

{00467] Step Size: 0.02°

{60463] Time per Step: 10 s

{00469] Active Length: 2.54°

{00470 Following analysis the data was converted from adjustable to fixed slits using the

X’ Pert HighScore Plus software with the following parameters:

{60471} Fixed Divergence Slit Size:  1.00°, 1.59 mm
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624 Nuclear Magnetic Resonance

160472} Samples were dissolved in DMSO-d6 with 0.05% tetramethylsilane (TMS) for
internal reference. "H-NMR spectra were acquired at S00 MHz using 5 mm broadband (1H-X) Z
gradient probe. A 30 degree pulse with 20 ppm spectral width, 1.0 s repetition rate, and 64
transients were utilized in acquiring the spectra.

{00473 Weight percent purity determination by 'H NMR using 1,4 Dimethoxybenzene in
DMSO-d6 with 0.05% tetramethylsilane (TMS). Sample preparation, 'H-NMR spectra

acquiring and sample purity was calculated accordingly.

6.2.5 Dynamic Vapour Sorption (BVS)

[80474] Dynamic vapour sorption experiment was carried out by first holding the sample
at 40% RH and 25.0 °C until an equilibrium weight was reached or for a maximum of four
hours. The sample was then subjected to an isothermal (at 25.0 °C) adsorption scan from 40 to
90% RH in steps of 10%. The sample was allowed to equilibrate to an asymptotic weight at each
point for a maximum of four hours. Following adsorption, a desorption scan from 85 to 5% RH
{at 25.0 °C) was run in steps of 10% again allowing a maximum of four hours for equilibration
to an asymptotic weight. An adsorption scan was then performed from 0 to 40% RH in steps of
10%. The sample was then dried for no less than two hours at 60.0 °C and the resulting solid

analyzed by XRPD.

626 HPLC

180475} HPLC conditions are listed in Table 18
{060476] Table 18. HPLC conditions
System: Agilent 1100 Series HPLC
Column: Agilent Zorbax SB-C18, (SN: USEG012031)
4.6 mm = 150 mm, 3.5 pm
Column 30.0°C
Temperature:
Auto Sampler Ambient
Temp:
Flow Rate: 1.0 mbL/min.
Injection Volume: | 15.0 pl
Run Time: 40 minutes
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Detection: 263 nm
Standard reference:
1.0 mg/ml.
Dissolved 2.333 mg of Compound 1 in 2.333 mL of dduent and
stirred at 25.0 °C for 10 minutes
AP agueous solubility samples:
,, Filtrates from aqueous solubility experiments
Sample
e F
Preparation. Thermal Stability Fxperiments:
APl weight (mg) Diluent volume
{(mbL}
Compound 1, Form A 3.284 3.284
Compound 1, Form D 3.549 3.549
Compound |, Form G 2.586 2.586
Dissolved polymorphs in diluent and stirred at 25.0 °C for 10
minutes
Mobile Phases: A —0.1% TEA and TFA in H,;0, adjusted pH to 1.3 using HCI
solution
B - 100% ACN
Diluent: S0:50 (VIVY ACN - H,O
6.2.7 Characterization of Compound ! Pelymorphs
{60477] Al unique XRPD forms of Compound | were characterized to evaluate their

physical form and stability. Table 19 summarizes the characterization results for each
polymorph of Compound 1. A stackplot of representative XRPD Patterns of Forms A, B, C, D,
E, F, G and H 15 shown in Figure 1. X-ray powder diffraction pattern and peak list of each

unique polymorph are shown in Figure 2-Figure 9.

100478] Table 19. Summary of Compound 1 Polymorphs.
Solid  psc 0y | TGA (Weightloss) | NMR Moisture ) Comments
form Sorption
A Endotherm | onset of No detectable | 60% RH: Anhydrate
at 186.0 decomposition at solvent, no 0%
2492 °C degradation 90% RH:
6.1 wi%
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B Endotherm | 0.64% @ 135-155°C, | No Metastable
at 141.5, onset decomposition | degradation, N/A anhydrate {(or
1852 at 258 0 °C 0.48 wt% possible
BExotherm MEK inclusion
at 146.9 complex)

C Endotherm | 1.08% @ 120-150 °C, | Additional Metastable
at 63.5, onset decomposition | NMR peaks N/A anhydrate {or
77.6, at 269.1 °C 1.98 wt% possible
134.9, EtOH inclusion
1858 complex}
Exotherm
at 143.0

B Endotherm | onset of No detectable | 60% RH: Metastable
at 185.2 decomposition at solveunt, no 0.7% anhydrate
Exotherm | 2598 °C degradation 90% RH:
at 1187 1.0 wit%

E Endotherm | 1.96% @ 130-165°C, | 1.66 wi% Metastable
at 1548, onset decomposition | EtOAc¢, no N/A anhydrate {(or
1856 at 261.6 °C degradation possible
BExotherm inclusion
at 156.7 complex)

¥ Endotherm | 1.86% @ 50-110°C, | No detectable metastable
at 64.1, onset decomposition | solvent, no N/A hydrate
91.3,1859 | at2683 °C degradation

G Endotherm | onset of No detectable | 60% RH: metastable
at 90.5, decomposition at solvent, no 0.4% anhydrate
184.9 263.5°C degradation 90% RH:

7.1 wit%

H Endotherm | 6.4% @ 70-140 °C, 18.9 wi% mono-

at 88.0 0.8% (@ 145-240°C, | DMSO, no N/A DMSO
onset decomposition | degradation solvate
at 268.1 °C

628 Form A of Compound 1

[00475]

Form A was harvested from the binary solvent recrystallization experiment using

acetone as primary solvent and water as co-sclvent (Table 3 and Table 4). Form A was also

isolated in other single solvent and binary solvents recrystallization experiments in multiple

solvent systems (Table 1-Table 10). The "H NMR (de-DMSO) spectrum of Form A is provided
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in Figure 10. Thermal analysis by DSC showed a single endothermic transition at 186.0 °C
(Figure 11). Further analysis by TGA ndicated no weight loss before the onset of
decomposition at 249.2 °C (Figure 12). The material adsorbed 0 wt% moisture at 60% RH and
6.1 wt% moisture at 90% RH (Figure 13). Although the material 1s moderately hygroscopic, no
deliguescence was observed. The XRPD analysis of the post-DVS material after drying at 60 °C
for 2 hours, recorded an XRPD pattern consistent with the starting material (Figure 14). Agueous
solubility of Form A was determined to be 0.0026 mg/mL, which 1s extrapolated value based on

the standard curve (Tabie 10).

{00480} In the single form and competitive slurry experiments, Form A was found to be
the most stable polymorph at ambient temperature under all tested conditions. In addition, DSC
did not show any noticeable endothermic event prior to 186 °C and TGA did not show any
weight loss at fow temperature range (< 100.0 °C). No chemical and physical form changes

were observed for Form A after storing the material at 60 °C for seven days (Table 15}

{00481} Characterization results of Form A are consistent with a stable anhydrate
polymorph.
{60482] Figure 2 provides an XRPD pattern of Form A. A list of X-Ray Diffraction Peaks
for Form A is provided below in Table 20.
100483] Table 20. X-Ray Dnffraction Peaks for Form A
_ ‘ Relative
Two-theta angle (9) d Space (A) 7
Entensity (%6}

3.73 3.68 (.99

3.86 22.92 1.14

4.24 20.86 2.46

439 20.13 1.24

5.46 16.19 1.25

5.58 15.85 0.78

5.77 1531 1.04

6.01 14.70 121

6.49 1361 11.74

6.86 12.89 (.62

727 12.16 0.63

7.40 11.94 (.20

7.83 11.29 0.77

8.13 10.88 0.98
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Relative

Two-theta angle (°) | 4 Space (A}

Entensity (%)
8.56 10.34 0.85
867 10.20 .57
8.80 10.05 (.44
893 991 1.18
991 892 134
10.09 876 (.79
10.23 8.65 .01
10.41 8 50 0.17
11.07 7.99 137
1214 7.29 58.99
13.05 6.78 33.11
14 .45 6.13 17.61
15.67 5.66 (.64
16.20 547 4.48
16.60 534 19.83
1721 515 4.65
177 501 2
18.71 474 1515
19.19 4.63 12.76
19.59 4.53 19
20.08 442 2819
20.54 4.33 9.63
21.60 411 1
2215 4.01 2.09
22.97 387 84 6
2334 381 1595
2437 3.65 122
2502 3.56 6.03
2555 3.49 0.72
2593 3.44 1.66
2692 331 100
27.55 324 1.69
2920 3.06 10.29
2970 3.01 315
3010 2.97 134
31.68 2.82 1182
3213 2.79 852
32.59 2.75 16.15
33.00 2.71 2.88
33.77 2.65 1.79
3418 2.62 .43
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)

34.67 2.59 0.64
3519 2.55 341
35.88 2.50 1.01
36.40 2.47 033
36.99 2.43 1.57
3746 2.40 1.86
38.08 2.36 0.68
39.74 2.27 0.84
40.38 2.23 0.39
40.96 2.20 0.79
4176 2.16 1.44
42.12 215 1.48
42.45 2.13 (.83

3.26 2.09 0.54
43.87 2.06 1.84
44.52 2.03 0.81

629 Form B of Compound 1
[00484] Form B was prepared in the binary solvent recrystallization experiment using

MEK as primary solvent and water as co-solvent, (Table 3 and Table 4). Form B was also
isolated in other single solvent and binary solvents recrystallization experiments in multiple
solvent systems {(Table 1-Table 4). An estimated 0.48 wt% of MEK and no degradation were
observed by "H NMR (d-DMSO) (Figure 15). DSC analysis presented two endotherms at 141.5
and 1852 °C, and an exotherm at 146.9 °C (Figure 16). TGA analysis indicated a weight loss of
0.64%, attributed to loss of MEK, before 155 °C and onset decomposition at 258.0 °C (Figure
17). In the competitive slurry experiment, Form B converted to Form A (Table 13},

{00485] Characterization results of Form B are mostly consistent with a metastable
anhydrate polymorph retaining residual solvent. The residual solvents was not released until
melt and Form B showed similarity to several other forms (i.e., Forms C, D and E), indicating
that Form B might be an inclusion complex in which non-stoichiometry amount of solvent was
retained and caused minor changes in crystal lattice.

{60486} Figure 3 provides an XRPD pattern of Form B. A list of X-Ray Diffraction Peaks

for Form B is provided below in Table 21
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{60487] Table 21. X-Ray Diffraction Peaks for Form B
7 Relative
Two-theta angle (°) | d Space (4) ‘
Intensity (%)

434 20.37 2.64
7.46 11.86 17.24
8.01 10.27 100
11.37 7.78 12.06
12.90 6.86 19.52
14 89 595 3465
1550 5.72 78.65
18.76 4.73 2842
1971 4.50 10.4
21.52 4.13 11.25
22.15 4.01 418
22.81 3.90 13.48
23.03 3.86 841
2377 3.74 19.1
24.60 3.62 6.72
2529 3.52 22 .84
2573 3.46 5.58
26.23 3.40 7.14
26.76 3.33 10.88
2749 3.24 3.85
28.17 3.17 18.3
30.10 2.97 777
31.76 2.82 6.67
32.57 2.75 S.14
34 34 2.61 1.74
35.94 2.50 2.24
3774 2.38 1.68
38.63 2.33 1.36
3927 2.29 2.07
41.75 2.16 1.36
4220 2.14 0.81
44 45 2.04 0.87

6.2.10 Form C of Compound 1

{00488] Form C was prepared in the binary solvent recrystallization experiment using
EtOH as primary solvent and cyclohexane as co-solvent {(Table 9 and Table 10). Form C was

also isolated 1n other single solvent and binary solvents recrystailization experiments usually
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when EtOH and IPAc were used (Table 1-Table 10). An estimated 1.98 wit% of EtOH and
additional peaks were observed by "H NMR (de-DMSO) (Figure 18). Additional peaks indicated
by asterisk in Figure 18 were noted in the 'H NMR. These resonances are likely attributed to a
degradation product due to esterification of the carboxylic acid group. Therefore, alcoholic
solvents may present the risk of degradation through ester formation. BSC analysis presented
four endotherms at 63.5, 77.6, 134.9 and 185.8 °C, and an exotherm at 143.0 °C (Figure 19).
TGA analysis indicated a weight loss of 1.08%, attributed to loss of EtOH, before 150.0 °C and
onset decomposition at 269.1 °C (Figure 20). In the competitive slurry experiment, Form C
converted to Form A (Table 13).

{00489] Characterization results of Form C are mostly consistent with a metastable
anhydrate polymorph retaining residual solvent. The residual solvents was not released until
melt and Form C showed similarity to several other forms (i.e., Forms B, I3 and E), indicating
that Form C might be an inclusion complex in which non-stoichiometry amount of solvent was

retained and caused minor changes in crystal lattice.

{60490} Figure 4 provides an XRPD pattern of Form C. A list of X-Ray Diffraction Peaks
for Form C is provided below in Table 22.
{00491] Table 22, X-Ray Diffraction Peaks for Form C
i Relative
Two-theta angle (9) d Space (A)
Intensity (%)
3.09 28.62 5.24
435 20.32 160
7.46 11.85 825
8.03 10.25 76.25
1141 7.76 15.09
12.93 6.85 10.8
14.94 593 2335
1555 5.70 62.12
18.80 4.72 19.03
19.78 4.49 82
21.60 411 11.12
2251 3.95 2.83
22.89 3.89 8.58
2331 3.82 5.08
24.10 3.69 1.43
24 87 3.58 6.48
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Relative

Two-theta angle (°) | 4 Space (A}

Entensity (%)
2525 3.53 1.75
26.34 3.38 10.28
27.07 3.29 4.33
27.77 321 7.03
28.10 318 1.59
28,45 314 536
29.09 3.07 0.87
2943 3.04 1.09
2875 3.00 3.84
3037 2.94 1.5
30.73 291 0.36
3177 2.82 2.07
32.24 278 1.97
3286 2.73 (.55
3402 2.64 1.66
3567 2.52 1.44
3786 2.38 (.98
3839 2.3 0.8
3935 2.29 1.72
41385 216 1.01
4235 213 0.61
4328 2.09 (.68
4374 2.07 .35
44 24 2.05 0,73

6.2.11 Form B of Compound 1

00492} Form D was prepared in the binary solvent recrystallization experiment using
THF as primary solvent and toluene as co-solvent {Table 5 and Table 6}, Form D was also
isolated in other single solvent and binary solvents recrystallization experiments in multiple
solvent systerns (Table 1-Table 10). No detectable solvent or degradation was observed by 'H
NMR (ds-DMSO) (Figure 21). DSC analysis presented an endotherm at 1852 °C, and an
exotherm at 118.7 °C (Figure 22). Further analysis by TGA indicated no weight loss before the
onset of decomposition at 259.8 °C (Figure 23). The material adsorbed 0.7 wi% moisture at 60%
RH and 1.0 wt% moisture at 90% RH (Figure 24). This material is considered shightly
hygroscopic. The XRPD analysis of the post-DVS material, after drying at 60 °C for 2 hours,

recorded an XRPD pattern consistent with the starting material (Figure 25). Once formed, Form
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D maintained its chemical and physical form even after storing the material at 60 °C for seven
days (Table 15). Agueous solubility of Form D was not achieved because Form D converted to
Form A in aqueous equilibrium {Table 10). The obtained solubility of 0.49 mg/ml. represents
solubtlity of Form A. The discrepancy compared to the Form A solubility value described in
Table 16 (0.0026 mg/mL) was possibly due to mnsufficient equilibrium or ditferent residual
solvent/impurity profile. In the single form and competitive shurry experiments, Form D
converted to Form A at ambient teroperature under all tested conditions.

{00493} Characterization results of Form D are mostly consistent with metastable

anhydrate polymorph.

[60494] Figure 5 provides an XRPD pattern of Form D, A list of X-Ray Diffraction Peaks
for Form D is provided below in Table 23.
{00495] Table 23, X-Ray Duffraction Peaks for Form D
) Relative
Two-theta angle {©) d Space (A) 7
Entensity (%%}
432 20.45 929
7.44 1188 17.03
8.59 10.30 100
11.31 7.82 13.88
12.85 6.89 17.13
14.85 5.96 3418
1549 5.72 68.51
18.72 4.74 271
1971 4.50 10.18
2151 4.13 10.6
2240 397 3.16
2275 3.91 13.28
23.62 3.77 7.61
2448 3.64 1.81
25.17 3.54 1143
26.19 3.40 6.39
26.08 3.34 6.01
26.96 331 219
2732 3.27 1.33
2798 3.19 9.25
2835 3.15 8.91
2034 3.04 1.4
29.98 2.98 545
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)

30.30 2.95 2.44
3244 2776 3.55
34.07 2.63 .75
3531 251 1.34
3716 2.42 112
3769 2.39 2.33
3844 2.3 1.07
3925 2.30 2.46
4171 217 141
42.19 2.14 0.91
4435 2.04 0.88

6.2.12 Form E of Compound 1

{00496] Form E was prepared in the binary solvent recrystallization experiment using
EtOAc as primary solvent and toluene as co-solvent (Table § and Table 6). Form E was also
isolated in other single solvent and binary solvents recrystaliization experiments in multiple
solvent systems {Table 1-Table 10). An estimated 1.66 wt% of EtOAc and no degradation were
observed by "H NMR (de-DMSO) (Figure 26). DSC analysis presented two endotherms at 154.8
and 185.6 °C, and an exotherm at 156.7 °C (Figure 27). Further analysis by TGA indicated a
weight foss of 1.96%, attributed to loss of EtOAc, before 165.0 °C and onset of decomposition at
261.6 °C (Figure 28). In the competitive slurry experiment, Form E converted to Form A (Table
13).

{60497] Characterization results of Form E are mostly consistent with a metastable
anhydrate polymorph retaining residual solvent. The residual solvents was not released until
melt and Form E showed sinularity to several other forms (i.e., Forms B, C and D), indicating
that Form E might be an inclusion complex in which non-stoichiometry amount of solvent was
retained and caused minor changes in crystal lattice.

{00498} Figure 0 provides an XRPD pattern of Form E. A list of X-Ray Diffraction Peaks

for Form E is provided below in Table 24
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Table 24. X-Ray Diffraction Peaks for Form E
Relative
Two-theta angle (°) | d Space (4) ‘
Intensity (%)
433 20.40 160
4.66 18.96 1.11
5.42 16.31 0.89
5.73 15.43 0.2
5.99 14.76 0.67
6.16 1436 0.78
6.29 14.06 .27
6.50 13.59 0.76
7.46 11.85 11,12
8.01 10.27 90.7
932 9.49 1.07
10.07 8.78 0.37
10.78 8.21 0.49
10.93 8.09 0.33
11.37 7.78 14.51
12.17 7.27 0.99
12.89 6.87 13.92
1345 6.58 .54
14 .45 6.13 0.44
1489 5.95 2733
15.50 5.72 66.57
16.66 5.32 0.78
18.74 4.74 22.56
19.73 4.50 9.11
20.04 4.43 0.58
20.56 432 0.47
2153 4.13 1142
21.80 4.08 3.21
22.19 4.01 272
22.57 3.94 5.03
22 81 3.90 13.03
23.45 3.79 1455
2387 3.73 1.37
2423 3.67 4.18
2497 3.57 18.47
2535 3.51 498
26.24 3.40 8.36
2647 3.37 8.99
26.96 3.31 4.6
27.24 3.27 2.52
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Relative

Two-theta angle (°) | 4 Space (A}

Entensity (%)
27.85 320 1523
28.36 3.15 7.68
2919 3.06 2.43
2957 3.02 2.49
29 85 2.99 6.95
30.30 2.95 2.02
30.81 2.90 1.47
3125 2.86 0.42
3234 297 4.49
3293 2.72 0.8
3410 2.63 1.64
3477 2.58 .22
3574 251 2.35
3636 2.47 0.37
37723 2.41 (.48
3771 2.3¢ 197
38.36 2.35 1.17
3028 2.29 217
40.74 2.21 0.39
41.66 217 1.45
42.19 2.14 .82
42 .61 212 0.43
43 29 2.09 0.4
4371 2.07 (.63
4418 2.05 1.05

6.2.13 Form ¥ of Compound 1

[00500] Form F was prepared in binary solvent crystallization using water as an anti-
solvent (Table 3 and Table 4). Form F was not isolated from single solvent and binary solvent
crystallization experiments but a mixture of Forms F and B, or D, or E, or G was encountered in
binary solvent crystallization. The 'H NMR (DMSO-de) spectrum was consistent with the
structure of Compound 1 with no significant residual solvent (Figure 29). DSC analysis
presented three endotherms at 64 1, 91.3 and 185.9 °C (Figure 30). Further analysis by TGA
indicated a weight loss of 1.86% before 110.0 °C and onset of decomposition at 268.3 °C (Figure

31). In the competitive slurry experiment, Form F converted to Form A (Table 13).
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{00501} Characterization results of Form F are mostly consistent with a metastable hydrate
polymorph.
{60502] Figure 7 provides an XRPD pattern of Form F. A list of X-Ray Ditfraction Peaks

for Form F 1s provided below in Table 25.

{00303] Table 25. X-Ray Duffraction Peaks for Form F
. Relative
Two-theta angle {©) d Space (A) 7
Entensity (%%}

3.99 2218 100
423 20.91 426
7.89 11.20 3592
8.36 10.58 30.55
11.81 7.50 19.52
1521 5.82 376
1544 5.74 334
17.39 5.10 10.19
17.7 4.99 12.96
19.78 4.49 13.97
20.87 4.26 2228
22.98 3.87 12.77

3.83 3.73 1145
2517 3.54 20.19
26.10 3.41 2.71
27.15 3.28 8.58
28.53 3.13 10.53
30.30 2.95 S.79
31.71 2.82 12.17
34.06 2.63 1.29

6.2.14 Form G of Compound 1
{60504] Form G was prepared in the binary solvent recrystallization experiment using IPA

as primary solvent and water as co-solvent {Table 3 and Table 4). Form G showed a high degree
of similarity to Form F (Figure 1). No detectable solvent or degradation was observed by 'H
NMR {ds-DMSO) (Figure 32). DSC analysis presented two endotherms at 90.5 and 184 9 °C
{Figure 33). Analysis by TGA indicated no weight loss before the onset of decomposttion at
263.5 °C (Figure 34). The material adsorbed 0.4 wt% moisture at 60% RH and 7.1 wt%

moisture at 90% RH (Figure 35). This material is considered as moderately hygroscopic. The
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XRPD analysis of the post-DVS material after drying at 60 °C for 2 hours, afforded Form A
(Figure 36). Since no apparent hysteresis was observed on DVS, Forma G is not a hydrate form.
Because it converted to Form A after the DVS expertment and drying, it is likely a metastable
anhydrate polymorph. Agueous slurry experiment also supported that Form G 1s not a hydrate
form because Form G converted to Form A after one day in water (Table 12). When storing
Form G at 60 °C for 24 hours a form mixture was observed at day 1, and at day 7 only Form A
was obtained {(Table 15). Aqueous solubility of Form G was not achieved because Form G
converted to Form A in aqueous equilibrium {Table 16). The obtained solubility of 0.061
mg/ml represents solubility of Forma A. The discrepancy compared to the Form A solubility
value described in Table 16 (0.0026 mg/mL) was possibly due to insufficient equilibrium or
different residual solvent/impurity profile. In the single form and competitive slurry
experiments, Form G converted to Form A at ambient temperature under all tested conditions.
{60505] Characterization results of Form (G are mostly consistent with a metastable

anhydrate polymeorph.

{60506] Figure 8 provides an XRPD pattern of Form G, A list of X-Ray Diffraction Peaks
for Form G is provided below in Table 26.
{00507 Table 26. X-Ray Diffraction Peaks for Form G
i Relative
Two-theta angle (9) d Space (A)
Intensity (%)
4.19 21.07 100
8.33 10.61 80.94
12.47 7.10 11.24
15.19 5.83 36.87
1544 5.7 22.1
16.67 5.32 411
1781 4.98 24.01
1926 4.61 1.69
20.87 4.26 34.66
2133 4.17 4.01
22.18 4.01 5.07
22.86 3.89 72
3.71 3.75 4.57
2459 3.62 34
25.09 3.55 9.73
2589 3.44 4.8
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, ‘ Relative
Two-theta angle (°) | d Space (&) ,
Entensity (%)

2700 3.30 i9.8

2836 3.5 20.89

28.63 3.12 16.14

2987 299 2.25

32.45 2.76 1.52

3470 2.59 1.57

39,53 228 134

42 08 2.15 27

6.2.15 Form H of Compound 1
{66503] Form H was prepared in the binary solvent recrystallization experiment using

DMSO as primary solvent and toluene as co-solvent (Table 5 and Table 6. Form H was isolated
from conditions where DMSO was used. An estimated 18.9 wt% of DMSO and no degradation
were observed by "H NMR (MeOD) (Figure 37). DSC analvsis presented an endotherm at 88.0
°C (Figure 38). Analysis by TGA indicated two weight losses of 6.4% before 140 °C and 9.8%
before 240 °C, and the onset of decomposition at 268.1 °C (Figure 39).

180509} Based on characterization results, Form H is consistent with a mono-DMSO

solvate polymorph.

100510} Figure 9 provides an XRPD pattern of Form H. A list of X-Ray Diffraction Peaks
for Form H is provided below in Table 27.
{00511 Table 27. X-Ray Diffraction Peaks for Form H
Relative
Two-theta angle {°) d Space (A)
Entensity (%)

3.07 28 81 20.05

535 16.53 12.44

8.50 10.33 224

10.69 8.28 1825

12.20 7.26 6.45

12.62 7.01 21.51

13 08 6.77 527

1332 6.65 10.80

14 08 6.2% 100

15.46 573 3.68
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)
16.04 5.53 2.76
17.18 516 29.96
17.69 5.01 489
17.93 4.95 1541
18.76 473 44725
19.69 451 17.85
20.14 441 2.51
21.19 419 10.15
21.40 415 7229
2222 400 3.08
22.99 3.87 6.26
24.02 370G 581
2459 3.62 31.18
25.18 3.54 i8.49
25.7¢ 3.46 2933
26.55 3.36 7.81
26.93 331 8.85
27.53 3.24 17.48
2832 315 2.33
29.07 3.07 1.97
3119 2.87 1.53
3172 282 6.13
32.05 2.79 6.34
33.70 2.66 j.26
35.09 2.56 3.94
3576 2.51 6.55
3723 2.42 2.48
37.94 2.37 1.06
38.67 2.33 2.67
3926 2.29 1.16
39985 2.26 (.82
4036 2.2 1.83
43 14 2.10 (.79
44 56 2.03 3.62
6.2.16 Conclusion
{60512] During the polymorph study, eight unique polymorphs Forms A, B, C,D, E, ¥, G

and H} were observed. Form A is characterized as a moderately hygroscopic, anhydrate

polymorph and was determined to be the most stable polymorph from slurry experiments,
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thermal stability and aqueous solubility. Forms B, C, D and E shared many common XRPD
diffraction peaks between 15 and 30 °208. The small variation in diffraction patterns is probably
due to minor changes in erystal lattice due to presence of variable amount of residual solvents.
Forms F and G also shared some similarity. Based on NMR and TGA analysis, Forms D and G
are likely metastable anhydrate polymorphs. Form H was found to be a DMSO solvate. All the
polymorphs converted to Form A in competitive and single form slurry experiments. All four
polymorphs showed similar endotherm/exotherm at low teroperature, attributed to a
melt/recrystallization event, followed by an endothermic event at ~150.0 °C in the DSC analysis.
Forms A, D and G were found to be chemically stable over storage as solid at 60 °C for 7 days.
However, potential ester degradation product was detected in the solid isolated from FtOH,

indicating that alcoholic solvents should be avoided to reduce the potential risk of degradation.
6.3 POLYMORPH CONVERSION

{60513] The conversion of Form G to Form A was conducted initially on a 2.0 g scale of
Compound 1 in seven volumes of 33% acetone in water (2.3 vol of acetone and 4.7 vol of water)
with 5.4% w/w of form A seeds of Compound 1. The desired Form A of Compound 1 was
recovered in 97% yield Following this successtul trial experiment, a 72.4 g conversion of Form
(G to Form A was completed in seven volumes of 33% acetone in water and seeding with 2.3%

wiw of Form A. The scale up experiment yielded 73.9 g in 97% vield (including added seeds) of

Form A.
6.3.1 2.0 g Trial Experiment
{60514] To a 25-ml., three-neck, round-bottom flask equipped with an overhead stirrer

were charged Form G of Compound 1 (2.0 g, 6.9 mmol)}, acetone (4.6 mL, 2.3 vol), and H,O
{94 mL, 4.7 vol} at 18 °C (room temperature). The slurry was stirred for 10 min at which Form
A seeds (0.107 g, 5.4% w/w, lot # 1150-041) were added. After 24 h of stirring at 17-18 °C, the
mixture was filtered in a Buchuner funnel and washed with HyO (4 mL, 2 vol). The wet cake was
dried in vacuum oven at 20-25 °C for 16 h to afford 1.90 ¢ of Form A of Compound 1 in 97%

yield as a white solid.
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632 74.2 g Scale Up Experiment

{60515] To a 1-L, three-neck, round-bottom flask equipped with an overhead stirrer were
charged Form G of Compound 1 (742 g, 0.26 mol), acetone (171 mL, 2.3 vol}, and H,O

(349 mL, 4.7 vol} at 18-20 °C (rcom temperature}. The slurry was stirred for 10 min at which
Form A seeds (1.71 g, 2.3% w/w) were added. After 28 h of stirring at 18-20 °C, the mixture
was filtered in a Buchner funnel and washed with H;O (140 mL, 2 vol). The wet cake was dried

in vacuum oven at 20-25 °C for 42 h to afford 73.9 ¢ of Form A in 97% yield as a white solid.
6.4 SUMMARY OF SALT SCREEN OF COMPOUND 1

{60516} Following counterions were selected for initial salt formation experiments, based
on the pKa of Compound 1 and safety/acceptance in pharmaceutical drug products: Calcium
acetate, choline hydroxide, potassium hydroxide, sodiun hydroxide, arginine, meglumine,
magnesium hydroxide and calcium hydroxide. Solids isolated from the salt formation
experiments were characterized. Based on the salt stoichiometry and preliminary stability
evaluation by thermal analysis and competitive slurry, five salts (Salt I, Salt 11, Salt ITE Salt IV
and Salt V) were selected for scale up and full characterization. Salt I and Salt I provided poor
aqueous solubility at 0.01 mg/mL and 0.03 mg/mL, respectively. All sodium and potassium salts
{Salt TH, Salt IV and Salt V} showed good solubility (>19 mg/mL). The five salts all had
endothermic events at low temperature. Salt [L, Salt [V and Salt V exhibited 5-10% weight loss
which started below 100 °C. DVS of Salt 1V showed that it is a stable hydrate throughout
humidity range at 25 °C. Therefore Salt IV has good solubility and relative stability. Although
some endothermic events were observed, Salt I also showed good stability. From thermal
holding experiment, Salt VI was discovered. Salt VI was found to be an anhydrate form and
only shghtly hygroscopic. This form showed more favorable physical property than Salt IV,

However, preparation of Salt VI involved thermal holding at 260 °C.

6.4.1 5alt Formation on 30 mg Scale

{60517} Approximately 30 mg of Compound 1 was weight tnto 4 ml glass vials equipped
with stir bar. Solvent (1.0 or 2.0 mL) was added and the mixture was heated to elevated
temperatures 50 °C, and then the acetone and MeCN solution was polish filtered through a 0.45
um syringe filter into a clean preheated vial. After hot filtration, basic counterion solution was
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added drop-wise as summarized in Table 28 and the resulting mixture was cooled to RT at 20
“C/h. The vial was inspected for precipitation. If no precipitation or very little precipitation was

discovered, the content was evaporated under nitrogen. All precipitates were isolated by

filtration.
{B0518] Table 28 Counterion lists
Name MW, Solvent Safety Class
Calcium acetate hydrate 176.18 Water 1
Choline hydroxide 121.18 Water 1
Potassium hydroxide 56.11 Water/MeOH 1
Water/MeOH or
Sodium hydroxide in 40 Water 1
I-Arginine 174.2 Water i
n-methyl-d-glucamine (meglumine) 195.21 Water/MeOH 1
Magnesium nitrate+Sodium
hydroxide 256.41 Water 1
Calcium nitratet+ Sodium hydroxide 36.15 Water ]
[60519] The details of 30 mg scale salt formation experiments are summarized in Table

29, Table 30, Table 31, Table 32, Table 33 and Table 34. The reaction was performed at
elevated temperature and filtered to ensure complete dissolution of the free acid. If precipitation
did not cccur instantaneously, crystallization of the potential salts was attempted by cooling or
evaporation crystallization. The majority of experiments afforded solids isolable by filtration.
The solids from filtration or evaporation were analyzed by XRPD for crystallinity and form. Salt

stoichiometry was examined by NMR or IC. The results are summarized in Table 35

{60520] Table 29 Salt formation experiments {1:1 equiv.) part 1
Ci
SM CI Solution Actaal | CI Amt | After CI After Isolation
{mg) - Conc. {(mL} | Addition | Cooling
(M)
Calcium Filtration
32.5 acetate ?’15:@@{@ (.25 (.41 ppt ppt white solid
1 water
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Choline Evaporation
299 hydroxide 0.5 0.21 Clear Clear ‘p L
in water gel solid
Potassium o
P , Filtration
. ] ) oz ‘ ,
30.1 hy di?riﬁc in 0.5 0.21 ppt ppt white solid
Potassium o
2907 | hydroxide in 0.5 0.21 ppt ppt i;fgfgﬁd
Me(OH )
Sodium o
29.8 hydroxide in 0.5 0.21 Clear ppt Fti‘tmﬁonﬁ
" water ' white solid
Sodium
hydroxide 1n . Filtration
297 yeres 0.3 0.2 tratior,
g MeOH water ? 0.21 PPt ppt white solid
{(3/2
293 I-Arginine 05 0.21 Clear Clear | Dvaporaton,
in water white solid
30 Meglumine 0.5 0.21 Clear Clear | Vaporation,
in water gel solid
Meglumine tn ppt, s
302 | MeOH:water 0.5 0.21 Clear small E"f‘?“f‘“f“’
(/1) quant white solid
Magnesium
- itrate+Sodium - s Filtration
30. hydroxide in - 0.21/0.21 PPt ppt white solid
water
Calcium
nitrate+ ——
30.8 Sodium 05 1021021  ppt ppt f; iiif“*;i y
hydroxide in s
water
{00521 Solvent=CH;OH; Solvent Amount=1 mL; Temperature=50°C; Equivalent=1.
[00522] Table 30. Salt formation experiments (1.1 equiv.) part 2
Ci
SM C1 Solution Actaal | CY Amt | After I After Isolation
(mg) A eI Cone. (mL) | Addition | Cooling ‘
(M)
Calcium acetate i . Filtration,
305 hvdrate in water 0.25 o4l PPt ppt white solid
Choline ppt, Evaporation
288 hydroxide in 0.5 021 ppt small o éi solid ’
water quant. >
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Potassium Filtration
30.6 hydroxide in 0.5 0.21 Clear ppt . .
" water white solid
Potassium Filtration
31 hydroxide in 0.5 021 ppt ppt whi t; *iii’ 4
MeOH e
Sodium Filtration
T 3 =3 " Q 3 ) o 2
287 hy dif;ﬁb in 0.5 021 ppt ppt white solid
Sodium
R hydroxide in . - Filtration,
307 Me(OH water 0.5 0.21 pp PPt white solid
(3/2)
A ppt, Filtration,
304 1 Ai%ﬁg” n 0.5 0.21 ppt small not enough
quant. solid
A Meglumine in . Evaporation,
313 - 0.5 021 Clear Clear .
water gel solid
Meglumine in Filtration
209 |  MeOH:water 0.5 021 Clear ppt Hranon,
(/1) white solid
Magnesium
~ ~ | nitrate+Sodium e P . Filtration,
i hydroxide in V-2 0.21/0.21 Pt PPt white solid
water
Calcium nitrate+
Sodium i~y Filtration
29, S 0.5 21/0. p .
6 hydroxide in 0.5 0.21/0.21 pp PPt white solid
water
[00523] Solvent= Acetone; Solvent Amount=1 mL; Temperature=50°C; Equivalent=1.
{00524] Table 31 Salt formation experiments {1:1 equiv.) part 3
i
sM . . Actual | CHAmt | After CI After .
(mg) Cl Solution Cong. (mi)} Addition | Cooling Isolation
(M)
Calcium acetate ~e _ Filtration,
311 hydrate in water 0.25 041 ppt ppt white solid
Choline ppt, .
31 hydroxide in 0.5 0.21 ppt small Ev gé}aécirgf;;)n,
water guant 8ot s
Potassium Filtration
. i o < . Fi ,
296 hy disgiic in 0.5 021 ppt ppt white solid
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Potassium Filtration
313 hydroxide in 0.5 0.21 ppt ppt white scii;i
MeOH ’
Sodium Filtration
- ) S 5 n n L
30.7 hy dlﬁaﬁ)){ldc in 0. 021 ppt ppt white solid
water
Sodium
hydroxide in . Filtration
29. ; 5 0. 3 : .’
98 Me(OH water 0.5 2 PPt PPt white solid
(3/2)
n G I-Arginine in oz n ppt, Evaporation,
308 water 0.5 0.21 ppE gel solid white solid
- Meglumine in . - - ppt, Evp,
306 water Y. 021 Pt gel solid gel solid
Meglumine in R
31.4 MeOH: water 0.5 0.21 ppt ppt F ii.t ration,
L white solid
(/1
Magnesium
nitrate+Sodium Filtration
3 Sy 5 { ) . .
304 hydroxide 1o 0.5 )-21/021 PRt ppt white solid
water
Calcium nitrate+
e Sodium e - . Filtration,
301 hydroxide in V-2 0.21/0.21 Pt PPt white solid
water
{60525] Solvent= CH;CN; Solvent Amount=2 mL; Temperature=50°C; Equivalent=1.
{60526] Table 32. Salt formation experiments (2:1 or 1.2 equiv.) part |
CI
SM Ci Actwal || ClAmt | AT e ]
. ) Egquiv., . i . Isolation
{mg) Solution Conc. {mi) " cooling
’ : addition
(M)
Calcium
acetate Filtration
2972 . 25 7 ot : )
292 hydrate in 0.25 0.8 ppt bpt white solid
water
Choline Fvanoration
323 bydroxide 0.5 0.43 Clear Clear ~vaporanon,
; gel solid
in water 2.1
Potassium Evaporation
313 bydroxide 0.5 0.43 Clear Clear vap R
; yellow solid
in water
Potassium Filtration
33.0 bydroxide 0.5 0.43 ppt ppt white G(ﬂi;i
in MeOH o
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Sodium Filtration
hydroxide 0.5 3 . .
299 h‘y d}fqm.die : 0.4 ppt ppt white solid
in watel
Sodium
hydroxade in . Filtration
Y ) Y . )
329 Me(OH water 0.5 0.43 PPt PPt white solid
(3/2)
306 | [-Arginine 0.5 0.43 Clear | Clear | DVaPOTation,
in water white solid
302 I\/i,egiumme mn 05 043 Clear Clear }f,vaporat‘mn,
water gel solid
Meglumine in Bvaporation
322 | MeOH:water 0.5 043 | Clear | Clear poratotn,
S gel solid
(/1
Magnesium I
108 nitrate+Sodium 05 0.43/0.8 . . Filtration,
o hydroxide 1o ' 7 pp? pp white solid
water
Calcium
nitrate+ , I
i (0.43/0.8 Filtration
1 Q v 2
3131 Sodium. 0.3 7 ppt PPL | hite solid
hydroxide in
water
Calcium
s acetate e - _ _ Filtration,
324 hydrate in 0.25 0.21 ppt bpt white solid
water
Calcium 0.51
nitrate+ 1 e
307 Sodium 05 0.11/0.2 ppt ppt Fﬂ‘trahm},
. i white solid
hydroxide in
water
{00527] Solvent= CH;0H, Solvent Amount=1 mL; Temperature=50°C
{60528} Table 33. Salt formation experiments (2:1 or 1:2 equiv.} part 2
Ct .
. ﬂ,, , After "
SM 1 Cisotution | A pauiy, | CEABE L op ) After 1 ation
{mg) Conc. {mL} e cooling
addition
(M)
Calcium Filtration
303 acetate Vhydrate 0.25 0.87 ppt ppt white solid
in water 71
Choline | Evaporation
297 { hydroxide in 0.5 0.43 Clear Clear | V7P BAPE
" gel sohid
water
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Potassium 0.5 Evaporation
28.8 | hydroxide in 043 Clear Clear , p .
" water yvellow solid
Potassium 0.5 Filtration
307 | hydroxide in 0.43 ppt ppt white sciiii
MeOH ‘
Sodium 0.5 s
293 | hydroxidein 0.43 ppt ppt m,“d“c‘?’
" water ' white solid
Sodium 0.5
ay hydroxide in , Filtration,
A4 Me(OH water 0.43 ppt PPt white solid
{3/2)
~Areinine i g
315 I Arg,vxmm n 0.5 043 Clear Clear Ey&pomii(_m,
water white solid
28 | Megluminein |, o 0.43 Clear | Clear | CYaPOTALON,
water gel solid
Meglumine in 0.5 Evaporation
293 1 MeOH:water 0.43 Clear Clear poraton,
(/1) gel solid
Magnesium 0.5
nitrate+Sodium Filtration
. 3/0. 3 : ‘,’
293 hydroxide in 0.43/0.87 ppt ppt white solid
water
Calcium 0.5
nitrate+t N
2838 Sodium 0.43/0.87 ppt ppt ;ﬁ;j;t;fﬁ Zi
hydroxide in
water
Calcium Filtration
' v v / at { 5 ) 1 >
313 accfi;iti /1;‘; j;”dte 0.25 021 ppt ppt white solid
{nglcil.im 051
nitrate™ Filtration
297 Sodium 0.5 0.11/0.21 ppt ppt hite s Ei7d
hydroxide in WIS 50
water
{00529] Solvent= Acetone; Solvent Amount=1 mL; Temperature=50°C
160530] Table 34. Salt formation experiments (2:1 or 1.2 equiv.} part 3
Ci
, - After
SM I Solution Af:tuaﬁ Equiv. Cl Amt Cl After Isolation
{mg} Conc. {mL) e cooling
(M) : addition
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Calcium Filtration
3 ’ rdr 5 087 3 . .
339 aceiiti Z‘; tirate 0.25 8 ppt ppt white solid
Choline Bvaporation
325 | hydroxidein 0.5 0.43 Clear Clear ap B
water gel solid
Potassium 0.5 Fvaparation
30.1 | hydroxidein 0.43 Clear Clear | aporation,
" water yellow solid
Potassium 0.5 Filtration
311 | hydroxide in 0.43 ppt ppt ?\‘hi te sglié
MeCOH
Sodium 0.5 e
, . i~ N _ Filtration,
304§ hy di s;ﬁc in 0.43 ppt ppt white solid
Sodium 0.5
an~ | hydroxade in ) Filtration,
307 MeOH water 2.1 043 ppt ppt white solid
(3/2)
- - | lFArginine in 0.5 - HEvaporation
30.5 > 0.43 , : -
water ppt PPt white solid
33 | Megluminein | g 0.43 Clear | Clear | CvPOTation,
water gel solid
Meglumine in 0.5 Evaporation
297 + MeOH:wate 0.43 i .
: b% ,;::dmr ppt PPt white solid
Magnesium 0.5
nitrate+Sodium Filtration
ot 3/0. ) Y
324 hydroxide in 0.43/0.87 ppt ppt white solid
water
Calcium 0.5
nitratet Filtration
29.7 Sodium 0.43/0871 ppt U N s;}i &
hydroxide in '
water
Calctum L
Filtration
295 accgitijz jrmte 0.25 021 ppt ppt white solid
C glcium 0.51
mitrate Filtration
30.0 Sodium 0.5 0.11/0.21 ppt ppt white saii;i
hydroxide in ‘
water
{00531] Solvent= CH;CN; Solvent Amount=2 mL; Temperature=50"C
160532] Table 35. Salt formation experiments — characterization summary (1:1 equiv.)
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Solvent

CE Solution {6.5 M
unless specified)

XRPD

NMER

AP CE
Ratio by IC

MeOH

calcium acetate in
water

calcium nitrate+
sodium hydroxide in
water

calcium acetate
hydrate in water

Saltl

No degradation

1:0.56

No degradation

1:0.52

acetone

calcium acetate in
water

calcium nitrate+
Sodium hydroxide in
water

Calcium acetate in
water

Calcium acetate in
water

Salt 11

No degradation

1:0.56

No degradation

1:0.51

Calcium nitrate+
Sodiurs hydroxide in
water

Salt I +
impurity

Me(OH

{Calcium acetate in
water

MeCN

calcium acetate in
water

calctum nitratet
sodium hydroxide in
water

Calcium acetate
hydrate in water

Calcium acetate
hydrate in water

Salt 11

MeCN

Calcium nitrate+
Sodiurs hydroxide in
water

Salt H+
impurity

Me(OH

potassium hydroxade
in MeOH

Salt 111

MeCN

potasstum hydroxide
in water

potassium hydroxide
in MeOH

Salt 1

Neo degradation

1:0.65

acetone

Sodium hydroxide in
water

alt Iv

951

No degradation

1:1

1

3




WO 2016/118858

PCT/US2016/014517

Solvent

CE Solution {6.5 M
unless specified)

XRPD

NMER

AP CE
Ratio by IC

Sodium hydroxide in
MeOH

Salt IV

MeCN

Sodium hydroxide in
water

Salt IV

Sodium hydroxide in
MeQOH

Salt IV +

impurity

Neo degradation

1:0.34

Me(OH

Sodium hydroxide in
water

Sodiurs hydroxide in
MeCOH

acetone

Sodium hydroxide in
water

Sodium hydroxide in
MeOH

MeCN

Sodium hydroxide in
water

Sodiurs hydroxide in
MeOH

Salt vV

No degradation

[:148

{00533] Overall salt formation was confirmed with counterion ratio of approximately 0.5
to 1.5 equivalents. Most salts exhibited polymorphismo with observation of multiple unique
XRPD patterns: four for calcium salts, two for choline salts, seven for potassium salts, and eight
for sodium salts. A crystalline salt was obtained using meglumine but only 0.38 equivalents of

meglumine were detected. Magnesium also afforded a crystalline mono-salt.

6.4.2 Slurry Experiments

{00534] Calctum, sodium, and potassium salts were used to setup different competitive
slurry experiments. For competitive slurry of calcium salts (~5 — 6 mg of Salt I and Salt IT) were
weighed into a 5.0 mL clear vial equipped with magnetic stir bars. These steps were repeated for
potassium salt material (~5 — 6.5 mg of Salt I} and sodium salt materials (~2.6 — 6.4 mg of Salt
IV and Salt V). Acetone, 1.0 mL, was added to each vial to achieve free-flowing slurry and
allowed to equilibrate at room temperature. 50 ul of water was added to the potassium and
sodium salt mixtures to increase solubility. Al slurries, 400 pyL, were filtered through 0.45

micron centrifuge filters after one and seven days of equilibration. The solids were analyzed by

XRPD to check for salt conversion (Table 36).
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{00535] it was found that Salt I, Salt [T and Salt V were the most stable polymorphs in

these solvent systems. These three salts were selected for scale up and full characterization.

{60536} Table 36. Competitive Slurry
- . . Aliguot time | Aliquot time
Kalt Ni ajiii?;is ‘ts:gi} f Solvent (?n?f) I ;?)? : noing oint
. 8 V1 VY Pay | XRPD | Day | XRPD
Salt I 536
(filtration) | 7~
Ca®” Salt I1 Acetone | 1.0 RT 1 Salt 1 7 Salt I
(filrationy | 0>
K ( ii‘iiﬁﬁ) 6.57 ‘i{i?;fy Gi 55 RT | 1 | Salt@f | 7 | Saltll
Salt IV, 636
Na® (filtration}) N Acetone 1.0 RT ! SaltV+ 1 Salt V
. R, Water | 0.05 impurity |
{(filtration) 6.31

643 Characterization Summary of Salts [, I{, 1}, IV, ¥V, VL, VIL VI, IX
and X

[60537] Salt 1, Salt I, Salt 111, Salt IV, Salt V, Salt VI, Salt V11, Salt VIIL Salt IX and Salt
X were characterized to evaluate its physical form and stability. Since all these salt forms
showed low temperature endothermic events, except Salt VI, thermal holding experiments were
performed 1n an attempt to 1solate high melting salt form. Salt VI was obtained from the thermal
holding experiments (Table 50) and characterized. Table 37 summarizes the characterization

results for each salt.

{00538] Table 37. Characterization summary of Salts 1 I, TIL, IV, V, VI, VI, VIII IX and
X
Ralt Walt § Salt 1 Nalt 111
Endotherm at
Endotherm at 115.5, 127.0, R
BSC (°C) 104.0, 170.6, 2208, 3113 Enﬁ‘ﬁgfﬁi }“2 “14'3’
179.1 and 210.6 Exotherm at MR
200.5
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0.34% (@ 65-105

10.98% @ 65-140

0.91% (@ 40-70

o OC, C)C’
1.41% @ 140-190 | 0.33% @ 150-180 | 0.25% @ 100-120
TGA (Weight loss) °C °C °C,
onset of onset onset
decomposition at | decomposition at | decomposition at
2138 °C 298 0 °C 2972 °C
32 Wit , ,
NMR 0.24 wt% MeOH 0.32 Wt 5 0.24 wt% MeCUN
Acetone
Cmpd 1:C1 ratio by IC 1:037 1:0.69 1:094

60% RH: 1.0 wit%

60% RH: 11.9

{moderately

wit% 60% RH: 2.1 wt%%
Moisture 90% RH: 4.1 wt% 90% RH: 120 90% RH: 4.5 wt%
Serption {moderately wi% {moderately
hygroscopic) {(moderately hygroscopic)
hygroscopic)
Solubility 0.01 0.03 358
Agueous (mg/mL) Standard curve linear range 0.008 t0 0.2 mg/mL.
Solubility YR , : L Exir
¥ XRPD (1 Salt I_ faxua; Salt 11 Salt X
peaks
ani‘ﬁ;df&jﬁe (60 hemt- {60% RH)
. 7oRH) to . .
hydration property _ di-hydrate to mono-hydrate
; monohydrate 90% RH)
(90% RH) (P07 RH,
Comment Hemi-calcium Hemi-calcium Mono-potassium
Salt Salt Salt
Salt Salt IV Salt ¥V Salt VI
, Endotherm at
Zgﬁﬁghégg f’ 93.3 (no melting Endotherm at
DSC (°C) 'E?%Id;;Ezaei‘m ot was observed 282 4 and 308 4,
' between 70 - 320 | Exotherm at 2839
217.2 -
bc)
, 5.85% (@ 40-130
5.43% @ 60-120 | 8570 @ 40-13
°C onset of C, onset
TGA (Weight loss) T onset decomposition at
decomposition at oy 05 7 o
30725 °C decomposition at 305.7°C
i 34477 °C
0.29 wt% 26 wi% :
NMR 0.29 wtvo 2.26 WF’ ° MNo degradation
Acetone Acetone
Cmpd 1:C ratio by IC 1:1.12 1:1.86 N/A
N 60% RH: 6.1 wt¥% | 60% RH: 6.0 wt% A iy
Moisture 90% RH: 6.5 Wi% | 90% RH: 6.4 wit | 0.0 RH 0.3 with
Serption

90% RH: 0.7 wi%

(moderately
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hygroscopic} hygroscopic)
Solubility 19 79.8 N/A
Agueous (mg/mL} Standard curve linear range 0.008 t0 0.2 mg/mL.
Solubility | XRPD (1 | SaltlV+Exta Salt V + Extra
: , i N/A
day) peaks peaks
hydration property monchydrate monohydrate anhydrate

Comment

Mono-sodium

Bis-sodium Salt

Mono-sodium Salt

Nalt
Salt Salt Vi Salt VIIi Halt IX
Broad transition
fore © i o . . .
before 90 (might No thermic Endothermic at
be water loss), o ~ o T
Possible glass change before 82.8; Exotherm at
BSC (°C) . - Bass onset 229.5; Onset
transition at 160, . .
nset decomposition at | decomposition at
UHSEE 2941 2939
decomposition at
2949
onset onset onset
TGA (Weight loss) decomposition at | decomposition at | decomposition at
290.6 2912 3018

No deteciable

No detectable

0.01 wi% Acetone

NMR solvent, no solvent, no
degradation degradation
Cmpd 1:CY ratio by IC 1:1.15 1:1.09 1:1.089

60% RH: 1.0 wi%

60% RH: 0.3 wt%

Moisture 60% RH: 0.9 wt%s
Serption 90% RH: 2.9 wit% | 90% RH: 2.7 wt% | 90% RH: 0.3 wi%
Solubility
Agueous {(mg/mL)
Solubility XRPB @
day}

hydration property

Comment

Mono-sodium
Salt

Mono-sodium
Salt

Mono-sodium Salt

Salt

Salt X

BRC (O

Endothermic at
91.3 and 149 3;
Exotherm at
230.0; Onset

decomposition at
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2947
onset 1.3 wt%
loss ai 79.2; onset
40/ Q¢ ©
TGA (Weight loss} 2'? :‘g: ;Oizzzgﬁ
decomposition at
2967
3.5 wi% of 4-
NMR hydroxybutanote
acid
Cmpd 1:CY ratio by IC 1:1.00
Moisture
Sorption
Solubility
Agueous {(mg/mij}
Solubility XRPD (1
day)
hydration property
. Mono-sodium
Comment .
Salt

6.44 BSalt§of Compound 1

{00539] Salt I of Compound 1 is a hemi-calcium salt. Salt I was obtained in filtration
from the salt formation experiment using methanol as primary solvent (Table 48, Figure 40). An
estimated 0.24 wi% of MeQH was observed by 'H NMR (d-DMSO) (Table 37, Figure 47).
From IC analysis, Compound 1 free acid:calcium ratio was determined to be 1.0:0.4, consistent
with a hemi-calcium salt. DSC analysis presented four endotherms at 104.0, 170.6, 179.1 and
210.6 °C (Figure 48). TGA analysis indicated a two weight losses: 0.34% at 65-105 °C
{attributed to loss of residual MeOH), and 1.41% at 140190 °C and onset decomposition at
213.8 °C (Figure 49). To further investigate the material’s moisture sorption behavior, DVS
analysis was carried out. The material adsorbed 1.0 wt% moisture at 60% RH, and 4.1 wt%
moisture at 90% RH, indicating that it s moderately hygroscopic (Figure 50). The XRPD
analysis of the post-I3VS material after drying at 60.0 °C for two hours, recorded a consistent
XRPD pattern as the starting material (Figure 46).

[00540] Salt I exhibited no change in physical form upon exposure to 60 °C for a period of

seven days (Table 49). It was also chemically stable based on HPLC analysis. I was found that
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Salt Iis sparingly soluble in the aqueous solubility study, where a solubility of 0.01 mg/mb was

obtained.

{00541} Figure 40 provides an XRPD pattern of Salt 1. A list of XRPD Peaks for Salt [ 1s

provided below in Table 38.

{00542] Table 38. X-Ray Diffraction Peaks for Salt |

Relative
Two-theta angle {°) d Space (A)
Entensity (%)

3.20 2761 90.18
4.09 21.60 1.21
451 19.58 7.6
4,85 18.23 42
4.99 17.70 4.19
5.19 17.04 8
5.43 16.27 932
5.69 1554 6.49
6.01 14.71 5.98
6.49 1361 532
6.92 12.77 27
7.21 12.2 3.38
8.29 10.67 525
8.47 10.44 3.08
617 9.64 221
9.53 9.28 329
10.39 8.51 4.58
10.58 8.37 5.32
11.30 783 2.
11.87 7.45 3.31
12.10 7.31 451
12.23 7.23 4.1
12.73 6.95 5.94
1323 6.69 17.06
1423 6.22 517
15.60 5.68 23.52
1597 5.55 100
17.21 515 221
1749 5.07 3.54
i8.08 491 3.02
18.88 4.70 487
19.15 4.63 18.36
22.00 4.04 3.38
22.41 3.97 3157
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)

2392 3.72 7.89

25725 3.53 593

25.60 3.48 6.38

2635 3.38 3.02

26.07 334 2.1

27.76 3.21 432

2821 3.16 5.53

2929 3.05 9.13

31.08 2.88 2.7

31.46 2.84 2.93

31382 2.81 311

33.44 2.68 2.71

34.63 2.59 1.81

35.58 2.52 3.51

3797 2.37 1.24

38.65 2.33 3.26

38.96 2.31 5.02

41.35 2.18 6.64

42.29 2.14 4.11

4331 2.09 0.84

645 5altHf of Compound |
{60543] Salt IT of Compound 1 is a dihydrated hemi-calcium salt. Salt I was obtained in

filtration from the salt formation experiment using acetone as primary solvent (Table 48, Figure
51). An estimated 0.32 wi% of acetone was observed by "H NMR_ (de-DDMSO) (Table 37, Figure
52). The ratio of Compound 1 free acid to calcium counterion was 1.0:0.69, indicating it is a
hemi-calcium salt.
{00544] DSC analysis presented four endotherms at 115.5, 127.0, 2208, 3113 °C and an
exotherm at 220.5 °C (Figure 53). TGA analysis indicated a two weight losses: 10.98% at 65-
140 °C {attributed to water loss), 0.33% at 150-180 °C and onset decomposition at 298.0 °C
{(Figure 54). The material adsorbed 11.9 wt% moisture at 60% RH, and 12.0 wt% moisture at
90% RH, indicating that it 1s moderately hygroscopic (Figure 55). Slight hysteresis was
observed at 0—40% RH. The XRPD analysis of the post-DVS material after drying at 60.0 °C for
two hours, recorded a new XRPD pattern (bottom} (Figure 513, TGA and DVS results indicated
that Salt 11 is a dihydrate, which is stable above 40% RH.
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{00545] Salt I exhibited no change in physical form upon exposure to 60 °C for a period
of seven days (Table 49). Chemical purity of the thermally stressed solid was assessed by HPLC
and no signtficant reduction in purity was observed. It was found that Salt Il remained sparingly

soluble in the aqueous solubility study, where a solubility of 0.03 mg/mL was obtained.

PCT/US2016/014517

{00546] Figure 41 provides an XRPD pattern of Salt II. A list of XRPD Peaks for Salt Il

is provided below in Table 39.

{00547] Table 39 X-Ray Diffraction Peaks for Salt 1

. Relative
Two-theta angle {©) d Space (A) 7
Entensity (%%}

337 26.19 23.10
3.81 23.16 0.13
3.94 22.45 232
415 21.28 4.74
433 20.43 451
4.59 19.25 1.91
4.77 18.54 2.30
5.12 17.28 1.77
5.51 16.03 1.14
6.07 14.55 222
6.25 1415 1.09
7.27 12.16 1.77
7.45 11.86 1.82
7.82 11.31 1.77
8.03 11.01 1.75
8.56 10.32 022
8.83 10.02 2.15
10.07 8.78 100.00
10.39 8.52 322
10.71 8.26 1.84
1132 7.82 1.04
11.56 7.66 0.73
11.70 7.56 1.49
1321 6.70 7.45
1346 6.58 3.58
14.10 6.28 1.43
1436 6.17 0.80
1532 5.78 0.93
15.58 5.69 0.44
16.86 5.26 27.14
19.28 4.60 2.06

146




WO 2016/118858

PCT/US2016/014517
Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)

1951 4.55 328
2023 439 9.96
20.68 429 .15
2132 4.17 2.82
22.41 397 1.76
2295 3 88 1.05
2371 3.75 2687
2427 3.67 2.66
24 .90 3.58 1.19
2587 3.44 347
2621 3.40 0.61
26.83 332 2.54
2715 3.28 3.24
2757 324 0.57
27 85 320 2.38
2812 3.17 2.44
2805 3.08 0.53
2924 3.05 0.64
2953 302 0.48
2895 2.98 1.62
31.08 2.38 .60
3147 2.84 6.68
31.90 281 2.70
32.59 2.75 1.65
32.97 2.72 0.47
3342 2.68 3.66
3473 2.58 295
3497 2.57 237
35725 2.55 1.08
36.09 2.49 (.62
38.09 236 4.7
39.69 27 .70
4135 2.18 (.91
42.56 212 1.54
42 .94 231 232
44 06 2.05 (.86
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6.4.0  Salt {1 of Compound 1

{00548] Salt HIf of Compound 1 15 a mono-potassium salt. Salt I was obtained in
filtration from the salt experiment using acetonitrile as primary solvent (Table 36, Figure 56).
An estimated 0.24 wi% of CH;CN was observed by "H NMR (Table 50, Figure 52). The ratio of
Compound 1 free acid : potassium was determined by IC analysis to be 1.0:0.9 indicating it is a
mono-potassium salt. DSC analysis presented three endotherms at 54.3, 109.3 and 314 .4 °C
(Figure 58). TGA analysis indicated two weight losses: 0.91% at 40-70 °C, and 0.25% at 100—
120 °C and onset decomposition at 297.2 °C (Figure 59}. The material adsorbed 2.1 wt%
motsture at 60% RH, and 4.5 wi% moisture at 90% RH, indicating it is moderately hygroscopic
{Figure 60). Mild hysteresis was observed indicating presence of potential hydrate form. The
XRPD analysis of the post-DVS material after drying at 60.0 °C for two hours, recorded a
sirntlar XRPD pattern as the starting material (Figure 56).

180549} Salt 11 exhibited no change in physical form upon exposure to 60 °C for a period
of seven days (Table 48). Chemical purity of the thermally stressed solid was assessed by HPLC
and no reduction in purity was observed. Aqueous solubtlity measurement of potassium salt in
deionized water was carried out in room temperature. The materials after 24 hour equilibrium
converted from Salt I to Salt IX, and remained as Salt IX on day seven. (ollected filtrate was
subjected to HPLC analysis and a solubility of 35 8 mg/mL was attained.

{G0550] Multiple thermal transitions {endothermic) were observed on DSC analysis with
some occur at low temperature. In an effort to isolate a high melt crystal form, the material was
held at 130 °C for 2 minutes followed by cooling to ambient teroperature. XRPD analysis of the
resulting solid was consistent with Salt HL

[00551] Based on the characterization results, Salt III showed a tendency to form hydrate
form. Although several low temperature thermal events were observed, the material appeared to
be stable under thermal stress.

{00552 Figure 42 provides an XRPD pattern of Salt 1L A list of XRPD Peaks for Salt HI
is provided below in Table 40.

{00553] Table 40. X-Ray Diffraction Peaks for Salt T

, ‘ Relative
Two-theta angle (°) | d Space (&) ,
Entensity (%)
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Relative

Two-theta angle (°) | 4 Space (A}

Entensity (%)
4.18 21.14 211
471 1877 65.00
4.98 17.76 18.65
561 1575 17.46
6.06 14 .60 34 64
6.41 13.80 11.03
.73 13.14 7.69
714 12.39 787
7.39 11.96 1277
5.01 11.04 11.19
855 10.34 4.72
8.78 10.07 516
9.03 G 80 9.46
973 9.09 2042
988 8.95 34 85
10.72 826 3975
10.89 312 5342
11.76 7.53 8.26
11.89 7.44 9.01
12 .48 7.09 25.58
12.97 6.83 B.58
13.29 6.66 4.99
13.97 6.34 27,99
14 54 6.09 9(.90
14.65 6.05 100.00
1518 584 62.41
1529 5.7% 66.49
16.35 542 49 .40
16.49 5.37 37.96
17.01 521 2.87
17.17 5.16 6.63
18.09 4.90 22.64
1970 4.51 4,56
21.78 408 6.45
2262 393 6.14
2313 3.85 358
2399 37 6.61
24 .44 3.64 7.47
2516 3.54 2.65
2544 3.50 4.44
25.88 3.44 222
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)

2737 326 6.45

28 38 3.09 16.07
2993 2.99 3.52

32.09 279 2.50

34 .55 2.60 7.41

3721 2.42 1.67

40.15 2.25 375

40 86 2.21 458

4195 216 121

647 Balt IV of Compound 1

{00554] Salt I'V of Compound 1 is a monohydrated mono-sodium salt. Salt IV was
obtained in filtration from the recrystallization experiment using acetone as primary solvent
{Table 36, Figure 61). 1C analysis of this material indicated the material had a Compound 1 free
acid : sodium ratio of 1.0:1.1, consistent with a mono-sodium salt. An estimated 0.29 wt% of
acetone was observed by 'H NMR (Table 50, Figure 62). DSC analysis presented two
endotherms at 107.9, 307 4 °C and an exotherm at 217.2 °C (Figure 63). TGA analysis indicated
a weight loss of 5.43% at 60-120 °C attributed to water loss followed by an onset decomposition
at 302.5 °C (Figure 64). The material adsorbed 6.1 wt% moisture at 60% RH, and 6.5 wt%
moisture at 90% RH, indicating it is moderately hygroscopic (Figure 65). The XRPD analysis of
the post-DVS material after drying at 60.0 °C for two hours, recorded a consistent XRPD pattern
as the starting material (Figure 61). DVS analysis showed that Salt IV s a stable hydrate.
[B0555] In an effort to 1solate a high melt crystal form through a dehydration/
recrystallization process, Salt IV was held at 130 °C for 2 nunutes followed by cooling to
ambient temperature. XRPD analysis of the resulting solid was consistent with Salt IV, The
holding experiment was repeated by holding the material at 260 °C, a temperature higher than
the exothermic event at 217.2 °C. A conversion to a new salt (Salt V1) was observed.

{00556] In the aqueous solubility study, no form change was observed after shurring Salt
IV in water for 13 days (Table 49). A solubility of 19.0 mg/mL was attained. When storing Salt
IV at 60 °C, no polymorph conversion or degradation of the material was observed at day 1, and

7 {Table 48).
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{60557] Figure 43 provides an XRPD pattern of Salt IV, A list of XRPD Peaks for Salt IV

is provided below in Table 41,

{00558] Table 41. X-Ray Diffraction Peaks for Salt IV

. Relative
Two-theta angle (9) d Space (A)
Intensity (%)

3138 27.83 100.00
417 21.18 (.82
478 18.50 (.36
523 16.91 0.58
5.62 15.74 (.54
5.86 15.08 0.21
5.93 1491 0.36
6.29 14.04 9.51
6.44 13.73 533
6.74 13.11 0.33
7.43 11.90 0.15
G .45 8536 30.33
9.06 916 5.46
694 8.90 1.64
10.63 8.33 0.56
i1.83 7.48 0.30
12.03 7.36 0.07
12.62 7.01 1.03
13.24 6.68 0.45
13.61 6.50 0.86
14.57 6.08 0.13
14.85 5.97 0.32
15.05 5.89 0.07
15.80 5.61 20627
i0.17 5.48 6.01
16.68 3.32 0.55
1698 522 0.03
1737 5.11 0.69
18.31 485 0.85
19.00 4.67 30.80
19.43 4.57 7.57
19.94 4.45 .92
20.72 4.29 0.55
22.20 4.00 2.92
22.69 3.92 1.22
23.63 3.77 0.28
24272 3.68 0.26
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)

2542 3.50 632
26.01 3.43 1.49
26.70 334 0.73
27.54 3.24 1.09
28.35 3.15 (.53
28.67 3.11 2.01
29.39 3.04 115
31.24 2.86 0.43
3197 2.80 1.32
32.69 2.74 0.75
33.18 2.70 0.20
34.29 2.61 0.79
3473 2.58 0.32
3582 2.51 (.33
3741 2.40 1.04
37.84 2.3 0.12
38.27 2.35 1.51
38.67 2.33 0.46
39,65 2.27 0.13
40.64 2.22 1.05
41.02 2.20 0.41
4148 2.18 0.47
41.90 2.16 0.40
42.80 2.11 (.10

3.80 2.07 0.23
4432 2.04 0.65
44.59 2.04 0.92

648 SaltVof Compound 1
[00555] Salt V of Compound 1 is a monohydrated bis-sodium salt. Salt V was obtained in

filtration from the recrystallization experiment using acetone as primary solvent (Table 36,
Figure 66). 1C analysis of this material indicated the material had a Compound 1 free acid :
sodium ratio of 1.0:1.9, consistent with a bis-sodium salt. An estimated 2.26 wt% of acetone
was observed by "H NMR (Table 50, Figure 67}, DSC analysis presented an endotherm at 93.3
°C (Figure 68). TGA analysis indicated a weight loss of 5.85% at 40130 °C atiributed to water
loss, followed by an onset of decomposition at 344 .8 °C (Figure 69). The material adsorbed 6.0
wt%o moisture at 60% RH, and 6.4 wit% moisture at 90% RH, indicating it s moderately
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hygroscopic (Figure 70). Significant hysteresis was observed at 0-40% RH, indicating it is not a
stable hydrate that may lose water at low humidity. The XRPD analysis of the post-DVS
material after drying at 60.0 °C for two hours, recorded a XRPD pattern mostly consistent with
Salt V with a few missing peaks (Figure 66).

{60560} No melting event was observed for this bis-sodium salt when subject to heating
between 70 — 410 °C at the rate of 1 °C/min on melting apparatus. The white crystalline Salt V
remnained unchanged until it reached the decomposition temperature (> 320 °C) as shown in

Table 51. The material showed a high solubility at 80.0 mg/mL.

[00561] Figure 44 provides an XRPD pattern of Salt V. A list of XRPD Peaks for Salt V

is provided below in Table 42.

{00562} Table 42 X-Ray Diffraction Peaks for Salt V

) Relative
Two-theta angle (©) d Space (A}
Intensity (%)

3.15 28.01 33 .88
3.33 26.55 2018
351 2519 3.70
3.65 2418 1.01
419 2110 1.34
4.45 19.86 0.31
474 18.66 1.46
5.09 17.33 2.23
524 16.87 1.10
5.40 16.37 215
575 1538 2.50
6.00 14.73 1.57
6.24 1418 1.74
6.43 13.75 1.73
6.64 13.32 2.14
7.29 12.13 1.51
745 11.87 1.27
7.58 11.66 1.44
7.92 11.16 1.53
8.57 10.32 1.38
921 961 1.32
939 942 0.71
997 3.87 100.00
13.02 6.80 12.96
1331 6.65 3372
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)

13.64 6.49 3941
13.97 6.34 3717
16.69 531 63.51
17.13 5.18 3.63
17.65 5.03 129
18.09 4.90 (.97
18.65 476 0.53
1951 4.55 2.67
20.06 4.43 28.05
2215 4.01 1677
22.50 3.95 0.78
22.87 3.89 .48
2341 3.80 (.40
24.54 3.63 1.23
2501 3.56 1.99
2570 3.47 0.20
2029 339 1034
2687 332 2331
2781 321 3.07
28 89 3.09 §.62
29.06 3.07 9.74
2990 2.99 (.54
30.29 2.95 238
30.60 2.92 2.03
31.08 2.88 2152
3197 2.80 (.89
3221 2.78 .56
3385 2.65 4.G3
3424 2.62 3.76
3573 2.51 (.64
3731 241 2.39
38.39 2.34 1.9
3971 2.27 1.60
40 87 221 6.46
42 01 2.15 0.67
4430 2.04 8.24
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649 Salt Viof Compound

{00563} Salt VI of Compound 1 is an anhydrous mono-sodium salt. Salt VI was isolated
from the thermal holding experiment (Table 50, Figure 71). No degradation was observed by 'H
NMR (Table 50, Figure 73). DSC analysis presented two endothermic peaks at 282.4 and 308 4
°C and an exothermic peak at 283.9 °C (Figure 74). No weight loss was observed by TGA, and
the onset decomposition temperature is 305.7 °C (Figure 75}. The material adsorbed 0.3 wt%
moisture at 60% RH, and 0.7 wt%s moisture at 90% RH, indicating it 1s slightly hygroscopic
material (Figure 76},

100564] The XRPD analysis of the post-DVS material after drying at 60.0 °C for two
hours, recorded a consistent XRPD diffractogram (Figure 72). These results indicated that Salt

Y1is a stable anhydrate form of mono-sodium salt.

{00565] Figure 45 provides an XRPD pattern of Salt VI A list of XRPD Peaks for Salt V1
is provided below in Table 43.
{00566] Table 43. X-Ray Diffraction Peaks for Salt VI
Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)
3.03 2912 100 .00
3.39 26.03 41.75
4.42 1999 112
4.63 19.08 1.77
5.01 17.62 2.09
5.40 1637 2.37
5.81 1521 1.21
6.23 14.19 0.78
642 13.77 0.58
7.06 12.52 0.74
7.66 11.55 0.95
§.96 987 0.82
10.06 8.79 9.02
10.68 8.28 175
11.53 7.67 0.14
11.89 7.45 8.37
12.42 7.13 2.13
13 .40 6.61 3.37
13.73 6.45 1.19
14.04 631 2.74
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)
1491 594 2.99
15272 582 4.62
15.67 5.65 0.68
16.33 5.43 2.07
16.74 5.30 6.01
17.10 5.19 0.92
17.82 4 98 2.82
1811 4.90 7.43
18 48 4.80 0.20
19.07 4.65 3.04
2015 4.41 2.67
20.94 4.24 1.42
2147 414 0.36
22.05 4.03 1.14
23.37 3.81 (.40
24 .03 3.76 0.27
24 .96 357 0.53
26.38 3.38 0.03
26.96 331 2.44
28 88 3.09 0.42
30.07 2.97 2.24
31.04 288 1.20
3161 283 0.78
33.20 2.70 0.73
33.94 2.64 0.24
34 87 2.57 0.41
3720 2.42 0.75
38.13 236 0.29
3972 2.27 0.18
40.29 224 0.31
40.97 2.20 0.51
4235 2.13 0.63
43 .41 2.08 0.31
4438 2.04 (.40
6.4.10 Salt Vii of Compound 1
{00567} Salt VII of Compound 1 is a mono-sodium salt and a possible hydrate torm. It

was obtained from the salt formation experiment in MeOH. 1C analysis of this material indicated

the material had a free acid : sodium ratio of 1.0 - 1.2, consistent with a mono-sodium salt. 'H
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NMR (B2,0) analysis was consistent with the chemical structure and no solvent was detected
(Figure 85). DSC analysis showed a broad transition before 90 °C, which muight be from water
loss and a possible glass transition at 160 °C (Figure 863 TGA analysis indicated no weight ioss
and onset decomposition at 290.6 °C (Figure 87). Polarized microscopy analysis revealed
birefringent particles, ~10.0 um to 80.0 ym (Figure 88).

{00568} In the moisture sorption analysis, the material adsorbed 0.9 wi% moisture at 60%
RH, and 2.9 wit% moisture at 30% RH (Figure 89). The XRPD analysis of the post-DVS material
after drying at 60.0 °C for two hours, recorded a XRPD pattern consistent with the starting
material (Figure 90). DVS avalysis showed minor hysteresis indicating that Salt VI of
Compound 1 is a possible hydrate with variable water content depending on the environment
humidity.

{60569] The polymorph form was stable after seven days of stirring in acetone and no
change in XRPD pattern was observed. After seven days of storage at 60 °C, no change in
XRPD pattern and no degradation were observed by HPLC.

160570] Approximately 160 mg of Compound 1 was weighed in a2 20.0 mL clear vial
equipped with magnetic stir bars and dissolved with minimum amount of methanol at 50 °C.
Prior to CI addition, each solution was polish filtered through a 0.45 pm syringe filter into clean
preheated vials., After hot filtration, 1.2 mL of 0.5 M aqueous sodium hydroxide was added
drop-wise. The vials were cocoled to ambient temperature at a rate of 20 °C/hour and allowed to
equilibrate with stirring at ambient temperature overnight with slow cooling. The resulting
solids were transferred into a Biichner funnel (with grade I Whatman paper) and isolated by
filtration. Al obtained solids were dried under vacuum (~30 inches Hg} and analyzed by XRPD
to determine the solid pattern, 'H NMR to confirm structure and IC for salt stoichiometry (Table
37).

{00571} Figure 84 provides an XRPD pattern of Salt VIL A list of XRPD Peaks tor Salt
Vil is provided below in Table 44.

{00572] Table 44. X-Ray Ihftraction Peaks for Salt VI

, ‘ Relative
Two-theta angle (°) | d Space (&) ,
Intensity (%)

2596 160.00
23.80 48.20

)
RS RPN
<

[
Ju—
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)

4.08 21.67 2772
431 20.50 2920
4.95 17.86 2921
507 17.43 3550
533 16,58 3339
559 15.82 2536
611 14 .46 3391
6.55 13.49 22.93
6.95 1272 18.29
727 12.15 21.19
7.60 11.64 17.55
779 11.35 1623
849 10.42 18.29
8.62 10.26 1846
954 927 21.65
9.96 8 88 9470
10.87 3. 14 48 51
11.53 7.67 2075
11.88 7.45 23.67
12.53 7.06 36.50
12.78 6.92 2731
13.28 6.67 34 98
13.64 6.49 28 43
13.97 6.34 32.67
1431 6.19 28.60
14 90 594 86 48
1548 5.72 54 80
1573 5.63 3986
16.37 5.41 33.98
16.66 532 60.39
18.02 4.92 20.75
18.68 475 1527
2003 4.43 2728
20.76 428 731
2096 424 7.06
21.58 412 6.69
2215 4.01 1335
2489 3.58 575
2546 3.50 6.34
25382 3.45 5.02
26.83 332 11.50
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)

2873 311 6.55

2935 3.04 721

31.10 2.38 12.92
3228 277 227

3284 2.73 3.85

3375 2.66 21

34 30 2.61 2.49

3727 2.41 3.03

38.29 2.35 2.09

38.86 232 .56

39.67 2.27 1.86

40.80 2.21 7.08

44 33 2.04 3.68

6.4.11 Salt VI of Compound 1

180573} Salt VIII of Compound 1 is a mono-sodium salt and a stable anhydrate
polymorph. It was obtained from the slurry experiment using MeOH as solvent (Figure 91). 1C
analysis of this material indicated the material had a tfree acid : sodium raticof 1.0 1.1,
consistent with a mono-sodium salt. No degradation was observed by 'H NMR (D3,0) (Figure
92). DSC analysis showed no thermic change before onset decomposition at 294.0 °C (Figure
93). TGA analysis showed no weight loss and an onset decomposition at 291 2 °C (Figure 94).
Polarized microscopy analysis revealed birefringent particies, ~20.0 um to 80.0 um (Figure 95).
{00574] Salt VIIT of Compound 1 adsorbed 1.0 wt% moisture at 60% RH, and 2.7 wi%
motisture at 90% RH (Figure 96). The XRPD analysis of the post-DVS material after drying at
60.0 °C for two hours, showed an XRPD pattern consistent with the starting material (Figure 97}
[B0575] Salt VHI of Compound 1 was stable after seven days of stirring 1o acetone and no
change in XRPD pattern was observed. In competitive slurry experiments, Salt VHI of
Compound 1 was stable in an acetone slurry after seven days of equilibration. After seven days
of storage at 60 °C, no change in XRPD pattern and no degradation were observed by HPLC.
100576] Approximately 150 mg of Salt IV of Compound 1 was placed into 2 20.0 mL
clear vial equipped with magnetic stir bars. Methanol (10.0 mL) was added to achieve free-

flowing shurry and allowed to equilibrate at room temperature. The slurry was transferred into a
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Buchner funnel (with grade 1 Whatman paper) after one day of equilibration. The resulting solid
was dried under vacuum (~30 inches Hg) and analyzed by XRPD to determine the solid pattern,

"H NMR to confirm structure and 1C for salt stoichiometry (Table 37).

180577} Figure 91 provides an XRPD pattern of Salt VHI. A list of XRPD Peaks for Salt

Y1 ts provided below in Table 45

{60578] Table 45 X-Ray Diffraction Peaks for Salt VIH

Relative
Two-theta angle (°) | d Space (A)
Intensity (%)

3.00 28 86 160.00
339 26.07 73.24
3.64 2429 31.30
3.79 2331 27.13
3.95 2236 24 85
4.54 19.47 1691
4.94 17.89 27.50
5.07 17.44 2321
521 16.95 18,18
5.40 16.37 16.87
6.02 14.69 17.08
6.27 1411 1406
6.65 13 28 1561
718 231 12.13
8.00 11.06 6.23
8.37 10356 10.79
932 9 49 906
10.00 8. 85 22.09
10.43 848 13.83
11.04 301 3528
11.94 7.41 998
1272 6.96 2111
13 01 6.80 18.85
1371 6. 46 3502
13.97 6.34 31.38
14.66 6.04 2416
1501 5.90 3469
15.65 5.66 4371
15.73 5.63 34.23
16.34 5.42 1536
16.69 531 16.60
17 14 5.17 10.36
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)

17.37 511 632
1831 4.84 16.85
18.91 4.69 3.79
1957 4.54 5.57
2013 4417 1339
2217 4.01 10.89
24.68 3.61 3.20
2502 3.56 3.44
2692 331 5.68
2896 3.08 6.20
2853 3.02 6.68
31.12 287 6.69
32.42 2776 1.62
3347 2.68 1.24
3376 2.66 (.81
34 58 2.59 121
357 2.51 1.74
3725 2.41 2.01
39.65 27 1.30
4087 2.21 1.65
4236 213 1.62
43472 2.08 1.57
4434 2.04 1.72

6.4.12 Salt IX of Compound 1

{60579} Salt IX of Compound 1 is a mono-sodium salt and an anhydrate polymorph. It
was obtained from salt formation experirents in acetone (Figure 98). IC analysis of this
material indicated the material had a free acid : sodium ratio of 1.0 : 1.1, consistent with a mono-
sodium salt. An estimated 0.01 wi% of acetone was observed by 'H NMR (D,0) (Figure 99).
DSC analysis showed an endotherm at 82.8 °C and exotherm at 229.5 °C (Figure 100).
However, DSC analysis of the post thermal holding experiment at 150 °C showed no
endothermic change before 180 °C (Figure 102). XRPD analysis of the post thermal holding
experiment gave material consistent with the starting material, which indicated the endothermic

change was not related 1o a form change. TGA analysis indicated no weight loss and an onset
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decomposition of 301.8 °C (Figure 101). Polarized microscopy analysis revealed birefringent
particles, ~10.0 pm to 40.0 pm (Figure 103).

100580} The material adsorbed 0.3 wt% moisture at 60% RH, and 0.3 wt% moisture at
90% RH (Figure 104). The XRPD analysis of the post-DVS material after drying at 60.0 °C for
two hours, showed an XRPD pattern consistent with Salt IV of Compound 1.

{00581} After seven days of stirring in water and acetone, all Salt XX of Compound 1 had
converted to Salt VIE or Salt IV, After seven days of storage at 60 °C, no change in XRPD
pattern and no degradation were observed by HPLC.

00582} Approximately 1.6 g of Compound 1 was placed into a 250 mL round bottom
flask equipped with stir bar and dissolved with 123.0 mL of acetone at 50 °C. The solution was
polish filtered through a 0.45 uM syringe filter into clean preheated flask. After hot filtration,
12,7 mL of 0.5 M sodium hydroxide was added drop-wise to generate a white color suspension.
After stirred at 50 °C for 10 minutes, the flask was cooled to ambient temperature at a rate of 20
°C/bour and allowed to equilibrate with stirring at ambient temaperature overnight with slow
cooling. The resulting solids were transferred into a Buchner funnel (with grade 1 Whatman
paper) and 1solated by filtration. The clear solutions were kept at ambient temperature. The
obtained solid was dried under vacuum (~30 inches Hg) and analyzed by XRPD to determine the

solid pattern, 'H NMR to confirm structure and IC for salt stoichiometry,

{60583 Figure 98 provides an XRPD pattern of Salt IX. A list of XRPD Peaks for Salt IX
is provided below in Table 46.
{00584] Table 40, X-Ray Diffraction Peaks for Salt IX
i Relative
Two-theta angle (9) d Space (A)
Intensity (%)

3.08 28.95 78.75

3.19 27.68 100.00

433 20.41 6.91

4.57 19.34 6.24

5.11 17.30 492

5.25 16.82 417

5.71 15.47 5.57

6.32 13.98 3572

7.68 11.51 4.25

7.88 11.22 4.40

9.47 934 99.14
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)

993 391 7.57
10.04 381 9.36
12.63 7.01 4.96
13.06 6.78 6.44
13.69 6.47 2162
14 01 6.32 13.40
14 89 5.95 386
1583 5.60 6585
1631 5.44 4.42
16.68 532 4.05
17.39 5.10 5.60
18.33 434 2.89
19.01 4.67 7921
15,94 445 488
20,72 4.29 476
20.88 425 2.57
2212 402 777
2227 3.99 6.70
22.60 393 531
2358 3.77 2.40
2421 3.68 2.54
24.69 3.61 2.16
2547 3.50 17.07
26.26 339 2.92
26.62 335 483
2763 323 10.05
2842 3.14 476
2873 311 548
29 .44 3.03 515
31.25 2.86 2.74
31.90 281 3.89
3251 275 1.25
33723 2.70 1.41
3435 2.61 3.94
3585 2.50 123
3739 2.41 441
38.30 2.35 623
39.79 2.27 0.81
40.61 222 4.40
41.44 218 2.34
4196 2.15 1.04
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, ‘ Relative
Two-theta angle (°) | d Space (&) ,
Entensity (%)

44.56 2.03 3.89

6.4.13 Salt X of Compound 1

{G0585] Salt X of Compound 1 is a mono-sodium salt and an unstable hydrate polymorph.
It was obtained from the binary solvent crystallization experiment, using water as primary
solvent and THF as anti-solvent (Figure 105). 1C analysis of this material indicated the material
had a free acid : sodium ratio of 1.0 : 1.0, consistent with a mono-sodium salt. "H NMR (D,0)
analysis indicated this material contained an estimated 3.5 wt% of 4-hydroxybutanoic acid,
which was the contamination of tetrahydrofuran peroxides (Figure 106). DSC analysis showed
two endotherms at 91.3 °C and 149.3 °C, respectively and an exotherm at 230.6 °C (Figure 107).
TGA analysis indicated a 1.3% weight loss at 60-120 °C and a 2.3% weight loss at 120-180 °C,
followed by an onset decomposition at 296.7 °C (Figure 108). Polarized microscopy analysis
revealed birefringent particles, ~10.0 um to 40.0 pm (Figure 109).

{00586] After seven days of stirring in water and acetone, all Salt X converted to Salt VII
or Salt IV. After seven days of storage at 60 °C, no change in XRPD pattern and no degradation
were observed by HPLC.

{00587} Approximately 168 mg of Salt IV of Compound 1 was placed into a 50.0 mL
clear glass vial equipped with stir bar and dissolved in 4.3 mL of water at 60 °C.
Tetrahydrofuran, 12.8 mL, was added drop-wise at the same temperature. The vial was cooled to
ambient temperature at a rate of 20 °C/hour and allowed to equilibrate with stirring at ambient
ternperature over 24 hours. The solvent was evaporated to dryness under a gentle stream of
nitrogen gas. The obtained solid was dried under vacuum (~30 inches Hg) and analyzed by
XRPD to determine the solid form, "H NMR to confirm structure and IC for salt stoichiometry.
{00588] Figure 105 provides an XRPD pattern of Salt X, A list of XRPD Peaks for Salt X
is provided below in Table 47.

{00589] Table 47. X-Ray Dnffraction Peaks for Salt X

, ‘ Relative
Two-theta angle (°) | d Space (&) ,
Entensity (%)
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Relative

Two-theta angle (°) | 4 Space (A}

Entensity (%)
3.20 27.65 60.05
3.74 2361 100.00
4.11 21.51 11.05
423 20.90 8.87
436 2028 6.93
459 19.26 518
478 18.48 7.24
5.03 17.59 6.96
522 16.92 519
5.43 16.27 575
562 15.72 524
5.88 15.04 8.05
6.06 14.58 787
6.28 14 08 10.30
6.76 13.08 5.60
724 12.20 5.19
741 11.92 433
7.83 11.30 433
5.01 11.03 4.13
3.50 931 1432
1037 8.53 376
11.01 3.04 3.65
11.15 7.93 7.58
11.38 778 3.38
12.12 7.30 2.94
127 6.94 338
13 .58 6.52 7.26
14.37 6.16 7.76
14.87 5.96 5.54
15.06 5 88 7.16
1541 575 44 42
15.78 562 11.20
16.65 532 431
18.71 474 31.15
197 451 1561
20.35 436 1127
2088 426 13.46
22.16 4.01 14.64
22.49 3.95 10.09
2383 3.73 20.69
2473 3.60 9.74
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Relative
Two-theta angle (°) | 4 Space (A}
Entensity (%)

2562 348 60.92
26.38 3.38 8.08

2711 3.29 11.10
2871 3.11 10.22
2979 3.00 8.15

30,65 2.92 471

3115 2.87 6.76

32 80 2.73 449

3452 2.60 2.50

3581 2.51 0.77

37.64 239 0.99

38.77 2.32 1.44

41.35 218 1.24

4226 214 224

437 2.07 325

4425 2.05 2.30

6.4.14 400 mg scale preparation of Salt §, Salt i, Salt IIL, Salt [V and Salt vV

{6059¢] Approximately 400 mg of Compound 1 was placed into 20 mL clear glass vials
equipped with stir bars and dissolved with a minimum amount of solvents at 50 °C. Methanol
was used as the primary solvent to dissolve Compound 1 before addition of counter ton (C)
{0.25 M calcium acetate hydrate/H;() to generate Salt I Acetone was used as primary solvent
for dissolving Compound 1 before addition of CI to generate Salt I1. Prior to CI addition, each
solution was polish filtered through a 0.45 um syringe filter into clean preheated vials. Afier hot
filtration, 5.8 mL of 0.25 M calcium acetate hydrate was added drop-wise. The vials were
cooled to ambient temperature at a rate of 20 °C/hr and allowed to equilibrate with stirring at
ambient ternperature overnight with slow cooling. The resulting solids were transferred into a
Biichner funnel {with grade 1 Whitman paper} and isolated by filiration. The clear solutions were
kept in RT. All obtained solids were analyzed by XRPD to characterize the solid (Table 48)
160591 ] Approximately 400 mg of Compound 1 was placed into 20 mL clear glass vial
equipped with stir bar and dissolved with a minimum amount of solvent at 50 °C. Acetonitrile
was used as the primary solvent to dissolve Compound 1 before addition of counter ton (CH (0.5

M potassium hydroxide/H,0) to generate Salt [fl. Prior to Cl addition, the solution was polish
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filtered through a 0.45 pum syringe filter into a clean preheated vial. After hot filtration, 1.9 mL
of 0.5 M potassium hydroxide was added drop-wise. The vial was cooled to ambient
ternperature at a rate of 20 °C/hr and allowed to equilibrate with stirring at ambient temperature
overnight with slow cooling. The resulting solid was transferred into a Blichner funnel (with grade
1 Whitman paper) and isolated by filtration. The clear solution was kept in RT. Obtained solid
was analyzed by XRPD to characterize the solid (Table 48)

00592] Approximately ~250 to 400 mg of Compound | was placed into 20 mL clear glass
vials equipped with stir bars and dissolved with a minimum amount of solvents at 50 °C.
Acetone was used as the primary solvent to dissolve Compound 1 before addition of CI{05 M
sodium hydroxide/H;0) to generate Salt IV and Salt V. Prior to CI addition, each solution was
polish filtered through a 0.45 pum syringe filter into clean preheated vials. After hot filtration, 1.8
mb of 0.5 M sodium hydroxide was added drop-wise to generate Salt IV, and S8 mL of 0.5 M
sodium hydroxide was added drop-wise to generate Salt V. The vials were cooled to ambient
temperature at a rate of 20 °C/hr and allowed to equilibrate with stirring at ambient temperature
overnight with slow cooling. The resulting solids were transferred into a Bichner funnel (with
grade 1 Whitman paper) and isolated by filtration. The clear solutions were kept in RT. All

obtained solids were analyzed by XRPD to characterize the solid (Table 48)

{00393] Details of the experiments are summarized in Table 48,
{00594] Table 48. Scaleup of Salts L I, IIL, IV and V
Primar Precini H Vield
API | Primar | Tem y i CUPt L PR mecov | w, ‘
tation of {%a, XRP
Salt | amnt, y p. | solvent | Vel | | I ery oy s
O R , solati | Filtr _ filtrati B
{mg} | Solvent | (°C} Yol. {(mi) {mg}
on ate on)
{mL)})
i PPT
Ca” : , , , formed . Salt
3 / 3 SR, 7 91.9
+ 139891 MeOH | 500 133 43 Piltratio | 6.07 4071 919 i
i1}
) PPT
Ca” | ,.n~ | Aceton o . formed, ) Salt
14023 . 50.0 234 58 Filtratio | 6.56 561.8 1164 -
n
PPT Salt
K™ 13967 | MeCN | 500 277 1.9 | formed, - 149 32.9 4
o1 974 ]
Filtratio
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n
DT
f(jfi}id Salt
K™ 13204 ] MeCN | 500 22.7 2.3 e < 2734 748 i+
Filtratio | 7.50 H
n
PPT
ot . Aceton \ formed o Salt
] 5 A ? 41 4
Na | 2512 . 530.0 18.4 1.8 Filiratio | 8.54 241.4 80.1 v
0
PPT
o+ une - | Aceton " . formed, . Salt
Na | 4053 o 50.0 23.5 58 Filtratio | 9.24 400.5 82.3 v
1
*Cooling method - Slow Cooling (20 °C/hr)
{00595 Table 49 provides thermal stability data. Table S0 provides TGA thermal data.

Table 51 provides stability of crystalline materials from selected salts in different humidity.

100596] Table 49. Thermal Stability Experiments
Aliquot time | Aliquot time | Parent
Parent | Weight | Temp point point Material HPLC
Material {mg) {°C) ) HPLC (7 AUC)
Day | XRPD | Day | XRPD (%AUC)
Hltration, | g | 60.0 | 1 | Saltt | 7 | Saitl | WA® N/AH
Salt 1
Filtration, | 170 ) Goo | 1 | Satm| 7 | Satm| 999 99.9
Salt I
Filtration .
’ 35 ‘ Salt 7 | Salt 99, 99,
Salt 111 356 60.0 | Salt [ Salt HI 99.9 99.9
Filtration, oy . Salt . Salt
Salt 1V 3738 60.0 I v 7 W 99.9 999
Hiltration, |5 00 1 600 | 1 | Satv | 7 | Saltv ] 999 99.9
Salt vV

*Materials poorly dissolved in 3,0, DMSO, or dituent for HPLC analysis. No degradation of
the materials (before and after thermal stress analysis) based on "H NMR.
100597} Table 50. TGA thermal hold experiments of crystalline materials from selected

salts
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Thermal Holdin ARED
Parent | Weight Hold Tem % Pre- Post Post thermal
Material (mg) | Temperature Lemp. thermal | thermal hold, sample
o fime ; hol feft on bench
ramnge, hold hold top, 24 hrs®
Filtration 30 - 1306, at 10 130 °C/2 . .
2 ) N, X a 7 ‘1( . 7

iy | 6184 i o Salt1V | SaltIv Salt IV

Filtration, | 180-260,at | 260°C/ N o o

Salt IV 4957 10 °C/amin min Salt 1V Salt V1 Salt Vi

Filtration, o 130-160,at10| 160°C2 L Salt v+ Salt V +
v 8.84 o s . Salt V missing T '
Salt ¥ C/un ot missing peaks
peaks
Filtration, . 30 - 1306, at 10 130 °C/2 Salt 1H + R .

Sait I 8.208 °C/min min Salt IX Salt 1l Sait HI
100598} Table 51. Stability of Crystalline materials from selected salts in different
humidity.

P ; Weight Humidity ARPD
areni eig umidity ; e

Material {mg)} condition Initial Post humidity

eXposure

Filtration, . P : , \ , o ]

% 435 0% RH, R1 Salt V Salt V + missing peaks
Salt v
Filtration, 712 | 65% RH, RT Salt v Salt V
Salt V
Filuration, 115 | 65% RH, RT Salt 1V Salt IV + missing peaks
Sah E\/y o DRZ AN U I D A N . b %‘ﬂ{u ; s
Ffé;ﬁff 1923 | 65%RH, RT | Salt T + Salt IX Salt T + Salt IX
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6.5 synthesis Of Compound 1

6.5.1 Preparation of 5-(3-fluorophenyl}-3-chioro-2-cyanopyridine (4)

F
c | =N i PdCl,(dppf)
= CN+ @\ + K,CO; + H,0 W | N
el B(OH), 7 CN
2 3 4 <
{00599] Potassium carbonate (1785 g, 1.49 eq), 3,5~dichloro-2-cyanopyridine (1500 g, 1.0

eq}, (3-fluorophenyljboronic acid (1069.5 g, 1.0 eq), dichloro{1,1’-bis(diphenylphosphino}
ferrocene] palladium (1) (BCM adduct PdChL{dppf)) (30 g, 0.004 eq) and dimethylformamide
{10.6 kg) were charged to a 30L reactor equipped with an over-head agitator, condenser,
thermocouple and nitrogen sparger. The mixture was agitated and sparged with nitrogen gas
through the dip-tube for ca. 30 minutes. Degassed water (969 g) was slowly charged to the
mixture while maintaining a temperature of less than 45 °C.

{00600] The reaction mixture was agitated at 20 to 45 °C and sparged with nitrogen gas
through the dip-tube for 30 minutes, followed by agitation at 50 °C (between 47 to 53 °C) for 12
to 24 hours until the reaction was determined to be complete due to the disappearance of
compound 2 as measured by HPLC.

100601] The reaction mixture was cooled to 22 °C (between 19 to 25 °C). n-Heptane (2.2
kg) and water (12.9 kg) were charged to the reaction mixture while keeping the temperature at no
more than 45 °C. After the mixture was agitated at 22 °C {(between 19 to 25 °C) for 1 to 2 hours,
crude 5-(3-fluorophenyl}-3-chloro-2-cyanopyridine (4) was isolated as a solid by filtration.
160602] The crude 5-(3-fluorophenyl)-3-chloro-Z-cyanopyridine (4) was transferred into
an empty reactor with water (12.9 kg The mixture was agitated at 22 °C (between 19 to 25 °C)
for 2 hours. Crude S-(3-fluorophenyl}-3-chloro-2-cyanopyridine (4) was 1solated as a solid by
filtration and washed with water (3 kg).

{00603} The crude 5-(3-fluorophenyl)-3-chloro-2-cyanopyridine (4) was transferred into
an empty reactor with 2-propanol (14.25 kg}. The mixture was agitated at reflux at 82 °C for |

to 2 hours. After cooling to 22 °C (19 to 25 °C), the mixture was agitated at 22 °C (19 t0 25 °C)
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for 2 to 3 hours. 5-(3-flucrophenyl)-3-chloro-2-cvanopyridine {4} was isolated as a solid by
filtration and rinsed with 2-propanol (2.36 kg).

{00604] After being dried under vacuum at 50 °C until the water content was less than
1.5% (~16 hours), 1736.9 g 5-(3-flucrophenvl}-3-chloro-2-cyanopyridine (4) was obtained as a
brown solid (vield 86%). Figure 77 depicts the 'H NMR spectrum of 5-(3-fluorophenyl)-3-

chloro-2-cyanopyridine (4.

6.5.2 Preparation of 5-(3-flucrephenyl)-3-methoxy-2-cyanopyridine (8}

F F
CH3OH
| N + NaOCHy, — > | N
Z N Z N
cl OMe
4 5
00605 5-(3-fluorophenyl}-3-chioro-2-cyanopyridine (1.2 kg, 1.0 eq) and methanol (17.8
poenyi ) s ; g 1)

kg) were charged to a 30 L reactor equipped with an over-head agitator, condenser,
thermocouple and nitrogen bubbler. 25% sodium methoxide in methanol (2.01 kg, 1.8 eq) was
charged to the reactor and rinsed with methanol (1.2 kg). The reaction mixture was agitated at
reflux (ca. 68 °C) for 12 to 24 hours until the reaction was determined to be complete.

{00606} The reaction mixture was distilled under vacuum toa volume of ca. 12 L with a
maximum bath/jacket temperature of 50 °C. After the mixture was cooled to0 22 °C (19 to 25 °C),
water (12 kg) was charged. After the mixture was agitated at 22 °C (19 10 25 °C) for 1 to 2 hours,
crude 5-(3-fluorophenyl!}-3-methoxy-2-cyanopyridine {5} was isolated as a solid by filtration.
The filter cake was washed with methanol {0.95 kg) and pulled dry until no filtrate was observed.
{G0607] The crude 5-(3-fluorophenyl)-3-methoxy-2-cyanopyridine {5} was transferred into
an empty reactor with acetone (19.2 kg) and agitated at 22 °C (between 19 to 25 °C) until all
solids dissolved {~1 hour}.

{00608] A celite pad (ca. 17) was packed in a 3 L glass Buchner funnel and wetted with
acetone. Activated carbon Darco G-60 (0.24 kg) was packed on the top of the celite pad. A
second celite pad (ca 17} was packed on the top of the carbon and wetted with acetone. The

acetone solution was filtered through the carbon/celite pad and rinsed with acetone (4.8 kg).
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{00609 The acetone solution was distilled under vacuum (bath temperature of 50 °Clto a
volume of 4.8 L. Methanol (3.6 kg) was charged and the suspension and concentrated to 4.8 L.
The acetone chasing was repeated twice. The slurry was agitated at 22 °C (1910 25 °C) for 2 to
3 hours, 5-(3-tfluorophenyl}-3-methoxy-2-cyanopyridine (5}, filtered and washed with methanol
(2.4 kg}.

180610} The isolated 5-(3-fluorophenyl}-3-methoxy-2-cyanopyridine {5) was dried under
vacuum at 45 °C to give 992.3 g 5-(3-fluorophenyl)-3-methoxy-2-cyanopyridine (3) in 84%
yield. Figure 78 depicts the 'H NMR spectrum of 5-(3-fluoropheny!}-3-methoxy-2-

cyanopyridine (5).

6.53 Preparation of 5-(3-fluorophenyl}-3-hydroxypyridine-2-carboxylic

acid (6}
F F E F
Sy HCl —— SN N ~ . N
t
A en water A NH: | o 7 ~coH
OMe OMeO OMe 2 OH
5 - 5 5 - 6
40611 5-(3-fluorophenyl)-3-methoxy-2-cyanopyridine {1.35 kg, 1.0 eq) and 37%
J J }/ . . &0 -

aqueous HCI (9.72 kg) were charged to a 30 L reactor with condenser, agitator, nitrogen line and
scrubber containing ca. 20% aqueous sodium hydroxide. The reaction mixture was heated
gradually to 70 °C (67 to 73 °C) over 2 hours.

{00612] After the mixture was agitated at 70 °C (67 to 73 °C) for 3 hours, water (8.1 kg)
was charged. The reaction mixture was heated to reflux (108 to 110 °C) and agitated until the
reaction was determined to be complete when the total AUC of 5-(3-fluorophenyl)-3-methoxy-2-
cyanopyridine 5, 5-(3-fluorophenyl)-3-methoxypicolinamide (57} (See "H NMR in Figure 81)
and 5-(3-fluorophenyl}-3-methoxypicolinic acid (577) (See "H NMR in Figure 81) was less than
1% as measured by HPLC (16 to 48 hr expected).

{00613] An alternative procedure after the water is charged comprises oft a) refluxing for
ca. 16 hours, b) charging additional concentrated HCI (1.62 kg) to the reaction mixture; ¢}
refluxing for 6 hours; d) charging another portion of concentrated HCI (1.62 kg) to the reaction
mixture;, and ) refluxing for 12 hours; and 1) proceeding to HPLC analysis.
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{00614} After the reaction mixture was cooled to 22 °C (19 °C to 25 °C, water (4.05 kg),
was charged and the reaction mixture agitated at 22 °C (19 °C 1o 25 °C) for ca. 3 t0 4 hours. The
solids were 1solated by filtration, rinsed with water (6.75 kg) and dried.

{60615] The solid was transferred into a reactor with acetone (11.75 kg) and agitated at
reflux (ca 58 °C) for 2 hours. The mixture was cooled to 22 °C (19 °C to 25 °C) and agitated at
22 °( for 2 hours. The solid was isolated by filtration and rinsed with water (2.13 kg).

{60616} The solid was dried under vacuum at 45 to 50 °C until the water content was less
than 0.5% wt. 12003 g of 5-(3-fluorophenyl)-3-hydroxypyridine-2-carboxylic acid (6) was
obtained as an off-white solid in 84% yield. Figure 79 depicts the "H NMR spectrum of 5-(3-

fluorophenyl)-3-hydroxypyridine-2-carboxylic acid (6},
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654 Preparation of N-carboxymethyl-5-3-fluorophenyl)-3-

hydroxypyridine-2-carboxamide (1)

F
F
~
N +>H(C' + DIPEA PN
| g S O
= COH THF >‘YO 5 0

OH
6 o 7
F
o F
HZN\)kO/
HCI
. SN o
SN o T | H
| = N o~
ad o~ >H(o o)
8 OH O
g 9
& F
NaOH,
H,0
’ SN o aq HCl
THF | y SN %
N —_—
O/H o! ~tone - N Aon
OH O
- 10 - Compound 1
{60617} 5~(3-fluorophenyl)-3-hydroxypyridine-2~-carboxylic acid (1.8 kg), THF (7.2 kg)

and N, N-diisopropylethylamine (2.2 kg) were charged to a 30 L reactor with stirrer, addition
funnel, condenser, and nitrogen bubbler. The mixture was cooled to 3 °C (0 to 6 °C).

{00618} Trimethylacetyl chloride (2.05 kg, 2.2 eq) was added via an addition funnel to the
reaction mixture while keeping the temperature around 3 °C (0 to 6 °C). The reaction mixture
was agitated at 3 °C (0 to 6 °C) until the reaction was determined to be complete by HPLC (1 to
3 hours).

{00619] Glycine methyl ester HCI salt (1.21 kg, 1.25 eq.) was added to the reaction
mixture followed by N N-ditsopropylethylamine (1.31 kg, 1.30 eq.) while keeping the
temperature below 22 °C.

{60620} The reaction mixture was agitated at 22 °C (19 to0 25 °C) uniil deemed complete

by HPLC {4 to 12 hours expected).
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100621] Ethanol (4.32 kg) was added and the reaction mixture and agitated for 15 to 30
minutes. The reaction mixture was distilled under reduce pressure at a maximurn temperature of
45 °C to ca. S volumes. The solvent switch was repeated twice

{00622} Ethanol (4.32 kg) and water (9.0 kg) were added to the reaction mixture and
agitated at 22 °C (19 to 25 °C) for 3 hours. The solid was isolated by filtration, rinsed with a
mixture of water (1.8 kg) and ethanol (1.42 kg), followed by rinsing with water (1.8 kg}. The
solid was dried on the filter for ca. 2 hours. The resuiting solid was white to off-white and
contained 3 to 5% of methyl 2-(5-(3-flucrophenyl)-3-hydroxypicolinamido)acetate (8) (See 'H
NMR in Figure 83) and 94 to 97% 5-(3-fluorophenyl}-2-(2-methoxy-2-
oxoethylcarbamoyl)pyridin-3-yl pivalate (9) (See 'H NMR in Figure 82).

100623] The methyl 2-(5-(3-fluorophenyl)-3-hydroxypicolinamido)acetate (8) and 5-(3-
fluorophenyl}-2-(2-methoxy-2-oxoethylcarbamoylpyridin-3-yl pivalate (9) mixture, and THF
{11.16 kg) were charged to a 30 L reactor with stirrer, addition funnel, thermocouple and
nitrogen line. The mixture was agitated at 22 °C (19 to0 25 °C) until all solids dissolved,
followed by the addition of water (3.0 kg). A solution of 50% NaOH (1.85 kg) in water (1.8 kg}
was added to the reaction mixture while keeping the temperature around 3 °C (0 to 5 °C). The
reaction mixture was warmed to to 22 °C {19 to 25 °C) and agitated until the reaction was
deemed to be complete.

{00624] The reaction mixture was adjusted to ~ pH 2, by adding concentrated HCI (ca.
236 kg, 3.1 eq.) while keeping the temperature below 25 °C. The rection mixture was agitated at
22 °C (19 10 25 °C) for ca. 30 minutes to | hour. The organic phase was separated and filtered
through a one um filter..

[00625] The solution was distilled under reduced pressure at not more than 45°C to ca. 3
volumes. Acetone (5.65 kg) was charged, followed by distiltation under vacuum to ca. 3
volumes. Aftre the solvent chase was twice repeated, water {10.8 kg) was charged to the slurry,
followed by agitation at 22 °C (19 to 25 °C) for at least 2 hours. The solid was isolated by
filtration, washed with a mixture of acetone (1.42 kg) and water (1.8 kg}.

{60626} The solid was dried under vacuum at 50 °C to give 1818 4 g N-carboxymethyl-5-

(3-fluoropheny!)-3-hydroxypyridine-2-carboxamide (1) as a white to off white solid in 81%
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yield. Figure 80 depicts the 'H NMR spectrum of N-carboxymethyl-5-(3-fluoropheny!)-3-

hydroxypyridine-2-carboxamide (1).
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What is claimed is:

(A

~1

A crystal form comprising Compound 1, or a tautomer thereof’

F SN0
AN
OH O
1

which has an X-ray powder diffraction pattern comprising peaks at approximately

12.1,23.0 and 26.9 °28.

The crystal form of claim 1 which has an X-ray powder diffraction pattern further

comprising peaks at approximately 13.1, 16.6 and 20.1 °26.

The crystal form of claim 1 which has a thermogravimetric analysis thermogram
comprising no mass loss of the crystal form before about 155 °C when heated from

ahout 25 °C to about 300 °C.

The crystal form of claim | which has a differential scanning calorimetry
thermogram comprising an endotherm event with a maximum at approximately 186

°C when heated from about 25 °C to about 300 °C.
The crystal form of claim 1 which is anhydrous.
The crystal form of claim 1 which is substantially pure.

A crystal form comprising Compound 1, or a tautomer thereof’

OH

which has an X-ray powder diffraction pattern comprising peaks at approximately

43,86, 155, and 25.3 °26.
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The crystal form of claim 7 which has a thermogravimetric analysis thermogram
comprising a total roass loss of approximately 0.64% of the total mass of the crystal

form before about 155 °C when heated from about 25 °C to about 300 °C.

The erystal form of claim 7 which has a differential scanning calorimetry
thermogram comprising an endotherm event with a maximum at approximately

141.5 °C when heated from about 25 °C to about 300 °C.

The crystal form of claim 7 which has a differential scanning calorimetry
thermogram comprising an endotherm event with 2 maximum at approximately

185 .2 °C when heated from about 25 °C to about 300 °C.

ey

The crystal form of claim 7 which has a differential scanning calorimetry
thermogram comprising an exotherm event with a maximum at approximately 146.9

°C when heated from about 25 °C to about 300 °C.

The crystal form of claim 7 which is anhydrous.

The crystal form of claim 7 which retains a residual solvent.

The crystal form of claim 13, wherein the residual solvent is ethanol.
The crystal form of claim 7 which is substantially pure.

A crystal form comprising Compound 1, or a tautomer thereof’

F SN0
A iAo
OH ©
1

which has an X-ray powder diffraction pattern comprising peaks at approximately

44,86, 114 and 15.6 °28.
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The crystal form of claim 16 which has a thermogravimetric analysis thermogram
comprising a total roass loss of approximately 1.08% of the total mass of the crystal

form before about 150 °C when heated from about 25 °C to about 300 °C.

The erystal form of claim 16 which has a differential scanning calorimetry
thermogram comprising an endotherm event with a maximurm at approxamately 63.5

“C when heated from about 25 °C to about 300 °C.

The crystal form of claim 16 which has a differential scanmng calorimetry
thermogram comprising an endotherm event with a maximum at approximately 77.6

°C when heated from about 25 °C to about 300 °C.

The crystal form of claim 16 which has a differential scanning calorimetry
thermogram comprising an endotherm event with a maximum at approximately

134.9 °C when heated from about 25 °C to about 300 °C.

The crystal form of claim 16 which has a differential scanning calorimetry
thermogram comprising an endotherm event with a maximum at approximately

185.8 °C when heated from about 25 °C to about 300 °C.

The crystal form of claim 16 which has a ditferential scanning calorimetry
thermogram comprising an exotherm event with a maximum at approximately 143.0

°C when heated from about 25 °C to about 300 °C.

The crystal form of claim 16 which is anhydrous.

The crystal form of claim 16 which retains a residual solvent.

The crystal form of claim 24, wherein the residual solvent is methyl ethyl ketone.
The crystal form of claim 16 which is substantially pure.

A crystal form comprising Compound 1, or a tautomer thereof’

179



30

(8]
i

43
£

|8
(98]

WO 2016/118858 PCT/US2016/014517

which has an X-ray powder diffraction pattern comprising peaks at approxamately

43,74,86and 155 °20.

The crystal form of claim 27 which has a thermogravimetric analysis thermogram
comprising no mass foss of the crystal form before 155 °C when heated from about

25 °C to about 300 °C.
The crystal form of claim 27 which has a differential scanmng calorimetry

thermogram comprising an endotherm event with a maximum at approximately

185.2 °C when heated from about 25 °C to about 300 °C.

The crystal form of claim 29 which has a differential scanning calorimetry
thermogram comprising an exotherm event with a maximum at approximately 118.7

°C when heated from about 25 °C to about 300 °C.
The crystal form of claim 27 which is anhydrous.
The crystal form of claim 27 which is substantially pure.

A crystal form comprising Compound 1, or a tautomer thereof’

F | ~N H O
AN Ao
OH O
1
which has an X-ray powder diffraction pattern comprising peaks at approximately

43,86, 155 and 27.9 °28.
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The crystal form of claim 33 which has a thermogravimetric analysis thermogram
comprising a total roass loss of approximately 1.96 % of the total mass of the crystal

form before 165 °C when heated from about 25 °C to aboui 300 °C.

The erystal form of claim 33 which has a differential scanning calorimetry
thermogram comprising an endotherm event with a maximum at approximately

154.8 °C when heated from about 25 °C to about 300 °C.

The crystal form of claim 33 which has a differential scanmng calorimetry
thermogram comprising an endotherm event with 2 maximum at approximately

185.6 °C when heated from about 25 °C to about 300 °C.

The crystal form of claim 33 which has a differential scanning calorimetry
thermogram comprising an exotherm event with a maximum at approximately 156.7

°C when heated from about 25 °C to about 300 °C.

The crystal form of claim 33 which is anhydrous.

The crystal form of claim 33 which retains a residual solvent.

The crystal form of claim 39, wherein the residual solvent is ethyl acetate.
The crystal form of claim 33 which is substantially pure.

A crystal form comprising Compound 1, or a tautomer thereof’

F SN0
AN,
OH O
1

which has an X-ray powder diffraction pattern comprising peaks at approximately

40,42 and 152 °28.

The crystal form of claim 42 which has an X-ray powder diffraction pattern further

comprising peaks at approximately 7.9, 8 4 and 154 °26.
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The crystal form of claim 42 which has a thermogravimetric analysis thermogram
comprising a total roass loss of approximately 1.86% of the total mass of the crystal

form before 110 °C when heated from about 25 °C to aboui 300 °C.

The erystal form of claim 42 which has a differential scanning calorimetry
thermogram comprising an endotherm event with a maxirmur at approximately 64.1

“C when heated from about 25 °C to about 300 °C.

The crystal form of claim 42 which has a differential scanmng calorimetry
thermogram comprising an endotherm event with a maximum at approximately 91.3

°C when heated from about 25 °C to about 300 °C.

The crystal form of cla