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POLYMORPHIC FORMS AND METHODS OF PRODUCING POLYMORPHIC
FORMS OF A COMPOUND

BACKGROUND
Field

[0061] The present application relates to the fields of chemustry and medicine.
More particularly, the present application relates thyroid agonist compounds, polymorphic

forms, pharmaceutical compositions thereof, and their use as therapeutic agents.

Description of the Related Art

(6082} Thyroid hormones (TH)} are synthesized in the thyroid in response to
thyroid stimulating hormone (TSH), which is secreted by the pituitary gland in response fo
various stimulants {e.g., thyrotropin-releasing hormone (TRH) from the hypothalamus).
Thyroid hormones are todinated O-arvl fyrosine analogues excreted into the circulation
primarily as 3,35 S'-tetraiodothyronine (T4} T4 5 rapidly deiodinated in local tissues by
thyroxine 5'-deiodinase to 3,3’ 5'-triiodothyronine (T3), which is the most potent TH. T3 15
metabolized {o inactive metabolites via a variety of pathways, including pathways involving
detodination, glucuromdation, sulfation, deamination, and decarboxylation. Most of the
circulating T4 and T3 is elimimated through the hver,

[6003] The biological activity of THs 15 mediated largely through thyroid
hormone receptors {TRs). TRs belong to the nuclear receptor superfamily, which, along with
its common partoer, the retinoid X receptor, form heterodimers that act as ligand-inducible
transcription factors. Like other nuclear receptors, TRs have a hgand binding domain and a
DNA binding domain and regulate gene expression through ligand-dependent interactions
with BNA response elements {(thyroid response elements, TREs). Currently, the literature
shows that TRs are encoded by two distinet genes (TRo and TR}, which produce several
isoforms through alternative splicing (Williams, Mol Cell. Biol 20{22):8329-42 {2000},
Nagava et al., Biochem. Biophys. Res. Commun. 226(2y.426-30 (1996313, The major isoforms
that have so far been wdentified are TRo-1, TRae-2, TRB-1 and TRB-2Z. TRe-1 15 ubiqutously
expressed in the rat with highest expression in skeletal muscle and brown fat. TRB-1 15 also

ubiquitously expressed with highest expression in the liver, brain and kidney. TRB-2 s

-
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expressed in the anterior pituitary gland and specific regions of the hypothalamus as well as
the developing brain and inner ear. In the rat and mouse liver, TRE-1 15 the predominant
isoform {80%}). The TR isoforms found in human and rat are highly homologous with respect
to their amino acid sequences which suggest that each serves a specialized function.

[6084] TH’s affect the growth, metabolism and the physiological function of
nearly all organs. TH’s lower serum cholestero] and triglycenides. However, side effects of
TH action include cardiac arrhythmia, bone loss, nervousness, and anxiety.

[8005] TRP agonists may be useful as therapeutics for conditions such as

hepatitis, non-alcoholic fatty liver disease, non-alcoholic steatchepatitis (NASH), and a

variety of fibrotic disease and disorders. Accord

compounds with suitable stability properties for therapeutic use.

SUMMARY
[8006] In a first aspect of the present disclosure, provided herein ts a crystalline

form of Compound 1

C
O/\g“OH

N .
O (1), or a solvate thereof.

(60671 In some embodimuents of the first aspect, the crystaliine form may exhibit
an X-ray powder diffraction pattern cormprising at least one characteristic peak, wherein said
characteristic peak is selected from the group consisting of approxamately 5.1, 7.4, 10.1,
121,164, 173, 185, 20.5,21.4, 21.7, 22.1, 23.8, 241, 25.5, and 25.9 degrees 26. In some
embodiments, the crystalline form may exhibit an X-ray powder diffraction pattern
comprising at least three characteristic peaks, wherein said characteristic peaks are selected
from the group consisting of 5.1, 7.4, 10,1, 12,1, 16,4, 17.3, 185, 20.5, 21 4,217, 22.1, 23 8,
241, 255, and 25.9 degrees 28, In some emboduments, the crystalline form may have a
melting point of about 161 °C.

[BO08] In some embodiments, provided herein 1s a crystalline form of Compound

1, wherein the crystalline form may exhitut an X-ray powder diffraction pattern comprising
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at least one characteristic peak, wherein said characteristic peak is selected from the group
consisting of approximately 7.5, 8.1, 10.0, 154, 167, 183, 188,202, 210,223, 241, 25 1,
and 264 degrees 26. In some embodiments, the crystalline form may exhibit an X-ray
powder diffraction pattern comprnising at least three characteristic peaks, wherein said
charactenistic peaks are selected from the group consisting of 7.5, 8.1, 10.0, 154, 16.7, 18.3,
18.8,20.2, 21.0, 22.3, 24.1, 25.1, and 26.4 degrees 20.

[0009] In some embodiments, provided heremn is a crystalline form of Compound
1, wherem the crystallive form may exhibit an Xeray powder diffraction pattern comprising
at least one characteristic peak, wherem said characteristic peak 1s selected from the group
consisting of approximately 4.0, 8.0, 11.0, 120, 144, 146, 171, 185,192, 211, 21.7, 249,
and 25.7 degrees 28, In some embodiments, the crystalline form may exhibit an X-may
powder diffraction pattern comprising at least three characteristic peaks, wherein said
characteristic peaks are selected from the group consisting of 4.0, 8.0, 11.0, 12.0, 14,4, 14.6,
171,185, 19.2, 211, 217, 24.9, and 25.7 degrees 28. In some embodiments, the crystalline
form may have a DSC endotherm at about 70 °C or 158 °C.

(6010} In some embodiments, provided herein s a crystalline of Compound 1,
wherein the crystatline form may exhibit an X-ray powder diffraction pattern comprising at
least one characteristic peak, wherein said characteristic peak is selected from the group
consisting of approximately 76.1, 7.6, 113, 12.2, 165, 170, 173, 184, 186, 195, 197,
2007, 21.2, 22,5, 26.0, and 26.3 degrees 26. In some embodiments, the crystalline form may
exhibit an Xeray powder diffraction pattern comprising at least three characteristic peaks,
wherein said characteristic peaks are selected from the group consisting of 6.1, 7.6, 11.3,
12.2, 16.5, 17.0, 17.3, 18.4, 18.6, 19.5, 19.7, 20.7, 21.2, 22.5, 26.0, and 26.3 degrees 20. In
some ernbodiments, the crystalline form may have a DSC endotherrn at about 166 °C.

(60111 In some embodiments, provided herein is a crystalline form of Compound
I, wherein the crystalline form may exhibit an Xeray powder diffraction pattern comprising
at least one characteristic peak, wherein said characteristic peak 1s selected from the group
consisting of approximately 3.3, 5.0, 7.5, 149 163, 17.2, 194, 21.7, 247, 25.5, and 26.6
degrees 268, In some embodiments, the crystalline form may exhubit an Xeray powder
diffraction pattern comprnising at least three charactenistic peaks, wherein said characteristic

peaks are selected fromw the group consisting of 3.3, 5.0, 7.5, 149, 163, 172, 194, 217,
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2477 255, and 26.6 degrees 28. In some embodiments, the crystalline form may have a BSC
endotherm at about 96 °C or 166 °C.

[0012] In some embodiments, provided heremn is a crystalline of Compound 1,
wherein the crystalline form may exhibit an X-ray powder diffraction pattern comprising at
least one characteristic peak, wherein said characteristic peak 1s selected from the group
consisting of approximately 83, 155 156, 159, 17.0, 173, 179, 18,6, 208, 22.0, 23.0,
236,238,255, 257,260, and 26.7 degrees 28. In some embodiments, the crystalline form
may exhibit an X-ray powder diffraction pattern comprising at least three characteristic
peaks, wherein said characteristic peaks are selected from the group consisting of 8.3, 153,
156, 150, 17.0, 17.3, 17.9, 18.6, 20.8, 22.0, 23.0, 23.6, 23 8, 25.5, 25.7, 26.0, and 267
degrees 28. In some embodiments, the crystalline form may have a BSC endotherm at about
96 °C.

(6013} In some embodiments of the first aspect provided herein, the crystalline
form may be unsolvated. In other embodiments, the crystalline form may be solvated.

(0014} in a second aspect of the present disclosure, provided herein s a

crystalline form of Compound 1-A:

(1-A)}, or a solvate thereof.

001 5] In some embodiments, the crystalline form of Compound 1-A may exhibit
an X-ray powder diffraction pattern comprising at least one characteristic peak, wherein said
characteristic peak 15 selected from the group consisting of approximately 6.0, 13.3, 14.4,
14.8, 16,1, 178, 179, 187, 20.5, 20.§, 21.7, 22.9, 23.8, 24.9, 251, and 26.6 degrees 20. In
some embodiments, the crystaliine form may exhibit an X-ray powder diffraction pattern
comprising at least three characteristic peaks, wherein said characteristic peaks are selected
from the group consisting of 6.0, 13.3, 14.4, 14.8, 16.1, 17.8, 17.9, 18.7, 20.5, 20.8, 21.7.
229,238,249, 251, and 26.6 degrees 20. In some emboduments, the crystalline form may
have a melting point of about 148 °C. In some embodiments the crvstalline form may have

a melting point at about 152 °C. In some embodiments, the crystalline form may have a
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melting point at about 156 °C. In some embodiments, the crystalline form may have a
melting point at from about 146 °C to about 138 °C. In some embodiments, crystalline form
may have a melting pomnt at from about 148 °C to about 156 °C. In some embodiments,
crystalline form may have a DSC melting point at from about 146 °C to about 150 °C. In
some embodiments, crystallineg form may have a melting point at from about 152 °C to about
156 °C.

(6016} In some embodiments, the crystalime form of Compound 1-A may exhibit
an X-ray powder diffraction pattern comprising at least one characteristic peak, wheremn said
characteristic peak is selected from the group consisting of approximately &1, 12.2, 13.3,
13.6, 165,173, 183, 199, 20.2, 20.5, 21 .4, 21.9, 22.5, 22.8, 23.0, and 25.6 degrees 28. In
some embodiments, the crystaliine form may exhubit an Xeray powder diffraction pattern
comprising at feast three characteristic peaks, wherein said charactenistic peaks are selected
from the group consisting of 6.1, 12.2, 13.3, 13.6, 165, 173, 183, 199, 20.2, 205, 21 4,
21.9,22.5, 228, 23.0, and 25.6 degrees 28. In some embodiments, wherein the crystalline
form may have a melting pownt of about 139 °C.

[8017] In some embodiments, the orystalline form of Compound 1-A may
exhibits an X-ray powder diffraction pattern comprising at least one characteristic peak,
wherein said characteristic peak 15 selected from the group consisting of approximately 5.7,
6.2, 155, 164, 17.0, 185, 206, 21.2, 22.0, 233, and 261 degrees 20. In some
embodiments, the crystaline form may exhibit an Xeray powder diffraction patiern
comprising at least three characteristic peaks, wherein said characteristic peaks are selected
from the group consisting of 5.7, 6.2, 15,5, 16.4, 17.0, 185, 206, 21.2, 22.0, 23.3, and 26.1
degrees 26, In some embodiments, wherein the crystalline form may have a melting pont of
about 117 °C.

[0018] In some embodiments, the crystalline form of Compound 1-A may exhibit
an X-ray powder diffraction pattern comprising at least one characteristic peak, wherein said
characteristic peak s selected from the group consisting of approximately 6.2, 12,9, 14.0,
145, 165, 176, 180, 186, 203, 21.2, 22.7, 233, 24.0, and 26.1 degrees 20. In some
embodiments, the crystalline form may exiubit an Xeray powder diffraction pattern
comprising at least three characteristic peaks, wherein said characteristic peaks are selected

from the group consisting of 6.2, 12.9, 14.0, 14.5, 16.5, 17.6, 18.0, 18.6, 20.3, 21.2, 22.7.
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233, 24.0, and 26.1 degrees 28. In some embodimenis, the crystalline form may a melting
point of about 114 °C.

(6019 In some embodiments of the first aspect provided heremn, the crystalline
form of Compound 1-A may be unsolvated. In other embodiments, the crystalline form of
Compound 1-A may be solvated.  In some specific embodiments, the crystalline form of
Compound 1-A may be a hydrate. In some specific embodiments, the crystalline form of
Compound 1-A may be a monohydrate.

[6028] Also provided heremn 13 a pharmaceutical composition comprising a
therapeutically effective amount of one or more crysiailine forms described herein and one or
more pharmaceutically acceptable exciptents.

[0021] Also provided herein 15 a method of treating a disease or condition in a
subject, the method comprising administering to the subject a therapeutically effective
amount of a crystalline form described herein, wherein said disease or disorder 15 selected
from the group consisting of steatosis, non-alcohohic fatty liver disease (NAFLD)}, non-
alcoholic steatohepatitis (NASH), liver fibrosis, renal fibrosis, biliary fibrosis, pancreatic
fibrosis, chronic kidney disease, diabetic kidney disease, primary sclerosing cholangitis,
primary biliary cirrhosis, or idiopathic fibrosis.

(60221 In some embodiments, wherein the method may result in the prevention,
treatment, or amelioration, of a fibrosis, fibrotic condition, or fibrotic symptoms. In some
embodiments, the method may result in the reduction in the amount of extracellular matrix
proteins present in one or more tissues of said subject. In some embodiments, the method
may result in the reduction in the amount of collagen present in one or more tissues of said
subject. In some embodiments, the admunistration of the crystal forms described heremn may
result in the reduction in the amount of Type I, Type Ia, or Type HI collagen present in one
or more tissues of said subject.

[0023] In some embodiments, described herein 1s method of treating a disease or
disorder 1 a subject, the method comprising admiunustering to the subject a therapeutically
effective arnount of a solution prepared by dissolving a crystalline form described herein ina
pharmaceutically acceptable solvent, wheremn said disease or disorder 1s selected from the
group consisting of steatosis, non-alcohohic fatty liver disease (NAFLD), non-aleoholic

steatohepatitis (NASH), hver fibrosis, renal fibrosis, bilary fibrosis, pancreatic fibrosis,
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chronic kidnev disease, diabetic kidney disease, primary sclerosing cholangitis, primary
tihary circhosts, or idiopathic fibrosis.

[6024] In another aspect of the present disclosure, described herein 1s compound,

\N/"\\//Q}'i
HO™
having the structure OH {1-A}, or a solvate

thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[6025] FIGURE 1 s an X-ray powder diffraction pattern of crystaliine Form A of
Compound 1.

{6026} FIGURE 2 shows a differential scanning calorimetry and
thermogravumetric analysis overlay for crystaliine Form A of compound of Compound 1.

(00271 FIGURE 3 shows motsture sorption/desorption curves or crystalline Form
A of compound of Compound 1.

[0028] FIGURE 4 is an X-ray powder diffraction pattern of crystalline Form B of
Compound 1.

[6029] FIGURE § 1s an X-ray powder diffraction pattern of crystalline Form C of
Compound 1.

[0030] FIGURE ¢ shows a differential  scannimg  calorumetry  and
thermogravimetric analysis overlay for erystaliine Form C of coropound of Compound 1.

(0031} FIGURE 7 1s an X-ray powder diffraction patiern of crystalline Form I of
Compound 1.

[0032] FIGURE 8 shows a differential  scannimg  calorumetry  and
thermogravimetric analysis overlay for crystaliine Form DB of compound of Compound 1.

[6033] FIGURE 9 1s an X-ray powder diffraction pattern of crystalline Form E of
Compound 1.

{6034} FIGURE 10 shows a8 differential  scanming  calonmetry and

thermogravimetric analysis overlay for crystaline Form E of compound of Compound 1.
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{6035} FIGURE 11 1s an X-ray powder diffraction pattern of crystalline Form F
of Compound 1.

{6036} FIGURE 12 shows a differential scanning calorimetry and
thermogravimetric analysis overlay for crystalline Form F of compound of Compound 1.

6037} FIGURE 13 1s an X-ray powder diffraction pattern of crystalline Form 1
of Compound 1-A.

[603&] FIGURE 14 1s an X-ray powder diffraction patiern of crystalline Form 2
of Compound 1-A.

(60359 FIGURE 15 1s an X-ray powder diffraction pattern of crystalline Form 3
of Compound 1-A.

60401 FIGURE 16 shows a differential  scanning calornimetry  and
thermogravimetric analysis overlay for crystaliine Form 3 of compound of Compound 1-A

(60411 FIGURE 17 1s an X-ray powder diffraction pattern of crystalline Form 4
of Compound 1-A.

(00421 FIGURE 18 <shows a differential  scanmng  calorimetry  and

thermogravimetric analysis overlay for crystaliine Form 4 of compound of Compound 1-A.

DETATLED DESCRIPTION
[6043] Disclosed heremn are crystalline forms of Coropound 1, or solvates thereof,

and methods of crystallizing Compound. Compound 1 s shown below:

10844] Crystalline forms of Compound 1 include Forms A, B, C, D, E, and F
{described herein).
{6045} Disclosed herein is the (2-dimethylamino)ethanol (“deanol”} salt of

Compound 1, referred to herein as Compound 1-A.
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~ AOH
HO™ o R-OH
OH {1-A}.
[8046] Also disclosed heremn are crystalline forms of the deanol salt of Compound

(6047} Crystalline forms of Compound 1-A incluode Forms 1, 2, 3, and 4
(described herein}.

[0048] The present application relates to the first crystalline forms of Compound
1, as well as methods of crystallizing the various crystalline forms of Compound 1.

[0049] The present application relates to the first crystalline forms of Compound
1-A, as well as methods of crystallizing the various crystalling forms of Compound 1.-A

[0058] The crystalline forms provided herein advantagecusly exhibit improved
solubility, bioavailability, stability, processability and ease of manufacture. As a result,
Compound 1, particularly crystalline Form A, and Compound 1-A, particularly crystalline
Form 3, provide improved long-term stabiity. Accordingly, the crystalline forms provide
significant chinical improvements as TR agonists.

[0051] The present application also relates to the method using the crystalline
forros described heremn, for treating diseases and disorders by admnistering to a patient a
therapeutically effective amount of a composition comprising one or more crystalline forms
of Compound 1 and/or Compound 1-A, and one or more pharmaceutically acceptable

exeipients.

Crvstalline Forms of Compound |

[0052] Disclosed herein are crystalline forms of Compound 1 and wn particular
crystalline Form A, crystalling Form B, crystalline Form O, orystalling Form D, crystalline
Form E, and crystalline Form F. {described below}.  Unless otherwise stated, the Xeray

powder diffraction data provided herein was determined using a Cu Ko radiation source.

0.
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Crystalline Form A

[0053] Some embodiments include an unsolvated crystalline form of Compoound
1, referred 1o herein as crystalline Form A, The precise conditions for forming crystalline
Form A may be empirically determined and it 15 only possible to give a number of methods
which have been found to be suitable in practice.

[0054] Crystalline Form A was characterized using various techniques which are
described in further detail in the experimental methods section. FIGURE 1 shows the
crystalline structure of Form A as determuned by Xeray powder diffraction {(XRPD).
Crystalline Form A, which may be obtamned by the methods disclosed herein, exhibis
prominent peaks at approximately 5.1, 7.4, 10,1, 12,1, 164, 173, 185,205,214, 21.7, 221,
238, 241, 25.5, and 25.9 degrees 28, Thusg, 1w some embodiments, a crystalline form of
Compound 1 has at least one characteristic peak {(e.g., one, two, three, four, five, six, seven,
eight, mine, ten, eleven, twelve, thirteen, fourteen, or fifteen characteristic peaks) selected
from approxmmately 5.1, 7.4, 101, 12,1, 164, 173, 185, 20.5, 214, 21.7, 22,1, 23 8, 241,
255, and 25.9 degrees 26. In some embodiments, a crystaliine form of Compound 1 has at
least three characteristic peaks selected from approxamately 5.1, 7.4, 101, 121, 164, 17.3,
18.5,20.5,21.4, 21.7,22.1, 23.8, 24.1, 25.5, and 25.9 degrees 26.

[00S5] As 15 well understood 1o the art, because of the experimental variability
when X-ray diffraction patterns are measured on different instruments, the peak positions are
assumed to be equal if the two theta (28} values agree to within a certain degree of
variability. For example, the United States Pharmacopeia states that if the angular setting of
the 10 strongest diffraction peaks agree to within = 0.2 degrees with that of a reference
material, and the relative intensities of the peaks do not vary by more than 20%, the identity
15 confirmed.  Accordingly, in some embodiments, peak positions recited herein include
variability within = 0.5 degrees 28, In other embodiments, peak positions recited heremn
melude varability within £ 0.2 degrees 28, As disclosed herein, the term “approximately”
when referring to values of 28 1s defined as = 0.5 degrees 28,

[0056] FIGURE 2 shows results obtained by differential scanning calorimetry
(DSC) and thermogravimetric analysis for crystalline Form A, The DSC results indicate a
peak at a temperature of about 161 °C for Crystalline Forrn A, which indicates the melting

point for the crystal.  Accordingly, 1o some embodiments, Crystalline Form A exiubits a

-10-
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melting point from about 158 °C to 164 °C, from about 158 °C to about 166 °C, or at about
161 °C. Crystalline Form A was analysed by thermogravimetric gravimetric analysis (TG},
and in one instance exhibited a 1.78 % weight loss when carried out from 25 “C to 160 “C.
Meanwhile, FIGURE 3 shows dynamic vapor sorption {DVS) results for Crystaliine Form A,
and shows moderate water uptake.

[0057] Crystalline Form A can therefore be characterized as moderately
hygroscopic and stable over a wide range of humidity. Crystalline Form A also shows good
crystallinity and melting point 1s relatively high (approx. 161 °C) and crystal Form A does
not show any evidence of hydrate formation.

Crystalline Form B

[0058] Some embodiments include a solvated crystalline form of Compound 1,
referred to herem as crystalline Form B. The precise conditions for forming crystalline Form
B may be empirically determined and 1t 15 only possible to give a number of methods which
have been found to be suitable in practice.

[0059] Crystalline Forro B was charactenized using various techniques which are
described in further detail 1n the experimental methods section.  FIGURE 4 shows the
crystalline structure of Form B as determined by X-ray powder diffraction (XRPD).
Crystalline Form B, which may be obtained by the methods disclosed herein, exhibits
pronunent peaks at approximately 7.5, 8.1, 10.0, 154, 167, 183, 1838, 20.2, 21.0, 22.3, 24 1,
251, and 26.4 degrees 28, Thus, 0 some embodiments, a crystalling form of Compound 1
has at least one characteristic peak {e.g., one, two, three, four, five, six, seven, eight, nine,
ten, eleven, twelve, or thirteen characteristic peaks) selected from approximately 7.5, 8.1,
10.0, 154, 167, 183, 188, 202, 21.0, 22.3, 24.1, 251, and 26.4 degrees 28. In some
embodiments, a crystalline form of Compound 1 has at least three characteristic peaks
selected from approxamately 7.5, 8.1, 10.0, 154, 167, 183, 188,202, 21.0,223, 241, 251,
and 26.4 degrees 26,

[8060] Crystalline Form B shows evidence of solvate formation and is bkely a
solvate of 1sopropyl aleohol.

Crvstalline Form C

[8061] Some embodiments mnchude a crystalline form of Compound 1, referred to

herein as crystalline Form . The precise conditions for forming crystalline Form € may be

-11-
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empirically determined and it is only possible to give a number of methods which have been
found to be suitable in practice.

[6062] Crystalline Form € was characterized using various techniques which are
described in further detail in the experimental methods section. FIGURE 35 shows the
crystalline structure of Form  as determined by X-ray powder diffraction (XRPD).
Crystalline Form €, which may be obtained by the methods disclosed herein, exhibits
prominent peaks at approximately 4.0, 8.0, 11.0, 12.0, 14.4, 146, 17.1, 185, 19.2, 21.1, 21.7,
249, and 257 degrees 28. Thus, in some embodiments, a crystalline form of Compound 1
has at least one characteristic peak {e.g., one, two, three, four, five, six, seven, eight, nine,
ten, eleven, twelve, or thirteen characteristic peaks) selected from approximately 4.0, 8.0,
11.0, 12.0, 144, 146, 171, 185, 192, 21.1, 217, 249, and 257 degrees 26. In some
embodiments, a crystalline formn of Compound 1 has at least three charactenstic peaks
selected from approximately 4.0, 8.0, 11.0, 12,0, 144, 146,171, 185,192, 21.1, 21.7, 24.9,
and 25.7 degrees 26

{60631 FIGURE 6 shows results obtained by differential scanning calorimetry
{(DSC) and thermogravimetric analysis for crystalline Form €. The DSC results indicates
endotherms at 70 °C and 158 °C for crystalhine Formn €. Crystalline Form C was analvsed by
thermogravimetric gravimetric analysis (TG), and in one instance exhibited a 4.4 % weight
loss when carried out from 25 °C to 110 °C. Crystalline Form C becomes non-crystalline
when heated to 115 °C

Crvstalline Form D

[0064] Some embodiments include a crystalline form of Compound 1, referred to
heremn as crystalline Form D, The precise conditions for formung crystalline Form D may be
empirically determuned and 1t is only possible to give a number of methods which have been
found to be suitable in practice.

[8065] Crystalline Form B was characterized using vartous technigues which are
deseribed n further detail in the experimental methods section. FIGURE 7 shows the
crystalline structuwre of Form D as determined by Xeray powder diffraction (XRPD).
Crystalline Form Db, which may be obtained by the methods disclosed heremn, exbibits
prominent peaks at approxamately 6.1, 7.6, 11.3, 122, 16.5, 17.0, 173, 184, 18,6, 19.5, 197,

207,212,225, 260, and 26.3 degrees 28, Thus, in some embodiments, a crystalline form
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of Compound 1 has at least one characteristic peak (e.g., one, two, three, fowr, five, six,

seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, or sixteen characteristic
peaks}) selected from approximately 6.1, 7.6, 11.3, 12.2, 16.5, 17.0, 173, 184, 186, 195,
197,207, 21.2,22.5,26.0, and 26.3 degrees 28. In some embodiments, a crystalline form of
Compound 1 has at least three characteristic peaks selected from approxamately 6.1, 7.6,
11.3,12.2, 165, 17.0, 17.3, 184, 186, 195, 197, 207, 21.2, 22.5, 26.0, and 26.3 degrees
28.

[0066] FIGURE 8 shows results obtained by differential scanning calorimetry
{DSC) and thermogravimetric analysis for crystalline Form D The DSC results indicate an
endotherm at 166 °C for crystalline Form D, which indicates the melting point for the crystal,
Crystalline Form D was analysed by thermogravimetric gravimetric analysis (T(G), and m
one 1nstance exhibited a 3.875 % weight loss when carned out from 25 °C to 140 °C,
mdicating a possible hydrate.

Crvstalline Form B

[8067] Some embodiments include an unsolvated crystalline form of Compound
1, referred to herein as crystalline Form E. The precise conditions for formimg crystalline
Form E may be empirically determuned and 1t 15 only possible 1o give a number of methods
which have been found (o be suitable in practice.

[8068] Crystalline Form E was characterized using various techniques which are
deseribed n further detail in the experimental methods section. FIGURE 9 shows the
crystalline structwre of Form E as determuned by X-ray powder diffraction (XRPD).
Crystalline Form E, which may be obtained by the methods disclosed herein, exhibits
prominent peaks at approximately 3.3, 5.0, 7.5, 14.9, 163, 172, 194, 21.7, 247, 255, and
26.6 degrees 28, Thus, in some embodiments, a crystaliine form of Compound 1 has at least
one characteristic peak {e.g. | one, two, three, four, five, six, seven, eight, nine, ten, or eleven
characteristic peaks) selected from approxamately 3.3, 5.0, 7.5, 149, 163, 17.2, 194, 21.7,
247,255, and 26.6 degrees 28, In some embodiments, a crystalline form of Compound 1
has at least three charactenstic peaks selected from approxamately 3.3, 5.0, 7.5, 149, 16.3,
17.2,19.4, 217,247, 255, and 26.6 degrees 26.

[5069] FIGURE 10 shows resulis obtained by differential scanning calonimetry

(DSCY and thermogravimetric analysis for crystalline Form E. The DSC results indicate
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endotherms at 96 °C and 166 °C for crystalline Form E. Crystalline Form E was analysed by
thermogravimetric gravimetric analysis {(TG), and in one instance exhibited a 2.5 % weight
loss when carried out from 25 °C 1o 125 °C, however, the loss of mass is not attributed to
soivent.

Crystalline Form F

[0070] Some embodiments include a solvated crystalline form of Compound 1,
referred to herein as crystalline Form F. The precise conditions for forming crystalline Form
F may be empirically determined and 1t is only possible to give a number of methods which
have been found to be suitable 1n practice.

(0071} Crystalline Form F was characterized using various technigues which are
described in further detail in the experimental methods section. FIGURE 11 shows the
crystalline structure of Form E as determined by Xeray powder diffraction (XRPD)
Crystailline Form E, which may be obtained by the methods disclosed herein, extubits
prominent peaks at approximately 83, 155, 15,6, 159, 17.0, 173, 179, 18.6, 208, 22.0,
23.0, 23.6, 238, 255, 257, 260, and 267 degrees 28. Thus, m somwe embodiments, a
crystalline form of Compound 1 has at feast one charactenistic peak {e.g., ong, two, three,
four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, or
seventeen characteristic peaks) selected from approximately 8.3, 155, 156, 159, 17.0, 173,
17.9, 186, 20.8, 22.0, 23.0, 23.6, 23.8, 25.5, 25.7. 26.0, and 26.7 degrees 28. In some
embodiments, a crystalline form of Compound 1 has at least three characteristic peaks
selected from approximately 8.3, 15.5, 156, 159, 17.0, 17.3, 17.9, 186, 20.8, 22.0, 23.0,
236,238, 255,257,260, and 26.7 degrees 28.

(60721 FIGURE 12 shows results obtained by ditferential scannung calorimetry
(DSC) and thermogravimetric analysis for orystalline Form F. The DSC results indicate an
endothermy at 96 °C for crystalhine Form F. Crystallineg Form F was analysed by
thermogravimetric gravimetric analysis (TG), and in one instance exhibited a 2.75 % weight
loss when carried out from 25 °C to 90 °C. 'H-NMR results (not shown) indicate the

formation of a dimethyHormamude solvate.
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Compound 1-A and Crystalline Forms thereofl

{607 3] Disclosed herein s Compound 1-A, which 15 the {2-
dimethyiaminojethanol (“deansi™) salt of Compound 1. The structure of Compound 1-A 1s

provided below.

SOt
o R -OH |
OH (1-A}.

hope

{6074 Also disclosed hergin are crystalline forms of Compound 1-A, and in
particular crystalling Form 1, crystaliine Form 2, crystalline Form 3, and crystalling Form 4.
{described below). Unless otherwise stated, the X-ray powder diffraction data provided
herein was determined using a Cu Ko radiation source.

Crvstalline Form 1

[0075] Some embodiments include an unsolvated crystalline form of Compound
1-A, referred to herein as crystalline Form 1. The precise conditions for forning crystalline
Form | may be empirically determined and 1t is only possible to give a number of methods
which have been found to be suitable in practice.

10076} Crystalline Form 1 was characterized using various techniques which are
described in further detail in the experimental methods section. FIGURE 13 shows the
crystalline structure of Form 1 as determined by Xeray powder diffraction (XRPD).
Crystalline Form 1, which may be obtained by the methods disclosed heremn, exhibits
prominent peaks at approximately 6.1, 12.2, 13.3, 13.6, 16,5, 17.3, 183, 19.9, 20.2, 20.5,
21.4,21.9 225 228, 230, and 25.6 degrees 28, Thus, in some embodiments, a crystalhine
form of Compound 1-A has at least one characteristic peak {e.g., one, two, three, four, five,
six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, or sixteen characteristic
peaks) selected from approximately 6.1, 12.2, 13.3, 13,6, 165, 173, 183, 199, 202, 205,
21.4,21.9,22.5,22.8, 23.0, and 25.6 degrees 28. In some embodiments, a crystalline form of
Compound 1-A has at least three characteristic peaks selected from approximately 6.1, 12.2,
13.3, 13.6, 16.5, 17.3, 183, 19.9, 20.2, 20.5, 214, 21.9, 22.5, 22.8, 23.0, and 25.6 degrees
28.
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(8077} DVS results {not shown) indicate that Crystalline Form 1 1s moderately

hiygroscopic. DSC analysis indicates a melting point of about 139 °C for crystalline Form 1.

Crvstalline Form 2

[607&] Some embodiments include an unsolvated crystalline form of Compound
1-A, referred to herein as crystalline Form 2. The precise conditions for forming cryvstalline
Form 1 may be empirically determined and it 15 only possible to give a number of methods
which have been found to be suitable in practice.

(0074 Crystalline Form 2 was characterized using various techniques which are
described in further detail in the experimental methods section. FIGURE 14 shows the
crystalline structure of Form 2 as determined by X-ray powder diffraction (XRPD).
Crystalline Formy 2, which may be obtained by the methods disclosed herein, exhibits
promunent peaks at approximately 5.7, 6.2, 15.5, 16,4, 17.0, 18.5, 20,6, 212, 22.0, 23.3, and
261 degrees 28. Thus, n some erobodiments, a crystalline forrmn of Compound 1-A has at
least one characteristic peak {e.g., one, two, three, four, five, six, seven, eight, nine, ten, or
eleven characteristic peaks} selected from approximately 5.7, 6.2, 155, 16 4, 17.0, 18.5, 20.0,
212, 220, 233, and 261 degrees 268. In some embodiments, a crystalline form of
Compound 1-A has at least three characteristic peaks selected from approximately 5.7, 6.2,
15.5,16.4, 17.0, 18.5, 20.6, 21.2, 22.0, 23.3, and 26.1 degrees 26.

[608¢] DVS results (not shown) indicate that Crystalline Form 2 18 moderately
hygroscopic. DSC analysis indicates a melting point of about 117 °C for crystalline Form 2.

Crystalline Form 3

(00811 Some embodiments mclude a crystalline form of Compound 1-A, referred
1o heremn as ¢rystalline Form 3. The precise conditions for forming crystalline Form 3 may
be empirically determuned and it is only possible to give

[6082] Crystalline Form 3 was characterized using various techmques which are
described i further detail wn the expenmental methods section.  FIGURE 15 shows the
crystalline structure of Form 3 as determined by Xeray powder diffraction (XRPD).
Crystalline Formy 3, which may be obtained by the methods disclosed heremn, exbibits
prominent peaks at approximately 6.0, 133, 144, 1438, 16.1, 178, 17.9, 187, 205, 208,

217,229, 238 249 251, and 26.6 degrees 28. Thus, in some embodiments, a crystalline
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form of Compound 1-A has at least one characteristic peak {e.g., one, two, three, four, five,
stx, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, or sixteen characteristic
peaks} selected from approximately 6.0, 13.3, 144, 148, 161, 178, 17.9, 187, 205, 208,
217,229,238, 249, 251, and 26.6 degrees 28. In some embodiments, a crystalline form of
the compounds of Formula (I) has at least three characteristic peaks selected from
approximately 6.0, 13.3, 14.4, 14.8, 16.1, 17.8, 17.9, 18.7, 20.5, 20.8, 21.7, 22.9, 23.8, 24.9,
251, and 26.6 degrees 26,

[0083] FIGURE 16 shows DSC and TGA resulis for crystalline Forra 3. The
DSC resulis show two endotherms: the first at a temperature of about 117 °C mmdicating the
loss of water and 156 °C, whuch indicates the melting point for the crystal.  Accordingly, n
some embodiments, crystaliine Form 3 exiubiis a melting point from about about 148 °C,
152 °C, or at about 156 °C. In some embodiments, crystalline Form 3 may have a melting
point at from about 146 °C to about 158 °C, or at from about 148 °C to about 156 °C. In
some embodiments, crystalline Form 3 may have a DSC melting pomnt at from about 146 °C
to about 150 °C or at from about 152 °C to about 156 °C.. 'H-NMR results are consistent
with a 1:1 molar salt of Compound 1 and deanol. Crystalline Form 3 was analyzed by
thermogravimetric gravimetric analysis (TG), and in one mnstance exhibited a 3.85 % weight
loss when carried out from 25 °C 10 90 °C and a 2.09% weight loss when carried out from 90
°C to 150 °C. DVS data {(not shown)} indicates shght water uptake. Karl Fisher titration
indicates that Crystalline form 3 15 2 monchydrate.

Crystalline Form 4

{6084 Some embodiments include an unsolvated crystalline form of Compound
1-A, referred to herein as crystalline Form 4. The precise conditions for forming crystalline
Form 4 may be empirically determined and it 1s only possible to give a number of methods
which have been found to be suitable in practice.

[0085] Crystalline Form 4 was characterized using vanous technigues which are
described in further detail in the experimental methods section. FIGURE 17 shows the
crystalline structure of Form 4 as determined by X-ray powder diffraction (XRPD)
Crystalline Form 4, which may be obtained by the methods disclosed heren, exhibis
prominent peaks at approximately 6.2, 12.9, 14.0, 145, 16.5, 176, 180, 18.6, 203, 21 .2,

227, 233, 24.0, and 26.1 degrees 28 Thusg, 1w some embodiments, a crystalline form of
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Compound 1-A has at least one characternistic peak {(e.g., one, two, three, four, five, six,
seven, eight, nine, ten, eleven, twelve, thirteen, or fourteen characteristic peaks} selected
from approximately 6.2, 12.9 140, 145, 165, 17.6, 180, 18.6, 203, 21.2, 22.7, 23.3, 24 .0,
and 26.1 degrees 26 In some embodiments, a crystalline form of the compounds of Formula
(1) has at least three characteristic peaks selected from approximately 6.2, 12.9, 14.0, 14.5,
16.5,17.6,18.0, 18,6, 20.3, 21.2,22.7, 233, 24.0, and 26.1 degrees 26.

[0086] FIGURE 17 shows DSC and TGA results for crystalline Form 4. The
DSC results an endotherm at 114 °C, which indicates the melting point for the crystal
Accordingly, 1n sorne embodiments, crystalline Form 4 exhubits a melting point from about
111 °C to 117 °C, frora about 106 °C to about 116 °C, or at about 114 °C. 'H-NMR results
are consistent with a 1.1 molar salt of Compound 1 and deanol. Crystalline Form 4 was
analyzed by thermogravimetric gravimetric analysis {T(G), and 1 one instance exhibited a

0.44% weight loss when carried out from 25 °C to 120 °C.

Methods of Cryvstalizing Compound 1 and 1-A

[8087] Disclosed are methods of crystalizing Compound 1. Crystalline forms of
Compound 1 may generally be obtained or produced by crystallizing Compound 1 under
controlled conditions. In some embodiments, the method may produce an unsolvated
crystalline form. In some embodiments, the method may produce a solvated crystal form. In
some embodiments, the method may produce the crystalline Form A, In some embodiments,
the method may produce the crystaliine Form B, In some embodiments, the method may
produce the crystalline Form €. In some embodiments, the method may produce the
crystalline Form D, In some embodiments, the method may produce the crystalline Form E.
In some embodiments, the method may produce the crystalline Form F. In some
embodiments, the method may produce a muxture of any of the aforementioned crystalline
forms.

[6088] Also disclosed are methods of crystalizing Compound 1-A. Crystalline
forms of Compound 1 may generally be obtamed or produced by crystallizing Compound 1-
A under controlled conditions. In some embodiments, the method may produce an
unsoivated crystalline form. In some embodiments, the method may produce a solvated

crystal form.  In some embodiments, the method may produce the crystalline Form 1. In
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some embodiments, the method may produce the crystalline Form 2. In some embodiments,
the method may produce the crystalline Form 3. In some embodiments, the method may
produce the crystalline Form 4. In some embodiments, the method may produce a mixture of
any of the aforementioned crystalline forms.

{6089 in some embodiments, the method may comprise dissolving an amorphous
form of Compound T or Compound 1-A in a first solvent to create a first solution. In some
embodiments, the method may comprise dissolving a crystalline form of Compound 1 or
Compound I-A 1n a first solvent to create a first solution. In some embodiments, the method
may comprise dissolving a nuxture of amorphous and crystalline forms of Compound 1 or
Compound I-A 1n a first solvent to create a first solution. In some embodiments, the method
may comprise adding a second solvent to the first solution to create a second mixture. In
some embodiments, the method may comprise evaporating the second mixture. In some
embodiments, the method may comprise cooling the second mixture. In some embodiments,
the second mixture may be cooled to 25 °C, 20 °C, 153 °C, 10°C, 3°C,0°C, -5 °C, -10 °C, -
20 °C, <25 °C, any range between any of these values, or below -25 °C.

6090} In some embodiments, the method may comprise solating the orystalline
form of Compound 1 or Compound 1-A. In some embodiments, isolation may performed by
filiration, such as hot-filtration. In some embodiments, the isolated product may be dried,
such as by air drying.

[6091] In some embodiments, the first solvent may be a single solvent. In some
embodiments, the first solvent may be a mixture of two or more solvents. In some
embodiments, the first solvent may be acetone, acetonitrile, 1 4-dioxane,
dimethyiformamide, ethanol, ethyl acetate, diethyl ether, methanol, methyl ethyl ketone, 2-
methyltetrahydrofuran, isopropanct, n-propanol, isopropyl acetate, tetrahydrofuran, water, or
a mixture thereof

[6092] In some embodiments, the second solvent may be a single solvent. In
some embodiments, the second solvent may be a mixture of two or more solvents. In some
embodiments, the first solvent may comprise acetone, acetomtrile, 1 4-dioxane,
dimethylformamide, ethanol, ethyl acetate, diethyl ether, methanol, methyl ethyl ketone, 2-

methyltetrahydrofuran, isopropanc!, n-propanol, isopropyl acetate, tetrahydrofuran, water, or
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a mixture thereof. In some embodiments, the second solvent may comprise toluene, hexanes,
walter, dichloromethane, or a combination thereof,

{6093} In some embodiments, the method may further comprise agitation. In
some embodiments, agitation may be performed by stirring.  In some embodiments, agitation
may be performed by sonication.

[0094] In some embodiments, portions of the method may performed at the same
temperature. In some embodimenis, portions of the method may be performed at various
temperatures. In some embodiments, portions of the method may be performed at room
temperature. In some embodiments, portions of the method may be performed at -40 °C to
200 °C. In some embodiments, portions of the method may be performed at -40 °C 10 25 °C.
In some embodiments, portions of the method may be performed at -25 °Ct0 -10°C. In

~

some embodiments, portions of the method may be performed at 2 °C 1o 8 °C. In some
embodiments, portions of the method may be performed at 50 °C to 60 °C. In some
embodiments, portions of the method may be performed at 65 °C 10 75 °C. In some
embodiments, portions of the method may be performed at 75 °C to 150 °C. In some
embodiments, portions of the method may mclude the first solution, second muxture, seeded
nuxture, 1solation of the crystailine form, and agitation.

[6095] In some embodiments, the crystalline form of Compound 1-A may be
prepared by dissolving a crystalline or amorphous form of Compound 1 1 a first solvent to
create a first solution; dissolving T molar equivalent of (2-dimethylamingojethanol in a second
solvent to create a second solution; combining the first solution and the second solution to
form a combmed solution.  In some embodiments the f{irst solvent may comprise acetone,
acetonitrile, 1 4-dioxane, dimethylformamude, ethanol, ethyl acetate, diethyl ether, methanol,
methyl ethyl ketone, 2-methyltetrahydrofuran, sopropanocl, n-propanol, 1sopropyl acetate,
tetrahydrofuran, water, or a mixture thereof. In some embodiments, the second solvent may
comprise acetone, acetomirile, 1 4-dioxane, dimethylformamide, ethanol, ethyl acetate,
diethyl ether, methanol, methyl ethvi ketone, Z-methyltetrahydrofuran, sopropancl, n-
propanol, isopropyl acetate, tetrahvdrofuran, water, or a mixture thereof In some
embodiments, the first solvent and second solvent may the same. In some embodiments, the
first solvent and second solvent may be different. In some embodiments, the combined

solution may be further agitated, evaporated, and/or cooled as described herem.
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[6096] In some embodiments, crystalline Form A of Compound 1 may be
prepared by dissolving a quantity of Compound 1 in a minimal solvent at a first temperature
to form a first solution. In some embodiments, the solvent may be acetonitrile. In other
embodiments, the solvent may be ethyl acetate. In yet other embodiments, the solvent may
be acetone. In still vet other embodiments, the solvent may be diethvi ether. In other
embodiments the solvent may by methyl ethyl ketone. In some embodiments, the first
temperature is from 40 °C to 60 °C or 45 °C to 55 °C. In some specific embodiments, the
first ternperature 1s about 50 °C.  In some embodiments, the first solvent may be cooled to a
second temperature. In some embodiments, the second temperature may be -5 °C to -25 °C
or -10 °C to -20 °C.  In other embodiments, the second temperature may be room

~

temperature. In some specific embodiments, the second temperature s about -15 °C.  In
some embodiments, an antisolvent may be added to the first solution prior to cooling. In
some embodiments, the antisolvent is hexane In other embodiments, the antisolvent is
toluene,

(60971 In some embodiments, crystalling Form A of Compound 1 may be
prepared by combining a quantity of Compound 1 1 a solvent at room temperature and
nulling the sohid  In some embodiments the quantiy of Compound 1 15 20 mg and the
quantity of solvent 13 10 pl. To some embodiments, the solvent is acetone, acetonutrile,
ethanol, ethyl acetate, methanol, methyl ethyl ketone, tetrahydrofuran, or water,

{6098} In some embodiments, crystalline Form A of Compound 1 may be
prepared by adding Compound 1 10 a solvent to form a slurry.  In some embodiments, the
solvent 13 dichioromethane. In other embodiments, the solvent 13 waler. In some
embodiment the slurry may be stured at 20, 25, 30, 35, 40, 45, or 50 °C. In some
embodiments, the shurry may be stured for 1, 2, 3, 4, 5, 6, or 7 days or more.

[5099] In some embodiments, crystalline Form B of Compound 1 may be
prepared by combiming a quantity of Compound 1 m a solvent at room temperature and
miiling the solid. In some embodiments the quantity of Compound 1 1s 20 mg and the
quantity of solventis 10 gL, In some embodiments, the solvent is 1sopropanol.

[0160] In some embodiments, crystalline Form € of Compound 1 may be

prepared by dissolving a quantity of Compound 1 i a munimal amount solvent at room
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temperature leaving the solid to evaporate. In some embodiments, the solvent is acetone,
acetonitrile, 1,4-dioxane, ethanol, methanol, isopropancl, water, or a mixture thereof.

0181} In some embodiments, crystalline Form D of Compound 1 may be
prepared by dissolving a quantity of Compound 1 in a minimal solvent at a first temperature
to form a first solution. In some embodiments, the solvent may be acetone.  In other
embodiments, the solvent may be tetrahydrofuran. In vet other embodiments, the solvent
may be ethanol In still vet other embodiments, the solvent may be water. In other
embodiments the solvent may be methanol/water (95/5 v/v}). In some embodiments, the first
temperature 15 from 40 °C to 60 °C or 45 °C to 55 °C. In some specific embodiments, the
first temperature 15 about 50 °C.  In some specific embodiments, the first temperature is
about 60 °C. In some embodiments, the first solvent may be cooled to a second temperature.
In some embodiments, the second temperature may be -5 °C to -25 °C or -10 °C to0 -20 °C.
In other embodiments, the second temperature may be room temperature. In some specific
embodiments, the second temperature 15 about -15 °C. In some embodimenis, an
antisolvent may be added to the first solution prior to cooling. In some embodiments, the
solvent 15 THF and the antisolvent 1s water. In some embodiments, the solvent 1s THF and
the antisolvent is hexane. In some embodiments, the solvent 18 THF and the antisolvent s
dichloromethane,

(61021 In some embodiments, crystaliime Form E of Compound 1 may be
prepared by dissolving 3 quantity of Compound 1 i a mumimal solvent at a first temperature
to form a furst solution. In some embodiments, the solvent may be acetonitrile and water
95:5 {v/v). In other embodiments, the solvent may be methanol. In some embodiments, the
soivent 15 diethyl ether. In other embodiments, the solvent 1s methyl ethyl ketone. In some
embodiments, the solvent may be methanol. In some embodiments, the first temperature 1s
from 40 °C 1o 60 °C or 45 °C 10 55 °C. In some specific embodiments, the first temperature
is about S0 °C.  In some specific embodiments, the first temperature 1s about 60 °C. In
some embodiments, the first solvent may be cooled to a second temperature. In some
embodiments, the second temperature may be -5 °C 10 -25 °C or -10 °C to0 -20 °C. In other
embodiments, the second temperaiure may be room temperature.  In some specific
embodiments, the second temperature is about -15 °C. In some embodiments, an antiselvent

may be added to the first solution prior to cooling. In some embodiments, the solvent is
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methano! and the antisolvent 13 toluene. In some embodiments, the solvent 1s isopropanol
and the antisolvent 15 hexane In some embodiments, the solvent is diethyl ether and the
antisolvent 18 dichloromethane.  In some embodiments, the solvent is methanol and the
antisolvent 13 dichloromethane. In some embodiments, the solvent is methyl ethyl ketone
and the antisolvent is dichloromethane.

[0103] In some embodiments, crystalling Form F of Compound 1 may be
prepared by dissolving a quantity of Compound 1 i a munimal amount solvent at room
temperature leaving the solid to evaporate In some embodiments, the solvent is
dimethyiformanide.

[0104] In some embodiments, crystalline Form F of Compound 1 may be
prepared by dissolving a quantity of Compound 1 in a mimimal solvent at a first temperature
to form a first solution. In some embodiments, the solvent may be dimethylformamide. In
some embodiments, the first temaperature 15 from 40 °C to 60 °C or 45 °C to 55 °C. In some
specific embodiments, the first temperature is about 50 °C.  In some embodiments, the first
solvent may be cooled to a second temperature.  In some embodiments, the second
temperature may be -3 °C1o -25 °C or -10 °C t0 -20 °C. In some specific embodiments, the
second temperature 15 about -15 °C. In some embodiments, an antisolvent may be added to
the first solution prior to cooling. In some embodiments, the antisolvent 15 toluene.

[0105] In some embodiments, crystalline Form 1 of Compound 1-A may be
prepared by combining Compound 1 with a solvent to form a first solution and adding said
solution to T molar equivalent of {Z-methyvlaminio)ethanol to form a second solution. The
second solution may be stirred at room temperature for 1, 2, 3, 4, S, or more days. In some
embodiments, the first solution wmay be somcated prior to  addition o {2-
methylaminiojethanol. In some embodiments, the solvent s acetone. In other embodiments,
the solvent 15 1,4-dioxane. In yet other embodiments, the soivent is diethyl ether. In some
embodiments, the solvent 1s sopropancl. In other embodiments, the solvent s
tetrahydrofuran. In some embodiments, the solvent 15 methyl ethyl ketone.

[6186] In some embodiments, crystalline Form 3 of Compound 1-A may be
prepared by combining Compound 1 in a first solvent to form a first solution.  In some
embodiments, the first solvent may be acetone. In some embodiments, the aceione may

&
contain 0.5%, 1.0%, 1.5%, 2.0%, 2.5%, 3.0%, 3.5%, 4.0%, 4.5%, or 5.0% water. In some
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embodiments, the first solution may be added to a second solution of 2-
{dimethylaminc}ethanol in a second solvent to form a third solution. In some embodiments,
the second solvent may be acetone. In some embodimenis, the acetone may contain 0.5%,
1.0%, 1.5%, 2.0%, 2.5%, 3.0%, 3.5%, 4.0%, 4.5%, or 5.0% water. In some embodiments the
molar ratio of 2-{dimethylamino)ethanol to Compound 1-A 15 111, 1.05:1, 1.1, 1L.2:1, 1.3,
141, or 115 to 1. In some embodiments, molar ratio of 2-(dimethyvlaminolethano! to
Compound 1-A s from 1.1 to 1.1:1. In some specific embodiments, molar ratio of 2-
{dimethylamino)ethanol to Compound 1-A 15 1.05:1. In some embodiments, the first
solution may be added to the second solution over a period of 5, 10, 15, 20, 25, or 30 minute
or more. In some embodiments, a slurry 1s formed upon addition of the first solution to the
second solution. In some embodiments, additional solvent may be added to the slurry. In
some embodiments, the additional solvent is aceione. In some embodiments, the acetone
may contain 0.5%, 1.0%, 1.5%, 2.0%, 2.5%, 3.0%, 3.5%, 4.0%, 4.5%, or 5.0% water

(0167} In some embodiments, crystalline Form 3 of Compound 1-A may be
prepared by combining Compound 1 with | molar equivalent of (2-methylamimo)ethanol
pre-dissolved 1 ethanol form a solution.  In some embodiments, the solution may be
sorucated and allowed to evaporate uotdd solids form. In some embodiments, the solution
moay be stirred at room temperature for 1, 2, 3, 4, 5, or more days.

[6108] In some embodiments, crystalline Form 4 of Compound 1-A may be
prepared by cornbining Compound 1 with a solvent to forro a first solution and adding said
solution to T molar equivalent of (2-methylaminiojethanol to form a second solution. The
second solution may be stirred at room temperature for 1, 2, 3, 4, S, or more days. In some
embodiments, the first solutton wmay be somcated prior to  addion to (2-

methylaminiojethanol. In some embodiments, the solvent 1s acetontrile or ethyl acetate.

Defimtions

[0169] “Subject” as used herein, means a human or a non-human mammal
including but not limited to a dog, cat, horse, donkey, mule, cow, domestic buffalo, camel,
flama, alpaca, bison, yak, goat, sheep, pig, elk, deer, domestic antelope, or a non-human

primate selected for treatment or therapy.
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(0116} “Disease or condition in a subject” means a subject exhubiting one or
more clinical indicaiors of a disease or condition. In certain embodiments, the disease or
condition 1s one or more fibroses, fibrotic conditions, or fibrotic symptoms. In certain
embodiments, the disease or condition 18 scleroderma. In certain embodiments, the disease
or condition 15 non-alcoholic steatohepatitis {(NASH). In certain embodiments, the disease or
condition is cirrhosis. In certain embodiments, the disease or condition 18 non-alcoholic fatty
liver disease (NAFLID}. In certain embodiments, the disease or condition is idiopathic
pulmonary fibrosis. In certain embodiments, the disease or condition is atherosclerosis. In
certain embodiments, the disease or condition 15 hepatitis, alcoholic fatty hver disease,
asthma, cardiac fibrosis, organ transplant fibrosis, muscle fibrosis, pancreatic fibrosis, bone-
marrow fibrosis, liver fibrosis, currhosis of liver and gallbladder, fibrosis of the spleen,
scleroderma, pulmonary fibrosis, diffuse parenchvmal lung disease, idiopathic mterstitial
fibrosts, diffuse interstitial fibrosis; interstitial pneumonitis, desquamative nterstitial
pneumonta, respiratory bronchiolitis, interstitial lung disease, chromic interstiial lung
disease, acuie mterstitial pneurnonitis, hypersensitivity pneurmomnitis, nonspecific interstitial
pneumonia, cryptogenic organizing pneumonia, lymphocytic nterstitial  pneumorua,
poeumoconiosis, silicosis, emphysema, interstitial fibrosis, sarcoidosts, mediastinal fibrosis,
cardiac fibrosis, atrial fibrosis, endomyocardial fibrosis, renal fibrosis, chronic kidney
disease, Type II diabetes, macular degeneration, kelowd lesions, hypertrophic scar,
nephrogenic systenuic fibrosis, injection fibrosis, comphications of surgery, fibrotic chronic
allograft vasculopathy and/or chronic rejection in transplanted organs, fibrosis associated
with 1schemic reperfusion mjury, post-vasectomy pain syndrome, fibrosis associated with
rheumatoid arthritis, arthrofibrosis, Dupuytren’s disease, dermatomyositis-polymyositis,
mixed connective tissue disease, fibrous proliferative lesions of the oral cavity, fibrosing
mtestinal strictures, Crohn’s disease, ghal scarring, leptomeningeal fibrosis, menngitis,
systemic lupus ervihematosus, fibrosis due to radiation exposure, fibrosis due to mammary
cystic rupture, myelofibrosis, retroperitoneal fibrosis, progressive massive fibrosis, or
symptoms or sequelae thereof, or other diseases or conditions resulting in the excessive
deposition of extracellular matrix components.

(0111} As used herein, “fibrosis” refers to the abnormal deposition of

extracellular matrix proteins. Such proteins inchide but are not himited to collagen, elastin,
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fibronectin, lammin, keratin, keratin, keratin sulfate, fibrin, periecan, agrin, or agrecan. As
used herein, “collagen” refers to any one of the subtypes of collagen, mcluding but not
himited to Type §, I I, 1Y, V, VE VI VI IX) X XE, XTI, XHH, XIV, XV, XVI, XVII, or
XVIIE EHxemplary collagen types and subtypes especially mclude Type §, Type la, Type H,
Type U1, Type IV, and Type V. As used herein, fibrosis may occur by itself or as a symptom
or sequela of another condition. As used herein, fibrosis may result from a genetic condition,
a genetic predisposttion, an environmental msult, an injury, healing of an njury, an
autoimmune condition, or a chronic inflammation, a chronic inflammatory condition, or
another condition leading to abnormal or excessive deposition of extracellular matrix
components. Fibrosis as referred to herein may be assessed by assaying for, or determining
the presence or level of, one or more biomarkers. Biomarkers for the presence of fibrosis
mclude, but are not limited to, expression of the Collal, Col3al, ACTA2, ENPP2, and/or
LGALST genes or any combination or product thereof Diagnosis or assessment of fibrosis
may further be made by determination of the presence or level of type I collagen and/or
hydroxyproline or any combination or product thereof. Dhagnosis or assessment of fibrosis
roay also be made by histological, hustochemucal, or immunochustochemacal analysis of one or
more samples from a subject.

[0112] “Glycogen storage disease” means any one or more of a group of
disorders mwarked by dysfunction in the synthesis, transport, or ubilization of glveogen,
generally due to the loss of a necessary enzyme activity, Glycogen storage diseases are
generally classified by type according to their symptoms and etiologies. Known types
melode GSD type O (aglycogenesis, glycogen synthase deficiency); GSD type 1 {von Gierke
disease, ghicose-6-phosphatase translocase/transporter deficiency, GSD I}, GSD type 2
(Pompe disease, alpha-1-d-glucosidase deficiency, GSD 1), GSD type 3 (Con disease,
Forbes disease, hmit dextrinosis, debranching enrzyme disease; amylo-1-6-glucosidase
deficiency due fo loss of glucosidase, and/or transferase activity, GSD I}, GSD type 4
{Andersen  disease, glvcogen phosphorylase deficiency, brancher  deficiency,
amylopectinosis, glycogen branching enzyme deficiency; amylo-1,4 to 1,6 transglucosidase
deficiency, GSD IV}, GSD type 5 (McArdle disease; glycogen phosphorylase (muscle type)
deficiency, GSD V), GSD type ¢ (Hers disease; glycogen phosphorylase E {hiver type)

deficiency, GSD V1, GSD type 7 {Tarui disease; phosphofructokinase deficiency, GSD Vi),



WO 2023/158607 PCT/US2023/012898

GSD type 8, 9 (GSD with phosphorylase activation system defects; phosphoryiase kinase
{liver or muscle isoforms) deficiency, GSD VHI and GSD IX}); GSD type 10 {cyclic AMP-
dependent kinase deficiency, GSD X3, GSD type 11 (Fanconi-Bickel syndrome; glucose
transporter type 2 (GLUT2) deficiency, GSD X1); and GSD type 12 {(aldolase A deficiency,
GSD X1} Subtypes of glycogen storage diseases are also known, in particular GSD 1a,
which resulis from mutations in the gene for glucose-6-phosphatase (GOPC) and leads to,
among other symptoms, the excess accumulation of glycogen and himds in liver tissue,
hepatomegaly, hepatic adenomas, and hepatocellular carcinoma.  Symptoms of glycogen
storage diseases may include elevated or reduced blood sugar, insulin insensitivity,
myopathies, as well as hepatic sympitoms such as steatosis, hyperlipidemia,
hypercholesterolemia, cardiomegaly, hepatomegaly, fibrosis, currhosis, hepatocellular
adenoma, and hepatocellular carcinoma. Symptoms may also include nsulin insensitivity,
elevated or reduced blood glucose, renal dysfunction, and/or fibrosis.

(0113} As ysed herein, “mflammatory disease” refers to a disease or disorder that
15 characterized by flaromation.  Exemplary wflammatory diseases include, but are not
huted to, acne, acid reflux/heartburn, age related wacular degeneration (AMD), allergy,
allergic rhinwis, Alzheimer's disease, amyotrophic lateral sclerosis, anemua, appendicitis,
arteritis, arthritis, asthma. atherosclerosis, autoimmmune disorders, balamitis, blephantis,
bronchiolitis, bronchitis, a bullous pemphigoid, burn, bursitis, cancer, cardiac arrest, cardifis,
cehiac disease, cellulitis, cervicitis, cholanginis, cholecystitis, chortoamnionitis, chronic
obstructive publmonary  disease (COPD), crrhosis, colitis, congestive  heart  fatlure,
conjunctivitis, cyclophosphamide~-induced cystitis, cystic fibrosis, cystitis, common cold,
dacryoadenitis, dementia, dermatitis, dermatomvyositis, diabetes, diabetic neuropathy,
diabetic retinopathy, diabetic nephropathy, diabetic ulcer, digestive system disease, eczema,
emphysema, encephalitis, endocarditis, endometritis, enteritis, enterocolitis, epicondylitis,
eprdidymutis, fasentis, fibromyalgia, fibrosis, fibrositis, gastritis, gastroenteritis, gingiviiis,
glomerulonephritis, glossitis, heart disease, heart valve dysfunction, hepatitis, hidradenitis
suppurativa, Huntingion's disease, hyperlipidemic pancreatitis, hypertension, ieitis,
mfection, mflammatory bowel disease, mflammatory cardiomegaly, mflammatory
neuropathy, insublin resistance, interstitial cystitis, interstitial nephritis, iritis, ischemia,

ischemic heart disease, keratitis, keratoconjunciiviiis, laryngitis, lupus nephritis, mastitis,
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mastoiditis, meningitis, metabolic syndrome (syndrome X}, a mugraine, muitiple sclerosis,
myelitis, myocarditis, myositis, nephritis, non-alcoholic steatohepatitis, obesity, omphalitis,
oophoritis, orchitis, osteochondritis, osteopema, osteomyelitis, osteoporosis, ostertis, otitis,
pancreatitis, Parkinson's disease, parotitis, pelvic inflammatory disease, pemphigus vulans,
pericarditis, peritonitis, pharvagitis, phiebitis, pleuritis, pneumonitis, polycystic nephritss,
proctitis, prostatitis, psoriasis, pulpitis, pyelonephritis, pylephlebitis, renal failure,
reperfusion injury, retinitis, rheumatic fever, rhintis, salpingitis, sarcoidosis, sialademitis,
sinusitis, spastic colon, stenosis, stomatitis, stroke, surgical complication, synovitis,
tendonitis, tendinosis, tenosynovitis, thrombophlebitts, tonsillitis, trauma, traumatic bram
mjury, transplant rejection, trigonitis, tuberculosis, tumor, urethritis, ursits, uveitis, vaginitis,
vasculitis, and vulvitis. Inflammation as referred to herein may be assessed by assaying for,
or determining the presence or level of one or more biomarkers. Biomarkers for the
presence of inflammation include, but are not limited to, expression of the TNF, CARDIS,
IL4R, TL23R, CTLA4, ANXAI, ANXAZ, LGALS3, and/or PTPN22 genes or any
combination or product thereof.

[0114] The term “atherosclerosis” refers to a condition charactenized by
uregularly distributed lipid deposits in the intima of large and medium-sized arteries wherein
such deposits provoke fibrosis and calaification. Atherosclerosis raises the risk of angina,
stroke, heart attack, or other cardiac or cardiovascular conditions.

[0115] “Subject 11 need thereof” means a subject dentified as i need of a
therapy or treatment.

[0116] A therapeutic effect relieves, to some extent, one or more of the symptoms
of a disease or disorder, and inclhudes curing the disease or disorder. “Curing” means that the
symptoms of active disease are glimmated. However, certam long-term or permanent effects
of the disease may exist even after a cure 1s obtained (such as extensive tissue damage).

(6117} “Treat,” “treatment,” or “treating,” as used heremn refers to administering
a pharmaceotical composition for prophvlactic and/or therapeutic purposes. The term
“prophyiactic treatment” refers to treating a patient who does not yet have the relevant
disease or disorder, but who 18 susceptible to, or otherwise at risk of, a particular disease or

disorder, whereby the treatment reduces the likelihood that the patient will develop the
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disease or disorder. The term “therapeutic treatment” refers to admunistering treatment {0 a
patient already having a disease or disorder.

[011§&] “Preventing” or “prevention” refers to delaying or forestalling the onset,
development or progression of a condition or disease for a period of time, including weeks,
months, or years.

[0119] “Amelioration” means a lessening of severity of at least one indicator of a
condition or disease. In certain embodiments, amelioration includes a delay or slowing m the
progression of one or more indicators of a condition or disease. The severity of indicators
may be determined by subjective or objective measures which are known to those skilled in
the art.

[0126] “Modulation” means a perturbation of function or activity. In certain
embodiments, modulation means an increase in gene expression. In certain embodiments,
modulation means a decrease in gene expression. In certain embodiments, modulation means
an increase or decrease in total serum levels of a specific protein. In certain embodiments,
modulation means an increase or decrease n free serum levels of a specific protein. In
certain embodiments, modulation means an increase or decrease 1o total serum levels of a
specific noun~-protein factor. In certain embodiments, modulation means an increase or
decrease m free serum levels of a specific von-protein factor. In certain embodiments,
modulation means an increase or decrease 1n total bicavailabiity of a specific protenn. In
certain embodiments, modulation means an increase or decrease n total bicavailability of a
spectfic non-protein factor.

(0121} “Admimstering” means providing a pharmaceutical agent or composition
to a subject, and ncludes, but 13 not limited to, adminstering by a medical professional and
self-administering.

[0§22] The term “agent” includes any substance, molecule, element, compound,
entity, or a combination thereof It includes, but 18 not limited to, e g., proten, polypeptide,
peptide or mimetic, small organic molecule, polysaccharide, polvnuclestide, and the like It
can be a natural product, a synthetic compound, or a chemical compound, or a combination
of two or more substances.

(6123} “Pharmaceutical agent” means a substance that provides a therapeutic

effect when administered to a subject.
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6124} “Pharmaceutical composition” means a mixture of substances suitable for
administering to an individual that includes a pharmaceutical agent. For example, a
pharmaceutical composition may comprise a modified oligonuclestide and a stenile aqueous
solution.

[0125] “Solvate” refers to the compound formed by the interaction of a solvent
and an EPI, a metabolite, or salt thereof. Suitable solvates are pharmaceutically acceptable

solvates including hydrates.

Pharmaceutical Compositions

[0126] Compound 1 and Compound 1-A and crystal forms thereof described
herein can be formulated into pharmaceutical compositions for use in treatment of the
conditions described herein. Standard pharmaceutical formulation techniques are used, such
as those disclosed in Remington's The Science and Practice of Pharmacy, 2ist Ed,
Lippincott Withams & Wilkins (2003), incorporated herein by reference in its entirety.
Accordingly, some embodiments include pharmaceutical compositions comprising: {a) a safe
and therapeutically effective amount of a compound described herein, or pharmaceutically
acceptable salts therveof;, and (b) a pharmaceutically acceptable camier, diluent, excipient or
combination thereof,

(0127} In some embodiments, the crystal forms of Compound 1 and Compound
I-A described herein may be formulated into a single pharmaceutical composition for use m
reatment of the conditions described heremn.  In some embodiments, a formulation
comprising the Compound 1 and/or Compound 1-A and crystal forms thereot described
herein may be administered in combination with one or more second pharmaceutical agents.

[0128§] In some embodiments, Compound 1 and/or Compound 1-A, and crystal
forms thereof described herein may be dissolved i a solvent prior to admunistration to a
subject i need thereof.

[0129] The term “pharmaceutically acceptable carrier” or “pharmaceutically
acceptable excipient” includes any and all solvents, diluents, emulsifiers, binders, buffers,
dispersion media, coatings, anitbactenial and antifungal agents, isotonic and absorption
delaying agents and the like, or any other such compound as s known by those of skill in the

art to be useful in preparing pharmaceutical formulations. The use of such media and agents
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for pharmaceutically active substances 1s well known n the art.  Except msofar as any
conventional media or agent is incompatible with the active ingredient, s use in the
therapeutic compositions is contemplated.  Supplementary active ingredients can also be
incorporated into the compositions.  In addition, various adjuvants such as are commonly
used in the art may be included. These and other such compounds are described in the
literature, e.g., in the Merck Index, Merck & Company, Rahway, NI, Considerations for the
inclusion of various components in pharmaceutical compositions are described, eg., in
Gilman et al. {(Eds.} (1990);, Goodman and (ilman’s: The Pharmacological Basis of
Therapeutics, 8th Ed., Pergamon Press.

[013¢] Some examples of substances, which can serve as pharmaceutically-
acceptable carriers or components thereof, are sugars, such as lactose, glucose and sucrose;
starches, such as corn starch and potato starch; cellulose and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose, and methyl celiulose; powdered tragacanth; mal;
gelatin; talc; solid lubricants, such as stearic acid and magnesium stearate; calcium sulfate;
vegetable oils, such as peanut oil, cottonseed oil, sesare otl, olive oil, comn otl and o of
theobroma; polyols such as propylene glycol, glycerine, sorbitol, moannuol, and polvethylene
glycol; alginic acud; emulsifiers, such as the TWEENS; wetting agents, such as sodium lauryl
sulfate; coloring agents, flavoring agents; tableting agents, stabilizers; antioxidants;
preservatives; pyrogen-free water; 1sotonuc saline; and phosphate buffer solutions.

[0131] The choice of a pharmaceutically-acceptable carner to be used m
conjunction with the subject compound is determined by the way the compound 1s to be
adminstered.

(6132} The compositions described herein are preferably provided mn unit dosage
form.  As used heren, a "unut dosage form” 1s 3 composition contamning an amount of a
compound that 1s suitable for admunstration to a subject, in a single dose, according to good
medical practice. The preparation of a single or unit dosage form however, dosgs not unply
that the dosage form is administered once per day or once per course of therapy. A umit
dosage form may comprise a single daily dose or a fractional sub-dose wherein several unit
dosage forms are to be administered over the course of a day in order to complete a daily
dose. According to the present disclosure, a unit dosage form may be given more or fess

often that once daily, and may be administered more than once during a course of therapy.
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Nuch dosage forms may be administered m any manner consistent with their formulation,
including orally, parenterally, and may be admunistered as an infusion over a peried of time
(e.g., from about 30 minutes to about Z-6 hours) While single administrations are
specifically contemplated, the compositions administered according to the methods described
herein may alse be admimistered as a continuous infusion or via an implantable infusion
pump.

(0133} The methods as described herein may utilize any of a variety of suitable
forms for a variety of routes for admimstration, for example, for oral, nasal, rectal, topical
(inciuding transdermal), ocular, intracerebral, intracranial, intrathecal, intra-arterial,
mtravenous, intramuscular, or other parental routes of administration. The skilled artisan
will appreciate that oral and nasal compositions include composttions that are administered
by mhalation, and made using available methodologies. Depending upon the particular route
of administration desired, a variety of pharmaceutically-acceptable carriers well-known in
the art may be used Pharmaceutically-acceptable carriers include, for example, solid or
hquid fillers, diluents, hydrotropes, surface-active agents, and encapsulating substances.
Optional pharmaceutically-active matenials may be ncluded, which do not substantially
mterfere with the activity of the compound. The amount of carrier eroployed in conjunction
with the compound 1s sufficient to provide a practical quantity of material for adnunistration
per unit dose of the compound. Techmigues and compositions for making dosage forms
useful m the methods described heremn are described i the following references, all
mcorporated by reference herein: Modern Pharmaceutics, 4th Ed., Chapters 9 and 10 (Banker
& Rhodes, editors, 2002}, Lieberman et al,, Pharmaceutical Dosage Formas: Tablets (1989},
and Ansel, Introduction to Pharmaceutical Bosage Forms 8th Edition {2004},

[0134] Vartous oral dosage forms can be vsed, nchudimg such sobid forms as
tablets, capsules, granules and bulk powders. Tablets can be compressed, tablet triturates,
enterig-coated, sugar-coated, film-coated, or multiple-compressed, contaning suitable
binders, lubricants, diluents, disintegrating agents, coloring agents, flavoring agents, flow-
inducing agents, and melting agents. Liquid oral dosage forms include aquecus solutions,
emulsions, suspensions, solutions and/or suspensions reconstituted from non-effervescent

granules, and effervescent preparations reconstituted from effervescent granules, contamning
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suitable solvents, preservatives, emulsifying agents, suspending agents, diluents, sweeteners,
melting agents, coloring agents and flavering agents.

[8135] The pharmaceutically-acceptable carriers suitable for the preparation of
unit dosage forms for peroral administration 1s well-known in the art.  Tablets typicaily
comprise conventional pharmaceutically-compatible adjuvants as inert diluents, such as
calcium carbonate, sodium carbonate, mannitol, lactose and cellulose; binders such as starch,
gelatin and sucrose; disintegrants such as starch, alginic acid and croscarmelose; lubricants
such as magnesium stearate, stearic acid, microcrystalline cellulose, carboxymethyl cellulose,
and talc. Tablets may also comprise solubilizers or emulsifiers, such as poloxamers,
cremophor/Kolliphor®/Lutrol®, methyleellulose, hydroxypropylmethylcellulose, or others
as are known in the art Glidants such as silicon dioxide can be used to mmprove flow
characternstics of the powder mixture. Coloring agents, such as the FD&C dyes, can be
added for appearance. Sweeteners and flavoring agents, such as aspartame, saccharin,
menthol, peppermint, and fruit flavors, are useful adjuvants for chewable tablets. Capsules
typically comprise ove or mwore solid diluents disclosed above. The selection of carrier
components depends on secondary considerations like taste, cost, and shelt stabidity, which
can be readily made by a person skilled i the art.

[0136] Peroral (PO} compositions also nclude hquid solutions, emulsions,
suspensions, and the hike. The pharmaceutically-acceptable carriers suitable for preparation
of such compositions are well known m the art. Typical components of carners for syrups,
elixirs, emulsions and suspensions include ethanol, glycersl, propylene glycol, polyethylene
glyeol, liquid sucrose, sorbitol and water.  For a suspension, typical suspending agents
mnclude methyl cellulose, sodium carboxymethyl cellulose, AVICEL R(C-391, tragacanth and
sodium algmate; typical wetting agents include lecithin and polysorbate 30; and typical
preservatives mnclade methyl paraben and sodium benzoate. Peroral hquid compositions may
also contain one or more components such as sweeteners, flavoring agents and colorants
disclosed above.

(8137} Such compositions may also be coated by conventional methods, typically
with pH or time-dependent coatings, such that the subject compound 15 released m the
gastrointestinal tract in the vicinity of the desired topical application, or at various times {0

extend the desired action. Such dosage forms typically include, but are not limited to, one or
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more of cellulose acetate phthalate, polyvinylacetate phthalate, hydroxypropyl methyl
ceilelose phthalate, ethyl cellulose, Budragit coatings, waxes and shellac.

(0138} Compostitions described herein may optionally mnclude other drug actives.

[0139] Other compositions useful for attaining sysiemic delivery of the subject
compounds include sublingual, buccal and nasal dosage forms. Such compositions typicaily
comprise one or more of soluble filler substances such as sucrose, sorbitol and mannitol; and
binders such as acacia, microcrystalline cellulose, carboxymethyl  cellulose and
hydroxypropyl methyl cellulose. Glidants, lubricants, sweeteners, colorants, antioxidants and
flavoring agents disclosed above may also be mcluded.

[0140] A hiquid composition, which 1s formulated for topical ophthalmic use, is
formulated such that 1t can be administered topically 1o the eye. The comfort may be
maximized as much as possible, although sometimes formulation considerations {(e.g. drug
stability} may necessitate less than optimal comfort. In the case that comfort cannot be
maximized, the hiquid may be formulated such that the liguud 1s tolerable to the patient for
topical ophthalmic use.  Additionally, an ophthalmically acceptable hqguid may either be
packaged for single use, or contain a preservative to prevent contamuvation over multiple
USes.

[0141] For ophthalmic application, solutions or medicaments are often prepared
using a physiclogical saline solution as a major vehicle.  Ophthalmic solutions may
preferably be maintained at a comfortable pH with an appropriate buffer system.  The
formulations may also contain conventional, pharmaceutically acceptable preservatives,
stabilizers and surfactants.

[0142] Preservatives that may be used wn the pharmaceutical compositions
disclosed herein mnclude, but are not limited to, benzalkonmum chioride, PHMB,
chlorobutanol, thimerosal, phenvimercuric, acetate and phenvhmercuric nitrate. A useful
surfactant 1s, for example, Tween 30, Likewise, various useful vehicles may be used n the
ophthalmic preparations disclosed herein. These vehicles include, but are not limited to,
polyvinyl alcohol, povidone, hvdroxypropyl methyl cellulose, poloxamers, carboxymethyl

cellulose, hydroxyethyi cellulose and purified water.

-34-



WO 2023/158607 PCT/US2023/012898

6143} Tonicity adjustors may be added as needed or convenient. They include,
but are not limited to, salts, particularly sodium chloride, potassium chlonde, mannitol and
glycerin, or any other suitable ophthalmically acceptable tonicity adjustor.

(0144 Varipus buffers and means for adjusting pH may be used so long as the
resulting preparation is ophthalmically acceptable. For many compositions, the pH will be
between 4 and @ Accordingly, buffers mnclude acetate buffers, citrate buffers, phosphate
buffers and borate buffers. Acids or bases may be used to adjust the pH of these
formulations as needed.

[0145] Ophthalmically acceptable antioxidants include, but are not lumited to,
sodium metabisulfite, sodium thiosulfate, acetylcysteine, butylated hydroxyanisole and
butyiated hydroxytoluene.

[0146] Other excipient components, which may be wncluded in the ophthalmic
preparations, are chelating agents. A useful chelating agent 15 edetate disodium, although
other chelating agents may also be used in place or in comjunction with it.

(61471 For topical use, including for transdermal admwnstration, creams,
ontments, gels, solutions or suspensions, etc., containing the compound disclosed herein are
employed. Topical formulations may generally be comprised of a pharmaceutical carrier, co-
solvent, emulsifier, penetration enhaocer, preservative system, and emollient.

0148} For intravenous admimstration, Compound 1 and/or Compound 1-A, and
crystal forms thereof described heremn and compositions thereof described heremn may be
dissolved or dispersed in a pharmaceutically acceptable diluent, such as a saline or dextrose
solution. Suttable excipients may be mcluded to achieve the desired pH, including but not
bmited to NaQOH, sodium carbonate, sodium acetate, HCL and citric acid.  In various
embodiments, the pH of the final composition ranges from 2 to 8, or preferably from 4 to 7.
Antioxidant excipients may include sodiwm bisulfite, acetone sodiom bisulfite, sodium
formaldehyde, sulfoxylate, thiourea, and EDTA. (ther non-himiting examples of suitable
excipients found in the final intravenous composition may include sodium or potassium
phosphates, citric acid, tartaric acid, gelatin, and carbohydrates such as dextrose, mannitol,
and dextran. Further acceptable excipients are described in Powell, et al, Compendium of
Excipients for Parenteral Formulations, PDDA T Pharm Sci and Tech 1998, 52 238-311 and

Nema ¢t al., Excipients and Their Role in Approved Injectable Products: Current Usage and
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Future Dhrections, PDA J. Pharm. Sci. Tech. 2011, 65 287-332, both of which are
mcorporated herein by reference in their entirety.  Antimicrobial agents may also be included
to achieve a bacteriostatic or fungistatic solution, including but not limited to phenylmercuric
nitrate, thimerosal, benzethonium chlonde, benzalkonium chloride, phenol, cresol, and
chiorobutanocl.

[0149] The compositions for mtravenous administration may be provided to
caregivers in the form of one more solids that are reconstituted with a suitable diluent such as
stertle water, saline or dextrose in water shortly prior to adnunistration.  In other
embodiments, the compositions are provided in solution ready to administer parenterally. In
still other embodiments, the compositions are provided in a solution that s further diluted
prior to admimstration.  ln embodiments that include administering a combination of a
compound described herein and another agent, the combination may be provided to
caregivers as a nxture, or the caregivers may mix the two agents prior to adnumisiration, or
the two agents may be adnurustered separately,

[6156] The actual untt dose of Compound 1 and/or Compound 1-A, and crystal
forros thereof described herein depends on the specific compound, and on the condition to be
treated. In some embodiments, the dose may be from about 0.01 mg/kg to about 120 mg/kg
or more of body weight, from about 0.05 mg/kg or less to about 70 mg/kg, from about 0.1
mg/ke to about 50 mg/kg of body weight, from about 1.0 mg/kg to about 10 mg/kg of body
weight, from about 5.0 mg/kg to about 10 mg/kg of body weight, or from about 10.0 mg/kg
to about 20.0 mg/kg of body weight. In some embodiments, the dose may be less than 100
mg/kg, 90 mg/kg, 80 mg/kg, 70 mg/kg, 60 mg/kg, S mg/kg, 40 mg/kg, 30 mg/kg, 25 mg/ke,
20 mg/kg, 10 mg/kg, 7.5 mg/kg, 6 mg/kg, 5 mg/kg, 4 mg/kg, 3 mg/kg, 2.5 mg/kg, 1 mg/kg,
0.5mg/kg, 0.1 mg/kg, 0.05 mg/kg or 0.005 mg/kg of body weight. In some embodiments, the
actual unit dose 1s 0.05, 0.07, 0.1, 0.3, 1.0, 3.0, 5.0, 10.0 or 25.0 myg/kg of body weight.
Thus, for admnistration to a 70 kg person, the dosage range would be from about 6.1 mg to
70 mg, from about 1 mg to about 5C mg, from about 0.5 mg to about 10 mg, from about 1 mg
to about 10 mg, from about 2.5 mg to about 30 mg, from about 35 mg or less to about 700
mg or more, from about 7 mg to about 600 mg, from about 10 mg to about 300 mg, or from
about 20 mg to about 300 mg, or from about 200 mg to about 2000 mg. In some

embodiments, the acival unit dose s C.1 mg. In some embodimenis, the actual unit dose s
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0.5 mg.  In some embodiments, the actual unit dose s 1 mg. In some embodiments, the
actual unit dose 158 1.5 mg. In some embodiments, the actual umt dose 1s 2 mg.  In some
embodiments, the actoal unit dose is 2.5 mg. In some embodiments, the actual unit dose 18 3
mg. In some embodiments, the actual umit dose 1s 3.5 mg. In some embodiments, the actual
unit dose 15 4 mg.  In some embodiments, the actual ungt dose 15 4.5 mg.  In some
embodiments, the actual unit dose 15 5 mg. In some embodiments the actual unit dose 15 10
mg. In some embodiments, the actual unit dose is 25 mg. In some embodiments, the actual
unit dose s 250 mg or less. In some embodiments, the actual unit dose 15 100 myg or less. In
some embodiments, the actual unit dose 1s 70 mg or less.

(0151 In some embodiments, t Compound 1 and/or Compound 1-A, and crystal
forms thereof described herein is administered at a dose in the range of about 1-50 mg/m’ of
the body surface area. In some embodiments, Compound 1 and/or Compound 1-A, and
crystal forms thereof described herein may be adnunistered at a dose in the range of about
1-2, 1-3, 1-4, 1-5, 1-6, 17, 1-8, 1-9, 1-10, 1-11, 1-12, 1-13, 1-13.75, 1-14, 1-15, 1-16, 1-17,
I~18, 1-19, 1-20, 1-22.5, 1-25, 1-27.5, 1-30, 1.5-2, 1.5-3, 1.5-4, 1.5-5, 1 5-6, 1.5-7, 1.5-§, 1.5-
9, 1.5-10, 1.5-11, 1.5-12, 1.5-13, 1.5-13.75, 1.5-14, 1.5-15, 1.5-16, 1.5-17, 1.5-1§, 1.5-19,
1.5-20,1.5-22.5, 1 5-25, 1.5-27.5, 1.5-30, 2.5-2, 2.5-3, 2.5-4, 2.5-5, 2.5-6, 2.5-7, 2.5-8, 2.5-9,
~10, 2.5-14, 2.5-12, 2.5-13, 2.5-13.75, 2.5-14, 2.5-15, 2.5-16, 2.5-17, 2.5-18, 2.5-19, 2.5-
20, 2.5-22.5, 2.5-25, 2.5-27.5, 2.5-30, 2.5-7.5, 3-4, 3-5, 3-6, 3-7, 3-8, 3-9, 3-10, 3-11, 3-12, 3-
13, 3-13.75, 3-14, 3-15, 3-16, 3-17, 3-18, 3-19, 3-20, 3-22.5, 3-25, 3-27.5, 3-30, 3.5-6.5, 3.5-
13.75, 3.5-15, 2.5-17.5, 4-5, 4-6, 4-7, 4-8, 4-9, 4-10, 4-11, 4-12, 4-13, 4-13.75, 4-14, 4-15, 4-
16, 4-17, 4-18, 4-19, 4-20, 4-22.5, 4-25, 4-27 5, 4-30, 5-6, 5-7, 5-8, 5-9, 5-10, 5-11, 5-12, 5~
13, 5-13.75, 5-14, 5-15, 516, 5-17, 5-18, 5-19, 5-20, 5-22.5, 5-25, 5-27.5, 5-30, 6-7, 6-8, 6-9,
6-10, 6-11, 0-12, 6-13, 6-13.75, 6-14, 6-15, 6-16, 6-17, 6-18, 6-19, 6-20, 6-22 3, 6-25, 6-27 5,
6-30, 7-8§, 7-9, 7-10, 7-11, 7-12, 7-13, 7-13.753, 7-14, 7-15, 7-16, 7-17, 7-18, 7-19, 7-20, 7-

2

LA

B

22.5,7-25, 7-27.5, 7-30, 7.5-12.5, 7.5-13.5, 7.5-15, 8-9, 8-10, 8-11, 8-12, 8-13, 8-13.75, 8-
14, 8-15, 8-16, 8-17, 8-18, 8-19, 8-20, 8-22.5, 8-25, 8-27.5, 8-30, 9-10, 9-11, 9-12, 9-13, ©-

3,
1375, 914, 9-15, 9-16, 9-17, 9-18, 9-19, 9-20, 9.22.5, 9.25, 9.27.5, 9-30, 10-11, 10-12, 10-
13, 10-13.75, 10-14, 10-15, 10-16, 10-17, 10-18, 16-19, 10-20, 10-22.5, 10-25, 10-27.5, 10-
30, 11.5-15.5, 12.5-14.5, 7.5-22.5, 8.5-32.5, 9.5-15.5, 15.5-24.5, 5-35, 17.5.22.5, 22.5-32.5.

25-35, 25.5-24.5, 27.5-32.5, 2-20, 2.5-22.5, or 9.5-21.5 mg/m?, of the body surface area. In
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some embodiments, Compound 1 and/or Compound 1-A, and crystal forms thereof described
herein may be admunistered at a dose of about 0.5, 1, 1.5, 2, 2.5, 3,35, 4,45 5,55, 6,65,
7,75, 8, 85,9, 05 10, 105, 11, 11.5, 12, 12.5, 13, 13.5, 14, 14.5, 15, 15.5, 16, 165, 17,
17.5, 18, 185, 19, 19.5, 20, 20.5, 21, 21.5, 22, 22.5, 23, 23.5, 24, 24.5, 25, 25.5, 26, 26.5, 27.
275,28, 28.5, 20, 29.5, 30, 30.5, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40 me/m? of the body
surface area. In some embodiments, Compound 1 and Compound 1-A, and crystal forms
thereof described herein may be administered at a dose less than about 0.5, 1, 1.5, 2, 2.5, 3,
354,45 5,55 6,65,7,75,8 850 95 10,105, 11, 11.5, 12, 12.5, 13, 13.5, 14, 143,
15,15.5, 16, 16.5, 17, 17.5, 18, 18.5, 19, 19.5, 20, 20.5, 21, 21.5, 22, 22.5, 23, 23 5, 24, 24.5,
25,255, 26, 265, 27, 27.5, 28, 28.5, 29, 29.5, 30, 305, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40
mg/m’ of the body surface area. In some embodiments, Compound | and/or Compound 1-A,
and crystal forms thereof described herein may be administered at a dose greater than about
05,1,1.52,253,35,4.45,5,55.6,65,7.75,8 85 © 05 10,105, 11,11.5,12, 12.5,
13,13.5, 14, 14.5, 15, 15.5, 16, 16.5, 17, 17.5, 18, 18.5_ 19, 19.5_20, 20,5, 21, 21 5, 22,225,
23, 23.5 24,245, 25,255, 26,265, 27, 27.5, 28, 28.5, 29, 29.5, 30, 30.5, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50 mag/m’ of the body surface area.
[0182] In some embodiments, the dose of Compound 1 and/or Compound 1-A,
and crystal forms thereof described herein may be about 0.1 mg - 100 mg, 0.1 mg -530 mg,
Olmg-20mg, 01lmg-10mg, 0.3 mg- 100 mg, 0.5 mg - 50 mg, 0.5 mg - 20 mg, 0.5 mg -
0mg, I mg-100mg, I mg-530mg, l mg-20mg, 1 mg-10mg, 2.5 mg - 50 mg, 2.5 mg -
20 mg, 2.5 mg — 10 mg, or about 2.5 mg - 5 mg.  In some embodiments, the dose of
Compound 1 and/or Compound 1-A, and crystal forms thereof described herein may be about
3 mg - 300 mg, 3 mg 200 mg, 7.5 mg ~ 200 mg, 10 mg - 100 mg, 15 mg ~ 100 mg, 20 mg -
100 mg, 30 mg - 100 mg, 40 mg - 100 mg, 10 mg - 80 mg, 15 mg - 80 mg, 20 mg - 80 mg, 30
mg - 80 mg, 40 mg - 80 mg, 10 mg - 60 mg, 15 mg ~ 60 mg, 20 mg - 60 mg, 30 mg ~ 60 mg,
or about 40 mg -~ 60 mg. In some embodiments, the dose of Compound 1 and/or Compound
1-A, and crystal forms thereof described herein may be about 20 mg - 60 mg, 27 mg - 60 mg,

20 mg - 45 mg, or 27 mg - 45 mg. In some embodiments, the dose of the crystal forms of

()]

Compound | and Compound 1-A described herein may be about 5 mg-7.5 mg, 5 mg-9 mg,
mg-10 mg, 5 mg-12mg, Smg-1dmg, Smg-15 mg, 5 mg-16 me, 5 mg-18 me, 5 me-20 mg, §

mg-22 mg, 5 mg-24 mg, 5 mg-20 mg, 5 me-28mg, 5mg-30mg, Smg-32mg, Smg-34me, Sme-
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36mg, Sme-38myg, Smg-40mg 3mg-48mg, Smg-30mg,

o &0

5mg-42mg, Sme-44mg, Smg-46mg

&0

ey
I
7

Smg-52mg 7 mg, 7me-9 mg, 7 mg-

o

Smg-34mg, Smg-56mg, Smg-58mg, Sme-60me, 7 mg-

10 mg, 7 mg-12mg, 7Tmg-14me, 7meg-15 mg, 7 mg-16 mg, 7 mg-18 mg, 7 mg-20 mg, 7 mg-

&0

22 mg, 7 mg-24 mg, 7 mg-26 mg, 7 mg-28mg, Tmg-30mg, 7mg-32mg, Tmg-34dmg, 7mg-

&

36mg, 7me-38myg, Tmg-40mg Tmg-48mg, Tmg-50mg,

&

Tmg-42mg, Tmg-44mg, Tmg-46mg,
Tmg-32mg, 7mg-34mg, 7mg-56mg, 7mg-38mg, 7mg-60mg, 9 mg-10 mg, 9 me-12mg, 9me-
1dmg, O9mg-15 mg, 9 mg-16 mg, 9 mg-18 mg, 9 mg-20 mg, 9 mg-22 mg, 9 mg-24 mg, 9 mg-
26 my, 9 mg-28mg, 9mg-30mge, 9me-32mg, 9me-34mg, 9me-36myg, Ymg-38mg, Smg-40mg,
9mg-42mg, Smg-44mg, Ymg-40mg, 9mg-48mg, Img-50mg, I9mg-52myg, “mg-34mg, Img-
Sémng, 9mg-58mg, 9me-60mge, 10 mg-i12my, 10mg-14me, 10mg-15 mg, 10 me-16 mg, i0
mg-18 mg, 10 mg-20 mg, 10 mg-22 mg, 10 mg-24 mg, 10 mg-26 mg, 10 meg-28mg, 10mg-
30mg, 10mg-32mg, 10mg-34myg, 10mg-36mg, 10mg-38mg, 10meg-40mge, [0mpg-42mg,
10mg-44mg, 10mg-46me, 10mg-48myg, 10mg-30myg, 10mg-52mg, 10mg-54mg, 10mg-S6mg,
10me-S8mg, 10mg-60mg, 12mg-1dmg, 12mg-15 mg, 12 me-16 mg, 12 me-18 mg, 12 mg-20
mg, 12 mg-22 mg, 12 mg-24 mg, 12 mg-26 mg, 12 mg-28mg, 12mg-30mg, 12mg-32mng,
P2rog-34mg, 12mg-36mg, 12mg-38mg, 12mg-40mg, 12mg-42mg, 12mg-4dmg, 1 2mg-46mg,
12mg-48mg, 12mg-50mg, 12mg-52mg, 12mg-3dmg, 12mg-56mg, 12mg-38mg, 12mg-60mg,
1S mg-16 mg, 15 mg-18 mg, 15 mg-20 mg, 15 mg-22 myg, 15 mg-24 myg, 15 mg-26 myg, 15
mg-28mg, 15mg-30mg, 15mg-32mg, 15mg-3dmg, 153mg-36mg, 15mg-38mg, 15mg-40mg,
Smg-42mg, 13mg-ddmg, 15mg-4omg, 15mg-48mg, 15mg-S0mg, 15mg-52mg, 15mg-34mg,
P3mg-36mg, 153mg-38mg, 15mg-60mg, 17 mg-18 mg, 17 meg-20 mg, 17 mg-22 mg, 17 mg-
24 mg, 17 mg-26 mg, 17 mg-28mg, 17mg-30mg, 17mg-32mg, 7mg-34mg, 17meg-36mg,
17mg-38mg, 17mg-40mg, 17mg-42mg, 1 7Tmg-4dmg, 17mg-46mg, 17mg-48mg, 17mg-50mg,
7mg-52mg, 17mg-54mg, 17mg-56mg, 1 Tmg-58mg, 17mg-60mg, 20 mg-22 mg, 20 mg-24
mg, 20 mg-26 mg, 20 mg-28mg, 20mg-30mg, 20mg-32mg, 20mg-34mg, 20mg-36mg, 20me-
38mg, Z0mg-40mg, 20mg-42mg, 20mg-44mg, 20mg-46mg, 20mg-48mg, 20me-30mg,
20mg-~32mg, 20mg-Sdme, 20mg-56mg, 20mg-58mg, 20meg-6Umg, 22 mg-24 mg, 22 mg-26
mg, 22 mg-28mg, 22mg-30mg, 22mg-32mg, 22me-34myg, 22me-36me, 22meg-38mg, 22mg-
40mg, 22mg-42mg, 2Zmg-44mg, 22Zmg-dtmg, 22mg-48mg, 22mg-50mg, 22mg-52mg,
22mg-S4mg, 22mg-56mg, 22mg-S8mg, 22me-60mg, 25 me-26 mg, 25 mg-28mg, 25mg-

30mg, 25mg-32mg, 23mg-34mg, 25mg-36mg, 23mg-38mg, Z5me-40mg, 25mg-42mg,
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25mg-ddmg, 25meg-46me, Z5mg-48mg, 25mg-30mg, 25mg-52mg, 25meg-Sdmg, 25me-56mg,
25mg-58mg, 25mg-60mg, 27 mg-28mg, 27mg-30mg, 27mg-32mg, Z7mg-34me, 27mg-
36mg, 2Z7mg-38mg, 27mg-40mg, 27mg-42mg, 2Z7mg-4d4me, 27mg-46mg, 27me-48mg,
27mg-50mg, 27mg-52mg, 27mg-54mg, 27mg-56me, 27mg-58mge, 27mg-60mg, 30mg-32mg,

30mg-34mg, 30mg-36me, 30me-38mg, 30mg-40mg, 30mg-42mg, 30mg-4dmg

&

30me-46mg,
30mg-48mg, 30mg-50mg, 30mg-52mg, 30meg-54mg, 30me-36mge, 30mg-38mg, 30mg-60mg,

33mg-34mg, 33mg-36me, 33me-38mg, 33mg-40mg, 33mg-42mg, 33mg-ddmg

&

33me-46mg,
33mg-48mg, 33myg-30myg, 33mg-52mg, 33mg-54mg, 33me-S6mge, 33mg-38mg, 33mg-60mg,
36mg-38mg, 36mg-40me, 36mg-42myg, 36mg-44mg, 306mg-46mg, 36mg-43mg, 36mg-SOmg,
36mg-52mg, 30myg-34myg, 36mg-56mg, 36mg-58mg, 36me-60mge, 40mg-42mg, 40mg-44mg,
40mg-46mg, 40mg-48mg, 40mg-50myg, 40mg-32myg, 40mg-54mg, 40mg-56mg, 40mg-58mg,
40mg-60mg, 43mg-46mg, 43mg-48mg, 43mg-50mg, 43mg-5Zmg, 43mg-54myg, 43mg-56mg,
43mg-58mg, 42mg-60mge, 45mg-48myg, 45mg-30myg, 45mg-52mg, 45mg-S54mg, 45mg-S6mg,
45me-S8mg, 45mg-60mg, 48mg-50mg, 48mg-52mge, 48mg-S4me, 48mg-30myg, 48my-58mg,
48mg-60mg, 50mg-52mg, S0mg-54rg, 50mg-36mg, 30me-58mg, 50mg-60mg, 52mg-54mng,
$2mg-S6mg, S2mg-S8mg, or 52mg-60mg. In some embodiments, the dose of Compound 1
and/or Compound 1-A, and crystal forms thereof described herein may be greater than about
S mg, about 10 mg, about 12.5 mg, about 13.5 mg, about 15 mg, about 17.5 myg, about 20
mg, about 22.5 mg, about 25 mg, about 27 g, about 30 mg, about 40 mg, about 50 mg,
about 60 mg, about 70 mg, about 80 mg, about 90 mg, about 100 mg, about 125 g, about
130mg, or about 200 mg. In some embodiments, the dose of Compound 1 and/or Compound
I-A, and crystal forms thereof described herein may be less than about 5§ mg, about 10 mg,
about 12.5 mg, about 13.5 mg, about 15 mg, about 17.5 mg, about 20 mg, about 22.5 mg,
about 25 mg, about 27 mg, about 30 mg, about 40 mg, about 56 mg, about 60 mg, about 70
mg, about 80 mg, about 90 mg, about 100 mg, about 125 mg, about 150mg, or about 200 mg,
In some embodiments, the dose of Compound 1 and/or Compound 1-A, and crystal forms
thereof described herein may be about 5 mg, about 10 mg, about 12.5 mg, about 13.5 mg,
about 15 mg, about 17.5 mg, about 20 mg, about 22.5 mg, about 25 mg, about 27 mg, about

g, about 60 mg, about 70 mg, about 80 mg, about 90 mg,

&

30 mg, about 40 mg, about 50 m

about 100 mg, about 125 mg, about 150mg, about 200 mg, about 225 mg, about 250 mg,

&0

about 275 mg, or about 300 mg,
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[0153] Compound 1 and/or Compound 1-A, and crystal forms thereof described
herein may alse be incorporated into formulations for delivery outside the systemic
circulation. Such formulations may include enteric-coated capsules, tablets, soft-gels, spray
dried powders, polymer matrices, hydrogels, enteric-coated solids, crystalline solids,
amorphous solids, glassy solids, coated micronized particles, liguids, nebulized hiquids,

aerpsols, or microcapsules.

Methods of Administration

[0154] The compositions described above may be administered through any
suitable route of admiumstration, for example, by imjection, such as subcutaneously,
mtramuscularly, intraperitoneally, intravenously, or intraarterially; topically, such as by
cream, lotion, or patch; orally, such as by a pill, dissolved liquid, oral suspension, buccal
film, or mouthrinse; nasally, such as by a nasal aerosol, powder, or spray; or ocularly, such as
by an eve drop). In some embodiments, the composition may be administered one, twice,
three times, our four times per day. In other embodiments, the composition may be
administered once, twice, or three times per week. In other embodiments, the composition 1s
administered every other day, every three days, or every four days. In other embodiments,
the composition every other week, every three weeks, or every four weeks. In other
embodiments, the composition 1s administered once per month or twice per month.

[0155] In some embodiments, Compound 1 and/or Compound 1-A, and crystal
forms thereof described herein may be administered simultaneously with one or more second
pharmaceutical agents. In other embodiments, Compound 1 and/or Compound 1-A, and
crystal forms thereof described herein may be adminstered sequentially with one or more

second pharmaceutical agents.

Methods of Treatment

[0156] Some embodiments according to the methods and compositions of the
present disclosure relate to a method for preventing, treating, or ameliorating one or more
fatty liver diseases or disorders in a subject comprising administering an effective amount of
Compound 1 and/or Compound 1-A, and crystal forms thereof described heremn to a subject

in need thereof. In some embodiments, the disease or disorder may be a fatty hiver disease.
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In some embodiments, the fatty fiver disease may be steatosis. In other embodiments, the
fatty liver disease may be non-alcoholic fatty hiver disease. In some embodiments, the fatty
liver disease may be non-alcoholic steatohepatitis (NASH). In some embodiments, the
subject may have two or more of the aforementioned fatty hiver diseases.

(8157} Some embodiments according to the methods and compositions of the
present disclosure relate to a method for the reduction or prevention of the deposition of
extracellular matrix protemns, comprising administering an effective amount of Compound 1
and/or Compound 1-A, and crystal forms thereof described herein to a subject in need
thereof. In some embodiments, said deposition of extracellular matrix proteins may comprise
abnormal or excessive deposition of said proteins.  In some embodiments, said extracellular
matrix proteins may comprise one or more of collagen, keratin, elastin, or fibrin. In some
embodiments, said extracellular matrix proteins may comprise collagen.  In some
embodiments, said extraceliular matrix proteins may comprise Type I collagen. In some
embodiments, said extracellular matrix proteins may comprise Collagen Type fa. In some
embodiments, sawd extracellular matrix proteins may comprise Type [ collagen. Some
embodiments according to the compositions and methods of the present disclosure relate to a
method for the treatment of a fibrosis or its symptoms or sequelae, comprising administering
an effective amount of Compound | and/or Compound 1-A, and crystal forms thereof
described herem to a subject in need thereof.

[8158] In some embodiments, the compounds and compositions Compound 1 and/or
Compound 1-A, and crystal forms thereof described herein can be used in a method of
preventing, treating, or amehorating one or more diseases or disorders in a subject,
comprising administering a compound disclosed herein, or a pharmaceutically acceptable salt
thereof] to a subject m need thereof In some embodiments, the disease or disorder may be
fiver fibrosts, renal fibrosis, biliary fibrosts, pancreatic fibrosis, nonaleoholic steatohepatitis,
non-alcoholic fatty liver disease, chromic kidney disease, diabetic kidney disease, primary
sclerosing cholangitis, primary biliary cirrhosis, or idiopathic fibrosis. In some
embodiments, the disease or disorder may nonalcoholic steatohepatitis, non-alcoholic fatty
liver disease, chronic kidney disease, diabetic kidney disease, primary sclerosing cholangitis,

or primary bilmary cirrhosis.
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{01589 In some embodiments, the compounds and compositions compsising a
crystal form of Compound 1 and/or Compound 1-A described herein can be used to treat a
variety of conditions arising from fibrosts or inflammation, and specifically including those
associated with abnormal collagen deposition. Example conditions imclude glycogen storage

glycogen storage

disease type I {GSD U1}, glvcogen storage disease type VI {GSD Vi), ¢
disease type IX {GSD IX), non-alcoholic steatohepatitis (NASH), cirrhosis, hepatitis,
scleroderma, alcoholic fatty hiver disease, atherosclerosis, asthma, cardiac fibrosis, organ
transplant fibrosis, muscle fibrosis, pancreatic fibrosis, bone-marrow fibrosis, hiver fibrosis,
cirrhosis of liver and gallbladder, fibrosis of the spleen, pulmonary fibrosis, idiopathic
pulmonary fibrosis, diffuse parenchymal lung disease, idiopathic interstitial fibrosis, diffuse
interstitial fibrosis, interstitial pneumonitis, desquamative interstitial pneumonia, respiratory
bronchiolitts, interstitial lung disease, chronic interstitial lung disease, acute interstitial
pneumonitis, hypersensitivity pneumonitis, nonspecific interstitial pneumonia, cryptogenic
organizing pneumonia, lymphocyiic interstitial pneumonta, pneumoconiosis, silicosis,
emphysersa, wnterstitial fibrosis, sarcoidosis, mediastinal fibrosis, cardiac fibrosis, atrial
fibrosis, endomyocardial fibrosis, renal fibrosis, chromie kidney disease, Type I diabetes,
macular degeneration, kelowd lesions, hypertrophic scar, nephrogenic systemic fibrosis,
mjection fibrosis, comphlications of surgery, fibrotic chronic allograft vasculopathy and/or
chronic rejection n transplanted organs, fibrosis associated with ischemic reperfusion wyury,
post-vasectomy pain syndrome, fibrosis associated with rheumatoid arthriis, arthrofibrosis,
Dupuytren’s disease, dermatomyositis-polymyositis, mixed connective tissue disease, fibrous
prohiferative lesions of the oral cavity, fibrosing intestinal strictures, Crohn’s disease, ghal
scarring, leptomeningeal fibrosis, memngitis, systemic hipus erythematosus, fibrosis due to
radiation exposure, fibrosis due to mammary cystic rupture, myelofibrosis, retroperitoneal
fibrosis, progressive massive fibrosis, or symptoms or sequelae thereof, or other diseases or
conditions resulting n the excessive deposition of extracellular matrix components, such as
coliagen.

[8160] In some embodiments the methods of the present disclosure comprise
methods for the treatment, amelioration, or prevention of a fibrotic condition. In some
embodiments, said fibrotic condition may be secondary to another condition. In some

embodiments, said fibrotic condition or primary condition may further comprise chronic
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inflammation of an organ, tissue, spatial region, or fluid-connected area of the body of a
subject. In some embodiments, said mflammation may comprise activation of one or more
TGE-beta dependent signaling pathways.  In some embodiments, said TGF-P dependent
signaling pathways may comprise one or more elements responsive to T3 or T4, In some
embodiments, said fibrotic condition may comprise abnormal or excessive deposition of one
or more of collagen, keratin, or elasiin. In some embodimenis, said fibrotic condition may
comprise abnormal or excessive deposition of collagen. In some embodiments, said fibrotic
condition may comprise abnormal or excessive deposition of Type I collagen. In some
embodiments, said fibrotic condition may comprise abnormal or excessive deposition of
Collagen Type fa. In some embodiments, satd fibrotic condition may comprise abnormal or
excessive deposition of Type I collagen. In some embodiments said fibrotic condition may
comprise one or more of glycogen storage disease type HI (GSD HI), glycogen storage
disease type VI (GSD VI, glycogen storage disease type IX (GSD IX), non-alccholic
steatohepatitis (NASH), cirrhosis, hepatitis, scleroderma, alcoholic fatty liver disease,
atherosclerosis, asthma, cardiac fibrosis, organ transplant fibrosis, muscle fibrosis, pancreatic
fibrosis, bone-marrow fibrosis, liver fibrosis, cirrhosis of hiver and gallbladder, fibrosis of the
spleen, scleroderma, pulmonary fibrosis, idiopathic pulmonary fibrosis, diffuse parenchymal
lung disease, diopathic iterstitial  fibrosis, diffuse mterstiial  fibrosis,  interstitial
pneumonitis, desquamative terstitial pneumonia, respiratory bronchuolitis, interstitial lung
disease, chronic mterstitial lung disease, acute mierstitial pneumonitis, hypersensitivity
pneamonitis, nonspecific nterstittal  pneumonia, cryptogenic organizing  prneumonia,
lymphoeytic interstitial  pneumonta, pneumoconiosis, silicosis, emphysema, interstihial
fibrosts, sarcoidosis, mediastinal fibrosis, cardiac fibrosis, atrial fibrosis, endomyocardial
fibrosis, renal fibrosis, chronic kiduney disease, Type I diabetes, macular degeneration, keloid
lesions, hypertrophic scar, nephrogenic systemuc fibroais, injection fibrosis, complications of
surgery, fibrotic chromic allograft vasculopathy and/or chronic rejection o transplanted
organs, fibrosis associated with ischemic reperfusion injury, post-vasectomy pain syndrome,
fibrosis  associated  with  rheumatoid  arthnitis,  arthrofibrosis, Dupuytren’s  disease,
dermatomyositis-polvmyositis, nuxed connective tissue disease, fibrous proliferative lesions
of the oral cavity, fibrosing ntestinal sirictures, Crohn's disease, ghal scarnng,

leptomeningeal fibrosis, meningitis, systemic lupus ervthematosus, fibrosts due to radiation
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exposure, fibrosis due to mammary cystic rupture, myelofibrosis, retroperitoneal fibrosis,
progressive massive fibrosis. In some embodiments, said fibrotic condition may comprise
one or more of GSD I, GSD IX, Non Alcoholic Steatohepatitis, cirrhosis of the liver and/or
pancreas, scleroderma, idiopathic pulmonary fibrosis, psonasis, alcoholic fatty liver disease,
Dupuyiren’s disease, and/or any combination thereof.

[0161] According to the methods and compositions of the present disclosurg, the
crystal forms of Compound 1 and Compound 1-A described herein may be admimstered to a
subject for the treatment, amelioration, prevention, or cure of a fibrotic condition, or a
condition for which fibrosis 15 a symptom or sequela.  According to the methods and
composition as disclosed herein, said fibrotic condition or condition having fibrosis as a
sequela may further comprise chronic mflammation.  According to the methods and
compositions as disclosed herein, said fibrotic condition or condition having fibrosis as a
sequela may further comprise activation of one or more TGF-§ dependent signaling
pathways. According to the methods and compositions as disclosed herein, said fibrotic
condifion or condition having fibrosis as a sequela may further comprise activation and/or
repression of one or more Thyroid Receptor Beta (TR} dependent signaling pathways.
According to the methods and compositions as disclosed herein, said fibrotic condition or
condition having fibrosis as a sequela may further comprise the mvolvement of signaling
pathways responsive to tritodothyronine (T3), thyroxine {T4), any combination thereof, or
mumetics thereof  According to the methods and compositions as disclosed heremn, said
fibrotic condition or condition having fibrosis as a sequela may further comprise the
mvolvement of receptors responsive to T3, T4, any combination thereof, or mimetics thereof
In some embodiments according to the methods and compositions disclosed herein, said
fibrotic condition or condition having fibrosis as a sequela may comprise the involvement of
TRB  In some embodiments according to the methods and compositions disclosed herem,
said fibrotic condition or condition having fibrosis as a sequela may comprise one or more
conditions which are prevented, ameliorated, or cured by the administration of one or more
agonists of TRP. In some embodiments according to the methods and compositions
disclosed herein, said fibrotic condition or condition having fibrosis as a sequela may
comprise one of more conditions which are prevented, ameliorated, or cured by the

admimstration of one or more of compounds described herein. In some embodiments, said
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compounds disclosed herein may be co-administered with one or more excipients. In some
embodiments, said compounds disclosed herein may be administered prior to, during, or after
a surgical intervention, phototherapy, or ultrasound therapy.

[0162] In some embodiments, the compositions and methods described herein
provide compositions and methods for the treatment, amelioration, prevention or cure of
coliagen deposition. In some embodiments, said collagen deposition comprises and
abnormal or excessive depostiion of collagen. In some embodiments, sard collagen
deposition may comprise abnormal or excessive deposition of Type 1 collagen. In some
embodiments, said collagen deposition may comprise abnormal or excessive deposition of
Collagen Type la. In some embodiments, said collagen deposition may comprise abnormal
or excessive deposition of Type [H collagen. According to the methods and compositions as
disclosed herein, said collagen deposition may further comprise the mvolvement of receptors
responsive to T3, T4, any combination thereof, or mimetics thereof In some embodiments
according to the methods and compositions disclosed herein, said collagen deposition may
comprise the mvolvement of TRP. In some embodiments according to the methods and
compositions disclosed herein, said collagen deposition may be prevented, ameliorated, or
cured by the administration of one or more agonists of TRE  In some embodiments
according to the methods and cormpositions disclosed herem, said collagen deposition may be
prevented, amebiorated, or cured by the adnumistration of one or more crystalline forms of
Compound 1 and/or Compound 1-A. In some embodiments, said one or more crystalline
forms of Compound 1 and Compound 1-A may be coadmimstered with one or more
excipients. In some embodiments, one or more crystalling forms of Compound 1 and/or
Compound 1-A may be admuustered prior to, duning, or after a swrgical intervention,
phototherapy, or ultrasound therapy.

[8163] In some embodiments, administration of Compound 1 and/or Compound
I-A, and crystal forms thereof described heremn or compositions comprising Compound 1
and/or Compound 1-A, and crystal forms thereof as disclosed herein results in a reduction
the expression of the Colal, Col3al, aSMA, and/or Galectinl genes or any combination or
product thereof in the subject to which said combination is administered.  In some
embodiments, administration of one or more crystalline forms of Compound 1 and/or

Compound 1-A results i a reduction m the degree of fibrosis observable by histology,
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histochemistry, immunohistochemistry, or the bke and/or reduction s in the amount,
accumulation, or distribution of type 1 collagen and/or hydroxyproline or any combination
thereof in the subject to which said combination s administered.  In some embodiments,
administration of one or more crystalline forms of Compound 1 and/or Compound 1-A
results 1n a reduction 1n total serum lipids, total serum cholesterol, total serem triglycerides,

total hiver lipids, total liver cholestersl, total liver triglvcerides, or any combination thereof.
EXAMPLES

[0164] Additional embodiments are disclosed in further detad in the following

examples, which are not in any way intended to limit the scope of the clatms.

H-rav Powder Diffraction (XRPE)

[0165] The Rigaku Smart-Lab X-ray diffraction system was configured for
reflection Bragg-Brentano geometry using a line source X-rayv beam. The x-ray source s a
Cu Long Fine Focus tube that was operated at 40 kV and 44 ma. That source provides an
meident beam profile at the sample that changes from a narrow line at high angles to a broad
rectangle at low angles. Beam conditionung shits are used on the line X-ray source to ensure
that the maximum beam size 15 less than 10 mm both along the hine and normal to the hine.
The Bragg-Brentano geometry 15 a para-focusing geometry controlled by passive divergence
and recerving shits with the sample stself acting as the focusing component for the optics. The
mherent resolution of Bragg-Brentano geometry 13 governed m part by the diffractometer
radius and the width of the recerving shit used. Typically, the Rigaku Smart-Lab 1s operated
to give peak widths of 0.1 °28 or less. The axial divergence of the X-ray beam 1s controlied
by 5.0-degree Soller shits m both the incident and diffracted beam paths.

{6166} Powder samples were prepared 1o a low background Si1 holder using hight
manual pressure to keep the sample surfaces flat and level with the reference surface of the
sample holder. Each sample was analyzed from 2 to 40 °2¢ using a continucus scan of 6 72¢

per minute with an effective step size of 0.02 “28.

Thermogravimetric Analysis {T(3)
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[0167] Thermogravimetric analyses was carried out using a TA Instruments (50
mstrument.  The mstrument balance was calibrated using class M weights and the
temperature calibration was performed using alumel The nitrogen purge was ~40 mbL per
minute at the balance and ~60 mL per minute at the furnace. Fach sample was placed into a

pre-tared platinum pan and heated from 20 °C to 350 °C at a rate of 10 °C per mimute.

Differential Scannine Calorimetry Analvsis (BSC

[0168] Difterential scanning calorimetry (BSC) was analyses were carried out
using a TA Instruments Q2000 instrument. The instrument temperature calibration was
performed using indium. The DSC cell was kept under a nitrogen purge of ~50 mL per
nuinute during each analysis. The sample was placed in a standard, crimped, aluminum pan

and was heated from 25 °C t0 330 °C at a rate of 10 °C per nunute.

'H Nuclear Magnetic Resonance (NMR)
[6169] The 'H-NMR spectra were acquired on a Bruker Avance I 400

spectrometer. Samples were prepared by dissolving material in DMSO-ds. The solutions
were filtered and placed into mdividual 5-ovm NMR tubes for subsequent spectral
acquisition. The temperature controlled (295 K 'H-NMR spectra acquired on the Avance I

400 utilized a S-mm cryoprobe operating at an observing frequency of 400,18 MHz

Karl Fischer (KFY Analvses

[817¢] Karl Fischer analyses were carried out using a Mettler-Toledo C20
Coulometric KF titrator.  The instrument was calibrated using a Hydranal water standard
containing 1% water. The tirant was a Hydranal methanol solution. The sample was

analyzed i duplicate.

Dvnamic Vapor Sorption {DVS)

(6171 DVS analysis was carried out using a TA Instruments 35000 Dynamic
Vapor Sorption analyzer. The mstrument was calibrated with standard weights and a sodium
bromide standard for humidity. Approximately 10-25 mg of sample was loaded into a

metalcoated quartz pan for analysis. The sample was analvzed at 25 °C with a maximum
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equulibration time of one hour in 10% relative humidity (RH} steps from 5 to 95% RH
{adsorption cycle) and from 95 to 5% RH (desorption cycle). The movement from one step
to the next occurred either after satistfying the equulibrium criterion of 0.01% weight change
or, if the equulibrium criterion was not met, after one hour. The percent weight change values

were calculated using Microsoft Excel®.

Example 1. Polvmorph Screen Experimenis the Compound 1

(0172} Polymorph screen experniments for Compound 1 were conducted with
various solvents under various conditions. One of the following crystallization methods were
used in order to prepare polymorphic forms of Compound 1.

(6173} Cooling Experiments: Approximately 20 mg of Compound 1 was

dissolved m nunimal solvent at a specified temperature. In cases where solubility was very
high, antisolvent was used to prevent the use of too much material. The solution was then
allowed to cool to room temperature.  If no solids were observed within 1 day, the sample
was moved to the refrigerator (2 — 8 “C). If vo solids were observed after being in the
refrigerator for 1-2 days, the sample was moved to the freezer (-25 to -10 °C). If no sohd
was observed after being in the freezer for several days, the sample was removed and
allowed to evaporate at ambient temperature.

4174} Evaporation Ixperuunents Approximately 20 mg of Compound | was

dissolved m mmnimal solvent at room temperature in 3 glass vial. The vial was left uncapped
m a fume hood at ambient temperature and left to evaporate.

[8175] Milhing Experiments: Approximately 20mg of Compound 1 was placed

a PEEK grinding cup with stamiless steel ball  The volume i grinding cup was
approximately 2 mL. In some cases, solvent {10 yL) was added  The cup was placed on a
Retsch mull at 100% power for 20 mumites. The resulting solids were analyzed by XRPD.

(6176} Flash Preciptation: Approximately 20 mg of Compound 1 was dissolved

in minimal solvent at a specified temperature in a glass vial. Approximately 5-10 volumes
of cold antisolvent (from either refrigerator or freezer) was then added to the vial. If no sohids
formed, sample was placed in freezer (-25 to -10 °C} for several days. If no sohid formed in

freezer, the sample was removed and allowed to evaporate at ambient.
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(6177} Antisolvent Precipitation: Approximately 20 mg Compound 1 was

dissolved im minimal solvent at a specified temperature. Antisolvent was then added siowly
until a turbid solution formed. The solution was allowed to stir overnight. The next day, f
no solids formed, additional antisolvent was added. This was repeated daily until either solid
precipitated or approximately 5-10 volumes of antisolvent had been added. If no solids
formed, the sample was placed in the freezer (-25 to -10 °C) for several days. If no sohd
formed in freezer, the sample was removed and allowed to evaporate at ambient.

[0178] Slurry: Approxamately 20 mg of Compound 1 was placed in a vial and
solvent added such that not all of the sohid dissolved The shwry was then stirred
magnetically at a specified temperature. The solid was then recovered by vacuum filtration.

(0179 The results of the polymorph screen experiments are provided in Table 1.

TABLE 1 — Polvinorph Screens for Compound 1

Method Solvent® Conditions® XRP.Dt
Pattern’
acetone hex AS, 50°C w0 -15°C, B D
ACN S0°Ci0-15°C E A
i.4-dioxane S0°Cio-1 5°C E D+ NC
DMF tol AS, 56°Cto-15°C, E F+NC
FaOH hex AR, 30°C 10 -15°C E A+D
EtOAc hex A8, 50°C 0 -15°C.E A
FeO 50°Ci0-15°C A+ pks
MeCOH tol AS, 56 °Cto-15°C. E A+C+pks
MEK hex AR 50 °Cto-15°C A+D
cooling 2-MeTHF hex AS, 50°Ci0-15°C E D+ A
2-PrOH hex AS, 50 °C to -15 °C. E D+ a
{min}
THF hex AS, S0°C to-153°C D
acetone/water {95/5} hex AR, 50 °C o -15°C; K disorder
ACN/water {95/5) to] AS, SG°Cto-15°C E+NC
EtOH/water {95/5) S0°Ct0-15°C E D
MeOH/water (95/5) tol AS, 30 °Cio-15°C, E C {1.C)
2-PrOH/water (95/5) 30°Cto-15°C, E B+E
THF /water {95/5) hex AS, 50 °Ct0-15°C, E D+ NC
acetone open vial, RT C{LCY
ACN open vial, RT C{LO)
evaporation 1,4-dioxane open vial, RT C{LO)
DMF open vial, RT F
EtOH open vial, RT C Ly
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Method Salvent® Conditions® XRPDC
Pattern

EtOAc open vial, RT ;} ;;11
Et:O open vial, RT ?2;?
MeQOH open vial, RT CELCy
MEK open vial, RT ’;2;;
2-MeTHF open vial, RT A+C
2-PrOH open vial, RT C
THF open vial, RT NC+HC
acetone/water {95/5) open vial, RT C{LCY
ACN/water {35/5) open vial, RT C(LO)
Bt H/ water (95/5) open vial, RT NCAHC
MeOH/water {95/5) open vial, RT NC+C
2-PrOH/water (95/5) open vial, RT C
THF /water {95/5) open vial, RT NC+pks

[3)

ACN == acetonitrile; A8 = anti-solvent; DMF = dimethylformanude; FtOH =

methanol, MEK = methyl ethy! ketone; 2-MeTHY = 2-methy! tetrahydrofuran; 2-
PrOH = 2-propanol; THF = tetrahydrofuran; tol = toluene

AS = antisolvent; E = evaporation, RH = relative humidity; RT = room temperature
LC = low crystaliinity; NC = non-crystalline; pk = unidentified peak

TABLE 1 {cont’d) — Polvmorph Screens for Compound 1

Method Sobvent? Conditions? XRPD .
Pattern®
acetone RT, ~20 mins A
ACN RT, ~20 mins A
FiOH RT, ~20 mins A
BiOAc RT, ~20 muns A
il Me(QH RY, ~20 mj:ms A
MEK RT, ~20 muns A
2-PrOH RY, ~20 mins B+NC
THF RT, ~20 ming A
water RT, ~20 muns A
none RT, ~20 mins A LD
flash acetone hex AS, 60 OC to “E,SA i - A
precipitation ‘ water AS, 60°C 10 5°C; F disorder
ACN tol AS, 60°Ci0-15°C E A
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Method Sobvent? Conditions XRPD .
Pattern®
dioxane hex AS, 60 °C to -15 °C A+ NC
DMEF tol AS, 60 °C 1o -15 °C NC + pk
hex AS, 60 °Cio-15° B EA+NC
FIOH water AS, 60 °Cto 5 °C  + pks
EtOAc hex AS, 60 °C to -15 °C A
AV tol A8, 60°C 1o -15°C E + pks
MeOH water AS, 60°Cto S °C. B disorder
MEK hex AS, 60°Cto-15°C A
2-MeTHE hex AS, 60 °Cto -15 °C A+E
S POH hex AS, 60 °C (0 -15°C. E E+NC
water AS, 60 °C to 5°C, E disorder
— hex AS, 60 °C to -15°C NC + pk
THE water AS, 60°C 1o 5 °C 3]
DCM AS, RT to0 -15 °C: | A+E
acetone hex AS, RT A
water AS, RT 0 5°C NC +pks
DCMAS RT w0 -15°C; NC + pks
anti-solvent ACN ol AS, RTto-15°C, E A+D
precipitation water AS, RT 10 5 9C N + pks
DCM AS, RT to -15 °C: B A+ NC
dioxane hex AS? RTto-15°C K NC + pks
’ tol AS, RT to-15 °C A
water AS, RTw05°C, B disorder

a.  ACN = acetonitrile; AN = anti-solvent; DMF = dimethyormamide; EtOH
= gthanol, EtOAc = ethyl acetate; Et,O = diethyl ether; hex = hexanes;
MeOH = methanol, MEK = methyl ethyl ketone; 2-MeTHF = 2-methyl
tetrahydrofuran; 2-PrOH = 2-propanol; THF = tetrahvdrofuran; tol =
toluene

b. A8 = antisolvent; F = evaporation; RH = relative humidity; RT =room
temperature

¢. LC =low crystaliinity; NC = non-crystalline; pk = unidentified peak
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TABLE 1 {cont’d) — Polvmorph Screens for Compound 1
Method Solvent® Conditions” ,m)j“}ﬁ
Pattern”
o hex AS, RTto -15 °C disorder
EIOH water AS, RT 1o 5 °C N + pks
BitOAc hex AS, RT A
£0.0 DOM AS, RT 1o -15 °C. E B+ NC
hex AS, RT A
DOUM AS RT w0 -15°C E E+NC
MeOH ol AS, RT10-15°C E disorder
water AS, RT C(LC)
anti-solvent DM 1‘%8, RTt0-15°C, E E+NC
orecipitation MEK hex AS, RT _ A
ol AS, RT10-15°C E A
DCMAS RT w0 -15°CL E disorder
> PrOH hex A‘S, RT to —lﬂiﬁ":(: , N.C + pk
tol AS, RTto0-15°C. B disorder
water AS, RT 10 5°C disorder
DCM AS, RTto-15°C E D +NC
hex AS, RT D
oY ol AS, RT10-15°C E NC + pks
water AS, RT to 5 °C disorder
slurry DCM 40°C, & days A
water 40°C, 6 days A
acetone SG°C bath: vac. desic. A
| MeOH SG:’C haih; vac. desic.; hex A+ NC
rotovap AS, air purge
THE SO:’C bath; vac. desie.; hex A+ NC
AS, air purge
RT, 59% RH, 7 days A
, RT, 75% RH, 7 days A
heat/humidity water vapor RT, 97% RH, 7 davs A
40°C, 75% RH, 7 days A
none RT, 0% RH, 7 days A
tyophilization i,4-dioxane LY, dry ice freeze, RT NC + pks

s ACN = acetonitrile; AS = anti-solvent; BMF = dimethyHormanude; BtOH =
ethanol; EtOAc = ethyl acetate; EtO = diethyi ether; hex = hexanes; MeOH
= methanol; MEK = methyl ethyl ketone; 2-MeTHF = 2-methyl
tetrahydrofuran; 2-PrOH = Z-propanol; THF = tetrahydrofuran; tol = toluene

b.AS = antisolvent; E = evaporation; RH = relative humidity; RT = room

temperature

e. LC = low crystallinity; NC = non-crystalline; pk = vnidentified peak
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Example 2. Competitive Shurry Experiments for Compound 1

[0180] Solutions {~2 mL} were saturated with Form A of Compound 1. Once
saturated, they were centrifuged and the mother hquors were transferred to HPLC vials
containing equal amounts {approximately 10 mg each} of Forms A, €, D, and E. The
samples were then stirred magnetically at a specified temperature for 3 days. Solids were
collected by vacuum filtration. The results of these slurries are presented below m Table 2.
Form A was obtamed from all of the experiments, ndicating that form A 15 the most stable

form under the conditions tested.

TABLE 2 — Interconversion Studies for Crystal Forms of Compound of Formula (B

Starting Material . XRPD
= Solvent System ) ions
Crystal Forms olvent System Conditions Result
11 ] , -
" 60 °C, 3 day F A
ethyl acetate hexane ’ ’ Y orm
21 < o
sthyi acetate hexane 23°C, 3 days Form A
A CDE R T
i 2°C, 3 day Form A
ethyvl acetate hexane €. 3 days o
Dry EtdAc Room temp, 3 days Form A
water Room terop, 3 days Form A

Example 3: Polymorph Screen Experiments for Compound 1-A

(0181} Polymorph screen experiments for the {2-methylaminio}ethanol (“deanol”)
salts were carried out by combining Compound 1 and deanol with various solvenis under
various conditions.  Several polymorphs were prepared as indicated below. All of the
crystalline salts exhibited a 1:1 stoichiometry of Compound 1:deanol  The results are

provided in Table 3 below.

TABLE 3 — Polyvmorph Screens for Compound 1-A

XRPD

Solvent Conditions®
Pattern?

Dissolve 20 mg Compound 1 in 0.5
mL of acetone. Add solution to vial
Acetone containing 1 molarequivalent of Form 1
deanol. Sonicate; much solid. Stir at
RT for 3 days.
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Solvent

Conditions®

XRPD
Pattern®

Combine 15 mg Compound 1, 1
molar equivalent deanol, and 1mL
acetone. Add 25 uL water, sonicate;
much sobid. Stirat RT for 2 days

Form 3

Acetonitrile
{ACN)

Dissolve 20 mg Compound 1 in 2.5
mb of ACN. Add solution to vial
containing 1 molar equivalent of
deanol. Sonicate; much solid. Stir at
RT for 3 days.

Form 4

Placed m 70 °C oven, 1 day

Form 4

1,4-Dnoxane

Disselve 20 mg Compound 1 1n 0.5
mb of dioxane. Add sohution to vial
containing 1 molar equivalent of
deanol. Sonicate; much solid. Stir at
RT for 3 days.

Form |

Ethanol
(EtCOH)

Place 433 myg of Compound 1 in
vial. Add 1 molar equivalent of
deanol pre-dissolved in 3 mL of
FtOH. Sonucated; clear. Let
partially evaporate until solids form,
then stir at RT overnight. Recover
solids by filtration

Form 3

Dissolve 20mg Compound 1 1n 0.5
mb of EtOH Add solution to vial
containing 1 molar equivalent of
deanol. Sonicate; much solid. Stir at
RT: no solid after 2 hours.
Uncapped, allowed to evaporate at
RT

Form 3

Dissolve 20mg Compound 1 0.5
mi. of BtOH. Add solution to vial
contaimng | molar equivalent of
deanol. Sonicate; clear solution.
Add about 6ml dichloromethane,
clear, put 1n freezer. Solids after 1
day

Form 3

-55-



WO 2023/158607 PCT/US2023/012898

TABLE 2 {cont’d) — Polvmorph Screens for Compound 1-A

XR¥D

Solvent Conditions®
v : Pattern®

Dissolve 15mg Compound 1 and 1
equ deanol in 0.25mL EtOH at 60
°C. Cooled from RT to 2 °C; clear
film. Let evaporateat RT, clear
film. Placed m 40 °C/75% RH
chamber, 1 day

Dissolve 15mg Compound 1 and 1
Ethanol equ deanol in 0.75mL EtOH. Add
(EtOH) IPrOAc dropwise; becomes turbid Form 3
after 2mb. Placed in -15 °C.
Solids after 1 day

Dissolve 36mg Compound 1 and |
equ deanol 1n 0.6mL HtOH at 60
“C. Add hexanes dropwise; turbid Form 1
after 1/2mL. Let cool io RT, much
sohid. Sur at RT for 2 days
Dissolve 20mg Compound 1 m 0.5
mbl of EtOAc. Add solution to vial
Ethyl Acetate | containing 1 molar equivalent of Form 4 (LC}
(EtOA¢) deanol. Soricate; much sohd. St
at RT for 3 days.

Placed 1n 70 °C oven, 1 day Form 4
Dissolve 20mg Compound 1 in 1
mb of EO. Add solution to vial

Ethyl Ether containing 1 molar equivalent of Form 1+

Form 3

(E00) deanol Sonicate; much solid. Stir NC

at RT for 3 days.

Dissolve 20 mg Compound 1 m
Isopropyl 0.5 mb of IPrOAc. Add solution
Acetate to vial contamming 1 molar Form 3
{(IPrOAC) squivalent of deanol. Sonicate;

much sohid. Stir at RT for 3 days.

Dissolve 20mg Compound 1 m 0.5

ml of MeOH. Add solution to vial

containing 1 molar equivalent of T e
Methanol deanol S;nicate; cie:r solution. Form 1{LC)
{(MeGH) Add E0O until turbid, about 3mbL.

Stir at RT 3 days.
Dissolve 20mg Compound T mn 0.3
mL of MeOH. Add solution to vial
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Solvent

Conditions®

XRPD
Pattern®

containing 1 molar equivalent of
deanol. Sonicate; clear solution.
Let evaporate; clear glass. Placed
m 70 °C oven, one day;
unchanged. Glass broken up with
spatula, returned to 70 °C oven, 1
day; clear glass

Dissolve 15mg Compound 1 and 1
equ deanol in 0.25mL MeOH. Add
toluene dropwise until turbid;
Zml. Cooled from RT to -15 °C.
Solids after 1 day

Form 3 +
NC

TABLE 3 {continued) — Polymorph Screens for Compound 1-A

Solvent

Conditions®

XRPD
Pattern®

Methy! Ethyl
Ketone
(MEK)

Phssolve 20mg Compound 1 1n 0.5
mL of MEK. Add solution to vial
containing 1 molar equuivalent of
deanol. Sonicate; much solid. Stir
at RT for 3 davs.

Form 1 (LC)

I-Propanol
{(1-PrOH)

Dissolve 20mg Compound 1 in 0.5
ml of I-PrOH. Add solution to
vial containing 1 molar equivalent
of deanol. Sonicate; much solid.
Stir at RT for 3 days.

Form 3

2-Propanol
(2-PrOH)

Dissolve 20mg Compound 1 m 0.5
mb of 2-PrOH. Add solution to
vial containing 1 molar equivalent
of deanol. Sonicate; much solid.
Siir at RT for 3 davs.

Form 1

Tetrahydrofuran
(THF)

Dissolve 20 mg Compound 1 in
.5 mL of THF. Add solution to
vial containing 1 molar equivalent
of deanol. Sonicate; much solid
Stir at RT for 3 days.

Form 1

Water

Add 20 mg Compound 1 to a vial
containing 1 molar equuivalent of
deanol dissolved in ImL of water;
dissolves. Allowed to evaporate at
RT.

Form 3
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a. RH = relative humidity; RT = room temperature; SP =
sonic probe
p.  LC = low crystallimity; NC = non-crystalline; pk = peak

Example 4. Polvmeorph Screen Experiments for Compound 1-A

[0182] Compound 1-A Form 3 was mixed with various solvents under various
conditions. Three polymorphs were identified as Forms 1, 2, and 3. Al of the crystalhine

salts exhibited a 1.1 stoichiometry of Compound 1:deanol

TABLE 4 — Polymorph Screens for the Compound of Formula (Db

Solvent Conditions® XRPD Pattern?
acetone/MeOH SL, RT, 1 day; 55°C, 2 days Form 1 (L.O)
ACN/MeOH SL, RT, Uday; 535°C, 2 days Form | (1.C)
DOM/Me(OH SL, RT 1day; 8°C, 2 davs Form 3
Dhoxane C, 65°C 10 -15°C; no solid. E, RT . ¥orm 3
{simgle crystals)
T oo L Nas)
EtOH E.RT Form 3 (PO)
{single crystals)
EtOAc/MeQH SL, RT, 1 day; 33°C, 2 days Form 1 (LO)
MeQOH SE, RT (oil}; air-dried {glassy) NC
" \ com cor. 14 T Form 3
2-propanol C, 65°C 1o -15°C, no solid E, RT (single crystals)
— i e J P+
THF ', 65°C to -15°C: no solid B, RT Form 1
min Form 3
toluene/MeOH SL, RT, 1 day; 8°C, 2 days Form 3
20 mg of form 3 heated on TG to 120 °C Form 3 + pks
and held for 3 minutes. Resulting solid
n/a analyzed by XRPD

Sample left at RT, 12 hours (30% RH} Form 3

a.  C =cool; E = evaporate; RH = relative hurnidity; RT = room teroperature; SL = slurry
b, LC = low crystallinity; NC = non-crystaliine; pk = peak, PO = preferred orientation

Example 5: Preparation of Form 3 of Compound 1-A

[0183] To a 500 mL Erlenmeyer flask was added Compound 1 (16.089 g) and 40
ml acetone {contaming 2.5% water). The muxture was allowed to magnetically stir at room
temperature until the solids dissolved.  In a separate flask, 2-(dimethylammojethanol

{“deanol”; 1.05 equavalents, 3.650 g} was dissolved in 10 mL of acetone {contaming 2.5%
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water). The deano! solution was added to the Compound 1 solution over a 10 minute period.
Solids began to precipitate after about 2 mL had been added and a thick shurry was formed.
An additional 150 mb acetone {containing 2.5% water) was added to the Compound 1 slurry
bringing total amount of solvent in the flask to 200 mL. The slurry was stirred magnetically
at room temperature overnight. The shurry was then vacuum filtered through Whatman filier
paper. The recovered white solid was placed on weighing paper and broken up with a
spatula and allowed to air dry for two days. Compound 1 deanol salt (1.e, Compound 1-A}

{(18.817 g, 93% vield} was recovered.

Example & Charactenization of Crystalline Samples

0184} The crystalline solid forms were characterized by a combinations of

XRPD, thermogravimetry (TG), DSC and/or solution NMR.

Crvstalline Form A of Compound 1

[0185] The XRPD results of crystaline Form A (FIGURE 1) show good
crystallinity. A melting teroperature at approximately 161 °C was observed using differential
scanning calonimetry (FIGURE 23 Crystalline Formn A was moderately  hygroscopic
dynamic vapor sorption/desorption analysis (FIGURE 3}

[0186] XRPD measurements of crystalline Formm A of Compound 1 were

measured. Observed peaks are shown in Table 5. Prommnent peaks are listed i Table 6.

TABLE 5 — Observed Peaks for Crystalline Form A

ﬂﬁhégﬁigigie d space (A) | Intensity {%)
5.1 17.4 53 4
7.4 i1.9 106
101 &3 4.2
12,1 73 75
12.9 6.8 3.1
147 6.0 0.6
ied 54 100.0
16.5 54 12.6
173 51 18.2
18.5 4.8 7.8
192 4.6 2.3
19.5 4.5 3.4
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Hsffs@z«gz%z;ngie 4 space (A} | Intensity (%)
20.0 4.4 0.4
20.5 4.3 5.0
21.0 42 51
21.4 4.2 .0
21.7 4.1 16.5
221 4.0 10.4
223 4.0 1.7
22.6 3.9 2.5
238 3. 6.9
241 3.7 19.6
235 3.5 175
259 3.4 §.6
26.4 3.4 0.4
26.0 33 8.6
277 3.2 3.3
28.4 3.1 0.4
29.2 3.1 i3
298 3.0 0.6

TABLE 6 — Promunent Peaks for Crystalline Form A

Di??iﬂ;gi;gtgngia 4 space (A} | Intensity (%)
5.1 17.4 93.4
7.4 11.9 10.6
101 8.8 4.2
121 7.3 7.5
16.4 54 100.0
173 5.1 18.2
18.5 4.8 7.8
20.5 4.3 5.0
21.0 4.2 5.1
214 4.2 2.0
217 4.1 165
221 4.0 10.4
23.8 3.7 6.9
241 3. 19.6
253 3.5 17.5
259 3.4 9.6
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Crvstalline Form B of Compound |

[0187] The XRPD} resulis of crystalline Form B (FIGURE 4) shows poor

crystallinity. Crystalline Form B was obtained only during the IPA grind experiment.
Crystalline form B was determined to be a solvate of 1sopropyl alcohol.

[0188] XRPD measurements of crysialline Form B of Compound 1 were
measured. Observed peaks are shown in Table 7. Prominent peaks are listed in Table 8.

TABLE 7 — Observed Peaks for Crystalline Form B

B‘fi’ﬂgg‘f(f;‘z S‘gi@ 4 "fﬁfé“ Intensity (%)
4.0 218 12.6
7.5 11.8 457
7.8 11.2 9.0
8.1 10.9 47.9
10.9 3.8 32.8
132 6.7 6.3
154 3.7 236
158 3.6 6.2
167 5.3 100.0
17.6 5.0 4.1
183 4.8 283
18.8 4.7 110
19.3 4.6 1.9
202 4.4 24.8
204 4.4 7.4
21.0 4.2 21.9
213 4.2 72
21.8 4.1 5.6
223 4.0 23.0
226 3.9 10.3
23.2 3.8 8.7
241 3.7 46.8
251 3.5 27.1
264 3.4 69.7
276 3.2 5.9
287 3.1 32.6
293 3.0 1.8

-51-



WO 2023/158607

PCT/US2023/012898

TABLE & — Prominent Peaks for Crystalline Form B

e oties eter ac

mffso;gz%z;nbie d s(g;ee Intensity (%)
7.5 il.8 457
2.1 10.9 479
10.0 8.8 328
154 57 23.6
167 53 100.0
8.3 4.8 283
18.8 47 11.0
202 4.4 24.8
21.0 472 21.9
223 4.0 230
22.6 39 101
241 3.7 458
251 3.5 271
26.4 34 697

Crystalline Form C of Compound 1

(0189} The XRPD results of crystalline Form C (FIGURE 5) show poor
crystallimity. An endotherm at approximately 158 °C was observed using differential
scanning calonimetry (FIGURE 6), bikely ndicating the melting pomnt of the crystal
Crystalline Form C became non-~crystalline upon heating. Crystalline Form C exhubited a 4.4

% weight loss when carried out from 25 °C to 110 °C as measured by thermogravimetric

analysis. However, the weight loss was found not to be attributed to solvent,

[6196] XRPD measurements of corystalline Form C of Compound |

measured. Observed peaks are shown in Table 9. Prominent peaks are listed in Table 10

TABLE 9 — Observed Peaks for Crysialline Form C

bl k44 3 -2 7
Biﬁi;%fEi;n*’ig d space (A) iﬂ’ﬁ;ﬁ;ﬂ@
4.0 21.9 160.0
8.0 11.0 189
11.0 8.1 57.5
111 3.0 4.0
2.0 7.4 269
13.6 6.5 5.5
144 6.2 33.8
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Diffraction angle d space (A) Intensity
°28 (deg} oY {%%)
14.6 6.0 67.2
152 5.8 76
17.1 52 314
18.5 4.8 8§73
19.2 4.6 18.1
212 4.2 17.0
217 41 13.6
24.9 36 116
257 3.5 541

TABLE 10 — Prominent Peaks for Crystalline Form C

Diffraction angle 4 space (A) Intensity
°28 (deg) pace s (%)
490 21.9 100.0
8.0 11.0 189
11.0 8.1 S7.5
12.0 7.4 26.9
14,4 6.2 838
14.6 6.0 672
17.1 5.2 314
18.5 4.8 873
19.2 4.6 18.1
21.2 42 17.0
217 4.1 13.6
24.9 3.6 11.6
257 35 54.1

Crystalline Form D of Compound |

[0191] The XRPD results of crystaline Form D (FIGURE 7) show good

crystallinity. A melting teroperature at approximately 166 °C was observed using differential

scanning calonimetry (FIGURE 8)  Thermogravimetric gravimetric analysis showed a

3.875% weight loss when casrried out from 25 °C to 140 °C, indicating a possible hydrate.
(6192} XRPD measurements of crystalline Form D of Compound 1 were

measured. Observed peaks are shown in Table 11, Promunent peaks are listed in Table 12.
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TABLE 11 — Observed Peaks for Crystalline Form D

Diffraction angle o Intensity

28 (deg) d space (A) (%)
34 262 9.1
6.1 14.4 284
7.4 12.0 9.9
7.6 117 315
113 7.9 283
115 7.7 5.6
12.2 7.2 469
147 6.0 4.4
16.5 54 13.1
17.0 52 20.4
17.3 51 109
17.6 5.0 51
184 4.8 580
18.6 48 356
19.5 4.5 322
19.7 4.5 635.5
207 43 42.1
21.0 42 4.2
212 42 100.0
217 4.1 8.1
225 3.9 19.6
23.0 39 5.2
233 38 7.8
241 3.7 1.1
24.6 3.6 {8
252 3.5 4.6
25.4 3.5 5.6
26.0 3.4 248
263 3.4 119
205 34 3.
26.3 33 102
278 3.2 2.2
283 3.2 7.0
285 3.1 37
28.8 3.1 1.4
293 3.0 7.4
298 3.0 3.0

-654-



WO 2023/158607 PCT/US2023/012898

TABLE 12 — Prominent Peaks for Crystalline Form D

Diffraction angle o Intensity
28 (deg) d space (A) (%)
6.1 14.4 28.4
7.6 117 319
113 7.9 283
122 7.2 46.9
16.5 54 13.1
17.0 52 204
17.3 5.1 10.9
184 4.3 S8.0
18.6 48 35.6
195 45 322
19.7 4.5 635
20.7 4.3 421
212 4.2 100.0
22.5 39 19.6
26.0 3.4 24 8
263 3.4 11.9

Crystalline Form E of Compound 1

(0193} The XRPD results of crystalline Form E (FIGURE 9} show poor
crystallmity. Endotherms were observed via DSC at 96 °C and 166 °C for crystalline Form B
(FIGURE 10). Crystalline Form E exiubited a 2.5 % weight loss when carried out from 25
°C 10 125 °C, however, the loss of mass 15 not attributed to solvent.

[6194] XRPD measurements of crystalline Form E of Compound 1 were

reasured. Observed peaks are shown in Table 13, Prominent peaks are listed in Table 14.

TABLE 13 — Gbserved Peaks for Crystalline Form B

i)ifﬁjaci'ian gngie d space (A) intensity
"28 {deg} o Yo}
33 26.7 73.4
5.0 175 100.0
7.5 1.9 36.9
10.0 8.9 227
12.3 7.2 i8.9
13.5 6.6 16.7
14.9 59 23.5
163 54 69.6
17.2 52 243
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Crvstalline Form F of Compound 1

PCT/US2023/012898
Diffraction angle e Intensity
°28 (deg) d space (&) (%)
183 49 13.0
19.4 4.6 495
20.4 4.4 16.1
213 4.2 203
217 4.1 431
238 37 101
241 37 20.6
24.7 3.6 41.6
25.5 3.5 27.6
26.6 34 528
27.7 32 9.3

TABLE 14 — Promnent Peaks for Crystalline Form B

Bsiis@zgf(?; :}ngie d space (A) inif;:;ﬁy
3.3 267 73.4
5.0 17.5 100.0
7.5 11.9 36.9
14.9 5.9 23.5
163 34 69.6
172 52 243
19.4 4.6 493
217 4.1 43.1
24.7 3.6 41.6
255 35 276
26.6 3.4 52.8

[0195]

B was obtained only during a DMF evaporation experiment and deternuned to be a

dimethyiformamide solvate.

Form F (FIGURE 12).

[8196]

The XRPD results of crystalline Form F (FIGURE 11). Crystalline Form

DSC results indicate an endotherm at 96 °C for crystalline

XRPD measurements of crystalline Form F of Compound 1 were

measured. Observed peaks are shown in Table 15, Prominent peaks are histed 1o Table 6.
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TABLE 15 — Observed Peaks for Crystalline Form F

Diffraction angle d space (A) Intensity
*28 (deg) space (4, (%e)
8.3 10.6 15.5
12.7 7.0 8.0
13.8 6.4 g.1
155 $.7 25.4
15.6 5.7 172
15.9 56 393
16.7 5.3 13.4
17.0 $.2 492
173 5.1 273
179 4.9 21.5
18.6 4.8 100.0
20.8 4.3 49.4
22.0 4.0 33.1
23.0 39 40.4
23.6 3.8 356
3.8 3.7 34.1
241 3.7 51
255 3.5 32.0
257 35 518
26.0 3.4 59.4
267 33 26.3
29.1 3.1 6.8
29.7 30 9.5

TABLE 16 — Prominent Peaks for Crystalline Form F

Diffraction angle d space (A) Intensity

*28 (deg) space (4, (%e)
8.3 10.6 15.5
15.5 57 254
15.6 57 17.2
159 5.6 393
17.0 52 492
173 5.1 273
17.9 49 218
18.6 4.8 100.0
20.8 43 49 4
22.0 40 33.1
23.0 3¢ 40 4
3.6 3.8 35.6
23.8 37 34.1
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Diffraction angle d space (A) Intensity
°28 (deg} o (%)
253 35 32.0
257 3.5 SL3
26.0 34 39.4
26.7 33 26.3

Crystalline Form 1 of Compound 1-A

[0197] The XRPD results of crystalline Form 1 (FIGURE 13) show good

crystallinity. A melting temperature at approximately 139 °C was observed using differential
scanning calorimetry. Crystalline Form A was moderately hygroscopic and had a meluing
point of about 139 °C.

[0198] XRPD measurements of crystalline Form 1 of Compound 1-A were

measured. Observed peaks are shown in Table 17 Prominent peaks are listed in Table 18

TABLE 17 — Observed Peaks for Cryvstalling Form 1

Diffraction angle , Intensiy
50 (degy | dspace(d) | I

o1 14.5 914
8.4 10.6 &9
12.0 7.4 82
12.2 7.2 12.8
127 7.0 6.3
13.3 6.7 10.6
13.6 &.3 183
14.0 6.3 8.4
14.4 6.1 3.6
149 59 2.9
159 5.6 6.9
16.5 5.4 51.8
17.0 52 32
17.3 5.1 230
183 4.9 100.0
19.3 4.6 7.

19.9 4.5 415
20.2 4.4 171
20.5 4.3 355
214 4.1 422
219 4.1 13.7
223 4.0 9.0
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Diffraction angle & space (A) Intensity
°28 (deg) TETT A {Yo)
22.5 4.0 21.4
22.6 39 5.6
228 39 17.5
23.0 39 16.8
23.4 3.8 9.0
24.0 37 8.1
24.4 36 5.7
25.6 35 14.3
26.3 34 8.1
27.0 33 9.4
281 32 9.8
289 3.1 4.8
29.1 3.1 31
29.4 30 1.9
299 3.0 4.6

TABLE 18 — Prominent Peaks for Crvstalline Form 1

Bsiis@zgf(?; :}ngie d space (A) inif;:;ﬁy
6.1 14.5 91.4
122 72 12.8
133 6.7 10.6
13.0 6.5 18.3
16.3 5.4 51.8
173 31 230
18.3 4.9 100.0
19.9 4.3 41.5
20.2 4.4 17.1
205 4.3 335
214 4.1 422
219 4.1 13.7
22.3 4.0 214
22.8 38 17.5
23.0 3.9 16.8
256 3.3 14.3

Crystalline Form 2 of Compound 1-A
[0199] The XRPD results of crystalline Form 2 show crystallinity (FIGURE 14).

Crystal Form 2 was found to have a melting temperature of about 117 °C and determined to

be moderately hvgroscopic.
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~

{6206} XRPD measurements of crystalline Form 2 of Compound 1-A were
measured. Observed peaks are shown in Table 19, Prominent peaks are histed in Table 20.

TABLE 19 — Observed Peaks for Crystalline Form 2

ﬁiffiz%fzztg}ngie d space (&) | Intensity (%)
5.7 15.5 387
6.2 14.3 435
8.0 11.0 1.0
8.6 10.3 1.4
i14 7.8 3.9
123 7.2 2.5
12.9 6.9 4.7
i3.6 6.3 2.3
141 6.3 2.0
155 5.7 5.8
162 5.5 7
i6.4 54 77
17.0 5.2 232
18.5 4.8 100.0
20.2 4.4 3.9
20.4 4.4 4.0
20.6 473 7.6
21.2 4.2 5.3
22.0 4.0 17.0
22.5 3.t 35
22.8 3.9 0.6
233 3.8 4.4
234 3.8 2.5
24.0 3. 2.2
243 3.7 1.2
247 3.6 2.2
2535 3.5 1.0
26.1 3.4 4.5
26.8 3.3 0.9
275 3.2 1.4
279 32 1.5
28.3 3.1 1.4
28.9 3.1 1.3
295 3.0 2.3
299 3.0 2.8
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TABLE 20 — Prominent Peaks for Crystalline Form 2

ﬁiﬁigggtg}ngk d space (R} | Intensity (%)
5.7 15.5 38.7
6.2 14.3 438
155 57 5.8
16.4 S.4 7.7
17.0 5.2 23.2
185 4.3 100.0
20.6 43 7.6
212 4.2 5.8
220 4.0 17.0
233 3.8 4.4
26.1 34 4.5

Crvstalline Form 3 of Compound 1-A

[0281] The XRPD results of crystalline Form 3 (FIGURE 15) show good
crystallinity. A melting temperature at approximately 156 °C was observed using differential
scanming calorimetry.  Avother endotherm was observed at about 107 °C (FIGURE 16).
Crystalline Form 3 exhibited a 3.85 % weight loss when carried out from 25 °C to 90 °C and

a 2.09% weight loss when carried out from 90 °C to 150 °C. DVE data (not shown) indicates

siight water uptake. Karl Fisher titration indicates that Crystalling Form 3 s @ monohydrate.

(6202} XRPD measurements of crystalline Form 3 of Compound 1-A were

measured. Observed peaks are shown in Table 21. Prominent peaks are histed in Table 22.

TABLE 21 — Observed Peaks for Crystalline Form 3

Di??iﬂ;gi;gtgngia 4 space (A} | Intensity (%)
6.0 14.7 22.7
8.4 105 6.8
10.2 ¥i 3.2
10.5 &4 4.5
119 7. 52
122 73 4.1
133 6.7 237
14.4 6.1 12.0
14.8 6.0 73.5
156 5.7 8.0
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Hsffs@z«gz%z;ngie 4 space (A} | Intensity (%)
161 5.5 68,8
17.8 S0 237
179 3.0 11.6
187 4.7 461
20.5 473 38.4
20.5 4.3 5.4
20.8 473 259
217 4.1 99 .6
22.4 4.0 3.0
22.9 3.9 20.2
238 ¥ 100.0
243 37 4.2
24.9 3.6 103
251 3.5 48.3
238 3.4 1.6
20.2 3.4 7.3
26.6 3.3 12.8
273 33 8.5
275 3.2 1.3
281 32 1.8
298 3.0 71

TABLE 22 — Propunent Peaks for Crystalline Form 3

ihﬁﬁ?gigg?gk d space (A) | Intensity (%)
6.0 14.7 227
133 6.7 237
144 6.1 12.0
14.8 6.0 735
0.1 3.5 68.8
175 5.0 237
17.¢ 5.0 il.6
187 4.7 46.1
20.5 473 384
208 4.3 259
21.7 4.1 89.6
22.9 3.9 202
238 3.7 100.0
249 3.6 10.3
251 335 483
26.6 3.3 12.8

S



WO 2023/158607 PCT/US2023/012898

Crvstalline Form 4 of Compound 1-A

(6203} The XRPD results of crystalline Form 4 are provided in FIGURE 17 A

melting temperature at approximately 114 °C was observed using differential scanning

calorimetry {(FIGURE 18}, Crystalline Form 4 was moderately hygroscopic and unsolvated.
(6204 XRPD measurements of crystalline Form 4 of Compound 1-A were

measured. Observed peaks are shown i Table 23, Prominent peaks are listed in Table 24.

TABLE 23 — Observed Peaks for Crvstalline Form 4

Diffraction angle » Intensily

°26 (deg) d space (A) (%)
6.2 143 1000
8.0 11.0 157
129 6.9 38.0
13.2 6.7 198
14.0 6.3 393
14.5 6.1 40.4
15.6 5.7 13.6
16,5 54 67.0
17.6 5.0 49 S
18.0 49 22.9
18.6 4.8 66.1
20.3 44 22.5
212 42 459
227 39 80.4
23.0 39 g1
233 3.8 62.1
24.0 37 23.0
26.1 3.4 3.0
27.0 33 17.1
279 3.2 8.9

TABLE 24 — Promunent Peaks for Covstalline Form 4

Diffraction angle ‘ Intensity
°26 (deg) £ d space {A) %) |

6.2 143 100.0

i2.9 5.9 38.0

14.0 6.3 393

14.5 6.1 40.4

16.5 5.4 67.0

176 5.0 49 5
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Diffraction angle d space (A) Intensity
°28 (deg} o (%)
18.0 4.9 229
18.6 4.8 66.1
203 4.4 22.°
21.2 472 459
22.7 39 30.4
233 38 62.1
24.0 3.7 23.0
26.1 34 23.0

Example 7; Equilibrium Aqueous Solubility Data for Compound 1 and Compound 1-A

[0152] Equilibrium solubility of Compound 1 and 1-A was measured in water at
ambient temperature. A known volume of water was placed in a I-dram glass vial and
weight aliguots of Compound 1 or Compound 1-A were added while magnetically stirning at
room temperature. 1If the solid dissolved, another aliquot of solvent was added. The data s

summarized below i1 Table 25.

TABLE 25 — Eguilibrium Solubility Studies

Concentration | Concentration | Conceniration
at 4 hours at 24 hours at 48 hours
{mg/mb} {mg/mL} {mg/mL}
Compound | 0.30 0.32 0.32
Compound 1-A 1.45 1.43 1.42

Example 8: Kinetic Solubility Studies of Compound 1 and Compound 1-A

[0205] Kinetic solubility of Compound 1 was measured in both simulated gastric
fluid (SGF) at a pH of about 1.2 and in water at 37 °C. In SGF, concentrations were below 1
ug/mL up untid 6 hours. The resulting solid was form A, In waler, a concentration of 0.3
mg/mb was achieved within 2 minutes and concentration after 6 hours was about 0.5 mg/mi.

[0206] Similarly, the kinetic solubiity of Compound 1-A (Form 1} was measured
mm both SGF at a pH of about 1.2 and in water at 37 °C. In SGF, concentrations were below 1
wg/mL up untid 6 hours. The resulting sohid was non-crystalline by XRPD. In water, a
concentration of 2.3 mg/ml was achieved within 2 munutes and concentration after 6 hours
was about 3.1 mg/mL. The resulting solid was found to be crystallime Form 3 of Compound

1-A
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TABLE 25 — Kinetic Solubility Studies
Concentration Conceniration Conceniration Concentration
Time Compound 1 Compound 1-A Compound 1 Compound 1-A
{mrin) in SFG in SFG in water in water
{mg/mi} {mg/mi) {mg/mi) {mg/mi)
2 (.00040 0.00035 0.29 2.25
3 0.00018 0.00017 (.33 2.66
10 0.0001 1 0.00011 0.30 2.98
30 0.00010 (1.00008 0.29 3.07
&0 0.00007 0.00005 (.40 3.14
120 0.00037 0.00028 (.41 228
240 0.00015 3.00021 0.39 2.87
360 0.00010 0.000067 (.53 3.07
[0207] Although the foregoing has been described in some detail by way of

illustrations and examples for purposes of clarity and understanding, it will be understood by

those of skill in the art that numerous and various modifications can be made without

departing from the spirit of the present disclosure. Therefore, it should be clearly understood

that the forms disclosed herein are illustrative only and are not intended to limit the scope of

the present disclosure, but rather to also cover all modification and alternatives coming with

the true scope and spirit of the disclosure.
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WHAT IS CLAIMED IS:

I A crystalline form of Compound 1.

O
- L O/\EF‘E\"OH

OH (1), or a solvate thereof.

HO

2. The crystalline form of Claim 1, wherein the crystalline form exhibits an X-
ray powder diffraction pattern comprising at least one characteristic peak, wherein said
characteristic peak 1s selected from the group consisting of approximately 5.1, 7.4, 101,
121,164, 17.3, 18.5,20.5, 21.4, 21.7. 22.1, 23.8, 24.1. 25.5, and 25.9 degrees 26.

3. The crystalline form of Claim 2, wherem the crystalline form exhubits an X-
ray powder diffraction pattern comprising at least three characteristic peaks, wherein said
characteristic peaks are selected from the group consisting of 5.1, 7.4, 10.1, 12.1, 164, 17.3,
185,205,214, 217,221, 23.8, 241, 255, and 25.9 degrees 28.

4, The crystalline form of Clawm 2 or Clanm 3, wherein the crystalline form has a

roelting poimnt of about 161 °C.
s, The crystalline form of Claim 1, wherein the crystalline forrm exhibits an X-
ray powder diffraction patiern comprising at least one characteristic peak, wherein said
charactenistic peak 1s selected from the group consisting of approxamately 7.5, &1, 10.0,
15.4,16.7. 183, 18.8,20.2, 21.0,22.3, 24.1, 25.1, and 26.4 degrees 20.

&, The crystalline form of Claim 5, wherein the crystalline form extubits an X-
ray powder diffraction pattern comprising at least three characteristic peaks, wherein said
characteristic peaks are selected from the group consisting of 7.5, 8.1, 10.0, 154, 167, 183,
18.8,20.2,21.0,223,24.1, 25,1, and 26.4 degrees 20,

7. The crystalline form of Claim 1, wherein the crystalline form exhibits an X-
ray powder diffraction pattern comprising at least one characteristic peak, wherein said
characteristic peak is selected from the group consisting of approximately 4.0, 8.0, 11.0,
120, 14.4, 14.6, 171, 18.5, 192, 211, 21.7. 24.9, and 25.7 degrees 2.

8. The crystalline form of Claim 7, wherein the crystalline form exhibits an X-

ray powder diffraction patiern comprising at least three characteristic peaks, wherein said
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characteristic peaks are selected from the group consisting of 4.0, 8.0, 11.0, 12.0, 144, 14,6,
171,185,192, 21.1,21.7, 24.9, and 25.7 degrees 26.

9, The crystalline form of Claum § or Clanm 9, wherein the crystalline form has a
DSC endotherm at about 70 °C or 158 °C.

10, The crystalline form of Claim 1, wherein the crystalline form exhibits an X-
ray powder diffraction pattern comprising at least one characteristic peak, wherein said
charactenistic peak s selected from the group consisting of approximately 76.1, 7.6, 11.3,
12.2,16.5,17.0,17.3, 18.4, 18.6, 19.5, 197, 20.7, 21.2, 22.5, 26.0, and 26.3 degrees 28,

1. The crystaline form of Claim 10, wheremn the crystalline form exhibits an X-
ray powder diffraction pattern comprising at least three characteristic peaks, wherein saud
characteristic peaks are selected from the group consisting of 6.1, 7.6, 11.3, 12.2, 16.5, 170,
17.3,18.4, 18.6, 19.5,19.7, 20.7, 21.2, 22.5, 26.0, and 26.3 degrees 26,

1z The crystalline form of Claim 10 or Claim 11, wherein the crystalline form
has a DSC endotherm at about 166 °C.

13 The crystalline form of Claim 1, wherein the crystalline form exhibits an X-
ray powder diffraction pattern comprising at least one characteristic peak, wherein said
characteristic peak is selected from the group consisting of approximately 3.3, 5.0, 7.5, 14.9,
163,172,194, 217 247, 25.5, and 26.6 degrees 28,

14. The crystalling form of Claim 13, wherem the crystalline form exhibits an X-
ray powder diffraction patiern comprising at least three characteristic peaks, wherein said
characteristic peaks are selected from the group consisting of 3.3, 5.0, 7.5, 149, 16.3, 17.2,
19.4, 217,247, 25.5, and 26.6 degrees 26,

53 The crystalline form of Claim 13 or Claim 14, wherem the crystalline form
has a DSC endotherm at about 96 °C or 166 °C.

16. The crystalline form of Claim 1, wherein the crystalline form exhibits an X-
ray powder diffraction pattern comprising at least one characteristic peak, wherein said
characteristic peak is selected from the group consisting of approximately 83, 155, 15,6,
159, 17.0, 173, 179, 186, 208, 22.0, 23.0, 23.6, 23.8, 25,5, 257, 26.0, and 26.7 degrees
28.

17 The erystalline form of Claim 16, wherem the crystalline form exhibits an X-

ray powder diffraction pattern comprising at least three characteristic peaks, wherein said
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characteristic peaks are selected from the group consisting of 83, 155, 15.6, 159, 17.0, 173,
179,186, 20.8,22.0,23.0,23.6,23.8 255, 257, 26.0, and 26.7 degrees 26.

18 The crystalline form of Clamm 16 or Claim 17, wherein the crystalline form
has a DBSC endotherm at about 96 °C.

19 The arystallime form of any one of Claims 1 to 18, wherein the crystalline
form 15 unsolvated.

20. The arystallime form of any one of Claims 1 to 18, wherein the crystalline
form 13 solvated.

21 A crystalline form of Compound 1-A:

O F?
i .
OA P\‘—Q} {

OH {1-Aj}, or a solvate thereof.

22, The crystalling form of Clanm 21, wherem the crystalline form exhibits an X-
ray powder diffraction pattern comprising at least one characteristic peak, wherein said
characteristic peak is selected from the group consisting of approximately 6.0, 133, 144,
148, 161,178 179, 187,205,208, 217,229,238, 249, 251, and 26.6 degrees 28,

23. The crystalline form of Claim 22, wherem the crystalline form exhibits an X-
ray powder diffraction pattern comprising at least three characteristic peaks, wherein said
characteristic peaks are selected from the group consisting of 0.0, 13.3, 144, 148, 16,1, 178,
179,187, 20,5, 20.8,21.7, 229,238,249, 251, and 26.6 degrees 28.

24. The crystalline form of Claim 22 or Claim 23, wherein the crystalline form
has a melting point of about 156 °C.

25, The crystalline form of Claim 21, wheremn the crystalline form extubits an X-
ray powder diffraction patiern comprising at least one characteristic peak, wherein said
characteristic peak 15 selected from the group consisting of approxumately 6.1, 122, 13.3,
13.6,16.5,17.3, 183,199, 202,205, 214, 21.9,22.5, 22.8, 23.0, and 25.6 degrees 26.

26. The crystalline form of Claim 25, wherein the crystalline form exhibits an X-

ray powder diffraction pattern comprising at least three characteristic peaks, wherein said
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characteristic peaks are selected from the group consisting of 6.1, 12.2, 13.3, 13.6, 16,5, 17.3,
18.3,19.9,202,205 214,219 225,228, 23.0, and 25.6 degrees 26.

27, The crystalline form of Clamm 25 or Claim 26, wherein the crystalline form
has a melting point of about 139 °C.

23. The crystalling form of Clamm 23, wherem the crystalline form exhibits an X-
ray powder diffraction pattern comprising at least one characteristic peak, wherein said
charactenistic peak 15 selected from the group consisting of approximately 5.7, 6.2, 155,
16.4, 17.0, 185, 20,6, 21.2, 22.0, 23.3, and 26.1 degrees 29,

29, The crystalline form of Claim 28, wherem the crystalline form exhibits an X-
ray powder diffraction pattern comprising at least three characteristic peaks, wherein saud
characteristic peaks are selected from the group consisting of 5.7, 6.2, 155, 16,4, 17.0, 185,
20.6,21.2,22.0,23.3, and 26.1 degrees 26,

30. The crystalline form of Claim 28 or Claim 29, wherein the crystalline form
has a melting point of about 117 °C.

3t The crystalline form of Claim 21, wherein the crystalline form exhubits an X-
ray powder diffraction pattern comprising at least one characteristic peak, wherein said
characteristic peak 15 selected from the group consisting of approxumately 6.2, 12.9, 14.0,

145,165,176, 180, 186,203, 212,227, 233, 24 0, and 26.1 degrees 28,

32. The crystalline form of Claim 31, wherem the crystalline form exhibits an X-
ray powder diffraction patiern comprising at least three characteristic peaks, wherein said
characteristic peaks are selected from the group consisting of 6.2, 12.9, 140, 14 5, 16.5, 17.6,
180, 18.6,203,21.2, 227,233,240, and 26.1 degrees 28

33. The crystalline form of Claim 31 or Claim 32, wherem the crystalline form
has a melting point of about 114 °C.

34 The crystalline form of any one of Claims 21 to 33, wherein the crystalline
form 1s unsolvated.

35 The crystalline form of any one of Claims 21 to 33, wherein the crystalline

form is sobvated.

36, The crystalline form of Claim 35, wherein the crystalline form 15 a hydrate.
37. The crystalline form of Claim 35, wherein the crystalline form s a
monohydrate.
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38. A pharmaceutical composition comprising a therapeutically effective amount
of one or more crystaliine forms of any one of Claims 1 to 37 and one or more
pharmaceutically acceptable excipients.

39 A method of treating a disease or condition in a subject, the method
comprising administering to the subject a therapeutically effective amount of a crystalline
form of any one of Claims 1 to 37, wherein said disease or disorder is selected from the
group consisting of steatosis, non-alcoholic fatty hiver disease {(NAFLD), non-alccholic
steatohepatitis {(NASH), liver fibrosis, renal fibrosis, biliary fibrosis, pancreatic fibrosis,
chronic kidney disease, diabetic kidney disease, primary sclerosing cholangitis, primary
hihary cirrhosts, or idiopathic fibrosis.

44, The method of Claim 39, wherein method results in the prevention, treatment,
or amelioration, of a fibrosis, fibrotic condition, or fibrotic symptoms.

4i. The method of Claim 39, wherein method results in the reduction in the
amount of extracellular matrix proteins present in one or more tissues of said subject.

42, The method of Claim 39, wheremn said method results in the reduction i the
amount of collagen present in one or more tissues of said subject.

43, The method of Clavn 39, wherein said admuustration of said crystalline form
results n the reduction 1o the amount of Type I, Type fa, or Type I collagen present n one
or more tissues of said subject.

44, A method of treating a disease or disorder in a subject, the method comprising
admimistering to the subject a therapeutically effective amount of a solution prepared by
dissolving crystalline form of any one of Clamns 1 to 37 in a pharmaceutically acceptable
solvent, wheremn said disease or disorder 15 selected from the group consisting of steatosis,
non-alcoholic fatty liver disease (NAFLD), non-alcoholic steatohepatitis {(NASH), hver
fibrosis, renal fibrosis, biliary fibrosis, pancreatic fibrosis, chronic kidney disease, diabetic
kidney disease, primary sclerosing cholangitis, primary bihiary cirrhosis, or idiopathic
fibrosis.

45, A compound, having the structure

-80-



WO 2023/158607 PCT/US2023/012898

gy O
|

‘ Q/\’Fi\fOH

OH {I-A}, or a solvate thereof.
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