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Description

Title of Invention: WATER SOLUBLE SALTS OF LIPIDATED

(1]

(2]

(3]

(4]

(5]

PEPTIDES AND METHODS FOR PREPARING AND USING

THE SAME
Technical Field

Invarious embodiments, the present invention generally relates to novel water soluble
pharmaceutically acceptable salts of lipidated peptides and peptido-mimetics, and

methods of preparing and using the same.

Background Art

Various diseases or disorders are mediated by formation of a Pellino-1 induced in-
flammatory signal transduction complex such as MyD88 and/or RIP1. As shown in
U.S. Appl. No. 15/205,853, published as US2017/0008924, certain lipidated peptides
and peptido-mimetics such as the pyrrolidine carboxamido derivatives were shown to
be effective in modulating Pellino-1 induced biological pathways and thus were
effective in treating various autoimmune and inflammatory diseases. However,
lipidated peptides and peptido-mimetics are mostly insoluble in aqueous media and
therefore belong to Class IV drugs according to the Biopharmaceutics Classification
System (BCS IV). As the solubility of drug candidates in water is an important con-
sideration in drug development, there is a need to prepare lipidated peptides and

peptido-mimetics with improved aqueous solubility.

Disclosure of Invention
Solution to Problem

In various embodiments, the present invention relates to novel water soluble salts of

Formula I, e.g., substantially pure compound of Formula I,
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wherein M, A, R'are defined herein. In some embodiments, the present invention
also relates to pharmaceutical compositions comprising a compound of Formula 1. In
some embodiments, the present invention further relates to methods of preparing the
compound of Formula I and/or the pharmaceutical composition, and methods of using
the same.

Certain embodiments are directed to substantially pure compounds of Formula I. In
some embodiments, the substantially pure compound of Formula I is a sodium salt or
potassium salt or lithium salt. In some embodiments, the substantially pure compound
has a sodium or potassium or lithium content of about 80% to about 125% of the re-
spective theoretical sodium or potassium or lithium content based on Formula I. In
some embodiments, the substantially pure compound of Formula I has a purity by
weight and/or by HPLC area of at least 90%. In some embodiments, the substantially
pure compound is a substantially pure sodium palmitoyl-
L-prolyl-L-prolylglycyl-L-tyrosinate (Compound I-1). In some embodiments, the sub-
stantially pure Compound I-1 has a sodium content by weight of about 2% to about
5%.

Certain embodiments are directed to pharmaceutical compositions comprising the
compound of Formula I (e.g., the substantially pure compound herein). In some em-
bodiments, the compound of Formula I is present in a therapeutically effective amount,
for example, for treating a disease or disorder described herein, for example, an in-
flammatory bowel disease. In some embodiments, the pharmaceutical composition can
be formulated for oral, nasal, pulmonary, rectal, buccal, vaginal, ocular, topical,
parenteral or transdermal administration. In some embodiments, the pharmaceutical
composition can be a solid or liquid. In some embodiments, the pharmaceutical com-
position can be a capsule or tablet. In any of the embodiments described herein, the
pharmaceutical composition can be enteric coated.

In some embodiments, the pharmaceutical composition can comprise a thera-
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peutically effective amount of Compound I-1, for example, for treating a disease or
disorder described herein, for example, an inflammatory bowel disease. In some em-
bodiments, Compound I-1 in the pharmaceutical composition is in a form chosen from
one or more of amorphous, Form A, Form B, Form C, Form D, Form E, and Form F.
In any of the embodiments described herein, Compound I-1 in a pharmaceutical com-
position can be in an amorphous form.

In some embodiments, the pharmaceutical composition can be storage stable. In
some embodiments, the pharmaceutical composition comprises amorphous Compound
I-1, wherein upon storage at 40 °C at a relative humidity of 75% or at 25 °C at a
relative humidity of 60% for 1 month or more (e.g., 1 month or 6 months), the pharma-
ceutical composition is substantially free of Compound I-1 in a crystalline form. In
some embodiments, the pharmaceutical composition comprises amorphous Compound
I-1 and is substantially free of one or more of Form A, Form B, Form C, Form D, Form
E, and Form F of Compound I-1.

In some embodiments, the pharmaceutical composition comprises a therapeutically
effective amount of any one or more of Compound I-2 to I-10. In some embodiments,
the pharmaceutical composition comprises Compound I-2. In some embodiments,
Compound I-2 is in a crystalline Form A2. In some embodiments, the active ingredient
of the pharmaceutical composition consists essentially of Compound I-1. In some em-
bodiments, the active ingredient of the pharmaceutical composition consists essentially
of Compound I-2. In some embodiments, the active ingredient of the pharmaceutical
composition consists essentially of Compound I-3.

The pharmaceutical composition can also be characterized by an in vitro dissolution
profile, e.g., any of those described herein.

Certain embodiments are also directed to methods of treating various diseases or
disorders described herein. In some embodiments, the method is for treating an in-
flammatory bowel disease in a subject in need thereof, such as ulcerative colitis,
Behcet's disease, and/or Crohn's disease. In some embodiments, the method comprises
administering to the subject a therapeutically effective amount of any of the sub-
stantially pure compounds herein or any of the pharmaceutical compositions described
herein. Suitable amounts and routes of administration include any one of those
described herein.

In some embodiments, the method is for treating a disease or disorder mediated by
formation of a Pellino-1 induced inflammatory signal transduction complex such as
MyDS88 and/or RIP1 in a subject in need thereof. In some embodiments, the method
comprises administering to the subject a therapeutically effective amount of any of the
substantially pure compounds herein or any of the pharmaceutical compositions

described herein. In some embodiments, the disease or disorder is one or more of
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multiple sclerosis, psoriasis, sepsis, geographic atrophy, wet age-related macular
disease, dry age-related macular disease, diabetic retinopathy, infectious lung diseases,
bacterial pneumonia, viral pneumonia, diffuse large B-cell lymphoma, viral infection,
autoimmune disease, obesity, blood cancer including lymphoma, and tumors in
internal organs. Suitable amounts and routes of administration include any one of those
described herein.

In some embodiments, the method is for treating alopecia in a subject in need
thereof. In some embodiments, the method comprises administering to the subject a
therapeutically effective amount of any of the substantially pure compounds herein or
any of the pharmaceutical compositions described herein. Suitable amounts and routes
of administration include any one of those described herein.

In some embodiments, the method is for treating geographic atrophy, wet age-related
macular disease, dry age-related macular disease, and/or diabetic retinopathy in a
subject in need thereof. In some embodiments, the method comprises administering to
the subject a therapeutically effective amount of any of the substantially pure
compounds herein or any of the pharmaceutical compositions described herein.
Suitable amounts and routes of administration include any one of those described
herein.

In some embodiments, the present invention also provides a method of inhibiting
formation of an inflammatory signal transduction complex MyD88, formation of an in-
flammatory signal transduction complex mediated by Pellino-1, or formation of an in-
flammatory signal transduction complex Rip1; suppressing expression of at least one
protein selected from the group consisting of G-CSF, IL-2, SCF, VEGF, CX3CL1,
IGFBPS5, IGFBP6, IL-1a, IL-1f3, IL-6, IL-9, MCP-1, MIP-3a, IL12p40/70, MIG, TNF-
a, and VCAM-1; and/or suppressing activity of NF-xB in a cell. In some em-
bodiments, the method comprises contacting the cell with an effective amount of any
of the substantially pure compounds herein or any of the pharmaceutical compositions
described herein. Suitable amounts and routes of administration include any one of
those described herein.

Certain embodiments are also directed to an aqueous composition comprising a
compound of Formula I (e.g., Compound I-1 or I-2). In some embodiments, the
aqueous composition comprises Compound I-1 or I-2. In some embodiments, the con-
centration of the compound I-1 or I-2 is at least 50 mg/mL (e.g., at least 100 mg/mL, at
least 200 mg/mL) of the composition. In some embodiments, the concentration of the
compound I-1 or I-2 is 0.1 mg/mL to 50 mg/mL of the composition. In some em-
bodiments, the lower concentrated composition can be prepared from diluting the
higher concentrated composition herein. In some embodiments, the aqueous com-

position comprises one or more of sodium phosphate, sodium chloride, polysorbate,
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sucrose, meglumine, Cremophor RH40, Tween 80, HPBCD, and HPMC E3. For
example, in some embodiments, the aqueous composition comprises meglumine and
Cremophor RH40, wherein the weight ratio of meglumine to Cremophor RH40 is
about 1:5 to about 5:1. In some embodiments, the aqueous composition comprises
meglumine, e.g., in a concentration of about 2% to about 5% (weight to volume). In
some embodiments, the aqueous composition comprises Compound I-1 in a con-
centration of at least 200 mg/mL and meglumine in a concentration of about 2% to
about 5% (weight to volume). In some embodiments, the aqueous composition
comprises Compound I-1 (e.g., at a concentration of at least 200 mg/mL) and
meglumine (e.g., at a concentration of about 2% to about 5% (weight to volume)) is
storage stable at 25 °C. For example, in some embodiments, such composition is sub-
stantially free of precipitates upon storage at 25 °C for 1 week or 2 weeks. The
aqueous composition or a diluted composition therefrom can be included in a pharma-

ceutical composition and can be used for any of the methods herein.

Brief Description of Drawings

FIG. 1A provides an exemplary X-ray powder diffraction (XRPD) spectrum of
Compound I-1-Acid in Form 1. FIG. 1B presents a graph showing the thermo-
gravimetric analysis (TGA) and differential scanning calorimetry (DSC) analysis of
Compound I-1-Acid in Form 1.

FIG. 2 provides an exemplary XRPD spectrum of Compound I-1-Acid in amorphous
form.

FIG. 3 provides an exemplary XRPD spectrum of Compound I-1 in amorphous form.

FIG. 4A provides two exemplary XRPD spectra of Form A of Compound I-1, one for
solids obtained from small scale and another for solids obtained from a scale-up. FIG.
4B presents a graph showing the TGA and DSC analysis of Form A of Compound I-1.

FIG. 5 presents a graph showing the TGA and DSC analysis of Form B of
Compound I-1.

FIG. 6A provides an exemplary XRPD spectrum of Form C of Compound I-1,
overlaid with Form A of Compound I-1. FIG. 6B presents a graph showing the TGA
and DSC analysis of Form C of Compound I-1.

FIG. 7 provides an exemplary XRPD spectrum of a solid form identified in a
solubility test, Form D of Compound I-1, overlaid with Form A of Compound I-1.
FIG. 7 also shows that, upon drying, Form D is converted into Form A.

FIG. 8A provides an exemplary XRPD spectrum of Form E of Compound I-1,
overlaid with Forms A and C of Compound I-1. FIG. 8B presents a graph showing the
TGA and DSC analysis of Form E of Compound I-1.
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FIG. 9A provides an exemplary XRPD spectrum of Form F of Compound I-1,
overlaid with Forms A and E of Compound I-1. FIG. 9B presents a graph showing the

TGA and DSC analysis of Form F of Compound I-1.
FIG. 10A provides exemplary XRPD spectra of Form A2 of Compound I-2, for

solids obtained from small scale or scale-up. FIG.10B presents a graph showing the
TGA and DSC analysis of Form A2 of Compound I-2.

FIG. 11 shows an exemplary XRPD spectrum of amorphous Compound I-2 prepared
after dissolution and evaporation using organic solvents (e.g., THF) and XRPD spectra
of amorphous Compound I-2 after being stored at room temperature for 4 days and 12
days. For comparison purposes, FIG. 11 also shows XRPD spectra of Form A2
(Pattern A) and B2 (Pattern B) of Compound I-2.

FIG. 12 shows X-ray diffractograms of powder from capsules containing amorphous
Compound I-1. The diffractographs show that no crystalline conversion was observed
after 6 month when the capsules were stored under conditions of 25 °C/60% RH or 40
°C/75% RH (relative humidity).

FIG. 13 shows XRPD spectrum of amorphous Compound I-1-Acid calcium salt
prepared by taking Compound I-1-Acid and Ca(OH), in the molar ratio of 1:1 in
ethanol or IPA, stirring the solution until it becomes transparent and then evaporating
the solution at room temperature to obtain the desired form or adding acetonitrile as an
antisolvent to the solution at room temperature to obtain the desired form.

FIG. 14 shows XRPD spectrum of Compound I-1-Acid magnesium salt prepared by
taking Compound I-1-Acid and MgSQO, in 1:1 molar ratio, dissolving pH = 12 solution
and slurring for 1-2 days to obtain the desired product.

FIG. 15 shows XRPD spectrum of Compound I-1-Acid zinc salt prepared by taking
Compound I-1-Acid and ZnSO, in 1:1 molar ratio, dissolving pH = 12 solution and
slurriing for 1-2 days to obtain the desired product.

Best Mode for Carrying out the Invention

In various embodiments, the present invention relates to the discovery of water
soluble salt of some lipidated peptides and peptido-mimetics. By choosing appropriate
salts and additives, aqueous solubility of some lipidated peptides and peptido-mimetics
can be dramatically improved, by as much as 50,000 fold or more. Accordingly, in
various embodiments, the present invention provides salts of lipidated peptides and
peptide-mimetics, which can have improved aqueous solubility, as well as methods for

preparing the salts and methods of using the salts.

Salts



WO 2019/168357 PCT/KR2019/002397
[40] In some embodiments, the present invention provides a salt of a compound having
Formula I-Acid:
[41]
OH
O
P
OH
N N
A © O
R’\(
o)
Formula I-Acid,
[42] an optical isomer thereof, a solvate or hydrate thereof, or a prodrug thereof, wherein

A and R! are as defined herein. In some embodiments, the salt is a Lithium (Li),
Sodium (Na), Potassium (K), Strontium (Sr), Magnesium (Mg), Calcium (Ca), Zinc
(Zn), Meglumine, Arginine, or Lysine salt. In some embodiments, the salt is an
isolated salt that is substantially pure, for example, with a purity by weight of at least
70% (e.g., at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or at
least 97%). In some embodiments, the salt is an isolated salt with a purity by weight of
about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, about 97%,
about 99%, or any ranges between the specified values. In some embodiments, the salt
has an enantiomeric purity, expressed as enantiomeric excess or ee, of about 50% ee or
more, e.g., about 60% ee, about 65% ee, about 70% ee, about 75% ee, about 80% ee,
about 85% ee, about 90% ee, about 91% ee, about 92% ee, about 93% ee, about 94%
ee, about 95% ee, about 96% ee, about 97% ee, about 98% ee, about 99% ee, about
99.5% ee or more, and up to 100% ee. In some embodiments, the salt has a di-
astercomeric purity, expressed as diastereomeric excess or de, of about 50% de or
more, e.g., about 60% de, about 65% de, about 70% de, about 75% de, about 80% de,
about 85% de, about 90% de, about 91% de, about 92% de, about 93% de, about 94%
de, about 95% de, about 96% de, about 97% de, about 98% de, about 99% de, about
99.5% de or more, and up to 100% de. In some embodiments, the salt is substantially
free (e.g., less than 5%, less than 2%, less than 1%, or non-detectable) of a salt of a
stereoisomer other than the stereoisomer shown in Formula I-Acid. As used herein, a
substantially pure compound or salt herein refers to the compound or salt having a
purity by weight of at least 60% (e.g., at least 65%, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, or at least 97%). Unless otherwise

obvious from context, for the purpose of calculating the weight percentage of the
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compound/salt in the substantially pure compound or salt, anything other than the
compound or salt, or a solvate or hydrate form thereof, is regarded as an impurity,
which includes for example residual solvents, moisture contents, enantiomers, di-
astereomers, etc. For avoidance of doubt, a composition comprising the substantially
pure compound or salt herein and one or more other ingredients should be understood
as a composition obtained directly or indirectly from mixing the substantially pure
compound or salt herein with the one or more other ingredients, such as water, pharma-
ceutically acceptable excipients, etc.

In some embodiments, the present invention provides a substantially pure compound

having Formula I,

OH

N L oM

Formula I

wherein

M is a monovalent cation, such as an alkali metal cation, e.g., Li, Na, or K,

or M is a multivalent cation, balanced with appropriate counterions, such as SrX,
MgX, CaX or ZnX, wherein X is a monovalent anion or a monovalent anion of
Formula I-Acid;

A is a bond, or

A represents a monopeptide or dipeptide linker, wherein the monopeptide or
dipeptide is comprised of one or two amino acid units, each independently selected
from the group consisting of alanine, (Ala, A), arginine (Arg, R), asparagine (Asn, N),
aspartic acid (Asp, D), cysteine (Cys, C), glutamic acid (Glu, E), glutamine (Gln, Q),
glycine (Gly, G), histidine (His, H), isoleucine (Ile, I), leucine (Leu, L), lysine (Lys,
K), methionine (Met, M), phenylalanine (Phe, F), proline (Pro, P), serine (Ser, S),
threonine (Thr, T), tryptophan (Trp, W), tyrosine (Tyr, Y), and valine (Val, V),
wherein the N and C terminals of the monopeptide or dipeptide are linked to R'C(=0)
and the pyrrolidine nitrogen atom through amide bonds, respectively; and

R'is a straight chain or branched chain C ;4 alkyl, a straight chain or branched chain

C, 36 alkenyl, or a straight chain or branched chain C, 3¢ alkynyl. The alkyl, alkenyl, or
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alkynyl chain can be optionally substituted. In some embodiments, the compound of
Formula I can exist in a form of a solvate or hydrate. For example, in some em-
bodiments, the compound of Formula I exists in a form of a pharmaceutically ac-
ceptable solvate. In some embodiments, the compound of Formula I is in a hydrate
form. In some embodiments, the compound of Formula I is in an anhydrous form.

In some embodiments, M is a monovalent cation. In some specific embodiments, M
is Na. In some specific embodiments, M is K. Other monovalent cations are also
suitable, for example, those based on an ammonium ion or a cation formed from an
organic amine, e.g., meglumine, or an amino acid, such as lysine.

In some embodiments, M can also be a multivalent cation, balanced with appropriate
counterions. In some embodiments, M is a divalent cation balanced with one
monovalent anion. For example, M can be SrX, MgX, CaX or ZnX, wherein X is a
monovalent anion, which can be a pharmaceutically acceptable monovalent anion. In

some embodiments, X is o+ wherein R!'and A are defined herein. In
Q‘ﬂ,ﬁ\)\u,ﬂ So*
A 9 ©

R"
. o b
some embodiments, X is such that two identical carboxylates are attached to the

divalent cation in Formula I. For example, in some embodiments, the salt of Formula I

has a Formula I-A:

OH
e
O A
N
A O H o
M2
2

R'\«
0
(Formula I-A)
wherein M?is Sr, Mg, Ca, or Zn, R! and A are defined herein.

In some embodiments, A is a bond and the compound is characterized as having a

Formula I-B:
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Formula I-B

wherein M and R! are defined herein.

In some embodiments, A is a monopeptide (i.e., single amino acid) or dipeptide
linker. As used herein, monopeptide linker can also be expressed as an amino acid
linker. For example, in some embodiments, A can be an L-amino acid linker. As used
herein, a monopeptide or dipeptide linker is linked to R'C(=0) and the pyrrolidine
nitrogen atom of Formula I through the monopeptide or dipeptide's N and C terminals
by amide bonds, respectively. For example, in some embodiments, A can be an L-

proline linker, o, and the compound of Formula I has a Formula I-C:
N ~1<L
sk}
()
; 0

OH

0

H
(s) ) 0 H
CAO
N\f;O
R‘
Formula I-C

wherein M and R! are defined herein. In some embodiments, A can be a glycine
linker. In some embodiments, A can be an L-phenylalanine linker. In some em-
bodiments, A can be an L-alanine linker. In some embodiments, A can be an L-valine

linker. Other suitable groups for A are described herein.
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Various R! groups are suitable. In some embodiments, R!is a straight chain or
branched chain C, ;4 alkyl, for example, a straight chain Cs, C;, Cy, Cy5, or Cy7 alkyl. In
some embodiments, R!is a straight chain or branched chain C, ;5 alkenyl, for example,
containing 1, 2, 3, 4, 5, or 6 double bonds. For example, R!can be a straight chain C,
alkenyl with 1 double bond. In any of the embodiments herein, the alkyl, alkenyl, or
alkynyl can be unsubstituted. However, in some embodiments, the alkyl alkenyl, or
alkynyl can also be optionally substituted.

In some embodiments, the substantially pure compound having Formula I (e.g.,
Formula I-B or I-C) is characterized by a purity by weight and/or by HPL.C area of
least 70% (e.g., at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, or
at least 97%). In some embodiments, the substantially pure compound having Formula
I (e.g., Formula I-B or I-C) is characterized by a purity by weight and/or by HPLC area
of about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, about 97%,
about 99%, or any ranges between the specified values. In some embodiments, the sub-
stantially pure compound having Formula I (e.g., Formula I-B or I-C) has an enan-
tiomeric purity of about 50% ee or more, e.g., about 60% ee, about 65% ee, about 70%
ee, about 75% ee, about 80% ee, about 85% ee, about 90% ee, about 91% ee, about
92% ee, about 93% ee, about 94% ee, about 95% ee, about 96% ee, about 97% ee,
about 98% ee, about 99% ee, about 99.5% ee or more and up to 100% ee. In some em-
bodiments, the substantially pure compound having Formula I (e.g., Formula I-B or I-
C) has a diastereomeric purity of about 50% de or more, e.g., about 60% de, about
65% de, about 70% de, about 75% de, 80% de or more, e.g., about 85% de, about 90%
de, about 91% de, about 92% de, about 93% de, about 94% de, about 95% de, about
96% de, about 97% de, about 98% de, about 99% de, about 99.5% de or more, and up
to 100%. In some embodiments, the salt is substantially free (e.g., less than 5%, less
than 2%, less than 1%, or non-detectable) of a stereoisomer other than the stereoisomer
shown in Formula I (e.g., Formula I-B or I-C). Methods for determining enantiomeric
or diastereomeric purities are known in the art, for example, by HPLC.

In some embodiments, the substantially pure compound having Formula I (e.g.,
Formula I-B or I-C) is characterized by a content of M substantially similar to the-
oretical content based on Formula I. For example, in some embodiments, wherein M is
Na or K, and the substantially pure compound has a sodium or potassium content of
about 60% to about 130% (e.g., about 80% to about 125%) of the respective theoretical
sodium or potassium content based on Formula I. Methods for determining Na or K

content are known in the art, for example, using Ion Chromatography.

Compound 1-1

Certain embodiments of the present invention are directed to specific compounds of
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Formula I, for example, Compounds I-1 to I-10 as shown below.

[67]
OH
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Compound I-1 Compound I-2
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Compound I-7 ©

Compound I-8

OH
o
0 (l’rﬁvﬂ\
. H N NTE
(S}
%N \)Lu g Q‘w/go J H
o) 0}
(6]

7
N}’/\/\/
O
Compound I-9 Compound I-10

In some specific embodiments, the present invention is directed to Compound I-1. In
some embodiments, the present invention provides a substantially pure Compound I-1.
In some embodiments, the substantially pure Compound I-1 has a purity by weight
and/or by HPLC area of at least 60% (e.g., at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, or at least 97%). In some em-
bodiments, the substantially pure Compound I-1 has a purity by weight and/or by
HPLC area of about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, about 97%, about 99%, or any ranges between the specified
values. The enantiomeric purity of the substantially pure Compound I-1 is typically
high, for example, with an enantiomeric excess (ee) of about 50%, about 60%, about
70%, about 80%, about 90%, about 95%, about 98%, about 99%, about 99.5% or
more, and up to 100%. The diastereomeric purity of the substantially pure compound I-
1 typically is also high, for example, with a diastereomeric excess (de) of about 50%,
about 60%, about 70%, about 80%, about 90%, about 95%, about 98%, about 99%,
about 99.5% or more, and up to 100%. In any of the embodiments herein, the sub-
stantially pure Compound I-1 is substantially free (e.g., less than 5%, less than 2%, less
than 1%, or non-detectable) of a stereoisomer other than the stereoisomer shown as
Compound I-1. In any of the embodiments herein, the substantially pure Compound I-1

can also be characterized as having a purity by weight of at least 90% (e.g., at least
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95%, at least 98%), a purity by HPLC area of at least 90% (e.g., at least 95%, at least
98%), or both.

The substantially pure Compound I-1 can be prepared from a substantially pure
Compound I-1-Acid. Compound I-1-Acid can be prepared in high purity according to
the process disclosed herein. Typically, Compound I-1-Acid prepared according to the
processes herein has a total impurity of less than 30% (e.g., less than 20%, less than
1%, less than 0.5%, less than 0.2%) as measured by HPLC. In some embodiments,
compound I-1-Acid does not contain a single impurity in an amount greater than 5%
(e.g., not greater than 4%, not greater than 1%, not greater than 0.5%, not greater than
0.05%) as measured by HPLC. As shown in the Examples section, Compound I-
1-Acid can also be prepared as an amorphous form or a crystalline form, e.g., Form 1.
In some embodiments, the substantially pure Compound I-1 is prepared from
amorphous Compound I-1-Acid. In some embodiments, the substantially pure
Compound I-1 is prepared from Form 1 of Compound I-1-Acid. In some embodiments,
the substantially pure compound I-1 is prepared from amorphous Compound I-1-Acid,
Form 1 of Compound I-1-Acid, or a combination thereof. As used herein, Form 1
refers to a crystalline form of Compound I-1-Acid which can be characterized by an
XRPD pattern substantially the same as FIG. 1A or an XRPD spectrum having the
major peaks of FIG. 1A. In some embodiments, Form 1 can be further characterized by
a DSC profile substantially the same as shown in FIG. 1B, a TGA profile substantially
the same as shown in FIG. 1B, or a combination thereof. Major peaks of an XRPD
spectrum as used herein refer to peaks having diffraction angles between 4-40 degrees
(2 theta) and a relative intensity of 10% or above. In some embodiments, major peaks
of an XRPD spectrum can refer to peaks with a relative intensity of 20% or above,
30% or above, 40% or above, 50% or above, 60% or above, 70% or above, 80% or
above, or 90% or above.

The substantially pure Compound I-1 herein typically has a sodium content close to
the theoretical sodium content calculated based on the formula of Compound I-1. In
some embodiments, the substantially pure Compound I-1 is characterized by a molar
ratio of sodium to the carboxylate portion of Compound I-1 of about 1:1. In some em-
bodiments, the substantially pure Compound I-1 has a sodium content of about 80% to
about 125% of the theoretical sodium content. In some embodiments, the substantially
pure Compound I-1 has a sodium content by weight of about 2% to about 5%.

The substantially pure Compound I-1 herein can be free or substantially free of
Compound I-1-Acid, and/or can be free or substantially free of other salts of
Compound I-1-Acid. In some embodiments, the substantially pure Compound I-1 is
substantially free of compound I-1-Acid, for example, with an amount of less than 5%
by weight (e.g., less than 3%, less than 1%, less than 0.2%, less than 0.1% or less than
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0.05%). In some embodiments, the substantially pure Compound I-1 is free of
Compound I-1-Acid, other than an amount that may exist through equilibrium. In some
embodiments, the substantially pure Compound I-1 has no detectable amount of
Compound I-1-Acid. In some embodiments, the substantially pure Compound I-1 is
substantially free of other salts of Compound I-1-Acid, for example, with an amount
less than 20% by weight (e.g., less than 10%, less than 1%, less than 0.2%, less than
0.1% or less than 0.05%). In some embodiments, the substantially pure Compound I-1
includes no detectable amount of other salts of Compound I-1-Acid.

Compound I-1 can exist in different solid states, which are useful in formulation and/
or manufacturing processes. In some embodiments, the present invention also provides
different solid states of Compound I-1. In some embodiments, an amorphous
Compound I-1 is provided. In some embodiments, a composition (e.g., a pharma-
ceutical composition) comprising the amorphous Compound I-1 is provided. In some
embodiments, the composition is substantially free (e.g., less than 10%, or not de-
tectable by XRPD) of a crystalline form of Compound I-1. The amorphous Compound
I-1 can be hygroscopic. However, as detailed in the Examples section, the amorphous
Compound I-1 can be storage stable, for example, at 25°C/60%RH or 40°C/75%RH
for 2 weeks or more (e.g., 2 weeks, 1 month, 6 months, or more). In any of the em-
bodiments described herein, Compound I-1 can be amorphous Compound I-1. In any
of the embodiments described herein, amorphous Compound I-1 can be characterized
by an XRPD spectrum substantially the same as FIG. 3.

Compound I-1 can also exist in a crystalline form. In some embodiments, the
crystalline form is Form A, Form B, Form C, Form D, Form E, or Form F of
Compound I-1. As used herein, Form A refers to a crystalline form of Compound I-1
which can be characterized by an XRPD pattern substantially the same as FIG. 4A, or
an XRPD spectrum having the major peaks of FIG. 4A. In some embodiments, Form A
can be further characterized by a DSC profile substantially the same as shown in FIG.
4B, a TGA profile substantially the same as shown in FIG. 4B, or a combination
thereof. As used herein, Form B refers to a crystalline form of Compound I-1 which
can be characterized by a DSC profile substantially the same as shown in FIG. 5, a
TGA profile substantially the same as shown in FIG. 5, or a combination thereof. As
used herein, Form C refers to a crystalline form of Compound I-1 which can be char-
acterized by an XRPD pattern substantially the same as FIG. 6A, or an XRPD
spectrum having the major peaks of FIG. 6A, In some embodiments, Form C can be
further characterized by a DSC profile substantially the same as shown in FIG. 6B, a
TGA profile substantially the same as shown in FIG. 6B, or a combination thereof. As
used herein, Form D refers to a crystalline form of Compound I-1 which can be char-

acterized by an XRPD pattern substantially the same as FIG. 7, or an XRPD spectrum
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having the major peaks of FIG. 7 labeled as Form D. As used herein, Form E refers to
a crystalline form of Compound I-1 which can be characterized by an XRPD pattern
substantially the same as FIG. 8A (labeled as Pattern E), or an XRPD spectrum having
the major peaks of FIG. 8A (labeled as Pattern E). In some embodiments, Form E can
be further characterized by a DSC profile substantially the same as shown in FIG. 8B,
a TGA profile substantially the same as shown in FIG. 8B, or a combination thereof.
As used herein, Form F refers to a crystalline form of Compound I-1 which can be
characterized by an XRPD pattern substantially the same as FIG. 9A (Pattern F), or an
XRPD spectrum having the major peaks of FIG. 9A (Pattern F). In some embodiments,
Form F can be further characterized by a DSC profile substantially the same as shown
in FIG. 9B, a TGA profile substantially the same as shown in FIG. 9B, or a com-
bination thereof.

The composition herein can include one or more of the various forms of Compound
I-1. In some embodiments, the composition (e.g., pharmaceutical composition)
comprises an amorphous form, Form A, Form B, Form C, Form D, Form E, or Form F
of Compound I-1, or any combinations thereof. In some embodiments, the composition
(e.g., pharmaceutical composition) can comprise only one or two forms chosen from
the amorphous form, Form A, Form B, Form C, Form D, Form E, and Form F of
Compound I-1, and is substantially free (e.g., not detectable by XRPD) of the other
forms of Compound I-1. In some embodiments, the composition (e.g., pharmaceutical
composition) can comprise amorphous Compound I-1 and is also substantially free
(e.g., not detectable by XRPD) of Form A, Form B, Form C, Form D, Form E, or Form
F of Compound I-1, or any combinations thereof. In some embodiments, the com-
position is substantially free of Compound I-1-Acid. However, in some embodiments,
the composition can also comprise Compound I-1-Acid, e.g., amorphous form or Form
1 of Compound I-1-Acid. In any of the embodiments described herein, the sub-
stantially pure Compound I-1 can be in the form of amorphous, Form A, Form B, Form
C, Form D, Form E, Form F, or a combination thereof.

In some embodiments, Compound I-1 can also be included in an aqueous solution.
As shown in the Examples section, the free acid Compound I-1-Acid has an aqueous
solubility of less than 2 pg/ml. By converting the acid into a sodium salt, aqueous
solubility is greatly enhanced. Thus, one of the advantages of using a sodium salt as
described herein is that solutions with high concentrations of active ingredients (e.g.,
Compound I-1) can be prepared. These high-concentration solutions can be used as is
or can be further diluted. In some embodiments, the aqueous solution can be char-
acterized by a high concentration of Compound I-1, for example, at least 50 mg/ml
(e.g., at least 100 mg/ml, at least 150 mg/ml, at least 200 mg/ml). In some em-

bodiments, the aqueous solution has a concentration of about 50 mg/ml, about 100 mg/
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ml, about 150 mg/ml, about 200 mg/ml, about 250 mg/ml, about 270 mg/ml, or any
range between the specified values. In some embodiments, the aqueous solution can
also have a concentration of less than 50 mg/ml, for example, about 0.1 mg/ml, about 1
mg/ml, about 10 mg/ml, about 20 mg/ml, about 30 mg/ml, about 40 mg/ml, about 50
mg/ml, or any range between the specified values. In some embodiments, the aqueous
solution having a concentration of less than 50 mg/ml can be prepared from diluting an
aqueous solution having a concentration higher than 50 mg/ml. In some embodiments,
the aqueous solution having a concentration of less than 50 mg/ml can also be prepared
by dissolving a solid form of Compound I-1, e.g., amorphous Compound I-1, in an
aqueous media. As used herein, unless otherwise obvious from context, the con-
centration of Compound I-1 is expressed as milligrams of Compound I-1 per milliliter
of the media (e.g., water for an aqueous solution).

Certain embodiments of the present invention are also directed to an aqueous
solution of Compound I-1 with one or more stabilizing agents. As detailed in the
Examples section, Compound I-1 has a high kinetic solubility in water. However, at
high concentrations, precipitates start forming upon storage. It was found that addition
of certain ingredients can stabilize aqueous solution with high concentrations of
Compound I-1. For example, in some embodiments, the aqueous solution of
Compound I-1 comprises one or more of sodium phosphate, sodium chloride,
polysorbate, sucrose, meglumine, Cremophor RH40, Tween 80, HPBCD, and HPMC
E3. In some embodiments, the aqueous solution of Compound I-1 comprises
meglumine and Cremophor RH40. In some embodiments, the weight ratio of
meglumine to Cremophor RH40 is about 1:5 to about 5:1.

Meglumine at various concentrations can stabilize an aqueous solution of Compound
I-1, e.g., having a high concentration of Compound I-1. In some embodiments, the
aqueous solution of Compound I-1 comprises meglumine in a concentration (weight to
volume) of about 2% to about 5% (e.g., about 2%, about 3%, about 4%, about 5%, or
any range between the specified values). In some embodiments, the aqueous solution
of Compound I-1 can also comprise meglumine in a concentration (weight to volume)
of below 2%. In some embodiments, the aqueous solution of Compound I-1 can also
comprise meglumine in a concentration (weight to volume) of greater than 5%, such as
10%. In any of these embodiments, the aqueous solution can have a concentration of
Compound I-1 of at least 50 mg/ml (e.g., at least 100 mg/ml, at least 150 mg/ml, at
least 200 mg/ml). In some embodiments, the aqueous solution has a concentration of
Compound I-1 of about 50 mg/ml, about 100 mg/ml, about 150 mg/ml, about 200 mg/
ml, about 250 mg/ml, about 270 mg/ml, or any range between the specified values.

It was found that meglumine in a concentration of about 3% and above is effective in

stabilizing aqueous solution with high concentrations of Compound I-1. Thus, in some
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embodiments, the present invention also provides an aqueous solution comprising
Compound I-1 in a concentration of at least 200 mg/ml, and meglumine in the con-
centration (weight to volume) of about 3% or above. In some embodiments, the
aqueous solution is characterized as being substantially free of precipitates upon
storage at 25 °C, e.g., for 1 week or 2 weeks.

In some embodiments, an aqueous solution with a lower concentration of Compound
I-1 is desired. As discussed above, such aqueous solution can be readily prepared by
diluting any one of the aqueous solution with a high concentration of Compound I-1
(e.g., with a concentration of 200 mg/ml) or can be prepared by directly dissolving
Compound I-1 (e.g., amorphous Compound I-1 and/or in any other solid form), with or

without the stabilizing agent (e.g., meglumine) in water.

Compound I-2

In some specific embodiments, the present invention is directed to Compound I-2. In
some embodiments, the present invention provides a substantially pure compound I-2.
In some embodiments, the substantially pure compound I-2 has a purity by weight and/
or by HPLC of at least 70% (e.g., at least 75%, at least 80%, at least 85%, at least 90%,
at least 95%, or at least 97%). In some embodiments, the substantially pure compound
I-2 has a purity by weight and/or by HPLC of about 70%, about 75%, about 80%,
about 85%, about 90%, about 95%, about 97%, about 99%, or any ranges between the
specified values. The enantiomeric purity of the compound I-2 is about 50% ee or
more, e.g., about 60% ee, about 65% ee, about 70% ee, about 75% ee, about 80% ee,
about 85% ee, about 90% ee, about 91% ee, about 92% ee, about 93% ee, about 94%
ee, about 95% ee, about 96% ee, about 97% ee, about 98% ee, about 99% ee, about
99.5% ee or more, and up to 100% ce. The diastereomeric purity of compound I-2 is
about 50% de or more, e.g., about 60% de, about 65% de, about 70% de, about 75%
de, about 80% de, about 85% de, about 90% de, about 91% de, about 92% de, about
93% de, about 94% de, about 95% de, about 96% de, about 97% de, about 98% de,
about 99% de, about 99.5% de or more, and up to 100% de. In any of the embodiments
herein, the substantially pure Compound I-2 is substantially free (e.g., less than 5%,
less than 2%, less than 1%, or non-detectable) of a stereoisomer other than the
stereoisomer shown as Compound I-2. In any of the embodiments herein, the sub-
stantially pure Compound I-2 can also be characterized as having a purity by weight of
at least 90% (e.g., at least 95%, at least 98%), a purity by HPLC area of at least 90%
(e.g., at least 95%, at least 98%), or both.

The substantially pure compound I-2 can also be prepared from a substantially pure
compound I-1-Acid, similar to those described for preparing Compound I-1. In some

embodiments, the substantially pure Compound I-2 is prepared from an amorphous
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compound I-1-Acid. In some embodiments, the substantially pure Compound I-2 is
prepared from Form 1 of compound I-1-Acid. In some embodiments, the substantially
pure Compound I-2 is prepared from an amorphous Compound I-1-Acid, Form 1 of
Compound I-1-Acid, or a combination thereof.

The substantially pure Compound I-2 herein typically has a potassium content close
to the theoretical potassium content calculated based on formula of Compound I-2. In
some embodiments, the substantially pure compound I-2 is characterized by a molar
ratio of potassium to the carboxylate portion of Compound I-2 of about 1:1. In some
embodiments, the substantially pure compound I-2 has a potassium content of about
80% to about 125% of the theoretical potassium content.

The substantially pure Compound I-2 herein can also be free or substantially free of
Compound I-1-Acid, and/or can be free or substantially free of other salts of
Compound I-1-Acid. In some embodiments, the substantially pure Compound I-2 is
substantially free of Compound I-1-Acid, for example, with an amount of less than
20% by weight (e.g., less than 13%, less than 1%, less than 0.2%, less than 0.1% or
less than 0.05%). In some embodiments, the substantially pure Compound I-2 is free of
Compound I-1-Acid, other than an amount that may exist through equilibrium. In some
embodiments, the substantially pure Compound I-2 has no detectable amount of
Compound I-1-Acid. In some embodiments, the substantially pure Compound I-2 is
substantially free of other salts of Compound I-1-Acid, for example, with an amount
less than 20% by weight (e.g., less than 13%, less than 1%, less than 0.2%, less than
0.1% or less than 0.05%). In some embodiments, the substantially pure Compound I-2
includes no detectable amount of other salts of Compound I-1-Acid.

Compound I-2 can exist in different solid states including amorphous form, which
are useful in formulation and/or manufacturing processes. In some embodiments, the
present invention provides Form A2 of Compound I-2. In some embodiments, the
present invention also provides a composition (e.g., a pharmaceutical composition)
comprising Form A2 of Compound I-2. As used herein, Form A2 refers to a crystalline
form of Compound I-2, which can be characterized by an XRPD pattern substantially
the same as FIG. 10A, or an XRPD spectrum having the major peaks of FIG. 10A. In
some embodiments, Form A2 can be further characterized by a DSC profile sub-
stantially the same as shown in FIG. 10B, a TGA profile substantially the same as
shown in FIG. 10B, or a combination thereof. In any of the embodiments described
herein, Compound I-2 in the substantially pure Compound I-2 can be Form A2 and/or
amorphous form.

In some embodiments, the present invention also provides an aqueous solution
comprising Compound I-2. The aqueous solubility of the potassium salt Compound I-2

is also greatly enhanced compared to the corresponding free acid. In some em-
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bodiments, the aqueous solution is characterized by a high concentration of compound
I-2, for example, at least 50 mg/ml (e.g., at least 100 mg/ml, at least 150 mg/ml, at
least 200 mg/ml). In some embodiments, the aqueous solution has a concentration of
Compound I-2 of about 50 mg/ml, about 100 mg/ml, about 150 mg/ml, about 200 mg/
ml, about 250 mg/ml, about 270 mg/ml, or any range between the specified values. In
some embodiments, the aqueous solution can also have a concentration of Compound
I-2 of less than 50 mg/ml, for example, about 0.1 mg/ml, about 1 mg/ml, about 10 mg/
ml, about 20 mg/ml, about 30 mg/ml, about 40 mg/ml, about 50 mg/ml, or any range
between the specified values. In some embodiments, the aqueous solution having a
concentration of less than 50 mg/ml is prepared from diluting an aqueous solution
having a concentration higher than 50 mg/ml. In some embodiments, the aqueous
solution having a concentration of less than 50 mg/ml can also be prepared by
dissolving a solid form of Compound I-2, e.g., Form A2, in an aqueous media. As used
herein, unless otherwise obvious from context, the concentration of Compound I-2 is
expressed as milligrams of Compound I-2 per milliliter of the media (e.g., water for an
aqueous solution).

The aqueous solution of Compound I-2 can also comprise one or more stabilizing
agents. In some embodiments, the aqueous solution of Compound I-2 comprises one or
more of sodium phosphate, sodium chloride, polysorbate, sucrose, meglumine,
Cremophor RH40, Tween 80, HPBCD, and HPMC E3. In some embodiments, the
aqueous solution of Compound I-2 comprises meglumine and Cremophor RH40. In
some embodiments, the weight ratio of meglumine to Cremophor RH40 is about 1:5 to
about 5:1.

Some embodiments are also directed to compound I-3, which can be substantially
pure. The substantially pure compound I-3 can also be prepared from a substantially
pure compound I-1-Acid, similar to those described for preparing compound I-1. In
some embodiments, the substantially pure Compound I-3 is prepared from an
amorphous compound I-1-Acid. In some embodiments, the substantially pure
Compound I-3 is prepared from Form 1 of compound I-1-Acid. In some embodiments,
the substantially pure Compound I-3 is prepared from an amorphous Compound I-
1-Acid, Form 1 of Compound I-1-Acid, or a combination thereof.

The substantially pure Compound I-3 herein typically has a lithium content close to
the theoretical lithium content calculated based on formula of Compound I-3. In some
embodiments, the substantially pure compound I-3 is characterized by a molar ratio of
lithium to the carboxylate portion of Compound I-3 of about 1:1. In some em-
bodiments, the substantially pure compound I-3 has a lithium content of about 80% to
about 125% of the theoretical lithium content.
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[93] Methods of Preparing Salts

[94] In some aspects, the present invention provides a method for preparing the
compound represented by Formula 1. In some embodiments, the method can comprise,
as illustrated by Scheme 1 or Scheme 2 below: reacting a compound of Formula I-Acid

with suitable base in a suitable solvent to provide the compound of Formula I, wherein
R!, A, and M are defined herein.

[95]
Scheme 1
OH
N\)k OH  base/solvent % \)J\ - i M
R"g
Formula I-Acid Formula |
[96]
Scheme 2
1. Fmoc-Tyr(Bzl)-OH
2. Fmoc-Gly-OH Resm PdiC. H,
3. Fmoc-Pro-OH CH \)J\ OH —
4. Fmoc-Pro-OH Solvem Solvent
5.R'COOH
O Formula I-Acid (Bn)
OH
Base / Solvent H Q
(3\(( \)k OH N AL A oM
N H
RK\(A ©

O Formula I-Acid 9] Formula |

[97]

[98] Based on the salt to be prepared, various bases can be used. For example, non-
limiting useful examples of inorganic bases include lithium hydroxide, sodium
hydroxide, potassium hydroxide, lithium carbonate, sodium carbonate, potassium
carbonate, etc.

[99] Various solvents are suitable for the transformation. Non-limiting useful examples of

solvents include an ether (e.g., tetrahydrofuran (THF), dioxane, ethyl ether and

1,2-dimethoxyethane), an alcohol (e.g., methanol, ethanol, propanol, and butanol),
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dimethylformamide (DMF), dimethylsulfoxide (DMSO), dichloromethane (DCM),
dichloroethane, water, acetone. The solvent can be used alone or in combination.

A non-limiting example of a synthetic method for manufacturing salts from re-
spective lipidated peptides and peptide-mimetics is as follows. (a) Mixing Compound
I-Acid and one or more normalized equivalent (e.g., up to 10 equivalents) of a base
(e.g. NaOH, KOH, NaHCO,, Na,COs, etc) in a solvent such as water, ethanol,
isopropyl alcohol ("IPA"), ethyl acetate ("EtOAc") or other solvents; stirring the
mixture until it becomes a solution; and then removing the solvent at room temperature
to obtain the desired salts. (b) The salts obtained from (a) can be further purified
through recrystallization. In one example, the salts can be dissolved further in water or
other solvents, and recrystallized at low temperature to afford purified salts. Alter-
natively, recrystallization can also be carried out through evaporation of solvent at
room temperature or allowing it to stand at room temperature for a few days. (c) The
crystalline salts obtained can be converted into amorphous form using organic solvent.
Non-limiting manufacturing examples are also shown in the Examples section.

In some embodiments, the desired salt can also be prepared through a salt-exchange
reaction. In some embodiments, the desired salt can also be directly prepared through
the hydrolysis of ester form of Compound I-1-Acid (e.g. Compound C in Scheme 3)
without isolating Compound I-1-Acid. General methods for performing salt exchange
are known in the art.

In some embodiments, the present invention provides a method of preparing a

compound having Formula I-C,

OH

0

H
(s) ) O H
@O
N\Tso
R‘
Formula I-C

comprising the steps of

(a) providing a mixture comprising the compound I-C-Acid in water;
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R1

Compound I-C-Acid

[107] (b) adding M,CO;, MHCO; or MOH to the mixture of step (a);

[108] (c) heating and stirring the mixture of step (b);

[109] (d) cooling the mixture of step (c); and

[110] (e) filtering the mixture of step (d),

[111] wherein M is Li, Na, or K; and

[112] R'is a straight chain or branched chain C, ;5 alkyl, a straight chain or branched chain
C, 36 alkenyl, or a straight chain or branched chain C, ;¢ alkynyl. In some specific em-
bodiments, M is Na.

[113] In some embodiments, the present invention provides a method of preparing a

compound having Formula I-C,

[114]
OH
1 on
N N
o) H
(s)
0
N
o
R1
Formula I-C
[115] comprising the steps of
[116] (a) providing a mixture comprising the compound I-C-Acid in protic organic solvents

with or without water;
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Compound I-C-Acid

[118] (b) adding M,CO;, MHCO; or MOH to the mixture of step (a);

[119] (c) stirring the mixture of step (b);

[120] (d) removing solvents from the mixture of step (c) under reduced pressure; and

[121] (e) removing water from the mixture of step (d) by lyophilization,

[122] wherein M is Li, Na, or K; and

[123] R'is a straight chain or branched chain C, ;5 alkyl, a straight chain or branched chain
C, 36 alkenyl, or a straight chain or branched chain C, ;¢ alkynyl. In some specific em-
bodiments, M is Na.

[124]

[125] Methods of Preparing Amorphous Form of Compounds

[126] In some embodiments, the present invention provides a method of preparing
amorphous form of a compound having Formula I-C,

[127]

OH

0

H
(s} o "
wo
N f 0
R‘!
Formula I-C
[128] comprising the steps of
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[129] (a) providing a crystalline form of the Formula I-C in organic solvents;

[130] (b) heating and stirring the mixture of step (a); and

[131] (c) removing organic solvents from the mixture of step (b) to provide a compound
having amorphous form of Formula I-C,

[132] wherein M is Li, Na, or K; and

[133] R'is a straight chain or branched chain C, ;4 alkyl, a straight chain or branched chain
C, 36 alkenyl, or a straight chain or branched chain C, 55 alkynyl. In some specific em-
bodiments, M is Na.

[134]

[135] Pharmaceutical Compositions Comprising the Salt

[136] In some embodiments, the present invention provides a pharmaceutical composition
comprising a compound of Formula I (e.g., a compound of Formula I-B or I-C, or any
one of compounds I-1 to I-10). In some embodiments, the compound of Formula I is a
substantially pure compound as described herein.

[137] For example, in some embodiments, the pharmaceutical composition comprises

compound I-1, I-2, I-3, I-4, I-5 and/or 1-6,
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[139] In some specific embodiments, the pharmaceutical composition comprises compound

I-1. In some embodiments, the compound I-1 can be a substantially pure compound I-1
as described herein.

[140] Typically, the compound of Formula I can be included in a pharmaceutical com-
position in a therapeutically effective amount. In some embodiments, the pharma-
ceutical composition can comprise the compound of Formula I in an amount effective
for treating a disease or disorder mediated by formation of a Pellino-1 induced in-
flammatory signal transduction complex such as MyD88 and/or RIP1, for example, the
disease or disorder can be one or more of multiple sclerosis, psoriasis, sepsis, ge-
ographic atrophy, wet age-related macular disease, dry age-related macular disease,
diabetic retinopathy, infectious lung diseases, bacterial pneumonia, viral pneumonia,
diffuse large B-cell lymphoma, viral infection, autoimmune disease, obesity, blood

cancer including lymphoma, and tumors in internal organs. In some embodiments, the
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pharmaceutical composition can comprise the compound of Formula I in an amount
effective for treating an inflammatory bowel disease (e.g., ulcerative colitis, Behcet's
disease, and/or Crohn's disease). In some embodiments, the pharmaceutical com-
position can comprise the compound of Formula I in an amount effective for treating
alopecia. In some embodiments, the active ingredient in the pharmaceutical com-
position consists essentially of the compound of Formula I. In some embodiments, the
pharmaceutical composition can also include one or more additional active ingredients,
for example, in an amount effective for treating one or more of the diseases or
disorders described herein.

The pharmaceutical composition can be formulated for different routes of admin-
istration, including but are not limited to oral, nasal, pulmonary, rectal, buccal, vaginal,
ocular, topical, parenteral or transdermal administration. In some embodiments, the
pharmaceutical composition can be formulated for oral administration. In some em-
bodiments, the pharmaceutical composition can be formulated for injection, such as in-
travenous or intravitreal injection.

The pharmaceutical composition can exist in various forms. In some embodiments,
the pharmaceutical composition can be a solid or liquid. In some embodiments, the
pharmaceutical composition can be a solution, suspension, semi-liquid, semi-solid, gel,
emulsion, ointment, capsule, tablet, or cream. In some embodiments, the pharma-
ceutical composition is in the form of a capsule or tablet. In some embodiments, the
pharmaceutical composition can be in the form of a solution, such as an oral solution
or an injectable solution. General methods for preparing formulations such as capsules,
tablets, and solutions are known in the art and can be adapted for the pharmaceutical
compositions herein. The Examples section also describes preparation of exemplary
pharmaceutical compositions according the present disclosure.

The pharmaceutical composition described herein can optionally include one or more
pharmaceutically acceptable excipient or carrier, which can be selected based on its
route of administration. For example, in some embodiments, the pharmaceutical com-
position can comprise one or more (e.g., two or more, e.g., 2, 3,4, 5, 6, 7, 8, or more)
of pharmaceutically acceptable excipients or carriers chosen from antioxidants, sta-
bilizers, preservatives, pH adjusting and/or buffering agents, tonicity adjusting agents,
thickening agents, suspending agents, binding agents, viscosity-increasing agents, and
the like. In some embodiments, the pharmaceutical composition can comprise
processing agents, drug delivery modifiers and/or enhancers, such as, calcium
phosphate, magnesium stearate, talc, monosaccharides, disaccharides, starch, gelatin,
cellulose, methyl cellulose, sodium carboxymethyl cellulose, dextrose, hydroxypropyl-
beta-cyclodextrin (HPBCD), polyvinylpyrrolidinone, low melting waxes, ion exchange

resins, and the like, and any combinations thereof. Any suitable amount of such ex-
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cipients and carriers can be used. In some embodiments, the excipients and carriers are
used in an amount at or below the upper limit of the respective excipient or carrier that
the US Food and Drug Administration, or other corresponding competent agencies, has
determined to be safe for human use. Suitable examples of pharmaceutically ac-
ceptable excipients and carriers are described herein. Additional suitable examples can
be found in "Remington's Pharmaceutical Sciences," Mack Pub. Co., New Jersey
(1991), and "Remington: The Science and Practice of Pharmacy,” Lippincott Williams
& Wilkins, Philadelphia, 20th edition (2003) and 21st edition (2005), the contents of

which are incorporated herein by reference in their entirety.

Dosage Forms Comprising Compound 1-1
Certain embodiments of the present invention are directed to a pharmaceutical com-

position comprising a therapeutically effective amount of Compound I-1 and op-
tionally a pharmaceutically acceptable excipient or carrier. In some embodiments, the
pharmaceutical composition comprising Compound I-1 can be formulated for oral,
nasal, pulmonary, rectal, buccal, vaginal, ocular, topical, parenteral or transdermal ad-
ministration. For example, in some embodiments, the pharmaceutical composition
comprises Compound I-1 in an oral formulation, such as a capsule, tablet, or aqueous
solution.

Compound I-1 in the pharmaceutical composition can be in different solid states. For
example, in any of the embodiments described herein, Compound I-1 can be in an
amorphous form. In some embodiments, the pharmaceutical composition can also
comprise one or more of the crystalline forms of Compound I-1. For example, in some
embodiments, the pharmaceutical composition can comprise Form A, Form B, Form
C, Form D, Form E, and/or Form F of Compound I-1. In some embodiments, the phar-
maceutical composition comprises Form A of the compound I-1. In some em-
bodiments, the pharmaceutical composition comprises Form C of the compound I-1. In
some embodiments, the pharmaceutical composition comprises Form E of the
compound I-1. In some embodiments, the pharmaceutical composition can comprise
amorphous Compound I-1 and one or more of the crystalline forms Form A, Form B,
Form C, Form D, Form E, and/or Form F of Compound I-1.

In some embodiments, the pharmaceutical composition comprising amorphous
Compound I-1 is storage stable. For example, in some embodiments, upon storage at
40 °C at a relative humidity of 75% or at 25 °C at a relative humidity of 60% for 1
month or more (e.g., 1 month, 6 months, or more), the pharmaceutical composition
comprising amorphous Compound I-1 is substantially free (e.g., less than 10%, or not
detectable by XRPD) of the compound I-1 in a crystalline form. In some embodiments,

upon storage at 40 °C at a relative humidity of 75% for 1 month or more (e.g., 1
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month, 6 months, or more), the pharmaceutical composition can be characterized by an
X-ray powder diffraction (XRPD) pattern substantially the same as shown in FIG. 12
at the respective time point.

Accordingly, in some embodiments, the pharmaceutical composition comprising
amorphous Compound I-1 can be substantially free (e.g., less than 10%, or not de-
tectable by XRPD) of a crystalline form of Compound I-1. In some embodiments, the
pharmaceutical composition comprising amorphous Compound I-1 is substantially free
of Form A of Compound I-1. In some embodiments, the pharmaceutical composition
comprising amorphous Compound I-1 is substantially free of Form C of Compound I-
1. In some embodiments, the pharmaceutical composition comprising amorphous
Compound I-1 is substantially free of Form D of Compound I-1. In some em-
bodiments, the pharmaceutical composition comprising amorphous Compound I-1 is
substantially free of Form E of Compound I-1. In some embodiments, the pharma-
ceutical composition comprising amorphous Compound I-1 is substantially free of
Form F of Compound I-1. In some embodiments, the pharmaceutical composition
comprising amorphous Compound I-1 is substantially free of one or more of Form A,
Form B, Form C, Form D, Form E, and Form F of Compound I-1.

In some embodiments, the pharmaceutical composition comprising Compound I-1 is
formulated as a solid dosage form. In any of the embodiments described herein, the
pharmaceutical composition can be enteric coated. In some embodiments, the solid
dosage form is an oral solid dosage form. In some embodiments, the solid dosage form
is a capsule or tablet. In some embodiments, the capsule or tablet is enteric coated.

Various enteric coatings are suitable. Using capsules and tablets as an example, in
some embodiments, the capsule or tablet can comprise enteric coated particles
comprising Compound I-1. It should be noted that the enteric coated particles by
themselves are also a feature of the present invention. In some embodiments, the outer
surface of the capsule or tablet can be enteric coated. As such, particles of Compound
I-1 do not need to be separately enteric coated. However, in some embodiments, the
capsule or tablet can comprise enteric coated particles comprising Compound I-1 with
an enteric coated outer surface. General methods for enteric coating are known in the
art and can be adapted for the solid dosage form herein. Suitable materials for enteric
coating are also known in the art. For example, in some embodiments, the enteric
coating includes one or more methacrylic acid- methylmethacrylate copolymers. In
some embodiments, the enteric coating includes one or more of methacrylic acid-
methylmethacrylate (1:1 or 1:2 ratio) copolymers, which are commercially available
under the tradename Eudragit® L 100 or Eudragit® S 100, respectively.

The pharmaceutical composition comprising Compound I-1 (e.g., amorphous

Compound I-1) can also be characterized by an in vitro dissolution profile. As
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discussed herein, Compound I-1 shows unexpectedly high kinetic solubility. Without
wishing to be bound by any theories, this high kinetic solubility also imparts desired in
vitro dissolution profile of certain dosage forms, which are useful in various ap-
plications, e.g., in the methods of treatment as described herein.

In some embodiments, the in vitro dissolution profile includes one or more of the
following: (1) upon placement of the composition in an in vitro dissolution test
comprising USP Dissolution Method at 100 rpm in 500 ml 0.1 N HCI at 37° C using
Type II Paddle, substantially no compound I-1 or the free acid form is released from
the composition at about 2 hours to about 4 hours (e.g., at about 2 hours) in the test;
and (2) upon placement of the composition in an in vitro dissolution test comprising
USP Dissolution Method at 100 rpm in approximately 1000 ml media at pH 7.4 at 37°
C using Type II Paddle, about 20% or more (e.g., about 20-65%, about 40-65%) of the
compound I-1 is released from the composition at about 1 hour in the test, about 65 -
100% (e.g., about 80-100%) of the compound I-1 is released from the composition at
about 2 hours to about 4 hours in the test. In some embodiments, the in vitro dis-
solution profile includes one or more of the following: (1) upon placement of the com-
position in an in vitro dissolution test comprising USP Dissolution Method at 100 rpm
in 500 ml 0.1 N HCI at 37° C using Type II Paddle, substantially no compound I-1 or
the free acid form is released from the composition at about 2 hours to about 4 hours
(e.g., at about 2 hours) in the test; and (2) upon placement of the composition in an in
vitro dissolution test comprising USP Dissolution Method at 100 rpm in approximately
1000 ml media at pH 7.4 at 37° C using Type II Paddle, at least 80% (e.g., essentially
all) of the compound I-1 is released from the composition at about 1 hour to about 4
hours in the test. In some embodiments, the in vitro dissolution profile includes one or
more of the following: (1) upon placement of the composition in an in vitro dissolution
test comprising USP Dissolution Method at 100 rpm in 500 m1 0.1 N HCl at 37° C
using Type II Paddle, substantially no compound I-1 or the free acid form is released
from the composition at about 2 hours to about 4 hours (e.g., at about 2 hours) in the
test; and (2) upon placement of the composition in an in vitro dissolution test
comprising USP Dissolution Method at 100 rpm in approximately 1000 ml media at
pH 7.4 at 37° C using Type 1I Paddle, substantially all of the compound I-1 is released
from the composition at about 1 hour to about 4 hours in the test.

In some embodiments, the in vitro dissolution test is substantially in accordance with

Dissolution Study Procedure A below.

Dissolution Study Procedure A:
1) Set up the dissolution bath.
2) Ensure the temperature is at 37.0 + 0.5°C.
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[159] 3) Offset placing one unit in each vessel to allow sufficient precision in sampling
times.

[160] 4) Approximately 1 minute before each sampling time point prime the filter by
withdrawing at least 2 ml of the medium and discarding the sample back into the
vessel. Replace filter after each sampling time point.

[161] 5) At each sampling time point listed in the specifications, aliquot 1 ml and transfer
into a vial. The amount of Compound I-1 released can be measured by HPLC.

[162] 6) Dissolution system is as follows.

[163] .

500 ml of HC1 0.1N for the acid stage
. At 2 hours add 250 ml of Stock Buffer solution, adjust to pH 6.0
Medium: with SN HCl
After 1 hour n pH 6.0, add 250 ml of Stock Buffer solution,
adjustto pH 7.4 with 3N HCl
Bath Temperature: | 37.0=0.5°C
Apparatus: II (Paddles)
Speed: 100 rpm
Time Medium
2 hours Acid stage
. . . 2.5 hours (0.3 hour in Buffer 1)
Sampling times: 3 hours (1 hour in Buffer 1) Buffer 1 Stage
3.5 hours (0.5 howr in Buffer 2) s
4 hours (1 hour in Buffer 2) Buffer 2 Stage
Sampling volume: | 1ml
Filter: 0.45 um GHP (change filter after each time point)
[164] In some embodiments, Compound I-1 can also be included in a pharmaceutical com-

position comprising an aqueous solution. Aqueous solution of Compound I-1 suitable

for the pharmaceutical composition includes any of those described herein. For

example, the aqueous solution can include Compound I-1 in a concentration of at least

200 mg/ml. In some embodiments, a diluted aqueous solution of Compound I-1 in a

concentration of about O.

1 mg/ml to about 200 mg/ml can also be used for the pharma-

ceutical composition. In some embodiments, the active ingredient in the pharma-

ceutical composition can consist essentially of Compound I-1. For example, the phar-

maceutical composition herein can include Compound I-1 along with its free acid form

as the only active ingredient. Although Compound I-1 is a sodium salt, those skilled in

the art would understand that certain free acid form may be present in the pharma-

ceutical composition, e.g., through equilibrium. In some embodiments, the pharma-

ceutical composition includes Compound I-1 along with its free acid form as the only

active ingredient. Typically, the pharmaceutical composition is substantially free of

compound I-1-Acid, for example, with an amount less than 5% by weight (e.g., less
than 3%, less than 1%, less than 0.2%, less than 0.1%, less than 0.05%, or non-
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detectable). In some embodiments, the pharmaceutical composition is also sub-
stantially free of other salts of Compound I-1-Acid, for example, with an amount less
than 5% by weight (e.g., less than 3%, less than 1%, less than 0.2%, less than 0.1%,
less than 0.05%, or non-detectable). However, in some embodiments, the pharma-
ceutical composition herein can also include other active ingredients, for example,
other compounds described herein or other active ingredients useful for treating the
diseases or disorders described herein, such as inflammatory bowel diseases.

The pharmaceutical composition herein can include Compound I-1 in various
amounts, for example, in an amount effective for treating the diseases or disorders
described herein, such as inflammatory bowel diseases. Other suitable amounts are

described herein.

Dosage Forms Comprising Other Compounds
Other compounds described herein, for example, any one or more of Compounds I-2

to I-10, can be formulated similarly to those described herein for Compound I-1. For
example, such compounds can also be formulated in a solid dosage form (e.g., enteric
coated tablet or capsule), or in a solution form (e.g., an aqueous solution).

For example, Compound I-2 can be included in any of the pharmaceutical com-
positions where Compound I-1 is indicated as suitable. As discussed herein,
Compound I-2 similarly shows unexpectedly high kinetic solubility. In some em-
bodiments, Compound I-2 can substitute Compound I-1 as the active ingredient in any
of the pharmaceutical compositions where Compound I-1 is indicated as suitable (e.g,
any of the solid or solution formulations described herein). In some embodiments,
Form A2 of Compound I-2 is included in the pharmaceutical composition. In some em-
bodiments, amorphous Compound I-2 is included in the pharmaceutical composition.
In some embodiments, Compound I-2 in the pharmaceutical composition is in Form
A2 and is substantially free from other solid state forms.

In some embodiments, the active ingredient in the pharmaceutical composition can
consist essentially of Compound I-2. For example, the pharmaceutical composition
herein can include Compound I-2 along with its free acid form as the only active in-
gredient. Although Compound I-2 is a potassium salt, those skilled in the art would un-
derstand that certain free acid form can be present in the pharmaceutical composition,
e.g., through equilibrium. In some embodiments, the pharmaceutical composition
includes Compound I-2 along with its free acid form as the only active ingredient.
Typically, the pharmaceutical composition is substantially free of compound I-1-Acid,
for example, with an amount less than 5% by weight (e.g., less than 3%, less than 1%,
less than 0.2%, less than 0.1%, less than 0.05%, or non-detectable). In some em-

bodiments, the pharmaceutical composition is also substantially free of other salts of
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Compound I-1-Acid, for example, with an amount less than 5% by weight (e.g., less
than 3%, less than 1%, less than 0.2%, less than 0.1%, less than 0.05%, or non-
detectable). However, in some embodiments, the pharmaceutical composition herein
can also include other active ingredients, for example, other compounds described
herein or other active ingredients useful for treating the diseases or disorders described
herein, such as inflammatory bowel diseases.

The pharmaceutical composition herein can include Compound I-2 in various
amounts, for example, in an amount effective for treating the diseases or disorders
described herein, such as inflammatory bowel diseases. Other suitable amounts are

described herein.

Certain Specific Formulations
In some embodiments, the present invention also provides certain specific for-

mulations.
In some embodiments, the formulation includes a compound of Formula I in an

enteric coated capsule. A typical example of such formulation is shown below:

Formulation 1: API in Coated Capsule (e.g., HPMC capsule)

Ingredient %w/w

Active Ingredient: e.g., amorphous
Compound I-1

70~100 (e.g., 99%)

Lubricant: e.g., Magnesium stearate 0~30(e.g., 1%)
HPMC Capsule Coating
Enteric coating: e.g., Eudragit L'S100. Triethyl
citrate: Talc/Ethanol

In some embodiments, the formulation includes enteric coated particles comprising a
compound of Formula I, which can then be optionally encapsulated in a coated or
uncoated capsule. A typical example of such formulation is shown below: Formulation
2: Coated API in Capsule (e.g., HPMC capsule)
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Ingredient Typical Yow/w | Preferred %ow/w

Active Ingredient: e.g ,
amorphous Compound I-1
Enteric coating: e.g.,

50 ~ 90 60 ~ 80 (e.g., 60%)

Eudragit L'S100; Triethyl 10 ~ 50 20 ~ 40 (e.g., 40)
citrate . Talc
Magestum st 0~ 10 0-1 (e, 0
Others 0~10 0-4 (e.g., 0)
[181]  In some embodiments, the formulation includes granulated particles comprising a

compound of Formula I, which can then be optionally encapsulated in a coated or
uncoated capsule. A typical example of such formulation is shown below: Formulation

3: Granulated particles in Capsules (e.g., HPMC capsule)

[182)
Granulation (e.g., Fluid Bed)
Ingredient %ow/w
Internal Phase
Active mgcr:zc:;l;n;;gf.f‘?momhous 50~ 90 (e.g., 75)
Enteric coating: e.g., Eudragit S 100 10 ~ 30 (e.g., 20)
Stabilizer: e.g., HPMC (Pharmacoat 606) 0~10(eg.4)
Granulating liquid: Ethanol or other alcohols
External Phase
Lubricant: e.g., Magnesium stearate 1~10(eg. 1)
[183]  In some embodiments, the formulation includes a compound of Formula I in a tablet,
such as a direct compression tablet, which can then be optionally enteric coated. A
typical example of such formulation is shown below:
[184]

[185] Formulation 4: Enteric Coated Tablets (e.g., Direct Compression/Enteric Dry
Coating)
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Ingredient Yow/w

Active Ingredient: e.g., amorphous
Compound I-1

20 ~ 60 (e.g., 40)

Enteric coating: e.g., Eudragit S 100 10 ~ 40 (e.g., 20)

Compression aid and.or disintegrant:
e.g. microcrystalline cellulose, such as 20 ~49 (e.g, 39)
silicified microcrystalline cellulose

Lubricant: e.g., Magnesium stearate 1~10(eg,1)

Methods of Treatment

The compound of Formula I (e.g., Formula I-B or I-C, or any one of Compounds I-1

to I-10) described herein is useful for treating various diseases or disorders discussed
herein. As demonstrated earlier in U.S. Appl. No. 15/205,853, published as
US2017/0008924, the corresponding acid, Formula I-Acid, was shown to be ef-
ficacious in suppressing the expression and activity of inflammatory cytokines (e.g.,
IL-6) and chemokines and are able to remain at a sufficiently high concentration in a
target tissue/cell while being less exposed to blood. Further, such compounds were
shown to disrupt the formation of inflammatory signal transduction complex such as
myeloid differentiation primary response gene 88 (MyD88) and/or receptor-interacting
protein 1 (RIP1) that act in the downstream of signal pathway involving toll-like
receptor 2/4 and IL-1f and can inhibit the activity of NF-xB by stabilizing of IxB. It
was further demonstrated that the corresponding acid was effective in treating an in-
flammatory bowel disease; inhibiting formation of an inflammatory signal transduction
complex MyD88, inhibiting formation of an inflammatory signal transduction complex
mediated by Pellino-1, inhibiting formation of an inflammatory signal transduction
complex Ripl; suppressing expression of at least one protein selected from the group
consisting of G-CSF, IL-2, SCF, VEGF, CX3CL1, IGFBPS, IGFBP6, IL-1a, IL-1f3,
IL-6, IL-9, MCP-1, MIP-3a., IL12p40/70, MIG, TNF-a, and VCAM-1, and/or sup-
pressing activity of NF-xB. In addition, it was shown that effective concentration of
the acid compounds can be retained in a targeted tissue (e.g., small intestinal tissues,
large intestinal tissues, appendix tissues) for a sufficient time. In various examples,
U.S. Appl. No. 15/205,853 also shows that Compound I-1-Acid was effective in
treating various diseases such as inflammatory bowel diseases, multiple sclerosis, and

septicemia. Those skilled in the art would expect that the salts of Compound I-1-Acid,
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such as Compound I-1, be similarly efficacious. In one example, formulations
containing Compound I-1, when tested in a DSS induced colitis animal model similar
to those described in U.S. Appl. No. 15/205,853, were found to be efficacious with sta-
tistically significant improvement in total colitis scores.

Thus, in some embodiments, the present invention also provides a method of treating
a disease or disorder mediated by formation of a Pellino-1 induced inflammatory signal
transduction complex such as MyD88 and/or RIP1 in a subject in need thereof. In
some embodiments, the method comprises administering to the subject a thera-
peutically effective amount of any of the compound of Formula I (e.g., Formula I-B or
I-C, or any one of Compounds I-1 to I-10) described herein, such as the substantially
pure compound of Formula I, or any of the pharmaceutical compositions described
herein, such as an enteric coated composition comprising amorphous Compound I-1.
In some embodiments, the compound of Formula I or the pharmaceutical composition
described herein is administered to the subject via oral, nasal, pulmonary, rectal,
buccal, vaginal, ocular, topical, parenteral or transdermal route. In some embodiments,
the compound of Formula I (e.g., Formula I-B or I-C, or any one of Compounds I-1 to
I-10) or the pharmaceutical composition described herein is administered to the subject
in an amount sufficient to (1) inhibit formation of an inflammatory signal transduction
complex MyD88; (2) inhibit formation of an inflammatory signal transduction
complex mediated by Pellino-1; (3) inhibit formation of an inflammatory signal
transduction complex Rip1; (4) suppress expression of at least one protein selected
from the group consisting of G-CSF, IL-2, SCF, VEGF, CX3CL1, IGFBP5, IGFBP6,
IL-1a, IL-1f, IL-6, IL-9, MCP-1, MIP-3a, 1L12p40/70, MIG, TNF-a, and VCAM-1;
and/or (5) suppress activity of NF-xB in the subject. In some embodiments, the disease
or disorder is one or more of multiple sclerosis, psoriasis, sepsis, geographic atrophy,
wet age-related macular disease, dry age-related macular disease, diabetic retinopathy,
infectious lung diseases, bacterial pneumonia, viral pneumonia, diffuse large B-cell
lymphoma, viral infection, autoimmune disease, obesity, blood cancer including
lymphoma, and tumors in internal organs.

In some embodiments, the present invention also provides a method of treating an in-
flammatory bowel disease in a subject in need thereof. In some embodiments, the
method comprises administering to the subject a therapeutically effective amount of
any of the compound of Formula I (e.g., Formula I-B or I-C, or any one of Compounds
I-1 to I-10) described herein, such as the substantially pure compound of Formula I, or
any of the pharmaceutical compositions described herein, such as an enteric coated
composition comprising amorphous Compound I-1. In some embodiments, the
compound of Formula I or the pharmaceutical composition described herein is ad-

ministered to the subject via the oral route or the rectal route. In some embodiments,
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the compound of Formula I (e.g., Formula I-B or I-C, or any one of Compounds I-1 to
I-10) or the pharmaceutical composition described herein is administered to the subject
in an amount sufficient to (1) inhibit formation of an inflammatory signal transduction
complex MyD88; (2) inhibit formation of an inflammatory signal transduction
complex mediated by Pellino-1; (3) inhibit formation of an inflammatory signal
transduction complex Ripl; (4) suppress expression of at least one protein selected
from the group consisting of G-CSF, IL-2, SCF, VEGF, CX3CL1, IGFBPS, IGFBP6,
IL-1a, IL-1B, IL-6, IL-9, MCP-1, MIP-3a, IL12p40/70, MIG, TNF-a, and VCAM-1;
and/or (5) suppress activity of NF-xB in the subject. In some embodiments, the in-
flammatory bowel disease is ulcerative colitis, Behcet's disease, and/or Crohn's
disease.

In some embodiments, the prevent invention provides a method for treating ge-
ographic atrophy, wet age-related macular disease, dry age-related macular disease,
and/or diabetic retinopathy in a subject in need thereof. In some embodiments, the
method comprises administering to the subject a therapeutically effective amount of
any of the compound of Formula I (e.g., Formula I-B or I-C, or any one of Compounds
I-1 to I-10) described herein, such as the substantially pure compound of Formula I, or
any of the pharmaceutical compositions described herein comprising amorphous
Compound I-1. In some embodiments, the compound of Formula I or the pharma-
ceutical composition described herein is administered to the subject via oral, nasal,
pulmonary, rectal, buccal, vaginal, ocular, topical, parenteral or transdermal route. In
some embodiments, the compound of Formula I (e.g., Formula I-B or I-C, or any one
of Compounds I-1 to I-10) or the pharmaceutical composition described herein is ad-
ministered to the subject in an amount sufficient to (1) inhibit expression, in retinal
pigment epithelium cells, of at least one protein selected from the group consisting of
Nox-4, VEGF, VEGFR1, VEGFR2, Ang2, EPO and EPOR; (2) increase expression, in
retinal pigment epithelium cells, of Ang 1, Tie2, or both.

In some embodiments, the prevent invention provides a method for treating alopecia
in a subject in need thereof. In some embodiments, the method comprises admin-
istering to the subject a therapeutically effective amount of any of the compound of
Formula I (e.g., Formula I-B or I-C, or any one of Compounds I-1 to I-10) described
herein, such as the substantially pure compound of Formula I, or any of the pharma-
ceutical compositions described herein comprising amorphous Compound I-1. In some
embodiments, the compound of Formula I or the pharmaceutical composition
described herein is administered to the subject via oral, nasal, pulmonary, rectal,
buccal, vaginal, ocular, topical, parenteral, or transdermal route. In some embodiments,
the compound of Formula I (e.g., Formula I-B or I-C, or any one of Compounds I-1 to

I-10) or the pharmaceutical composition described herein is administered to the subject
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in an amount sufficient to inhibit expression of IL-6 in scalp and hair follicles.

In some embodiments, the compound of Formula I or the pharmaceutical com-
position described herein can also be used to inhibit decomposition of IkB in in-
flammation signaling pathway mediated by MyD88 (myddosome complex) and/or RIP
1, thereby preventing NF-kB from being transported into nucleus of a cell, resulting in
suppression of expression of cytokines and chemokines (e.g., G-CSF, IL-2, SCF,
VEGF, CX3CL1, IGFBPS5, IGFBP6, IL-1a, IL-1f3, IL-6, IL-9, MCP-1, MIP-3a,
1L.12p40/70, MIG, TNF-a, and VCAM-1) and preventing inflammation reaction that
could otherwise be caused by the expression thereof. Thus, in some embodiments, the
present invention also provides a method of (1) inhibiting formation of an in-
flammatory signal transduction complex MyD88; (2) inhibiting formation of an in-
flammatory signal transduction complex mediated by Pellino-1; (3) inhibiting
formation of an inflammatory signal transduction complex Rip1; (4) suppressing ex-
pression of at least one protein selected from the group consisting of G-CSF, IL-2,
SCF, VEGF, CX3CL1, IGFBPS5, IGFBP6, 1L-1a, IL-1f, IL-6, IL-9, MCP-1, MIP-3a,
IL12p40/70, MIG, TNF-a, and VCAM-1; and/or (5) suppressing activity of NF-kB in
a cell. In some embodiments, the method comprises contacting the cell with an
effective amount of any of the compound of Formula I (e.g., Formula I-B or I-C, or
any one of Compounds I-1 to I-10) described herein, such as the substantially pure
compound of Formula I, or any of the pharmaceutical compositions described herein,
such as an enteric coated composition comprising amorphous Compound I-1.

The compound of Formula I or the pharmaceutical composition described herein can
be used as the only intervention for the methods herein. However, in some em-
bodiments, the compound of Formula I or the pharmaceutical composition described
herein can also be used in conjunction with another therapy or medication for the re-
spective method. For example, the compound of Formula I or the pharmaceutical com-
position described herein can be used in combination with another drug, either si-

multaneous, sequentially, or otherwise co-administered.

Definitions

Unless defined otherwise, all technical and scientific terms used herein have the
meaning commonly understood by a person skilled in the art to which this disclosure
belongs. The following references provide one of skill with a general definition of
many of the terms used in this invention: The Cambridge Dictionary of Science and
Technology (Walker ed., 1988); The Glossary of Genetics, Sth Ed., R. Rieger et. al.
(eds.), Springer Verlag (1991); and Hale & Marham, The Harper Collins Dictionary of
Biology (1991). As used herein, the following terms have the meanings ascribed to

them below, unless specified otherwise.
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Unless specifically stated or obvious from context, as used herein, the term "or" is
understood to be inclusive. Unless specifically stated or obvious from context, as used
herein, the terms "a", "an", and "the" are understood to be singular or plural. For
example, "a compound" includes mixtures of such compounds; "a carrier” includes
mixtures of two or more carriers.

Unless specifically stated or obvious from context, as used herein, the term "about"” is
understood as within a range of normal tolerance in the art, for example within 2
standard deviations of the mean. In one embodiment, "about” can be understood as
within 20% of the stated value. As used herein, "about" a specific value also includes
the specific value, for example, about 10% includes 10%. Unless otherwise clear from
context, all numerical values provided herein are modified by the term about.

The terms "active agent," "drug," and "pharmaceutical agent" are used inter-
changeably herein to refer to a chemical material or compound which, when ad-
ministered to a subject by any means described herein (e.g., human or animal) induces
a desired pharmacologic effect (e.g., such as a reduction of inflammation).

"Additive" as used herein refers to any additional components that can be added to
the compositions and formulas described herein. For example, additives can include
excipients (e.g., one or more excipients), antioxidants (e.g., one or more antioxidants),
stabilizers (e.g., one or more stabilizers), preservatives (e.g., one or more
preservatives), pH adjusting and/or buffering agents (e.g., one or more pH adjusting
and/or buffering agents), tonicity adjusting agents (e.g., one or more tonicity adjusting
agents), thickening agents (e.g., one or more thickening agents), suspending agents
(e.g., one or more suspending agents), binding agents (e.g., one or more binding
agents), viscosity-increasing agents (e.g., one or more viscosity-increasing agents), and
the like, provided that the additional components are pharmaceutically ac-
ceptable for the particular condition to be treated. The additives can also include
processing agents and drug delivery modifiers and enhancers, such as, for example,
calcium phosphate, magnesium stearate, talc, monosaccharides, disaccharides, starch,
gelatin, cellulose, methyl cellulose, sodium carboxymethyl cellulose, dextrose, hy-
droxypropyl-beta-cyclodextrin, polyvinylpyrrolidinone, low melting waxes, ion
exchange resins, and the like, as well as combinations of any two or more thereof.
Other suitable pharmaceutically acceptable excipients are described in "Remington's
Pharmaceutical Sciences,” Mack Pub. Co., New Jersey (1991), and "Remington: The
Science and Practice of Pharmacy," Lippincott Williams & Wilkins, Philadelphia, 20th
edition (2003) and 21st edition (2005), incorporated herein by reference. The additives
described herein can be used in any suitable amounts.

As used herein, the term "administering” or "administration" is not limited to any

particular route. For example, "administering” can include oral administration, admin-
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istration as a suppository, topical administration, intravenous, parenteral, in-
traperitoneal, intramuscular, intralesional, intrathecal, intranasal, intravitreal or sub-
cutaneous administration, or implantation of a slow-release device, e.g., a mini-
osmotic pump, to a subject. In some embodiments, administration includes parenteral
and transmucosal delivery, e.g., oral, nasal, pulmonary, rectal, buccal, vaginal, ocular,
topical, or transdermal route.

As used herein, "antioxidants" include man-made or natural substances that can
prevent or delay some types of cell damage and/or oxidation. Antioxidants are found in
many foods, including fruits and vegetables. They are also available as dietary sup-
plements. Exemplary antioxidants can include: f3eta-carotene, Lutein, Lycopene,
Selenium, Vitamin A, Vitamin C, and Vitamin E. Other antioxidants known to one of
skill in the art can also be used. The antioxidants described herein can be used in any
suitable amount.

By "co-administer” it is meant that a compound or composition described herein is
administered at the same time, just prior to, or just after the administration of ad-
ditional therapies or active agents or additives described herein. The compound or the
composition of the disclosure can be administered alone or can be co-administered to
the patient. Co-administration is meant to include simultaneous or sequential admin-
istration of the compound individually or in combination (more than one compound or
agent). The preparations can also be combined, when desired, with other active
substances.

As used herein, "concurrent administration” includes overlapping in duration at least
in part. For example, when two agents (e.g., any of the agents or class of agents
described herein that has bioactivity) are administered concurrently, their admin-
istration occurs within a certain desired time. The agents' administration can begin and
end on the same day. The administration of one agent can also precede the admin-
istration of a second agent by day(s) as long as both agents are taken on the same day
at least once. Similarly, the administration of one agent can extend beyond the admin-
istration of a second agent as long as both agents are taken on the same day at least
once. The bioactive agents/agents do not have to be taken at the same time each day to
include concurrent administration.

As used herein, an "effective amount” or "therapeutically effective amount” is that
amount sufficient to affect a desired biological effect, such as beneficial results,
including clinical results. As such, an "effective amount" depends upon the context in
which it is being applied. An effective amount can vary according to factors known in
the art, such as disease state, age, sex, and weight of the subject being treated. Several
divided doses can be administered daily or the dose can be proportionally reduced as

indicated by the exigencies of the therapeutic situation. In addition, the compositions/
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formulations of this disclosure can be administered as frequently as necessary to
achieve a therapeutic amount.

The term, "gel" as used herein refers to a material which is not a readily flowable
liquid and not a solid. Gels can be formed from naturally occurring or synthetic
materials. The gels can be non-ordered to slightly ordered showing some birefringence,
liquid crystal character. Gels can be administered topically.

The term "inflammatory bowel disease" as used herein has its usual medical
meaning, and refers to a group of inflammatory conditions of the colon and/or small
intestine. Exemplary inflammatory bowel diseases can include, but are not limited to,
Crohn's disease, ulcerative colitis, Johne's disease, Behnet's syndrome, collagenous
colitis, diversion colitis, indeterminate colitis, infective colitis, ischaemic colitis, lym-
phocytic colitis, and closely related diseases and disorders of the gastrointestinal tract.

The term "inhibit" or "suppress" as used herein, refer to the ability of a compound or
composition to reduce, slow, halt or prevent activity of a particular biological process.
For example, inhibiting an activity of a biological process can mean reducing the
activity by at least about 10%, at least about 25%, at least about 30%, at least about
40%, at least about 50%, at least about 60%, at least about 70%, at least about 75%, at
least about 80%, or at least about 100%.

"Jelly" according to the current disclosure is a class of gels, which are semisolid
systems that consist of suspensions made up either small inorganic particles or large
organic molecules interpenetrated by a liquid, in which the structural coherent matrix
contains a high portion of liquid, usually water.

"Liquid" in the context of a dosage form as used herein refers to a dosage form
consisting of a composition in its liquid state. In one embodiment, a "liquid" is
pourable; and can flow and conform to its container at room temperature. Liquids
display Newtonian or pseudoplastic flow behavior. In embodiments, a "semi-liquid" as
used herein can have properties of both a liquid and another formulation (i.e., a
suspension, an emulsion, a solution, a cream, a gel, a jelly, and the like).

"Myeloid differentiation primary response gene 88" or "MYDS88" is a protein that, in
humans, is encoded by the MYDS88 gene. MyD88 plays a central role in the innate and
adaptive immune response. This protein functions as an essential signal transducer in
the interleukin-1 and Toll-like receptor signaling pathways. These pathways regulate
that activation of numerous proinflammatory genes. The encoded protein consists of an
N-terminal death domain and a C-terminal Toll-interleukinl receptor domain.

As used herein, the term "ointment" refers to a highly viscous liquid or semi-liquid
formulation that can be used for therapeutic treatment of a disease, syndrome, or
condition (i.e., inflammatory bowel disease).

As used herein "pharmaceutically acceptable carrier" includes any and all solvents,
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dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like that are physiologically compatible. The type of carrier
can be selected based upon the intended route of administration. For example, pharma-
ceutically acceptable carriers include sterile aqueous solutions or dispersions and
sterile powders for the extemporaneous preparation of sterile topical solutions or
dispersion. The use of such media and agents for pharmaceutically active substances is
well known in the art. Use of any conventional media or agent, for example, in an
ophthalmic composition, is contemplated, unless such media or agent is incompatible
with the compound, composition, or formulation described herein.

"Pharmaceutical carriers" or "carriers" as used herein include pharmaceutically ac-
ceptable carriers, excipients, or stabilizers which are nontoxic to the cell or mammal
being exposed thereto at the dosages and concentrations employed. In some em-
bodiments, the physiologically acceptable carrier is an aqueous pH buffered solution.
Examples of physiologically acceptable carriers include buffers such as phosphate,
citrate, and other organic acids; antioxidants including ascorbic acid; low molecular
weight (less than about 10 residues) polypeptide; proteins, such as serum albumin,
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone;
amino acids such as glycine, glutamine, asparagine, arginine or lysine; monosac-
charides, disaccharides, and other carbohydrates including glucose, mannose, or
dextrins; chelating agents such as EDTA; sugar alcohols such as mannitol or sorbitol;
salt-forming counterions such as sodium; and/or nonionic surfactants such as Tween™,
polyethylene glycol (PEG), and Pluronics™. In some embodiments, a "pharma-
ceutically acceptable” ingredient (either an active ingredient or an excipient or carrier)
means the ingredient is approved or approvable by a regulatory agency of the Federal
or a state government in the United States or a corresponding agency in a non-U.S.
country, or is listed in the U.S. Pharmacopoeia or other generally recognized phar-
macopoeia, for use in animals, and more particularly, in humans.

The terms, "pH agent" or "buffering agent" as used herein refer to compounds or
buffers useful as pH regulators. These include, but are not limited to, glycerol buffers,
citrate buffers, borate buffers, acetate buffers, gluconate buffers, phosphate buffers, or
citric acid-phosphate buffers can also be included. The pH agent or buffering agent can
be used in any suitable amount.

The term, "preservative" as described herein refers to a substance or chemical that
prevents undesirable chemical changes of the compound or compositions or formulas
described herein. Suitable preservatives can include, for example, benzalkonium
chloride, thimerosal, chlorobutanol, methyl paraben, propyl paraben, phenylethyl
alcohol, edetate disodium sorbic acid, Onamer M Polyquat, cetyl bromide, cetyl

pyridinium chloride, benzyl bromide, EDTA, phenylmercury nitrate, phenylmercury
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acetate, thimerosal, merthiolate, acetate and phenylmercury borate, polymyxin B
sulphate, methyl and propyl parabens, quaternary ammonium chloride, sodium
benzoate, sodium proprionate, and sodium perborate, and other agents known to those
skilled in the art, or a combination thereof. The preservative can be used in any
suitable amount.

Ranges provided herein are understood to be shorthand for all of the values within
the range. For example, a range of 1 to 50 is understood to include any number, com-
bination of numbers, or sub-range from the group consisting 1, 2, 3,4, 5, 6,7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 as well as all in-
tervening decimal values between the aforementioned integers such as, for example,
1.1,1.2,1.3, 1.4, 1.5, 1.6, 1.7, 1.8, and 1.9. With respect to sub-ranges, "nested sub-
ranges" that extend from either end point of the range are specifically contemplated.
For example, a nested sub-range of an exemplary range of 1 to 50 can comprise 1 to
10, 1 to 20, 1 to 30, and 1 to 40 in one direction, or 50 to 40, 50 to 30, 50 to 20, and 50
to 10 in the other direction.

Ranges can be expressed herein as from "about" one particular value, and/or to
"about" another particular value. When such a range is expressed, another aspect
includes from the one particular value and/or to the other particular value. Similarly,
when values are expressed as approximations, by use of the antecedent "about," it is
understood that the particular value forms another aspect. It is further understood that
the endpoints of each of the ranges are significant both in relation to the other
endpoint, and independently of the other endpoint. It is also understood that there are a
number of values disclosed herein, and that each value is also herein disclosed as
"about" that particular value in addition to the value itself. It is also understood that
throughout the application, data are provided in a number of different formats and that
this data represent endpoints and starting points and ranges for any combination of the
data points. For example, if a particular data point "10" and a particular data point "15"
are disclosed, it is understood that greater than, greater than or equal to, less than, less
than or equal to, and equal to 10 and 15 are considered disclosed as well as between 10
and 15. It is also understood that each unit between two particular units are also
disclosed. For example, if 10 and 15 are disclosed, then 11, 12, 13, and 14 are also
disclosed.

"Receptor interacting protein” or "RIP1" as used herein describes a protein kinase
which is a crucial regulator of cell survival and death. RIP1 and RIP2 also bear a C-
terminal domain belonging to the death domain superfamily, allowing recruitment to
large protein complexes initiating different signaling pathways.

The "semisolid gel" according to the current disclosure is a semisolid. The semisolid
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formulation's apparent viscosity can increase with concentration.

As used herein, "sequential administration" includes administration of two agents
(e.g., the compounds or compositions described herein) occurring separately on the
same day or do not occur on a same day (e.g., occurs on consecutive days).

"Solution" according to the current disclosure can be a clear, homogeneous liquid
dosage form that contains one or more chemical substances dissolved in a solvent or
mixture of mutually miscible solvents. In one embodiment, a solution is a liquid
preparation that contains one or more dissolved chemical substances in a suitable
solvent or mixture of mutually miscible solvents. Because molecules of a drug
substance in solution are uniformly dispersed, the use of solutions as dosage forms
generally provides assurance of uniform dosage for administration and good accuracy
of the dosage amount when the solution is diluted or otherwise mixed.

The term "solvent," as used herein, can be either aqueous or non-aqueous. Aqueous
solvent can consist solely of water, or can consist of water plus one or more miscible
solvents, and can contain dissolved solutes such as sugars, buffers, salts or other ex-
cipients. In some embodiments, non-aqueous solvents can include short-chain organic
alcohols, such as, methanol, ethanol, propanol, short-chain ketones, such as acetone,
and poly alcohols, such as glycerol. The solvent can be present in any suitable amount.

By "subject” or "patient” is meant either a human or animal, such as a mammal.
"Subject" can include any animal, including horses, dogs, cats, pigs, goats, rabbits,
hamsters, monkeys, guinea pigs, rats, mice, lizards, snakes, sheep, cattle, fish, and
birds. A human subject can be referred to as a patient.

"Suspension” as used herein is a liquid dosage form that contains solid particles
dispersed in a liquid vehicle.

As used herein, the term "syndrome" refers to a group of symptoms that consistently
occur together or a condition characterized by a set of associated symptoms. A
syndrome (e.g., inflammatory bowel syndrome) can be a set of medical signs and
symptoms that are correlated with each other and often, are correlated with a specific
disease. A disease on the other hand, can be a health condition that has a clearly
defined reason behind it. A syndrome (from the Greek word meaning 'run together")
however, can produce a number of symptoms without an identifiable cause. They can
suggest the possibility of an underlying disease or even the chances of developing a
disease.

"on

The terms "treat,” "treating” or "treatment," and other grammatical equivalents as
used herein, include alleviating, abating, ameliorating, or preventing a disease,
condition (e.g., inflammatory bowel disease) or symptoms, preventing additional
symptoms, ameliorating or preventing the underlying metabolic causes of symptoms,

inhibiting the disease or condition, e.g., arresting the development of the disease or
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condition, relieving the disease or condition, causing regression of the disease or
condition, relieving a condition caused by the disease or condition, or stopping the
symptoms of the disease or condition, and are intended to include prophylaxis. The
terms further include achieving a therapeutic benefit and/or a prophylactic benefit. By
therapeutic benefit is meant eradication or amelioration of the underlying disorder
being treated. Also, a therapeutic benefit is achieved with the eradication or ame-
lioration of one or more of the physiological symptoms associated with the underlying
disorder such that an improvement is observed in the patient, notwithstanding that the
patient can still be afflicted with the underlying disorder.

As used herein, "viscosity" refers to a fluid's resistance to flow. Viscosity agents
include, for example, polyvinyl alcohol, polyvinyl pyrrolidone, methyl cellulose,
hydroxy propyl methylcellulose, hydroxyethyl cellulose, carboxymethyl cellulose,
hydroxy propyl cellulose, other agents known to those skilled in the art, or a com-

bination thereof.

Examples
The examples below are presented solely for illustration purposes and should not be

construed in any way as limiting the scope of the present invention.

Example 1. General Methods

Certain starting materials and reagents are available through commercial sources and
can be used as is. For example, Cremophor RH 40, Tween 80, meglumine are available
through Sigma (Headquarter, Milwaukee).

The various starting materials, intermediates, and compounds of embodiments herein
can be isolated and purified where appropriate using conventional techniques such as
precipitation, filtration, crystallization, evaporation, distillation, and chromatography.
Characterization of these compounds can be performed using conventional methods
such as by melting point, mass spectrum, nuclear magnetic resonance, and various
other spectroscopic analyses.

X-ray analysis of the various solid forms herein can be performed using an X-ray
Powder Diffractometer from Bruker, DS advance. An exemplary method is shown
below: Tube: Cu: K- Alpha (A=1.54179A); Generator: Voltage: 40 kV; Current: 40
mA; Scan Scope: 4 to 40 deg; Sample rotation speed: 15 rpm; Scanning rate: 10
deg./min. The results are reported in 20 + 0.2°.

Differential Scanning Calorimetry (DSC) analysis can be run using TA Instruments'
Q2000 model. In an exemplary method, the sample is heated from 30°C to 300°C at 10
°C/min.

Thermal Gravimetric Analysis (TGA) analysis can be run using TA Instruments'
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Q5000IR model. In an exemplary method, the sample is heated from room temperature
to 300°C at 10 °C/min.

[241] HPLC analysis can be done using Agilent's system with Agilent's Zorbax SB-C8
(250%4.6mm, Sum). An exemplary mobile phase includes acetonitrile (0.2% TFA) and
water (0.2% TFA) with the gradient according to the following table and a flow rate of
about 1 mL/minute:

[242] [Table 1]

Time A:0.2% TFA in water (v/v) B: 0.2% TFA in ACN (v/v)
(min)
0.00 90 10
5.00 30 70
20.00 5 95
20.10 90 10
25 90 10
[243] Different wavelengths can be used for detection, for example, at 220 nm. Those

skilled in the art can adjust the HPLC methods when appropriate.
[244] Example 2A. Preparation of Compound I-1

[245]
OH
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[246] Compound I-1 was synthesized according to scheme 3 below:
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[248] (Scheme 3)

[249] Compound I-1-Acid was prepared starting from SM4 and SM5 according to the
procedure described in US Patent Appl. No. 15/205,853, published as
US2017/0008924, the content of which is herein incorporated by reference in its
entirety.

[250]

[251] Recrystallization of Intermediates

[252] Several intermediates that led to Compound I-1-Acid in Scheme 3 were purified by
re-crystallization. Specifically, Compound E was recrystallized in Ethyl Acetate
(EtOAc) and n-heptane mixture. After hydrolysis of Compound-D with NaOH, an acid
work-up was performed. EtOAc was then used to extract the acid Compound-E. After
which, the EtOAc solution was washed with water and then brine to produce a crude
product in EtOAc solution. n-Heptane was then added to the crude product solution,

the amount of solvents was adjusted such that the ratio of EtOAc/n-Heptane is about
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1:4 to 1:2 and the concentration of Compound E is about 1 g Compound-E/4-6 ml
solvents. The EtOAc/Heptane mixture was then heated at 65-75 °C for about 0.5-2
hours before it was cooled to about 20-25 °C. The solid formed was collected and
dried to obtain crystalline Compound-E, with a purity of 97.8% by HPLC area.
Compound B was also recrystallized using EtOAc and n-Heptane. Here, the crude
product in EtOAc solution (about 1 g Compound-B/4-6 ml solution) was heated at
about 50-55 °C for about 0.5-2 hours. n-Heptane was then added to the EtOAc solution
at about 50-55 °C. The final ratio of EtOAc to n-Heptane was adjusted to about 1:4 to
1:2. The EtOAc/Heptane mixture was then maintained at 50-55 °C for about 0.5-1
hour, before it was cooled down to about 15-20 °C. The solid formed was collected

and dried to obtain crystalline Compound-B, with a purity of 97.7% by HPLC area.

Recrystallization of and Polymorphs of Compound I-1-Acid
Compound I-1-Acid was also recrystallized. Following hydrolysis of Compound C

with NaOH, an acid work-up was performed. Crude Compound I-1-Acid was obtained
as a solid, which was washed with water, acetone, and methyl tert-Butyl ether
(MTBE), and dried. The dried Compound I-1-Acid was then recrystallized in acetic
acid (about 1 g Compound I-1-Acid in about 6-10 mL acetic acid) by heating the
mixture to 55-65 °C and maintained at the temperature for about 30-40 minutes. After
the mixture was cooled to about 15-25 °C, the crystals resulted was filtered, washed
with MTBE, and dried to provide Compound I-1-Acid, with a purity of 97.8% by
HPLC area.

A polymorph screening study on Compound I-1-Acid was also carried out, which
identified Form 1. XRPD analysis of Form 1 is shown in FIG. 1A. FIG. 1B shows the
TGA and DSC analysis of Compound I-1-Acid in Form 1. As shown in FIG. 1B, there
were two endothermic peaks with onset at 145.4°C and 172.2°C. About 0.25% weight
loss from 25°C to 120°C and about 0.42% weight loss from 120°C to 150°C. Form 1
was found to be non-hygroscopic (0.09% weight gain from 0-80 %RH) by Dynamic
Vapor Sorption System (DVS). After the DVS test, the XRPD pattern did not change.

Compound I-1-Acid can also be prepared in an amorphous form. In particular, about
2 g Compound I-1-Acid was dissolved with 160 mL of THF: H,O = 1:1 at 40°C, and
filtered through 0.45 um nylon syringe filter into clean flask. Then the supernatant was
freeze-dried to provide a white solid. The solid was shown to be in amorphous form by
XRPD analysis (FIG. 2).

Amorphous Compound I-1-Acid can be readily converted into the crystalline Form 1.
For example, when about 20 mg of amorphous of Compound I-1-Acid was suspended
in methanol or ethanol and kept shaking at 40°C for 3 days, the solid obtained (after

filter and dry) has an XRPD pattern in accordance with Form 1.
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[261] Preparation of Compound 1-1

[262] Compound I-1-Acid was converted into Compound I-1 through treatment with a
sodium base such as Na,CO;, NaHCO; or NaOH. In particular, Compound I-1-Acid
(250 g, 1 eq.) and water (200 mL) were added into round bottom flask. NaHCO; (94 g,
3 eq.) in water was then added. The mixture was heated to 45 - 50 °C, and then stirred
for several hours. After cooling to 0 - 5 °C, the solid resulted was filtered. The solid
was then triturated with acetone. After filtering the mixture and drying, crystalline
mono-sodium salt Compound I-1 was obtained, which can be further purified through
recrystallization utilizing water or organic solvents.

[263] Compound I-1 and water in a flask was heated to 50 °C, until it was dissolved. This
solution was then cooled to 0 - 5 °C, stirred for several hours. After filtering the
mixture and drying, further purified crystalline mono-sodium salt Compound I-1 was
obtained, which can be further processed into amorphous form by organic solvent
treatment.

[264] Specifically, Compound I-1 (230.00g) was dissolved in THF (1L). The mixture was
then concentrated at 40 - 50 °C under reduced pressure; this process was repeated for 3
times. This procedure was then repeated using MTBE (1L) instead of THF for 3 times.
After which, the solid obtained was dried at 40 - 50 °C for 2 hours under reduced
pressure to provide amorphous Compound I-1 (203.00g).

[265]

[266] Example 2B. Alternative Preparation of Compound I-1

[267] Alternatively, Compound I-1 can be prepared through a combination of solid phase
peptide synthesis and solution phase synthesis.

[268]

[269] Step 1. Preparation of Compound I-1-Acid (Bn)

[270]

CBn
1. Fmoce-Tyr(B21)-Gly-Pre-CH 2.CTC resn " o
2. Fmoc-pre-OH — > N < N\)l\N e O
3. C15H,,COOH g;:s;.Hfﬁ'o "o
NG
o
[271] 1. Fmoc-Tyr(Bzl)-Gly-Pro-OH (5 mmol) on resin, Fmoc-Pro-OH (2.53 g, 7.50

mmol) and HOBt (1.35 g, 10.0 mmol) were added to a 100 mL solid-phase reactor. To
the mixture was added DMF (50 mL) and DIC (1.26 g, 10.0 mmol). The N, blowing

was maintained for 2 h at 15 °C and the solvent was pumped away. The resin was
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washed with DMF (20 mL X 5).
[272] 2. 20% piperidine in DMF (25 mL., v/v) was added to the reactor. N, blowing

[273]

[274]

[275]
[276]
[277]

[278]

continued for 30 min and the solvent was removed. The resin was washed with DMF
(50 mL X'5).

3. Palmitic acid (1.92 g, 7.49 mmol) and HOBt (1.35 g, 9.99 mmol) were added to
the reactor. To the mixture was added DMF (50 mL) and DIC (1.26 g, 9.99 mmol).
The N, blowing was maintained for 2 h. The solvent was pumped away and the resin
was washed with DMF (50 mL X 3), EtOH (25 mL X 2).

4. Another batch was prepared in the same way using same amount of starting
material and reagent. The two batches were combined and the resin was transferred
into a 100 mL flask and 20% CF;COQOH in DCM (50 mL, v/v) was added to the flask.
After stirring for 30 min, the mixture was filtered. This procedure was repeated one
more time and the resin was washed with DCM (20 mL X2). The combined filtrate
was concentrated under reduced pressure to afford the crude product (5.50 g). Part of
the crude product (5.00 g) was used for next step directly. The other part of the crude
product (500 mg) was purified by prep-HPLC (0.1% TFA as additive) to afford
Compound I-1-Acid (Bn) (40 mg) as a white solid. 'H NMR (400 MHz, CD;0D) &
0.92 (3H, t, ] = 6.8 Hz), 1.20-1.40 (24H, m), 1.52-1.66 (2H, m), 1.78-2.44 (10H, m),
2.89-3.21 (2H, m), 3.40-4.07 (6H, m), 4.32-4.71 (3H, m), 5.06 (2H, s), 6.94-6.98 (2H,
m), 7.10-7.21 (2H, m), 7.27-7.49 (5H, m), 7.99-8.11 (1H, m). LC-MS Calculated
760.5, Found 761.4 [M+H]*.

Step 2. Preparation of Compound I-1-Acid.

En

< n\/K OH PAC. M. MeCH
B )

N u a1
18°C.2h

r\/\/\/\/\/\/\/

Compound |-1-Acld {Bn) Compound I-1-Acld

To a solution of Compound I-1-Acid (Bn) (2.50 g, 3.29 mmol) in MeOH (20 mL)
was added Pd/C (250 mg, 10% wet, 10% mol) under N,. The suspension was purged
with H, several times and stirred under H, (15psi) at 15 °C for 2 h. The mixture was
filtrated, concentrated under reduced pressure, to be purified by prep-HPLC to afford
Compound I-1-Acid (400 mg) as a light red solid. 'H NMR (400 MHz, CD;0D) &
0.92 3H, t, ] = 6.8 Hz), 1.20-1.40 (24H, m), 1.51-1.69 (2H, m), 1.79-2.47 (10H, m),
2.82-3.51 (2H, m), 3.38-4.11 (6H, m), 4.33-4.73 (3H, m), 6.63-6.76 (2H, m), 6.98-7.10
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[279]
[280]
[281]

[282]

[283]
[284]
[285]

[286]

[287]
[288]

(2H, m), 7.83-8.16 (1H, m), 8.30-8.72 (1H, m).

Step 3. Preparation of Compound I-1

NaOH, H,0, EtOH S
s

15°C.2h

Compound I-1-Acid Compound I-1

To a solution of Compound I-1-Acid (100 mg, 0.149 mmol) in EtOH (1 mL) and H,
O (1 mL) was added NaOH (0.1 M in water, 1.49 mL). The mixture was stirred at 15
°C for 2 h. EtOH was removed under reduced pressure. The remaining water was
removed by lyophilization to afford Compound I-1 (60 mg) as a white solid. 'H NMR
(400 MHz, CD;0D) 6 0.85 (3H, t, ] = 6.8 Hz), 1.13-1.30 (24H, m), 1.34-.1.52 (2H, m),
1.58-2.31 (10H, m), 2.70-2.83 (1H, m), 2.84-2.96 (1H, m), 3.43-3.54 (3H, m),
3.55-3.77 (3H, m, overlap with water signal), 3.87-4.75 (3H, m), 6.54-6.58 (2H, m),
6.86-6.93 (2H, m), 7.33-7.58 (1H, m), 8.06-8.24 (1H, m), 9.21 (1H, brs). LC-MS;
Calculated 692.4, Found 671.4 ((MH]* of free acid)

Example 2C. Preparation of Compound I-2

CH

N n\)kg e KOH. Hy0/EtOH %NVJ\H o

15°C. 2 h M
Na?

Compound I-1-Acid Compound |-2

Compound I-2 has been synthesized by following the virtually same procedure used
for Compound I-1 shown in Example 2B. 'H NMR (400 MHz, CD;0D) 6 0.86 (3H, t,
J=6.8 Hz), 1.13-1.54 (26H, m), 1.58-2.31 (10H, m), 2.70-3.00 (2H, m), 3.21-3.62
(6H, m), 3.80-4.75 (3H, m), 6.53-6.59 (2H, m), 6.85-6.91 (2H, m), 7.26-7.47 (1H, m),
8.05-8.25 (1H, m), 9.36 (1H, brs). LC-MS; Calculated 708.4, Found 671.4 ({(MH]* of

free acid).

Example 2D. Preparation of Compound I-3
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[289]

[290]

[291]
[292]
[293]

[294]

[295]
[296]
[297]

OH OH

9]

°
L/W 159, 2h Q/‘*o
NW v

Compound I-1-Acid Compound -3

Compound I-3 has been synthesized by following the virtually same procedure used
for Compound I-1 shown in Example 2B. 'H NMR (400 MHz, CD;0OD) & 0.86 (3H, t,
J=6.8 Hz), 1.09-1.51 (26H, m), 1.58-2.31 (10H, m), 2.70-3.04 (2H, m), 3.19-3.58
(6H, m), 3.87-4.75 (3H, m), 6.55-6.60 (2H, m), 6.86-6.94 (2H, m), 7.29-7.58 (1H, m),
7.90-8.25 (1H, m), 9.26 (1H, brs). LC-MS; Calculated 676.4, Found 671.4 ((MH]* of

free acid).

Example 2E. Preparation of Compound I-4
OH OH

O

o
H H
S 5
%NJ\N et NaOH, HC/EtOH [N—)‘\‘KN\)’\N oy ONe
° o Ho¢ — ) H oo
15°C.2h

Compound |-4-Acid Compound 1-4

Compound I-4 has been synthesized by following the virtually same procedure used
for Compound I-1 shown in Example 2B. 'H NMR (400 MHz, DMSO-dg) 6 0.79-0.90
(3H,t,J =6.8 Hz), 1.15-1.33 (24H, m), 1.36-1.53 (2H, m), 1.74-2.05 (4H, m),
2.08-3.30 (2H, m), 2.73-2.85 (1H, m), 2.87-2.95 (1H, m), 3.41-3.71 (4H, m, overlap
with water signal), 3.84-3.95 (1H, m), 4.20-4.37 (1H, m), 6.50-6.67 (2H, m), 6.81-7.02
(2H, m), 7.22-7.37 (1H, m), 8.13-8.38 (1H, m), 9.00-9.20 (1H, brs). LC-MS Calculated
579.4, Found 574.3 ((MH]* of free acid).

Example 2F. Preparation of Compound I-5

OH OH

o) 0
H H
5 s
£ N\)ku e oH KOH, H,O/EtOH < N\)L\N e K
N N (S N N [
o c ° —_—> o e
15°C. 2h

Compound I-4-Acid Compound 1.5
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[298]

[299]
[300]
[301]

[302]

[303]
[304]
[305]

[306]

Compound I-5 has been synthesized by following the virtually same procedure used
for Compound I-1 shown in Example 2B. 'H NMR (400 MHz, DMSO-d,) 6 0.79-0.90
(3H,t,] =6.8 Hz), 1.15-1.33 (24H, m), 1.36-1.53 (2H, m), 1.74-2.05 (4H, m),
2.08-3.30 (2H, m), 2.73-2.85 (1H, m), 2.87-2.95 (1H, m), 3.41-3.71 (4H, m), 3.84-3.95
(1H, m), 4.20-4.37 (1H, m), 6.50-6.67 (2H, m), 6.81-7.02 (2H, m), 7.22-7.37 (1H, m),
8.13-8.38 (1H, m), 9.00-9.20 (1H, brs). LC-MS; Calculated 579.4, Found 574.3 ((MH]

+of free acid).

Example 2G. Preparation of Compound I-6

OH OH

o}
., H H
S S| ;
2 N\)J\N e o LiOH, H,O/EtOH Q%rﬁ\)k,q e
o C H g8 —— o O H oo
15°C. 2k

Compound I-4-Acid Compound 1-6

Compound I-6 has been synthesized by following the virtually same procedure used
for Compound I-1 shown in Example 2B. 'H NMR (400 MHz, DMSO-d,) 6 0.79-0.90
(3H,t,] =6.8 Hz), 1.15-1.33 (24H, m), 1.36-1.53 (2H, m), 1.74-2.05 (4H, m),
2.08-3.30 (2H, m), 2.73-2.85 (1H, m), 2.87-2.95 (1H, m), 3.41-3.71 (4H, m, overlap
with water signal), 3.84-3.95 (1H, m), 4.20-4.37 (1H, m), 6.50-6.67 (2H, m), 6.81-7.02
(2H, m), 7.22-7.37 (1H, m), 8.13-8.38 (1H, m), 9.00-9.20 (1H, brs). LC-MS Calculated
579.4, Found: 574.3 ((MH]* of free acid).

Example 2H. Preparation of Compound I-7

OH OH
b o
S) N OH NaOH, EtCH s N ONa
20°C. 2h o o
0 c
Compound I-7-Acid Compound |-7

Compound I-7 has been synthesized by following the virtually same procedure used
for Compound I-1 shown in Example 2B. 'H NMR (400 MHz, DMSO-dg) 6 0.80-0.98
(3H,m), 1.22-1.38 (4H, m), 1.46-1.54 (2H, m), 1.67-1.86 (1H, m), 1.92-2.30 (SH, m),
2.77-2.82 (1H, m), 2.86-2.94 (1H, m), 3.35-3.67 (4H, m), 3.85-3.94 (1H, m), 4.23-4.39
(1H, m), 6.41-6.49 (2H, m), 6.79-6.88 (2H, m), 6.93-7.23 (1H, brs), §8.18-8.45 (1H, m).
LC-MS Calculated 455.2, Found 434.2 ([MH]* of free acid).
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[307]
[308] Example 2I. Preparation of Compound I-8
[309]
CH OH
w ©
0.1M aq NaOH N N N\/JLN - ONa
R o
EtOH & o] Hog8
©,
20°C. 16 N}/\/\/
0
Compound I-8-Acid Compound 1-8

[310] Compound I-8 has been synthesized by following the virtually same procedure used
for Compound I-1 shown in Example 2B. 'H NMR (400 MHz, DMSO-dg) 6 0.84-0.86
(3H,m), 1.21-1.26 (4H, m), 1.43-1.47 (2H, m), 1.68-2.23 (10H, m), 2.74-2.94 (2H, m),
3.45-3.63 (6H, m), 4.01-4.70 (3H, m), 6.54-6.58 (2H, m), 6.86-6.91 (2H, m), 7.49 (1H,
brs), 8.14 (1H, brs), 9.19 (1H, brs). LC-MS Calculated 530.2, Found: 531.2 ((MH]* of

free acid).
[311]
[312] Example 2]J. Preparation of Compound I-9
[313]
OH OH
o 0
Qﬁr”\)\N a~CH 0.1M ag KOH & H \/lL OK
. H —,,— N NS
$2 © C EtCH s o H ¢
20°C. 18 h C
Compound |-8-Acid © Compound 1-9

[314] Compound I-9 has been synthesized by following the virtually same procedure used
for Compound I-1 shown in Example 2B. 'H NMR (400 MHz, DMSO-dg) 6 0.81-0.86
(3H, m), 1.21-1.25 (4H, m), 1.43-1.48 (2H, m), 1.84-2.23 (10H, m), 2.75-2.93 (2H, m),
3.43-3.68 (6H, m), 4.02-4.70 (3H, m), 6.54-6.58 (2H, m), 6.87-6.92 (2H, m), 7.57 (1H,
brs), 8.14 (1H, brs), 9.14 (1H, brs). LC-MS Calculated 530.2, Found: 531.3 ((MH]* of
free acid).

[315]

[316] Example 2K. Preparation of Compound I-10
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[317]

[318]

[319]
[320]
[321]

[322]
[323]
[324]

[325]
[326]
[327]

e

0 104 3 NaOH

g

EIOH
20°C. 16 h

Compound 1-10-Ackd Compouna 110

Compound I-10 has been synthesized by following the virtually same procedure used
for Compound I-1 shown in Example 2B. 'H NMR (400 MHz, DMSO-dg) 6 0.85 (3H,
t,J = 6.8 Hz), 1.24-1.28 (20H, m), 1.42-1.46 (2H, m), 1.83-2.22 (12H, m), 2.78-2.92
(4H, m), 3.45-3.83 (7TH, m), 4.27-4.67 (2H, m), 5.30-5.33 (2H, m), 6.52-6.54 (2H, m),
6.85-6.87 (2H, m), 7.29 (1H, brs), 8.09 (1H, brs), 9.05 (1H, brs). LC-MS Calculated
696.4, Found 697.4 ((MH]* of free acid).

Example 3. Polymorph Screening Studies on Compound I-1
As detailed below, an amorphous form and six crystalline polymorphs, Forms A-F,

were identified in this study.

Amorphous Compound I-1
About 5 g of Compound I-1-Acid was completely dissolved with 170 mL of MeOH

at 40°C in a 250 mL glass bottle, and then appropriate NaOH solution, pre-dissolved in
MeOH, was added into the free acid solution according at a 1:1 molar ratio. The
mixture was then stirred at room temperature. When the mixture turned into a clear
solution after overnight stirring, the solution was dried by rotary evaporation to
provide a white solid. The solid was dried under vacuum at 30°C for 1 hour to provide
an amorphous Compound I-1. XRPD analysis confirmed that this solid is in an

amorphous form, see FIG. 3.

Form A of Compound I-1

Form A can be obtained through various methods. In one example, around 1 g of
Compound I-1 was dissolved in 10 mL of water: acetone (1:6, v/v) at 60°C. The clear
solution was then stored in a refrigerator at 5°C for 1 hour to form a precipitate. Five
milliliters of acetone was then added and stirred at 500 rpm for 4 days at room tem-
perature. The precipitated solid was then collected and dried overnight at 30°C in a
vacuum oven and analyzed. FIG. 4A shows the XRPD analysis of Form A. Thermal
investigations using TGA-MS and DSC (FIG. 4B) indicated that Form A had an initial
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[328]
[329]
[330]

[331]
[332]
[333]

[334]
[335]
[336]

[337]
[338]
[339]

[340]
[341]
[342]

small broad endotherm due to adsorbed water loss and then a larger endotherm at
107°C due to about 3.1% of combined water loss. This was also supported by a heating
experiment, in which it was found that Form A could be dehydrated and converted to

amorphous after heating to 120°C. These results suggest that Form A is a hydrate form.

Form B of Compound I-1

Form B can also be obtained through various methods. In one example, Compound I-
1 was dissolved in IPA-acetone (1:2) at 40°C and the solution formed was then filtered
through 0.45 pm nylon syringe filter into clean vessels. The solvents were then
evaporated in the fume hood overnight to form a precipitate. The precipitated solid was
then collected and dried in a vacuum oven at 30°C overnight and analyzed. Form B
displayed birefringence partly under the Polarized Light Microscopy (PLM), which
indicated that it was a mixture form of amorphous and crystalline form. As shown in
FIG. 5, TGA and DSC analysis shows that there were two weight losses of about
0.87% due to residual solvent or water and about 1.1% correspond to an endotherm
peak at 110°C.

Form C of Compound I-1
Form C was obtained from heating Form A to 70°C. FIG. 6A shows an XRD

analysis of Form C. Form C displayed birefringence and irregular shape with some ag-
glomerations under the PLM. Thermal investigations (FIG. 6B) using DSC and TGA
indicated that it had single endotherm at 101°C due to 2.9% of water loss. Besides,
Form C could be converted to Form A after storing at 25 °C for several days, indicated

that it might be a metastable form.

Form D of Compound I-1

Form D was firstly observed in pH-solubility study of amorphous Compound I-1 in
basic USP buffers, however, it was easily converted to Form A after vacuum drying at
25°C overnight. FIG. 7 shows an XRPD analysis comparing Form A and Form D. FIG.

7 also shows that upon drying, Form D converted back to Form A.

Form E of Compound I-1

Form E was obtained from Form A or amorphous form stored at 60°C and
40°C/75%RH for 2 weeks. It did have the similar data on the DSC/TGA data (FIG.
8B) with Form A and Form C, but with different XRPD pattern (see FIG. 8A).

Form F of Compound I-1
Form F was obtained from competitive study of Forms A and E when water activity
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[343]
[344]
[345]

[346]

[347]

[348]
[349]

is 0.3 at 40°C. About 10 mg of Form A and 10 mg of Form E were each weighted into
saturated solutions of acetonitrile/water (98:2) with a water activity of 0.3. The sus-
pensions were then slurried for 2 days or 6 days at 40°C. The solids obtained were
dried in vacuum oven at 30°C for overnight and then checked by XRPD (FIG. 9A).
Thermal investigations (FIG. 9B) using TGA and DSC indicated that it had an initial
larger broad endotherm with about 5.6% of weight loss and then a small endotherm at
110°C.

Stabilities of Amorphous Compound I-1

Stabilities of amorphous Compound I-1 were also conducted according to ICH
guideline. Compound I-1 was found to be stable under 25+2°C/60+5%RH and
40x2°C/75£5%RH for 6 months or more.

Based on XRPD analysis, no form transformation for amorphous Compound I-1 was
observed at all the tested conditions except that it could be transferred into Form A at
high humidity condition for 1 week. This shows that amorphous Compound I-1 can be
storage stable at 40°C/75%RH with good protection from moisture, 60°C and ambient,

without polymorphic changes.

Example 4. Solubility of Compound I-1-Acid

This example shows an approximate solubility test of Compound I-1-Acid conducted
in the different solvents at ambient laboratory temperature. The solubility test was
conducted by manual dilution combined with visual observation. As shown below,
Compound I-1-Acid has poor solubility (< 1 mg/mL) in most organic solvents and
water (Table 2).
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[350] [Table 2]

Results of approximate solubility at room temperature

Solvents Solubility(mg/ Solvents Solubility (mg/
mL) mL)
Methanol 1-5 Heptane <1
Ethanol <1 Cyclohexane <1
Isopropyl alcohol <1 1,4-Dioxane <1
1-butanol <1 DMSO 10-25
Acetonitrile <1 DMF -5
Acetone <1 N-methyl pyrrolidone 1-5
Methyl ethyl ketone <1 Water <1
Methyl isobutyl ketone <1 MeOH-H,O (1:1) <1
Ethyl acetate <1 MeOH-H,O (3:1) <1
Isopropyl acetate <1 EtOH-H,O (1:1) <1
Methyl t-butyl ether <1 EtOH-H,O (3:1) <1
Tetrahydrofuran <1 ACN-H,O (1:1) <1
2-Methyl Tetrahydrofuran <1 Acetone-H,O (1:2) <1
Toluene <1 THF-H,O (1:1) 1-5
[351] Further investigation revealed that water solubility of Compound I-1-Acid is less
than 2 pg/mL.
[352] Example 5. Solubility Studies on Compound I-1.
[353] In this Example, approximate solubility tests of Compound I-1 (amorphous) were

conducted in the different solvents at ambient laboratory temperature. The solubility
was also tested by manual dilution combined with visual observation. In particular, a
known amount of Compound I-1 was weighed and added to a vial. A known amount of
solvent was gradually added to the vial with constant stirring. The solvent addition was
kept at a very slow rate to minimize any excess solvent beyond what is needed to fully
dissolve the solids. In order to cross-check the solubility, a small amount of Compound
I-1 was added to the vial to confirm that the solution became turbid. The results were
shown in Table 3.

[354]
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[355] [Table 3]
Solubility of Compound I-1 (Amorphous)
Solvents Solubility(mg/ Solvents Solubility (mg/
mL) mL)
Methanol > 100 Heptane <1
Ethanol 50 - 100 Cyclohexane <1
Isopropyl alcohol 50 - 100 1,4-Dioxane 33.3-50
1-butanol 50 - 100 DMSO 50 - 100
Acetonitrile <1 DMF 20-33.3
Acetone <1 N-methyl pyrrolidone 50 - 100
Methyl ethyl ketone 33-50 Water > 100
Methyl isobutyl ketone 12-14 Methanol : H,O (1:1) > 100
Ethyl acetate <1 Methanol : H,0O (3:1) > 100
Isopropyl acetate <1 Ethanol : H,O (1:1) 50 - 100
Methyl t-butyl ether <1 Ethanol : H,O (3:1) 50 - 100
Tetrahydrofuran > 100 Acetonitrile : H,O (1:1) 50 - 100
2-Methyl Tetrahydrofuran > 100 Acetone : H,O (1:2) 50-100
Toluene 50 - 100 Tetrahydrofuran : H,O 50 - 100
(1:1)
[356]
[357] lubili mparisons of Amorph Forms A and E of Com 1-1
[358] The solubility of amorphous, Form A or E of Compound I-1 in water was further
studied. Specifically, about 250 mg Compound I-1 in amorphous, Forms A and E were
each suspended in a 2 mL HPLC vial with 0.9 mL of water. Each suspension was then
shaken at 25 °C under 1000 rpm. The suspensions were analyzed at 1h and 24h. In
particular, at either the 1h or 24h time point, the slurries were centrifuged and analyzed
by HPLC. The pH values of the mother liquors were measured, and the residues were
characterized by XRPD.
[359] This study shows that the amorphous form could reach higher solubility (>200 mg/

[360]

mL) than Forms A and E (about 180 mg/mL) in water at 1 hour at 25 °C, although the
solubility of the amorphous form dropped thereafter to about 180 mg/mL at about 24
hours. See Table 4 below.
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[361] [Table 4]
Results of solubility of Compound I-1 in amorphous form, Forms A and E
Compound I-1 Time point | Solubility at 25°C | Final pH XRPD
(hours) (mg/mL) pattern(wet)
Amorphous 1 239.1 9.05 D
24 180.1 9.03 Mostly D
Form A 1 184.5 8.91 A+D
24 208.6 8.70 -
Form E 1 171.3 9.08 A+D
24 199.4 8.70 -

[362]

[363]
[364]
[365]

[366]

[367]

The above shows that the kinetic solubility of Compound I-1 (sodium salt) can be
surprisingly very high (about 200 mg/mL) at 25 °C. Further research revealed that
potassium salt, Compound I-2, has similar solubility as that of sodium salt, about 166 -
200 mg/mL kinetic solubility at 25 °C.

Example 6. Solubility Enhancement of Compound I-1

Compound I-1 can be formulated with a variety of pharmaceutically acceptable ex-
cipients. In this example, the aqueous solubility of Compound I-1 in the presence of
various excipients was studied.

Specifically, about 50 mg of Compound I-1 was weighed into a 1.5-mL HPLC vial,
and 0.2 mL of different media was then added to each vial. The mixtures were shaken
at 25 °C under 700 rpm. After 24 hours of shaking, the slurries were centrifuged twice
and analyzed. The supernatant was analyzed by HPLC. The solubility results are
shown in Table 5.
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[368] [Table 5]
Solubility of Compound I-1 in water with excipients
Excipients Contents in Water (w/v%) | Solubility (mg/mL)
Meglumine 1 % 190
2 % > 250%
5% > 250%
10 % > 270
Cremophor RH 40 1% 231
10% 209
TWEEN 80 1% 215
10% 198
HPBRCD 5% < 250%
HPMC E3 5% < 250%
Meglumine : Cremophor RH 40 10% >250%
(1:1, w/w)

[369]
[370]

[371]
[372]

[373]

* The data is based on approximate solubility by visual observation, not by HPLC

analysis.

Stability of Compound I-1 in Meglumine Solutions

As meglumine showed promise in enhancing solubility of Compound I-1, physical
stability of Compound I-1 in meglumine solutions was tested. This study shows (Table
6) that Compound I-1 formulation at 200 mg/mL concentration in water with 3%, 4%,
or 5% meglumine, or more, demonstrated good physical stability when stored at 25°C,
even after storing for 13 days. This result indicates that addition of 3% meglumine
would be useful for a solution formulation, especially when the concentration of
Compound I-1 is high. In contrast, an aqueous formulation with a concentration of
Compound I-1 of 200 mg/mL., without meglumine, started forming precipitates after
storing 1 day at 25°C. The stability of solutions of Compound I-1 was found to be tem-
perature sensitive. When stored at 5 °C, solutions of Compound I-1 were not
physically stable even at a 5 mg/mL solution formulation with different concentrations

of meglumine (2-5%).
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[374]

[375]
[376]
[377]

[378]

[379]

[Table 6]
Stability of solutions with different Meglumine concentrations (weight to volume) at
25°C

Compound Vehicle Concentration, Appearance
mg/mL
Compound I- Water About 200 Precipitation after 1 day
1 Meglumine, 200 Precipitation after 2 days
2%
Meglumine, 250 Precipitation after 1 day
2%
Meglumine, 200 No precipitation until 3 weeks
3%
Meglumine, 200 No precipitation until 3 weeks
4%
Meglumine, 200 No precipitation until 3 weeks
5%
Meglumine, 250 Precipitation after 5 days
5%
Meglumine, 300 Precipitation after 3 days
5%

Example 7. Compound I-2: Preparation and Solubility Studies

H 0]
(S} N
[H \)KN is) OK
0 Ho
0
" \T%\/\/\/\/\/\/\/
0
This Example shows a non-limiting manufacturing procedure of potassium salt of
Compound I-1-Acid.
In particular, 5 g of Compound I-1-Acid was completely dissolved with 200 mL of
methanol at 40 °C in a 500 mL flask. Then, 14 mL of KOH solution, which was pre-
dissolved in methanol (38.46 mg/mL.), was added into the solution of Compound I-

OH

1-Acid. The mixture was stirred for 3 hours at room temperature until it became a clear
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solution. The solvent was then removed by rotary evaporator to provide mono-
potassium salt (Compound I-2) as a white solid.
Amorphous Compound I-2 could be obtained through the treatment of anhydrous

THEF at 50 °C after a dissolution and evaporation process.

Polymorphs of Compound 1-2

Compound I-2 can have different crytalline forms. Two different polymorphs, Forms
A2 and B2 were identified. Form A2 can be prepared as follows. Specifically, the
white solid of Compound I-2 obtained above was dissolved in 30 mL THF: water
(95:5, v/v). MTBE (200 mL) was then added slowly, which resulted in precipitation of
a lot of white solid. The suspension was then allowed to be stirred at room temperature
overnight. After which, the solid was filtered, washed with THF : water : MTBE = 7.5
: 1: 53 (25 mL*3) to remove excess KOH, and then dried under vacuum at 25°C
overnight to provide Form A2. XRPD analysis of Form A2 is shown in FIG. 10A.
Thermal investigations (FIG. 10B) using TGA-MS and DSC indicates that Form A2
had two endotherm peaks at 82°C and 92°C due to about 6.0% of water loss. Based on
the DVS isotherm curve, Form A2 was hygroscopic (about 8% water absorption), but
no form change was not observed after the DVS study.

Further study also showed that Form A2 had good crystalline stability and was stable
when stored at three different conditions (25°C/92.5%RH, 40°C/75%RH, 60°C), even
for 25 days.

Form B2 of Compound I-2 can be prepared as follows. About 300 mg of Compound
I-2 was dissolved with 3 mL of acetone: water (1:1) at 50°C in an 8 mL glass vial. And
the solution was filtered into a clear vial, then evaporated in the fume hood to pre-
cipitate solid. XRPD indicates a crystalline form different from Form A2. Form B2

appears to be a metastable form and is a poor crystalline form.

Solubility Studies of Compound 1I-2

The solubility of Compound I-2 (amorphous) at room temperature was tested using a

method similar to those described in Examples 4 and 5. The solubility test results are
described in Table 7.
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Solubility of Compound I-2 (amorphous) at room temperature
Solvents Solubility(mg/ Solvents Solubility(mg/
mL) mL)
Methanol > 100 Heptane <1
Ethanol 50 - 100 Cyclohexane <1
Isopropyl alcohol 1-5 1,4-Dioxane <1
1-butanol 1-5 DMSO 50 - 100
Acetonitrile <1 DMF 50 - 100
Acetone <1 N-methyl pyrrolidone 50 - 100
Methyl ethyl ketone <1 Water > 100
Methyl isobutyl ketone <1 Methanol : H,O (95:5) > 100
Ethyl acetate <1 Methanol : H,O (90:10) > 100
Isopropyl acetate <1 Ethanol : H,O (95:5) 25-50
Methyl t-butyl ether <1 Ethanol : H,O (90:10) 25-50
Tetrahydrofuran <1 Acetonitrile : H,O (95:5) <1
2-Methyl Tetrahydrofuran <1 Acetone : H,O (97:3) <1
Toluene <1 Tetrahydrofuran:H,O 50 - 100
(95:5)

[391]
[392]
[393]

Example 8. Salt Selection Studies of Compound I-1-Acid

In search for salt or co-crystal with extraordinary solubility in water, a salt screening
was performed in ethanol, IPA, 90% IPA, acetonitrile, tetrahydrofuran (THF) and PH

12 solution (prepared using NaOH). Common techniques like evaporation and slurry

were used for the screening process and non-limiting reagents for co-crystals/salts

include Acetic acid, 4-Aminosalicylic acid, Ammonium chloride, Benzensulfonic acid,
Caffeine, calcium chloride, Calcium hydroxide, 1R-(-)-10-Camphorsulfonic acid,

1S-(+)-10-Camphorsulfonic acid, Citric acid, Copper sulfate, 1,2-Ethane Disulfonic

acid, Ethanesulfonic acid, Hydrochloric acid, 4-Hydroxybenzoic acid,

1-Hydroxy-2-naphthoic acid, Magnesium sulfate, Methanesulfonic acid,

1,5-Naphthalene disulfonic acid, 2-Naphthalenesulfonic acid, Nicotinamide, Sodium

hydroxide, Sodium carbonate, Sodium hydrogen carbonate, Lithium hydroxide,

Lithium carbonate, Lithium hydrogen carbonate, Phosphoric acid, p-Toluenesulfonic

acid, Silver nitrate, Sodium sulfate, Sucrose, Sulphuric acid, Trifluoroacetic acid, Zinc




65

WO 2019/168357 PCT/KR2019/002397

[394]

oxide, Zinc sulfate, Adipic acid, Aspartic acid, Fumaric acid, Gallic acid, Gluconic
acid, Glutamic acid, Glycine, Glycolic acid, Lactic acid, Leucine, Maleic acid, Malic
acid, Malonic acid, Mandelic acid, Mucic acid, Oxalic acid, Pivalic acid, Salicylic
acid, Succinic acid, Tartaric acid, Potassium sulfate, Meglumine, Arginine, Lysine,
Potassium hydroxide, Potassium carbonate, Potassium hydrogen carbonate. A few

examples are shown in Table 8.
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[Table 8]
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Examples of preparing different salt forms of Compound I-1-Acid

No.

Reagents

Crystallization
Methods

Preparation Methods

NaOH

Anti-solvent crys-

tallization

Crystalline product was obtained by adding
ethyl acetate to a solution of Compound I-
1-Acid and NaOH (1:1) in 90% IPA solution
and allowing it to stand at room temperature

for a few days.

Ca(OH)2

Evaporation or
anti-solvent crys-

tallization

Take Compound I-1-Acid and Ca(OH), in
the molar ratio of 1:1 in ethanol or IPA, stir
the solution until it becomes transparent and
then evaporate the solution at room tem-
perature to obtain the desired form.(b) Take
Compound I-1-Acid and Ca(OH), in the
molar ratio of 1:1 in ethanol or IPA, stir the
solution until it becomes transparent and
then add acetonitrile as an anti-solvent to the
solution at room temperature to obtain the

desired form.

Nast4

Evaporation
method

25 mg of Compound I-1-Acid was dissolved
with Na,SO, in 1:1 molar ratio in 5 mL PH
12 solution to form a clear solution. The
clear solution was evaporated at RT to

obtain the desired product

CaCl,

Slurry

100 mg of Compound I-1-Acid was added
to 10mL of pH 12 solution with CaCl, in 1:1
molar ratio. The solution was stirred for 1 -
2 days to obtain a desired product.(b) To
obtain anhydrous form, resulted crystals
were heated on a hot plate at 70 °C for 10 -

15 min.

MgSO,

Slurry

100 mg of Compound I-1-Acid was added
to 10 mL of pH 12 solution with MgSO, in
1:1 molar ratio. The solution was stirred for

1 - 2 days to obtain a desired product.(b) To
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[398]
[399]

[400]

[401]

obtain anhydrous form, resulted crystals
were heated on a hot plate at 70 °C for
10-15 min.

6 ZnS0O, Slurry 100 mg of Compound I-1-Acid was added
to 10mL of pH 12 solution with ZnSO, in
1:1 molar ratio. The solution was stirred for
1-2 days to obtain a desired product. (b) To
obtain anhydrous form, resulted crystals
were heated on a hot plate at 70 °C for
10-15 min.

7 ZnO Slurry Take Compound I-1-Acid and ZnO in the

molar ratio 1:1 and slurry in PH 12 solution
(prepared using NaOH) for 4 days to obtain
the desired product.

8 Glycine Evaporation |25 mg Compound I-1-Acid was dissolved
with glycine in 1:1 molar ratio in 5 mL of
PH 12 solution to form a clear solution. The
clear solution was evaporated at RT to

obtain the desired product.

Formulation Example 1. Formulation A, Compound I-1 in Enteric Coated
Capsule

Amorphous Compound I-1 was used for different formulations in this example.

In Formulation A, amorphous Compound I-1 was mixed with magnesium stearate in
a weight ratio of about 99:1 (Compound I-1 to magnesium stearate). The mixture was
then encapsulated in an enteric coated HPMC capsule. The enteric coating included a
mixture of Eudragit L/S100, triethyl citrate, talc, and ethanol.

This enteric coated capsule formulation was tested for stability and dissolution. It
was found that after storing at 40 °C for 1 month at 75% RH, the formulation showed
no deterioration of the amount of Compound I-1, no increase in the amount of
Compound I-1 related impurities, and no change of amorphous Compound I-1 into a
crystalline form (see FIG. 12), although water content of the formulation was slightly
increased. Thus, this formulation can be storage stable.

An in vitro dissolution test was carried out for Formulation A following Dissolution
Study Procedure A. The results showed that after 2 hours in 0.1 N HCI solution, all

capsules were intact. And after placing the capsules in dissolution media with pH
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adjusted to 7.4 with Na,PO, buffer, for all tested capsules, essentially all Compound I-1
was released within 2 hours, and for some capsules, essentially all Compound I-1 was
released within 1 hour. Substantially similar results were obtained when Formulation A
was tested around the time it was prepared or after storage at 40 °C for 1 month at 75%
RH. Thus, Formulation A can delay release of Compound I-1 until it reaches a non-
acidic environment, which can then quickly release substantially all Compound I-1.
This characteristic will be beneficial for treating diseases such as inflammatory bowel
diseases described herein, where delivery of active ingredients such as Compound I-1

to lower gastrointestinal tract or colon is desired.

Formulation Example 2. Formulation B, Coated API in Capsule

Amorphous Compound I-1 was used for different formulations in this example.

In Formulation B, amorphous Compound I-1 was enteric coated with an enteric
coating which included a mixture of Eudragit L/S100, triethyl citrate, talc, and ethanol.
The weight ratio of Compound I-1 to the enteric coating is about 60:40. The enteric
coated Compound I-1 was then encapsulated in an HPMC capsule.

This capsule formulation was also tested for stability and dissolution. It was found
that after storing at 40 °C for 1 month at 75% RH, the formulation showed no dete-
rioration of the amount of Compound I-1, no increase in the amount of Compound I-1
related impurities, and no change of amorphous Compound I-1 into a crystalline form,
although water content of the formulation was slightly increased. Thus, Formulation B
is also storage stable.

An in vitro dissolution test was carried out for Formulation B following Dissolution
Study Procedure A. The results showed that after 2 hours in 0.1 N HCI solution, all
capsules were partially disintegrated or swollen. And after placing the capsules in dis-
solution media with pH adjusted to 7.4 with Na;PO,buffer, for all tested capsules, es-
sentially all Compound I-1 was released within 2 hours, and for some capsules, es-
sentially all Compound I-1 was released within 1 hour. Substantially similar results
were obtained when Formulation B was tested around the time it was prepared or after
storage at 40 °C for 1 month at 75% RH. Thus, Formulation B can also delay release of
Compound I-1 until it reaches a non-acidic environment, which can then quickly
release substantially all Compound I-1. Accordingly, Formulation B can also be es-
pecially suited for treating diseases such as inflammatory bowel diseases described
herein, where delivery of active ingredients such as Compound I-1 to lower gastroin-

testinal tract or colon is desired.

Formulation Example 3. Formulation C, Granulated API in Capsule

Amorphous Compound I-1 was used for different formulations in this example.
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In Formulation C, amorphous Compound I-1 was first mixed with Eudragit S 100
(Methacrylic acid copolymer), and Pharmacoat Hypromellose 606 (HPMC). This
mixture was then subject to a fluid bd granulation process with top spray nozzles using
ethanol as the granulating liquid. In one example, the fluidized bed granulation pa-
rameters were set as follows: inlet air temperature of 60-72 °C; outlet temperature of
about 38-42 °C; product temperature of about 38-42 °C; dew point of about 10-20 °C;
Air volume of about 50-150 m?h; atomizing pressure of 1.8-2.2 bar; and filter bags
shaking of about 10 second shaking/60 seconds non shaking, GPCG mode. After all
ethanol were sprayed, the air volume was lowered to 50 m*h and the wet granulation
was dried to a product temperature of about 38-42 °C. In one example, the dried
granules were screened using the Quadro Comil Model 197 Unit, equipped with round
impeller, grated round 1016 micrometer screen, 0.05 inch + 0.1 inch spacers, for a total
of 0.15 inch, speed 450 rpm. After which, the granules were mixed with magnesium
stearate and in some examples, also manually screened with a 600 micron sieve, and
then encapsulated in an HPMC capsule. The weight percentages (exclusive of the
HPMC capsule) are the following: Compound 1, about 75%; Eudragit S 100, about
20%; Pharmacoat Hypromellose 606 (about 4%); and magnesium stearate (about 1%).

This capsule formulation was also tested for stability and dissolution. It was found
that after storing at 40 °C for 6 month at 75% RH, the formulation was storage stable,
with no deterioration of the amount of Compound I-1, no increase in the amount of
Compound I-1 related impurities, and no change of amorphous Compound I-1 into a
crystalline form, although water content of the formulation was slightly increased.

An in vitro dissolution test was carried out for Formulation C following Dissolution
Study Procedure A. The results showed that after 2 hours in 0.1 N HCI solution, all
tested capsules, except one, were partially disintegrated. And after placing the capsules
in dissolution media with pH adjusted to 7.4 with Na;PO, buffer, for all tested capsules,
essentially all Compound I-1 was released within 1 hour. Substantially similar results
were obtained when Formulation C was tested around the time it was prepared or after
storage at 40 °C for 1 month at 75% RH. Thus, Formulation C can also delay release of
Compound I-1 until it reaches a non-acidic environment, which can then quickly
release substantially all Compound I-1. Accordingly, Formulation C can also be es-
pecially suited for treating diseases such as inflammatory bowel diseases described
herein, where delivery of active ingredients such as Compound I-1 to lower gastroin-

testinal tract or colon is desired.

Formulation Example 4. Formulation D, Direct Compression Tablets with
Enteric Coating

Amorphous Compound I-1 was used for different formulations in this example.
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In Formulation D, a direct compress tablet with enteric coating was prepared using a
mixture of amorphous Compound I-1, Eudragit S 100 (Methacrylic acid- methyl-
methacrylate 1:2 copolymer), silicified microcrystalline cellulose, and magnesium
stearate. The weight percentages of the tablet are the following: Compound 1, about
40%; Eudragit S 100, about 20%; silicified microcrystalline cellulose, about 39%; and
magnesium stearate, about 1%.

This tablet formulation was also tested for stability and dissolution. It was found that
after storing at 40 °C for 1 month at 75% RH, the formulation was stable, with no dete-
rioration of the amount of Compound I-1, no increase in the amount of Compound I-1
related impurities, and no change of amorphous Compound I-1 into a crystalline form,
although water content of the formulation was slightly increased.

Similarly, an in vitro dissolution test was carried out for Formulation D following
Dissolution Study Procedure A. The results showed that after 2 hours in 0.1 N HC1
solution, all tablets were partially disintegrated. And after placing the tablets in dis-
solution media with pH adjusted to 7.4 with Na;PO, buffer, about 40-65% of
Compound I-1 was released at 1 hour; about 80-100% of Compound I-1 was released
at 2 hours, and essentially all Compound I-1 was released within 4 hours. Substantially
similar results were obtained when Formulation D was tested around the time it was
prepared or after storage at 40 °C for 1 month at 75% RH. Thus, Formulation D shares
similar delayed release characteristics as those of Formulations A-C. Accordingly, For-
mulation D is also well-suited for treating diseases such as inflammatory bowel
diseases described herein, where delivery of active ingredients such as Compound I-1
to lower gastrointestinal tract or colon is desired.

It is to be appreciated that the Detailed Description section, and not the Summary and
Abstract sections, is intended to be used to interpret the claims. The Summary and
Abstract sections may set forth one or more but not all exemplary embodiments of the
present invention as contemplated by the inventor(s), and thus, are not intended to limit
the present invention and the appended claims in any way.

The present invention has been described above with the aid of functional building
blocks illustrating the implementation of specified functions and relationships thereof.
The boundaries of these functional building blocks have been arbitrarily defined herein
for the convenience of the description. Alternate boundaries can be defined so long as
the specified functions and relationships thereof are appropriately performed.

The foregoing description of the specific embodiments will so fully reveal the
general nature of the invention that others can, by applying knowledge within the skill
of the art, readily modify and/or adapt for various applications such specific em-
bodiments, without undue experimentation, without departing from the general concept

of the present invention. Therefore, such adaptations and modifications are intended to
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be within the meaning and range of equivalents of the disclosed embodiments, based
on the teaching and guidance presented herein. It is to be understood that the
phraseology or terminology herein is for the purpose of description and not of
limitation, such that the terminology or phraseology of the present specification is to be

interpreted by the skilled artisan in light of the teachings and guidance.



