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PHARMACEUTICAL COMPOSITIONS AND METHODS FOR THE TREATMENT
OF METABOLIC AND LIVER DISORDERS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
63/490,512 (iled March 15, 2023, which is incorporated herein by reference in its entirety.

REFERENCE TO THE SEQUENCE LISTING
[0002] The present application is being filed along with a Sequence Listing in
electronic format. The Sequence Listing is provided as a file entitled VIKNG.025PR.xml
created on March 14, 2023, which is 40,752 bytes in size. The information in the electronic

format of the Sequence Listing is incorporated herein by reference in its entirety.

BACKGROUND
Field
[0003] The present disclosure relates generally to the fields of chemistry and
medicine. More specifically, the present disclosure relates to solid oral pharmaceutical
compositions for the treatment of metabolic disorders and fatty liver diseases.

Description of the Related Art

[0004] Incretin peptides glucose-dependent insulinotropic polypeptide (GIP) and
glucagon-like peptide-1 (GLP-1) are metabolic hormones. GIP and GLP-1 are both secreted
within minutes of nutrient ingestion and facilitate the rapid disposal of ingested nutrients. Both
peptides share common actions on islet B-cells acting through structurally distinct yet related
receptors. Incretin-receptor activation leads to glucose-dependent insulin secretion, induction
of B-cell proliferation, and enhanced resistance to apoptosis. GIP also promoles energy storage
via direct actions on adipose tissue. In contrast, GLP-1 exerts glucoregulatory actions via
slowing of gastric emptying and glucose-dependent inhibition of glucagon secretion. GLP-1
also promotes satiety and sustained GLP-1-receptor activation is associated with weight loss

in both preclinical and clinical studies.
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[0005] Non-alcoholic fatty liver disease (NAFLD) is the hepatic manifestation of
mctabolic syndrome and is thc most common causc of chronic liver discasc. NAFLD may
progress to liver inflammation, fibrosis, cirrhosis and even hepatocellular carcinoma. GLP-1
agonists and GIP/GLP-1 dual receptor agonists have been developed for treating NAFLD, non-
alcoholic steatohepatitis (NASH), diabetes, obesity, and other diseases. However, the use of
GLP-1 agonists and GIP/GLP-1 dual receptor agonists is associated with nausea, vomiting,
and/or diarrhea. For example, clinical trials of a GIP/GLP1 dual receptor agonist compound
found that tolerability at high doses was limited by gastrointestinal adverse events. The dose
limitation associated with gastrointestinal adverse events may prevent dosing to the desired
effective dose, may compromise patient compliance with treatment, and may limit the
effectiveness of the treatment regimen. Therefore, a need exists for GLP-1 agonist and
GIP/GLP1 dual agonist compounds that can be used to treat fatty liver diseases and other
diseases and disorders.

[0006] Peptide compounds show some promise as GLP-1 agonists and GIP/GLP-
1 dual agonists that can be used to treat metabolic disorders such as NAFLD. However, there
are many difficulties in preparing oral compositions of peptides. Such oral compositions have
varying bioavailabilities of the active agent. Accordingly, there is a need for suitable

pharmaceutical compositions of such peptide-based dual agonist compounds.

SUMMARY
[0007] In one aspect of the present disclosure, provided herein is a pharmaceutical
composition comprising: a permeability enhancer; and a therapeutically effective amount of a
compound, wherein the compound is a GLP-1 agonist or a GLP/GIP dual agonist; wherein the
mass of the permeability enhancer is greater than 300 mg.
[0008] In some embodiments of the first aspect, the compound is a compound

having the structure of Formula (I), or a pharmaceutically acceptable salt thereof:
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o /\/O\/\O/\n/“\/\o/\/O\)kNH

zz‘fu o)

3 (SEQ ID NO: 2)
HTyr-N EGT S DYS I—N LDKIAQ—N A
H (EQ H o) 1
HONSPPPAGSSPGGAILWQV M
(SEQ ID NO: 3)
wherein:

R! is selected from the group consisting of —C(=0)(0ZY, -P(=0)(X)(Y) and a 5-10
membered heteroaryl containing 1-2 heteroatoms selected from N, O and S optionally
substituted with 1-2 R7 independently selected from halogen, Ci.6 alkyl, haloCi.6 alkyl, haloC;.
¢ alkoxy, —OR?, Cs.10 cycloalkyl, Ce.19 aryl, 5-10 membered heteroaryl and 5-10 membered
heterocyclyl;

R? is selected from the group consisting of —C(=0)(0Z?), -P(=0)(X)(Y) and a 5-10
membered heteroaryl containing 1-2 heteroatoms selected from N, O and S optionally
substituted with 1-2 R” independently selected from halogen, Ci.6 alkyl, haloCi.6 alkyl, haloC;.
¢ alkoxy, —OR?, Cs.i cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10 membered
heterocyclyl;

each R’ may be independently selected from the group consisting of halogen, C .6 alkyl,
haloCi alkyl, haloCi alkoxy, Cis alkoxy, Cs.10 cycloalkyl, Ce.10 aryl, 5-10 membered
heteroaryl and 5-10 membered heterocyclyl;

X and Y may each be independently selected from the group consisting of —OR?,
NR’RS, Ci alkyl and haloCj.6 alkyl;

each R* may be independently selected from the group consisting of hydrogen, Ci.s
alkyl, haloC1.6 alkyl, Ce.10 aryloxy and Ce-10 aryl alkoxy;

each R® may be independently hydrogen or Ci.6 alkyl;

each R® may be independently hydrogen or Ci.¢ alkyl; and

Z' and Z* may each be independently selected from the group consisting of hydrogen,

C16 alkyl, haloC1 alkyl, haloC1. alkoxy, C16 alkoxy, Cs.10 cycloalkyl and Ce.10 aryl.

-3-
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[0009] In some embodiments of the compound of Formula (I), at least one of 7!
and Z? is not hydrogen.
[0010] In other embodiments of the first aspect, the compound is a compound

having the structure of Formula (II):

H
Ri N\"/\/\/\/\/\/\/\/\/\/R2
O
0] O
o) H/\/ ~"0
NH

O/\/

K/O\)?\NH

H\N O

|
H-YABEGTFTSDYSIJILDU' UAFVJPWLIJPGGPSSG
(SEQ ID NO: 4) (SEQ ID NO: 5)

)

or a pharmaceutically acceptable salt thereof, wherein:

Aib is 2-aminoisobutyric acid;

each instance of J!, J2, and J? is independently an amino acid selected from Aib,
a naturally occurring amino acid, and an unnatural amino acid;

Ul is -(Ia1-(0)12-(1)3-(1 s

U? s ()a5-(0)a6-(1"ar-(T" s

each instance of J*, J°, J6, J7, 18, J°, J'°, and J''is independently a naturally
occurring amino acid or an unnatural amino acid;

cach of nl, n2, n3, n4, n5, n6, n7, and n8 is independently O or 1, provided that
the sumnl +n2 +n3 + n4 + n5 + n6 + n7 + n8 is 4;

R! is selected from the group consisting of ~C(=0)(0Z!), —-P(=0)(X)(Y) and a
5-10 membered heteroaryl containing 1-2 heteroatoms selected from N, O and S, the

heteroaryl optionally substituted with 1-2 R” independently selected from halogen, Ci.
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6 alkyl, haloCi alkyl, haloCi.s alkoxy, —OR>, Cs.io cycloalkyl, Ce.10 aryl, 5-10
membered heteroaryl and 5-10 membered heterocyclyl;

R? is selected from the group consisting of —~C(=0)(0Z?), -P(=0)(X)(Y) and a
5-10 membered heteroaryl containing 1-2 heteroatoms selected from N, O and S, the
heteroaryl optionally substituted with 1-2 R” independently selected from halogen, Ci.
6 alkyl, haloCi alkyl, haloCi.s alkoxy, —OR®, Cs.i0 cycloalkyl, Ce10 aryl, 5-10
membered heteroaryl and 5-10 membered heterocyclyl;

each R’ is independently selected [rom the group consisting of halogen, Ci-6
alkyl, haloCi.¢ alkyl, haloCi.6 alkoxy, Ci.e alkoxy, Cs.i0 cycloalkyl, Ce10 aryl, 5-10
membered heteroaryl and 5-10 membered heterocyclyl;

X and Y each are independently selected from the group consisting of —OR*,
NRR®, C1 alkyl and haloC1.6 alkyl;

each R* is independently selected from the group consisting of hydrogen, Ci.¢
alkyl, haloCi.6 alkyl, Ce.10 aryl and Cr.11 arylalkyl;

each R’ is independently hydrogen or Ci.6 alkyl;

each R® is independently hydrogen or Ci. alkyl; and

Z' and Z? each are independently selected from the group consisting of
hydrogen, Ci alkyl, haloCy.¢ alkyl, haloCi alkoxy, Ci alkoxy, Cs.10 cycloalkyl and
Ce-10 aryl.

[0011] In some embodiments, the compound is not:

i 0
~",OH - g N _/'\\ /""\ ~. ~ N " \\ -~ AN )/\ EJ ~
DN N T T o
.. O
R IR |
OF TN Oy T e T
H G |

H-YALEGTETSDYSIABLDKIAQO-N -AFVQWLIAGGPSSGAPP P S-NH,
(SEQ ID NO: 6) HooQ (SEQ ID NO: 7

[0012] In some embodiments of the compound of Formula (II), at least one of Z!
and Z? is not hydrogen.
[0013] In yet other embodiments of the first aspect, the compound is a compound

having the structure of Formula (III):
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(@)
O
o § oL
o) N/\/ \/\O/\n/ \/\O/\/ NH
H
@]
H'Hi?ﬁ*EGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-0OH
') (SEQ ID NO: 33) H o (SEQ ID NO: 34)

(11,

or a pharmaceutically acceptable salt thereof, wherein:

R! is selected from the group consisting of ~C(=0)(0ZY, -P(=0)(X)(Y) and a 5-10
membered heteroaryl containing 1-4 heteroatoms selected from N, O and S optionally
substituted with 1-2 R” independently selected from halogen, Ci.¢ alkyl, haloC1.¢ alkyl, haloCi.-
6 alkoxy, —OR®, Cs.io cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10 membered
heterocyclyl;

R? is selected from the group consisting of —C(=0)(0Z?), -(CH2CH,),P(=0)(X)(Y)
and a 5-10 membered heteroaryl containing 1-4 heteroatoms selected from N, O and S
optionally substituted with 1-2 R” independently selected from halogen, Ci.6 alkyl, haloC.6
alkyl, haloC 1. alkoxy, ~OR?, Cs.io cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10
membered heterocyclyl;

each R’ is independently selected from the group consisting of halogen, Ci. alkyl,
haloCi alkyl, haloCi alkoxy, Ci alkoxy, Cs-10 cycloalkyl, Ce.10 aryl, 5-10 membered
heteroaryl and 5-10 membered heterocyclyl;

X and Y each are independently selected from the group consisting of —OR*, NR°R®,
C16 alkyl and haloCj.¢ alkyl;

each R* is independently selected from the group consisting of hydrogen, Ci.¢ alkyl,
haloCi alkyl, Ce.-10 aryloxy and Ce 10 aryl alkoxy;

each R? is independently hydrogen or Ci.¢ alkyl;

each R® is independently hydrogen or C.¢ alkyl;

Z! and Z? each are independently selected from the group consisting of hydrogen, Ci.¢

alkyl, haloC1.¢ alkyl, haloCi.6 alkoxy, Ci.6 alkoxy, Cs.10 cycloalkyl and Ce.10 aryl; and

-6-
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nis0,1,2,3o0r4.
[0014] In some ecmbodiments of the first aspect, the permeability cnhancer is
salcaprozate sodium (SNAC), sodium caprate (C10), or a combination thereof.
[0015] In a second aspect of the present disclosure, provided herein is a
pharmaceutical composition, comprising:
salcaprozate sodium; and
a therapeutically effective amount of a compound having the structure of
Formula I, or a pharmaceutically acceptable salt thereof:
RN R
< \"/\/\/\/\/\/\/\/\/\/
o)

O
o H/\/O\/\O/\H/H\/\O/\/O\)I\NH

O
3 ¥ (SEQ ID NO: 2)
HTyr-N EGTFTSDYSI—N LDKIAQ—N A
H 5 (SEQIDNO: 1) H 3 H

)
HINSPPPAGSSPGGAI LW8_V
wherein:

R! is selected from the group consisting of —C(=0)(0Z), -P(=0)(X)(Y) and a 5-10
membered heteroaryl containing 1-2 heteroatoms selected from N, O and S optionally
substituted with 1-2 R” independently selected from halogen, Ci. alkyl, haloCi.6 alkyl, haloC'-
6 alkoxy, —OR®, Cs.i9 cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10 membered
heterocyclyl;

R? is selected from the group consisting of ~C(=0)(0Z?), -P(=0)(X)(Y) and a 5-10
membered heteroaryl containing 1-2 heteroatoms selected [rom N, O and S optionally
substituted with 1-2 R7 independently selected from halogen, Ci.¢ alkyl, haloC 1.6 alkyl, haloCi.-
6 alkoxy, —OR?, Cs.10 cycloalkyl, Ce-10 aryl, 5-10 membered heteroaryl and 5-10 membered
heterocyclyl;

each R’ is independently selected from the group consisting of halogen, Ci alkyl,
haloC, alkyl, haloC, alkoxy, Ci alkoxy, Cs-10 cycloalkyl, Ce.10 aryl, 5-10 membered
heteroaryl and 5-10 membered heterocyclyl;
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X and Y each are independently selected from the group consisting of —OR*, NR°R®,
C16 alkyl and haloCj.¢ alkyl;

each R* is independently selected from the group consisting of hydrogen, Ci.¢ alkyl,

haloCy alkyl, Ce-10 aryl and Ce.10 arylalkyl;

each R? is independently hydrogen or Ci.¢ alkyl

each R® is independently hydrogen or Ci. alkyl; and

Z! and Z? each are independently selected from the group consisting of hydrogen, Ci.¢
alkyl, haloC1.¢ alkyl, haloC1.6 alkoxy, Ci.6 alkoxy, Cs.10 cycloalkyl and Ce.10 aryl; and

wherein the mass of salcaprozate is greater than about 300 mg.

[0016] In some embodiments of the second aspect, at least one of Z! and Z? is not
hydrogen.

[0017] In some embodiments of the aspects of the present disclosure, the
pharmaceutical composition is formulated for oral administration. In some such embodiments,
the pharmaceutical composition is enterically coated.

[0018] In a third aspect of the present disclosure, provided herein is a method of
preventing, treating, or ameliorating one or more fatty liver diseases in a subject, comprising
administering a pharmaceutical composition disclosed herein to a subject in need thereof.

[0019] In a fourth aspect of the present disclosure, provided herein is a method of
preventing, treating, or ameliorating one or disease or disorders in a subject, comprising
administering a pharmaceutical composition disclosed herein to a subject in need thereof,
wherein said disease or disorder is liver fibrosis, renal fibrosis, biliary fibrosis, pancreatic
fibrosis, nonalcoholic steatohepatitis, non-alcoholic fatty liver disease, chronic kidney disease,
diabetic kidney disease, primary sclerosing cholangitis, primary biliary cirrhosis, or idiopathic
fibrosis.

[0020] In a fifth aspect of the present disclosure, provided herein is a method of
preventing, treating, or ameliorating a metabolic disorder or metabolic syndrome. In some
embodiments, the metabolic disorder or metabolic syndrome is atherosclerosis, diabetes,
hyperglycemic diabetes, type 2 diabetes mellitus, dyslipidemia, hypercholesterolemia,
hyperlipidemia, hypertension, hypoglycemia, obesity, hypothalamic obesity, or prader-willi

syndrome.
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[0021] In a sixth aspect of the present disclosure, provided herein is a method of
preparing a pharmaccutical composition. In some embodiments, the method comprises the
steps of:

(i) combining a permeability enhancer and magnesium stearate to form first granules;

(i) combining microcrystalline cellulose, a compound disclosed herein, and

polyvinylpyrrolidinone to form second granules

(iii) combining the first granules and the second granules to form a mixture;

(iv) adding magnesium stearate o the mixture to form third granules;

(v) pressing the third granules into tablets.

[0022] In other embodiments, the method comprising the steps of:

(i) combining salcaprozate sodium (SNAC) and magnesium stearate to form first

granules;

(i) combining microcrystalline cellulose, a compound disclosed herein, and

polyvinylpyrrolidinone to form second granules

(iii) combining the first granules and the second granules to form a mixture;

(iv) adding magnesium stearate to the mixture to form third granules;

(v) pressing the third granules into tablets.

[0023] In other embodiments, the method comprising the steps of:

(i) combining C10 and magnesium stearate to form first granules;

(il) combining microcrystalline cellulose, a compound disclosed herein, and

polyvinylpyrrolidinone to form second granules

(iii) combining the first granules and the second granules to form a mixture;

(iv) adding magnesium stearate to the mixture to form third granules;

(v) pressing the third granules into tablets.

[0024] In some embodiments, provided herein is a method of preparing a
pharmaceutical composition, the method comprising the steps of:

(i) combining microcrystalline cellulose and compound disclosed therein in a first

vessel;

(ii) combining polyvinylpyrrolidinone and water in a second vessel;

(iii) adding the contents of the first vessel to the second vessel to form wet granules;

(iv) drying the wet granules to form dry granules;
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(v) combining the dry granules with magnesium stearate; and

(vi) pressing the resulting mixture of step (v) into granulcs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a graph depicting the mean plasma concentration versus time
profile following administration of an oral dose of various compounds to male beagle dogs.

[0026] FIG. 2 is a graph showing a comparison of AUC values for dosing groups
of dogs administered formulations of Compound 4 with varying quantities of salcaprozate
sodium (SNACQC).

[0027] FIG. 3 is a graph depicting the mean plasma concentration versus time
profile following administration of an oral dose of various compounds to male beagle dogs.

[0028] FIG. 4 is a graph depicting the mean plasma concentration versus time
profile following administration of various formulations of Compound 4 to male cynomolgus
monkeys.

[0029] FIG. 5A is a graph depicting the mean plasma concentration versus time
profile following administration of Compound 24 in various excipients to male Sprague
Dawley rats.

[0030] FIG. 5B is a graph depicting the mean plasma concentration versus time
profile following administration of Compound 27 in various excipients to male Sprague
Dawley rats.

[0031] FIG. 5C is a graph depicting the mean plasma concentration versus time
profile following administration of Compound 4 in various excipients to male Sprague Dawley

rats.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0032] In some embodiments, pharmaceutical compositions are provided for
administration to a subject in need thereof. Various embodiments of these pharmaceutical
compositions include a pharmaceutically acceptable carrier, a pharmaceutically acceptable
excipient, a pharmaceutically acceptable diluent, and any combination of the foregoing. Some
embodiments of the pharmaceutical compositions include a therapeutically effective dosage of

a compound, or a pharmaceutically acceptable salt thereof, as described elsewhere herein.

-10-
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Some embodiments of the pharmaceutical compositions are administered for the prevention,
treatment, or amclioration of onc or morc fatty liver discascs in the subject.
Definitions

[0033] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as is commonly understood by one of ordinary skill in the art to which this
disclosure belongs. All patents, applications, published applications, and other publications are
incorporated by reference in their entirety. In the event that there is a plurality of definitions
for a term herein, those in this section prevail unless stated otherwise.

[0034] “Solvate” refers to the compound formed by the interaction of a solvent and
a compound described herein or salt thereof. Suitable solvates are pharmaceutically acceptable
solvates including hydrates.

[0035] The term “pharmaceutically acceptable salt” refers to salts that retain the
biological effectiveness and properties of a compound, which are not biologically or otherwise
undesirable for use in a pharmaceutical. In many cases, the compounds herein are capable of
forming acid and/or base salts by virtue of the presence of amino and/or carboxyl groups or
groups similar thereto. Pharmaceutically acceptable acid addition salts can be formed with
inorganic acids and organic acids. Inorganic acids from which salts can be derived include,
for example, hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid,
and the like. Organic acids from which salts can be derived include, for example, acetic acid,
propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, malonic acid, succinic
acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid, and the like.
Pharmaceutically acceptable base addition salts can be formed with inorganic and organic
bases. Inorganic bases from which salts can be derived include, for example, sodium,
potassium, lithium, ammonium, calcium, magnesium, iron, zinc, copper, manganese,
aluminum, and the like; particularly preferred are the ammonium, potassium, sodium, calcium
and magnesium salts. Organic bases from which salts can be derived include, for example,
primary, secondary, and tertiary amines, substituted amines including naturally occurring
substituted amines, cyclic amines, basic ion exchange resins, and the like, specifically such as

isopropylamine, trimethylamine, diethylamine, triethylamine, tripropylamine, and

-11-
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ethanolamine. Many such salts are known in the art, as described in WO 87/05297, Johnston
ct al., published September 11, 1987 (incorporated by reference herein in its entirety).

[0036] As used herein, “Ca to Cp” or “Cap” in which “a” and “b” are integers refer
to the number of carbon atoms in the specified group. That is, the group can contain from “a”
to “b”, inclusive, carbon atoms. Thus, for example, a “C; to Cs alkyl” or “Ci4 alkyl” group
refers to all alkyl groups having from 1 to 4 carbons, that is, CHz-, CH3CHz-, CH3CH>CH>-,
(CH3)2CH-, CH3;CH>CH>CHb-, CH3CH2CH(CH3)- and (CH3)3C-.

[0037] The term “halogen” or “halo,” as used herein, means any one of the radio-
stable atoms of column 7 of the Periodic Table of the Elements, e.g., fluorine, chlorine,
bromine, or iodine, with fluorine and chlorine being preferred.

[0038] As used herein, “alkyl” refers to a straight or branched hydrocarbon chain
that is fully saturated (i.e., contains no double or triple bonds). The alkyl group may have 1 to
20 carbon atoms (whenever it appears herein, a numerical range such as “1 to 20” refers to
each integer in the given range; e.g., ‘1 to 20 carbon atoms” means that the alkyl group may
consist of 1 carbon atom, 2 carbon atoms, 3 carbon atoms, etc., up to and including 20 carbon
atoms, although the present definition also covers the occurrence of the term “alkyl” where no
numerical range is designated). The alkyl group may also be a medium size alkyl having 1 to
9 carbon atoms. The alkyl group could also be a lower alkyl having 1 to 4 carbon atoms. The
alkyl group of the compounds may be designated as “Ci4 alkyl” or similar designations. By
way of example only, “Ci.4 alkyl” indicates that there are one to four carbon atoms in the alkyl
chain, i.e., the alkyl chain is selected from the group consisting of methyl, ethyl, propyl, iso-
propyl, n-butyl, iso-butyl, sec-butyl, and t-butyl. Typical alkyl groups include, but are in no
way limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tertiary butyl, pentyl, hexyl,
and the like.

[0039] As used herein, “haloalkyl” refers to a straight- or branched-chain alkyl
group having from 1 to 12 carbon atoms in the chain, substituting one or more hydrogens with
halogens. Examples of haloalkyl groups include, but are not limited to, -CF3, -CHF2, -CHuF,
-CH2CF;3, -CH2CHEF,, -CH>CH:F, -CH2CHCl, -CH2CF2CF3 and other groups that in light of
the ordinary skill in the art and the teachings provided herein, would be considered equivalent

to any one of the foregoing examples.

-12-
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[0040] As used herein, “‘alkoxy” refers to the formula —OR wherein R is an alkyl
as is defined above, such as “Ci9 alkoxy”, including but not limited to mecthoxy, cthoxy, n-

propoxy, 1-methylethoxy (isopropoxy), n-butoxy, iso-butoxy, sec-butoxy, and tert-butoxy, and

the like.
Ké/\ R
oF
n

wherein n is an integer greater than one and R is a hydrogen or alkyl. The number of repeat

[0041] As used herein, “polyethylene glycol” refers to the formula

units “n” may be indicated by referring to a number of members. Thus, for example, “2- to 5-
membered polyethylene glycol” refers to n being an integer selected from two to five. In some
embodiments, R is selected from methoxy, ethoxy, n-propoxy, 1-methylethoxy (isopropoxy),
n-butoxy, iso-butoxy, sec-butoxy, and tert-butoxy.

[0042] As used herein, “heteroalkyl” refers to a straight or branched hydrocarbon
chain containing one or more heteroatoms, that is, an element other than carbon, including but
not limited to, nitrogen, oxygen and sulfur, in the chain backbone. The heteroalkyl group may
have 1 to 20 carbon atoms although the present definition also covers the occurrence of the
term “heteroalkyl” where no numerical range is designated. The heteroalkyl group may also
be a medium size heteroalkyl having 1 to 9 carbon atoms. The heteroalkyl group could also
be a lower heteroalkyl having 1 to 4 carbon atoms. In various embodiments, the heteroalkyl
may have from 1 to 4 heteroatoms, from 1 to 3 heteroatoms, 1 or 2 heteroatoms, or 1
heteroatom. The heteroalkyl group of the compounds may be designated as “Ci.4 heteroalkyl”
or similar designations. The heteroalkyl group may contain onc or more heteroatoms. By way
of example only, “Ci4 heteroalkyl” indicates that there are one to four carbon atoms in the
heteroalkyl chain and additionally one or more heteroatoms in the backbone of the chain.

[0043] The term “aromatic” refers to a ring or ring system having a conjugated pi
electron system and includes both carbocyclic aromatic (e.g., phenyl) and heterocyclic
aromatic groups (e.g., pyridine). The term includes monocyclic or fused-ring polycyclic (i.e.,
rings which share adjacent pairs of atoms) groups provided that the entire ring system is
aromatic.

[0044] As used herein, “aryl” refers to an aromatic ring or ring system (i.e., two or
more fused rings that share two adjacent carbon atoms) containing only carbon in the ring

backbone. When the aryl is a ring system, every ring in the system is aromatic. The aryl group
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may have 6 to 18 carbon atoms, although the present definition also covers the occurrence of
the term “aryl” where no numerical range is designated. In some cmbodiments, the aryl group

EERRTY

has 6 to 10 carbon atoms. The aryl group may be designated as “Ce.10 aryl,” “Cg or Cyo aryl,”
or similar designations. Examples of aryl groups include, but are not limited to, phenyl,
naphthyl, azulenyl, and anthracenyl.

[0045] As used herein, “aryloxy” and “arylthio” refers to RO- and RS-, in which R
is an aryl as is defined above, such as “Ce.10 aryloxy” or “Ce.-10 arylthio” and the like, including
but not limited to phenyloxy.

[0046] An “aralkyl” or *“arylalkyl” is an aryl group connected, as a substituent, via
an alkylene group, such “Cr.14 aralkyl” and the like, including but not limited to benzyl, 2-
phenylethyl, 3-phenylpropyl, and naphthylalkyl. In some cases, the alkylene group is a lower
alkylene group (i.e., a C14 alkylene group).

[0047] As used herein, “heteroaryl” refers to an aromatic ring or ring system (i.e.,
two or more fused rings that share two adjacent atoms) that contain(s) one or more heteroatoms,
that is, an element other than carbon, including but not limited to, nitrogen, oxygen and sulfur,
in the ring backbone. When the heteroaryl is a ring system, every ring in the system is
aromatic. The heteroaryl group may have 5-18 ring members (i.e., the number of atoms
making up the ring backbone, including carbon atoms and heteroatoms), although the present
definition also covers the occurrence of the term “heteroaryl” where no numerical range is
designated. In some embodiments, the heteroaryl group has 5 to 10 ring members or 5 to 7
ring members. The heteroaryl group may be designated as “5-7 membered heteroaryl,” “5-10
membered heteroaryl,” or similar designations. In various embodiments, a heteroaryl contains
from 1 to 4 heteroatoms, from 1 to 3 heteroatoms, from 1 to 2 heteroatoms, or 1 heteroatom.
For example, in various embodiments, a heteroaryl contains 1 to 4 nitrogen atoms, 1 to 3
nitrogen atoms, 1 to 2 nitrogen atoms, 2 nitrogen atoms and | sulfur or oxygen atom, 1 nitrogen
atom and 1 sulfur or oxygen atom, or 1 sulfur or oxygen atom. Examples of heteroaryl rings
include, but are not limited to, furyl, thienyl, phthalazinyl, pyrrolyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, triazolyl, thiadiazolyl, pyridinyl, pyridazinyl,
pyrimidinyl, pyrazinyl, triazinyl, quinolinyl, isoquinlinyl, benzimidazolyl, benzoxazolyl,

benzothiazolyl, indolyl, isoindolyl, and benzothienyl.

-14-



WO 2024/192219 PCT/US2024/019883

[0048] A “heteroaralkyl” or “‘heteroarylalkyl” is heteroaryl group connected, as a
substitucnt, via an alkylenc group. Examples include but arc not limited to 2-thicnylmethyl,
3-thienylmethyl, furylmethyl, thienylethyl, pyrrolylalkyl, pyridylalkyl, isoxazollylalkyl, and
imidazolylalkyl. In some cases, the alkylene group is a lower alkylene group (i.e., a Ci4
alkylene group).

[0049] As used herein, “carbocyclyl” means a non-aromatic cyclic ring or ring
system containing only carbon atoms in the ring system backbone. When the carbocyclyl is a
ring system, two or more rings may be joined together in a [used, bridged or spiro-connected
fashion. Carbocyclyls may have any degree of saturation provided that at least one ring in a
ring system is not aromatic. Thus, carbocyclyls include cycloalkyls, cycloalkenyls, and
cycloalkynyls. The carbocyclyl group may have 3 to 20 carbon atoms, although the present
definition also covers the occurrence of the term “carbocyclyl” where no numerical range is
designated. The carbocyclyl group may also be a medium size carbocyclyl having 3 to 10
carbon atoms. The carbocyclyl group could also be a carbocyclyl having 3 to 6 carbon atoms.
The carbocyclyl group may be designated as “Cs.s carbocyclyl” or similar designations.
Examples of carbocyclyl rings include, but are not limited to, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyclohexenyl, 2,3-dihydro-indene, bicycle[2.2.2]octanyl, adamantyl,
and spiro[4.4]nonanyl.

[0050] A “(carbocyclylalkyl” is a carbocyclyl group connected, as a substituent,
via an alkylene group, such as “Ca.10 (carbocyclyl)alkyl” and the like, including but not limited
to, cyclopropylmethyl, cyclobutylmethyl, cyclopropylethyl, cyclopropylbutyl,
cyclobutylethyl, cyclopropylisopropyl, cyclopentylmethyl, cyclopentylethyl,
cyclohexylmethyl, cyclohexylethyl, cycloheptylmethyl, and the like. In some cases, the
alkylene group is a lower alkylene group.

[0051] As used herein, “cycloalkyl” means a fully saturated carbocyclyl ring or
ring system. Examples include cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.

[0052] As used herein, “cycloalkenyl” means a carbocyclyl ring or ring system
having at least one double bond, wherein no ring in the ring system is aromatic. An example
is cyclohexenyl.

[0053] As used herein, “heterocyclyl” means a non-aromatic cyclic ring or ring

system containing at least one heteroatom in the ring backbone. Heterocyclyls may be joined
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together in a fused, bridged or spiro-connected fashion. Heterocyclyls may have any degree
of saturation provided that at lcast onc ring in the ring system is not aromatic. The
heteroatom(s) may be present in either a non-aromatic or aromatic ring in the ring system. The
heterocyclyl group may have 3 to 20 ring members (i.e., the number of atoms making up the
ring backbone, including carbon atoms and heteroatoms), although the present definition also
covers the occurrence of the term “heterocyclyl” where no numerical range is designated. The
heterocyclyl group may also be a medium size heterocyclyl having 3 to 10 ring members. The
heterocyclyl group could also be a heterocyclyl having 3 to 6 ring members. The heterocyclyl
group may be designated as “3-6 membered heterocyclyl” or similar designations.

[0054] In various embodiments, a heterocyclyl contains from 1 to 4 heteroatoms,
from 1 to 3 heteroatoms, from 1 to 2 heteroatoms, or 1 heteroatom. For example, in various
embodiments, a heterocyclyl contains 1 to 4 nitrogen atoms, 1 to 3 nitrogen atoms, 1 to 2
nitrogen atoms, 2 nitrogen atoms and 1 sulfur or oxygen atom, 1 nitrogen atom and 1 sulfur or
oxygen atom, or 1 sulfur or oxygen atom. In preferred six membered monocyclic
heterocyclyls, the heteroatom(s) are selected from one up to three of O, N or S, and in preferred
five membered monocyclic heterocyclyls, the heteroatom(s) are selected from one or two
heteroatoms selected from O, N, or S. Examples of heterocyclyl rings include, but are not
limited to, azepinyl, acridinyl, carbazolyl, cinnolinyl, dioxolanyl, imidazolinyl, imidazolidinyl,
morpholinyl, oxiranyl, oxepanyl, thiepanyl, piperidinyl, piperazinyl, dioxopiperazinyl,
pyrrolidinyl, pyrrolidonyl, pyrrolidionyl, 4-piperidonyl, pyrazolinyl, pyrazolidinyl, 1,3-
dioxinyl, 1,3-dioxanyl, 1,4-dioxinyl, 1,4-dioxanyl, 1,3-oxathianyl, 1,4-oxathiinyl, 1,4-
oxathianyl, 2H-1,2-oxazinyl, trioxanyl, hexahydro-1,3,5-triazinyl, 1,3-dioxolyl, 1,3-
dioxolanyl, 1,3-dithiolyl, 1,3-dithiolanyl, isoxazolinyl, isoxazolidinyl, oxazolinyl,
oxazolidinyl, oxazolidinonyl, thiazolinyl, thiazolidinyl, 1,3-oxathiolanyl, indolinyl,
isoindolinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, tetrahydro-1,4-thiazinyl, thiamorpholinyl, dihydrobenzofuranyl,
benzimidazolidinyl, and tetrahydroquinoline.

[0055] A “(heterocyclyl)alkyl” is a heterocyclyl group connected, as a substituent,
via an alkylene group. Examples include, but are not limited to, imidazolinylmethyl and

indolinylethyl.
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[0056] As used herein, “acyl” refers to —-C(=O)R, wherein R is hydrogen, Cy.¢ alkyl,
Ca6 alkenyl, Cas alkynyl, Cs7 carbocyclyl, aryl, 5-10 membered heteroaryl, and 5-10
membered heterocyclyl, as defined herein. Non-limiting examples include formyl, acetyl,
propanoyl, benzoyl, and acryl.

[0057] An “O-carboxy” group refers to a “-OC(=0)R” group in which R is selected
from hydrogen, Ci¢ alkyl, Ca¢ alkenyl, Ca6 alkynyl, Cs.7 carbocyclyl, aryl, 5-10 membered
heteroaryl, and 5-10 membered heterocyclyl, as defined herein.

[0058] A “C-carboxy” group refers to a “-C(=0O)OR” group in which R is selected
from hydrogen, Ci.6 alkyl, Ca.6 alkenyl, C26 alkynyl, Cs7 carbocyclyl, aryl, 5-10 membered
heteroaryl, and 5-10 membered heterocyclyl, as defined herein. A non-limiting example
includes carboxyl (i.e., -C(=0O)OH).

[0059] A “cyano” group refers to a “-CN” group.

[0060] A “cyanato” group refers to an “-OCN” group.

[0061] An “isocyanato” group refers to a “-NCO” group.

[0062] A “thiocyanato” group refers to a “-SCN” group.

[0063] An “isothiocyanato” group refers to an *“ -NCS” group.

[0064] A “‘sulfinyl” group refers to an “-S(=0O)R” group in which R is selected from
hydrogen, Ci alkyl, Ca alkenyl, Ca2 alkynyl, Ci7 carbocyclyl, Ce.10 aryl, 5-10 membered
heteroaryl, and 5-10 membered heterocyclyl, as defined herein.

[0065] A “sulfonyl” group refers to an “-SO2R” group in which R is selected from
hydrogen, Ci alkyl, Ca alkenyl, C26 alkynyl, Ci7 carbocyclyl, Ce.10 aryl, 5-10 membered
heteroaryl, and 5-10 membered heterocyclyl, as defined herein.

[0066] An *‘S-sulfonamido” group refers to a “-SO2NRaRg” group in which Ra and
Rp are each independently selected from hydrogen, Ci alkyl, C2¢ alkenyl, Ca6 alkynyl, C3;
carbocyclyl, Ce.10 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as
defined herein.

[0067] An “N-sulfonamido” group refers to a “-N(Ra)SO:Rp” group in which Ra
and Ry, are each independently selected from hydrogen, Ci alkyl, Ca6 alkenyl, Co.6 alkynyl,
Cs.7 carbocyclyl, Ce.10 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as

defined herein.
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[0068] An “O-carbamyl” group refers to a “-OC(=0O)NRaRg” group in which Ra
and Rp arc cach independently sclected from hydrogen, Cis alkyl, Ca.¢ alkenyl, Cz6 alkynyl,
C;3.7 carbocyclyl, Ce.10 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as
defined herein.

[0069] An “N-carbamyl” group refers to an “-N(Ra)OC(=0)Rp” group in which
Ra and Rp are each independently selected from hydrogen, Ci¢ alkyl, Ca¢ alkenyl, Ca¢
alkynyl, Cs7 carbocyclyl, Ce10 aryl, 5-10 membered heteroaryl, and 5-10 membered
heterocyclyl, as defined herein.

[0070] An ““O-thiocarbamyl” group refers to a “-OC(=S)NRaRg” group in which
Ra and Rp are each independently selected from hydrogen, Ci alkyl, C2¢ alkenyl, Cz¢
alkynyl, Cs7 carbocyclyl, Ce.10 aryl, 5-10 membered heteroaryl, and 5-10 membered
heterocyclyl, as defined herein.

[0071] An “N-thiocarbamyl” group refers to an “-N(Ra)OC(=S)Rp” group in
which Ra and Rp are each independently selected from hydrogen, Ci alkyl, Ca6 alkenyl, Ca.
6 alkynyl, Csz carbocyclyl, Ce.10 aryl, 5-10 membered heteroaryl, and 5-10 membered
heterocyclyl, as defined herein.

[0072] A “C-amido” group refers to a “-C(=O)NRaRg” group in which Ra and Rg
are each independently selected from hydrogen, Ci alkyl, Ca¢ alkenyl, Ca alkynyl, Ciz
carbocyclyl, Ce10 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as
defined herein.

[0073] An “N-amido” group refers to a “-N(Ra)C(=O)Rg” group in which Ra and
Rp are each independently selected from hydrogen, Ci.¢ alkyl, Ca alkenyl, C2¢ alkynyl, Cs7
carbocyclyl, Ce10 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as
defined herein.

[0074] An “amino” group refers to a “~-NRaRg” group in which Ra and Rg are each
independently selected from hydrogen, Ci.6 alkyl, C2.6 alkenyl, Cz.6 alkynyl, Cs7 carbocyclyl,
Ce-10 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as defined herein.

[0075] An “aminoalkyl” group refers to an amino group connected via an alkylene
group.

[0076] An “alkoxyalkyl” group refers to an alkoxy group connected via an alkylene

group, such as a ““Cz.g alkoxyalkyl” and the like.
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[0077] As used herein, a substituted group is derived from the unsubstituted parent
group in which there has been an exchange of one or more hydrogen atoms for another atom
or group. Unless otherwise indicated, when a group is deemed to be “substituted,” it is meant
that the group is substituted with one or more subsitutents independently selected from C;-Cs
alkyl, Ci-Co¢ alkenyl, C;-Cs¢ alkynyl, Ci-Ce heteroalkyl, C;-C; carbocyclyl (optionally
substituted with halo, C-Cs alkyl, C{-C¢ alkoxy, C-Ce haloalkyl, and C;-Cs haloalkoxy), Cs-
C7-carbocyclyl-C1-Ce-alkyl (optionally substituted with halo, C;-Cs alkyl, C1-Cs alkoxy, Ci-
Cs haloalkyl, and C1-Ce haloalkoxy), 5-10 membered heterocyclyl (optionally substituted with
halo, C1-Cs alkyl, C1-Ce alkoxy, Ci-Cs haloalkyl, and C1-Cs haloalkoxy), 5-10 membered
heterocyclyl-C-Cs-alkyl (optionally substituted with halo, Ci-Cs alkyl, C1-Cs alkoxy, Ci-Ce
haloalkyl, and C1-Cs haloalkoxy), aryl (optionally substituted with halo, C:-Cs alkyl, Ci-Cs
alkoxy, C1-Cs haloalkyl, and C-Cs haloalkoxy), aryl(C1-Ce)alkyl (optionally substituted with
halo, C-Cs alkyl, C;-Cs alkoxy, C;-C¢ haloalkyl, and C;-Cs haloalkoxy), 5-10 membered
heteroaryl (optionally substituted with halo, C-Cs alkyl, C;-Cs alkoxy, C1-Ce haloalkyl, and
C1-Cs haloalkoxy), 5-10 membered heteroaryl(C;-Ce)alkyl (optionally substituted with halo,
C1-Cs alkyl, C;1-Cs alkoxy, C1-Ce haloalkyl, and C;-C¢ haloalkoxy), halo, cyano, hydroxy, Ci-
Cs alkoxy, Ci-Ce alkoxy(Ci-Ce)alkyl (i.e., ether), aryloxy, sulfthydryl (mercapto), halo(C;-
Co)alkyl (e.g., —CF3), halo(Ci-Ce)alkoxy (e.g., —OCF3), C1-C¢ alkylthio, arylthio, amino,
amino(Ci-Ce)alkyl, nitro, O-carbamyl, N-carbamyl, O-thiocarbamyl, N-thiocarbamyl, C-
amido, N-amido, S-sulfonamido, N-sulfonamido, C-carboxy, O-carboxy, acyl, cyanato,
isocyanato, thiocyanato, isothiocyanato, sulfinyl, sulfonyl, and oxo (=0O). Wherever a group
is described as “optionally substituted” that group can be substituted with the above
substituents.

[0078] In some embodiments, substituted group(s) is (are) substituted with one or
more substituent(s) individually and independently selected from C;-C4 alkyl, amino, hydroxy,
and halogen.

[0079] It is to be understood that certain radical naming conventions can include
either a mono-radical or a di-radical, depending on the context. For example, where a
substituent requires two points of attachment to the rest of the molecule, it is understood that
the substituent is a di-radical. For example, a substituent identified as alkyl that requires two

points of attachment includes di-radicals such as -CH»—, -CH2>CH»>—, -CH>CH(CH3)CH2-, and
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the like. Other radical naming conventions clearly indicate that the radical is a di-radical such
as “alkylenc” or “alkenylenc.”

[0080] When two R groups are said to form a ring (e.g., a carbocyclyl, heterocyclyl,
aryl, or heteroaryl ring) “together with the atom to which they are attached,” it is meant that
the collective unit of the atom and the two R groups are the recited ring. The ring is not
otherwise limited by the definition of each R group when taken individually. For example,

when the following substructure is present:

[0081] and R' and R? are defined as selected from the group consisting of hydrogen
and alkyl, or R! and R? together with the nitrogen to which they are attached form a
heterocyclyl, it is meant that R! and R? can be selected from hydrogen or alkyl, or alternatively,

the substructure has structure:

N A

[0082] where ring A is a heterocyclyl ring containing the depicted nitrogen.

[0083] Similarly, when two “adjacent” R groups are said to form a ring “together
with the atoms to which they are attached,” it is meant that the collective unit of the atoms,
intervening bonds, and the two R groups are the recited ring. For example, when the following

substructure is present:

R']

R2
[0084] and R! and R? are defined as selected from the group consisting of hydrogen
and alkyl, or R and R? together with the atoms to which they are attached form an aryl or
carbocyclyl, it is meant that R and R? can be selected from hydrogen or alkyl, or alternatively,

the substructure has structure:
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[0085] where A is an aryl ring or a carbocyclyl containing the depicted double
bond.

[0086] Wherever a substituent is depicted as a di-radical (i.e., has two points of
attachment to the rest of the molecule), it is to be understood that the substituent can be attached

in any directional configuration unless otherwise indicated. Thus, for example, a substituent

A
depicted as —AE- or ‘Q“/ \E/ includes the substituent being oriented such that the A
is attached at the leftmost attachment point of the molecule as well as the case in which A is
attached at the rightmost attachment point of the molecule.

[0087] The term “mammal” is used in its usual biological sense. Thus, it
specifically includes, but is not limited to, primates, including simians (chimpanzees, apes,
monkeys) and humans, cattle, horses, sheep, goats, swine, rabbits, dogs, cats, rats and mice but
also includes many other species.

[0088] “Subject” as used herein, means a human or a non-human mammal, e.g., a
dog, a cat, a mouse, a rat, a cow, a sheep, a pig, a goat, a non-human primate or a bird, e.g., a
chicken, as well as any other vertebrate or invertebrate.

[0089] An “effective amount” or a “therapeutically effective amount” as used
herein refers to an amount of a therapeutic agent that is effective to relieve, to some extent, or
to reduce the likelihood of onset of, one or more of the symptoms of a disease or condition,
and includes curing a disease or condition. “Curing’” means that the symptoms of a disease or
condition are eliminated; however, certain long-term or permanent effects may exist even after
a cure is obtained (such as extensive tissue damage).

[0090] “Treat,” “treatment,” or “treating,” as used herein refers to administering a
pharmaceutical composition for prophylactic and/or therapeutic purposes. The term
“prophylactic treatment” refers to treating a subject who does not yet exhibit symptoms of a
disease or condition, but who is susceptible to, or otherwise at risk of, a particular disease or

condition, whereby the treatment reduces the likelihood that the patient will develop the
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disease or condition. The term “therapeutic treatment” refers to administering treatment to a

subject alrcady suffering from a discasc or condition.

Compounds

[0091] In some embodiments, the pharmaceutical compositions include
compounds that are non-macrocyclic functionalized peptides that act as GIP/GLP-1 dual
receptor agonists. In other embodiments, the pharmaceutical compositions include compounds
that are non-macrocyclic functionalized peptides that act as GLP-1 receptor monoagonists.

[0092] Where the compounds disclosed herein have at least one chiral center, they
may exist as individual enantiomers and diastereomers or as mixtures of such isomers,
including racemates. Separation of the individual isomers or selective synthesis of the
individual isomers is accomplished by application of various methods which are well known
to practitioners in the art. Unless otherwise indicated, all such isomers and mixtures thereof
are included in the scope of the compounds disclosed herein. Furthermore, compounds
disclosed herein may exist in one or more crystalline or amorphous forms. Unless otherwise
indicated, all such forms are included in the scope of the compounds disclosed herein including
any polymorphic forms. In addition, some of the compounds disclosed herein may form
solvates with water (i.e., hydrates) or common organic solvents. Unless otherwise indicated,
such solvates are included in the scope of the compounds disclosed herein.

[0093] The skilled artisan will recognize that some structures described herein may
be resonance forms or tautomers of compounds that may be fairly represented by other
chemical structures, even when kinetically; the artisan recognizes that such structures may only
represent a very small portion of a sample of such compound(s). Such compounds are
considered within the scope of the structures depicted, though such resonance forms or
tautomers are not represented herein.

Compounds of Formula (I)

[0094] Various embodiments of these compounds include compounds having the
structure of Formula (I) as described above or pharmaceutically acceptable salts thereof. The
structure of Formula (I) encompasses all stereoisomers and racemic mixtures, including the

following structure and mixtures thereof:
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o)

H

o H/\/O\/\o/\n/’\'\/\o/\/o\)l\NH
o)

3 S (SEQID NO: 2)
HTyr-N EGTFTSDYSI—N LDKIAQ—N A
H § (SEQIDNO: 1) H 8 H g 1
HNSPPPAGSSPGGAILWQV

1 (SEQ ID NO: 3)

[0095] In some embodiments of compounds of Formula (I):

[0096] R!is selected from the group consisting of —~C(=0)(0Z!), -P(=0)(X)(Y)
and a 5-10 membered heteroaryl containing 1-2 heteroatoms selected from N, O and S
optionally substituted with 1-2 R” independently selected from halogen, Ci.¢ alkyl, haloC .6
alkyl, haloCj alkoxy, —OR?, Cs.19 cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10
membered heterocyclyl;

[0097] R? is selected from the group consisting of —C(=0)(0Z?), -P(=0)(X)(Y)
and a 5-10 membered heteroaryl containing 1-2 heteroatoms selected from N, O and S
optionally substituted with 1-2 R” independently selected from halogen, Ci.¢ alkyl, haloC .6
alkyl, haloC1.¢ alkoxy, —OR?, Cs.io cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10
membered heterocyclyl;

[0098] each R” may be independently selected from the group consisting of
halogen, C1. alkyl, haloC1.¢ alkyl, haloCi alkoxy, Ci-¢ alkoxy, Cs-10 cycloalkyl, Ce.10 aryl, 5-
10 membered heteroaryl and 5-10 membered heterocyclyl;

[0099] X and Y may each be independently selected from the group consisting of
—OR*, NR°R®, Ci alkyl and haloC. alkyl;

[0100] each R* may be independently selected from the group consisting of
hydrogen, Ci.¢ alkyl, haloC¢ alkyl, Cs-10 aryl and Ce.10 arylalkyl;

[0101] each R’ may be independently hydrogen or Ci.¢ alkyl;

[0102] each R® may be independently hydrogen or Ci.¢ alkyl; and
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[0103] Z! and Z* may each be independently selected from the group consisting of
hydrogen, Ci.¢ alkyl, haloCi alkyl, haloCi¢ alkoxy, Ci6 alkoxy, Cs.10 cycloalkyl and Ce.10
aryl.

[0104] In some embodiments, at least one of Z' and Z? is not hydrogen.

[0105] Some embodiments of compounds of Formula I include compounds having

the structure of Formula (I-a):

H 0
3 F  (SEQ ID NO: 2)
HTyr-N EGTFTSDYSI—N LDKIAQ—N A
H Hol H

O (SEQID NO: 1) o)

HZNSPPPAGSSPGESSQQI}_DVI\(IS\?{)F
I-a
or pharmaceutically acceptable salts thereof.

[0106] In some cmbodiments of compounds of Formula (I-a) or their
pharmaceutically acceptable salts; Z! is selected from hydrogen, Ci- alkyl, haloCi alkyl,
haloC .6 alkoxy, Ci-6 alkoxy, Cs.10 cycloalkyl and Ce.10 aryl; and X and Y each are —OR*,

[0107] In some embodiments of compounds of Formula (I-a) or their
pharmaceutically acceptable salts; Z! is selected from hydrogen, haloCi. alkoxy and Ci6
alkoxy; and each R* may be independently selected from hydrogen, Ce.10 aryl and Ce 10
arylalkyl.

[0108] In some embodiments of compounds of Formula (I-a) or their
pharmaceutically acceptable salts; Z! is hydrogen and each R* may be independently hydrogen
or Ce.10 arylalkyl.

[0109] In some embodiments of compounds of Formula (I-a) or their

pharmaceutically acceptable salts; each R* is hydrogen.
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[0110] In some embodiments of compounds of Formula (I-a) or their
pharmaccutically acceptablc salts; Z! is hydrogen and cach R* is hydrogen.
[0111] Some embodiments of compounds of Formula (1) include compounds

having the structure of Formula (I-b):

ﬁ 0

Pa_ N
NT 072

Y o)

o H/\/O\/\O/\[I/H\/\O/\/O\)]\NH

o)
5 S (SEQ ID NO: 2)
HTyrN EGTFTSDYSI—N LDKlAQ——N

O (SEQID NO: 1)

H2NSPPPAGSSPGGAILWQV
(SEQ ID NO: 3)

I-b

or pharmaceutically acceptable salts thereof.

[0112] In some embodiments of compounds of Formula (I-b) or their
pharmaceutically acceptable salts; Z? is selected from hydrogen, Ci- alkyl, haloCi alkyl,
haloC .6 alkoxy, Ci-6 alkoxy, Cs.10 cycloalkyl and Ce.10 aryl; and X and Y each are —OR*,

[0113] In some embodiments of compounds of Formula (I-b) or their
pharmaceutically acceptable salts; Z* is selected from hydrogen, haloCi alkoxy and Ci
alkoxy; and each R* may be independently selected from hydrogen, Ce.10 aryl and Ce 1o
arylalkyl.

[0114] In some embodiments of compounds of Formula (I-b) or their
pharmaceutically acceptable salts; Z? is hydrogen and each R* may be independently hydrogen
or Ce-10 arylalkyl.

[0115] In some embodiments of compounds of Formula (I-b) or their
pharmaceutically acceptable salts; each R* is hydrogen.

[0116] In some embodiments of compounds of Formula (I-b) or their

pharmaceutically acceptable salts; Z* is hydrogen and each R* is hydrogen.
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[0117] Some embodiments of compounds of Formula (I) include compounds

having the structurc of Formula (I-c):

o 0
X :
~
X / c \"/\/\/\/\/\/\/\/\/\/|\Y
Y O X
H o)
A0 N~ /\/O\)L
0] N (@] (0] NH
H
O
s 3 (SEQ ID NO: 2)
HTyr'N EGTFTSDYSI—N LDKIAQ—N A
H & (SEQIDNO: 1) H & H 01

HANSPPPAGSSPG %%(Ig%g/\{\%\é)
I-c
or pharmaceutically acceptable salts thereof.

[0118] In some embodiments of compounds of Formula (I-c) or their
pharmaceutically acceptable salts; X and Y each are —OR*.

[0119] In some embodiments of compounds of Formula (I-c) or their
pharmaceutically acceptable salts; each R* may be independently selected from hydrogen, Ce.
10 aryl and Ce-19 arylalkyl.

[0120] In some embodiments of compounds of Formula (I-c) or their
pharmaceutically acceptable salts; each R* is hydrogen.

[0121] Some embodiments include a compound having the structure selected from

the group consisting of:
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o]
v1—0

PhH,CO N\n/\/\/\/\/\/\/\/\/\/ (OCHzPh),
A *

O
H
o) ”/\/O\/\O/YN \/\O/\/O\)J\NH
O

i

s (SEQ ID NO: 2)
HTyrN EGTFTSDYSI—N LDKIAQ—N A
H (SEQIDNO: 1) H H o 1

0] O

HONSPPPAGSSPGGAILWQYV
1 (SEQ ID NO: 3)

o) 0]

1 I

N P(OH),
PhH,CO . \"/\/\/\/\/\/\/\/\/\/
)

@]
o N/\/O\/\o/\",H\/\O/\/O\)I\NH
(@]

i

s (SEQ ID NO: 2)

HTyr-N EGTFTSDYSI—N LDKIAQ—N A

H & (SEQIDNO:1)  H § H o5 i
H,NSPPPAGSSPGGAILWQV

) (SEQ ID NO: 3)

0]

@)

H

HO Nj]/\/\/\/\/\/\/\/\/\/F’(OCHZPh)Z
3

0

0
H
o H/\/O\/\O/\H/N\/\O/\/O\)I\NH
0

5 (SEQ ID NO: 2)
HTyrN EGTFTSDYSI—N LDKIAQ—N A

§ (SEQIDNO: 1)  H § o l

Hyy

HNSPPPAGSSPGGAILWQV
3 (SEQ ID NO: 3)
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o 0
H |
N P(OH),
HO % \“/\/\/\/\/\/\/W\/
o)
N A
A0 N~ ~O
02 N 0 0 NH
H 0
3 S (SEQ ID NO: 2)
HTyrN EGTFTSDYSI—N LDKIAQ—N A
H  SJ@sEQDNO:D  H g H 0
HNSPPPAGSSPGGAILWQVF
4 (SEQ ID NO: 3)
0
| 2
H
(PhH,CO),P N
c OCH,Ph
0
N A
A0 NSO
02 N 0 0 NH
H
5 S (SEQID NO: 2)
HTyr-N EGTFTSDYSI— LDKIAQ——N A
H 5 (SEQIDNO: 1) 0
HNSPPPAGSSPGGAILWQYV
(SEQ ID NO: 3)
- 0
(PhH,CO),Pa N
% OH

()

H
o H/\/O\/\O/\]/N\/\O/\/O\)I\NH
0

3 S (SEQ ID NO: 2)
HTyrN EGTFTSDYSI-N LDKIAQ-—N A
Ho 0 (sEQ b NO: D)

Ol
HNSPPPAGSSPGGAILWQV
6 (SEQ ID NO: 3)
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o H/\/O\/\O/YH\/\O/\/O\)LNH
0]

(SEQ 1D NO: 2)
FTSDYSI-N LDKIAQ-—N A
5 (SEQIDNO: 1)

Oi
H.NSPPPAGSSPGGAILWQYV
7 (SEQ ID NO: 3)

T

<
IT=
m

m

(0]

_|

iy

o ”/A\V’O\V/A\O’A\H’H‘V/A\O’A\V’O‘V/H\NH
O

F F (SEQ ID NO: 2)
HTyr-N EGTFTSDYSI—N LDKlAQ—-N A

O (SEQIDNO: 1) o

H.NSPPPAGSSPGGAILWQV
8 (SEQ ID NO: 3)

(ﬁ
N \“/\/\/\/\/\/\/\/\/\/ P(OCH,Ph),
7

0]

Il
(PhH,CO),P.

H

o N/A\”/O\V/A\O/A\“’N\V/A\O/A\V/O\V/H\NH

3 (SEQ ID NO: 2)
HTyrN EGTFTSDYSI—N LDKIAQ—N A
5 (SEQID NO: 1) H H

a7l
@]

Oi
H,NSPPPAGSSPGGAILWQV
9 (SEQ ID NO: 3)

-29-



PCT/US2024/019883

WO 2024/192219
') 0O
I H I
(PhH,CO),P. N\“/\/\/\/\/\/\/\/\/\/P(OH)Z
¥
O
H 0
o) N/\/O\/\O/\"/N\/\O/\/O\)J\NH
H O
3 F (SEQ ID NO: 2)
HTyr-N EGTFTSDYSI—N LDKIAQ—H A
H 5 (SEQIDNO: 1) 0 0 i
HANSPPPAGSSPGGAILWQV
10 (SEQ ID NO: 3)
0 (0]
I H I
(HO),P. N\'I/\/\/\/\/\/\/\/\/\/P(OCHzph)z
*
(0]
H o)
O N o)
o) NT N \/\o/\n/ ~ NN \)J\NH
H
3 S (SEQ ID NO: 2)
HTyrN EGTFTSDYSI— LDKIAQ—‘N A
H o) (SEQID NO: 1) 0
HINSPPPAGSSPGGAILWQV
" (SEQ ID NO: 3)
0O
H I
o NWVWVVWVP(OH)Z
(0]
(0]

F ¥ (SEQ ID NO: 2)
HTyr N EGTFTSDYSI-N LDKIAQ-—N

5 (SEQID NO: 1)

HNSPPPAGSSPGGAILWQ
12 (SEQ ID NO:

(@]
~ 1>

s
3

and pharmaceutically acceptable salts thereof.
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[0122] Some embodiments include a compound wherein “*” indicates a chiral
carbon with “S” configuration.

[0123] Some embodiments include a compound wherein “*” indicates a chiral
carbon with “R” configuration.

[0124] The compounds of Formula (I) described herein, e.g., Compounds 1-12,
may be prepared according to methods described in International Patent Publication No. WO
2022/159395, the disclosure of which is incorporated herein in its entirety.

Compounds Formula (II)

[0125] Various embodiments of these compounds include compounds having the
structure of Formula (II) as described herein or pharmaceutically acceptable salts thereof. The
structure of Formula (II) encompasses all stereoisomers and racemic mixtures, including the

following structure and mixtures thereof:

H
NH
O/\/ o
0
k/ \)LNH
H\’\‘l o)
H-YABEGTFTSDYSIJILDU' U’AFVJSWLIJPGGPSSGAPPPS-NH,

(1D

or a pharmaceutically acceptable salt thereof. Formula (1I) can also be written as:
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.H .
R} N\I(\/\/\/\/\/\/\/\/\/RZ
Q
)
NH

SEQIDNO:4  SEQIDNO:5

In Formula (II) and the compounds described herein, “H-" represents hydrogen on the N-
terminal amine and “-NH»” represents an amino forming a C-terminal amide.

[0126] In some embodiments of compounds of Formula (1I):

Aib is 2-aminoisobutyric acid;

each instance of J', J%, and I? is independently an amino acid selected from Aib, a
naturally occurring amino acid, and an unnatural amino acid.

[0127] In some embodiments of compounds of Formula (1I):

U is -(a1-(P)n2-()a3-(0)aa-;

U2 is -(1%)a5-()n6-T 7= has-

each instance of J*, J°, 16, 77, I8, 1°, J'°, and J'!'is independently a naturally occurring
amino acid or an unnatural amino acid;

each of nl, n2, n3, n4, n5, n6, n7, and n8 is independently O or 1, provided that the sum
nl+n2+n3+n4+n5+n6+n7+n8is4;

R! is selected from the group consisting of —C(=0)(0Z", -P(=0)(X)(Y) and a 5-10
membered heteroaryl containing 1-2 heteroatoms selected from N, O and S, the heteroaryl
optionally substituted with 1-2 R” independently sclected from halogen, Ci.¢ alkyl, haloCi.6
alkyl, haloC1.¢ alkoxy, —OR?, Cs.io cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10
membered heterocyclyl;

R? is selected from the group consisting of —C(=0)(0Z?), -P(=0)(X)(Y) and a 5-10

membered heteroaryl containing 1-2 heteroatoms selected from N, O and S, the heteroaryl
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optionally substituted with 1-2 R” independently selected from halogen, Ci.6 alkyl, haloCi.6
alkyl, haloC 1.6 alkoxy, ~OR®, Cs.io cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10
membered heterocyclyl;

each R’ is independently selected from the group consisting of halogen, Ci alkyl,
haloCi alkyl, haloC, alkoxy, Cie alkoxy, Cs.10 cycloalkyl, Cs.10 aryl, 5-10 membered
heteroaryl and 5-10 membered heterocyclyl;

X and Y each are independently selected from the group consisting of -OR*, NR°RS,
Ci-6 alkyl and haloC alkyl;

each R* is independently selected from the group consisting of hydrogen, Ci.6 alkyl,
haloCi.6 alkyl, Ce-10 aryl and C7.11 arylalkyl;

each R’ is independently hydrogen or Ci.6 alkyl;

each R® is independently hydrogen or Ci alkyl; and

Z! and Z? each are independently selected from the group consisting of hydrogen, Ci.

alkyl, haloC.¢ alkyl, haloCi.¢ alkoxy, Ci.6 alkoxy, Cs-1o cycloalkyl and Ce.10 aryl.

[0128] In some embodiments, the compound is not:
?H 3 [#]
O/‘\ \«’ AN A YEadN ST N TN TS L T \OH
. ©

H“‘YAibEGTFTSDYSIf\ibLDKU\Q“ﬁ/ \E‘;““AF\/QWLIAGGPSSGAPPPS“‘NHQ

(SEQ ID NO: 6) ©  (SEQID NO: 7)

[0129] In some embodiments of compounds of Formula (II), each instance of J !
J?, and I is independently an amino acid selected from Aib and a naturally occurring amino
acid.

[0130] In some embodiments of compounds of Formula (II), each instance of J !
J2, and J° is independently an amino acid selected from Aib, A, F, N, R, and Q. In some
embodiments, J! is Aib or F. In some embodiments, J' F. In some embodiments, J? is N or Q.
In some embodiments, J? is N. In some embodiments, J? is A or R. In some embodiments, J*

is R.
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[0131] In some embodiments of compounds of Formula (I1), each instance of J4,
12,75, and T is independently an amino acid sclected from A, I, K, R, Q, S, T, and V. In some
embodiments, J* is K or R. In some embodiments, J* is R. In some embodiments, J° is I, T,
or V. In some embodiments, J° is T or V. In some embodiments, J® is A or S. In some
embodiments, J®is S. In some embodiments, J7 is Q. In some embodiments, J7 is K.

[0132] In some embodiments of compounds of Formula (II), each instance of J 8
12,710 and T is independently an amino acid selected from A, I, and Q. In some embodiments,
Jis T or Q. In some embodiments, J° is A or Q. In some embodiments, J'° is Q. In some
embodiments, J'! is Q.

[0133] In some embodiments of compounds of Formula (II), J s selected from
Aib or F; J? is selected from Q or N; J? is selected from A or R; U! is selected from -K-V-A-,
-K-1-A-Q- (SEQ ID NO: 8), -K-T-A-Q- (SEQ ID NO: 9), -K-T-S-Q- (SEQ ID NO: 10), -K-V-
A-Q- (SEQ ID NO: 11), -R-I-A-Q- (SEQ ID NO: 12), -K-I-A-K- (SEQ ID NO: 13), -K-I-S-
Q- (SEQ ID NO: 14), or is absent; and U? is selected from -Q-, -I-A-Q-Q- (SEQ ID NO: 15),
-I-A-Q-K- (SEQ ID NO: 16), -V-A-Q-K- (SEQ ID NO: 17) or is absent.

[0134] In some embodiments of compounds of Formula (II), each instance of nl,
n2, n3, and n4 is zero. In some embodiments, each instance of n4, n6, n7, and n8 i1s zero. In
some embodiments, each instance of n5, n6, n7, and n8 is zero.

[0135] In some embodiments of compounds of Formula (II), at least one of Z! and
Z? is not hydrogen.

[0136] Some embodiments of compounds of Formula (II) include compounds

having the structure of Formula (I1-a):
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o) )
y 'F!

210 TK\NW\/\/\/\/\/ |\Y
o) X

NH

0" 4
k/O\)J\NH
H-YABDEGTFTSDYSIJ'LDU' U?AFVJWLIJPGGPSSGAPPPS-NH,
(SEQ ID NO: 4) (SEQ ID NO: 5)
II-a
or a pharmaceutically acceptable salt thereof.

[0137] In some embodiments of compounds of Formula (II-a) or their
pharmaceutically acceptable salts, Z! is selected from the group consisting of hydrogen, Ci.6
alkyl, haloC1s alkyl, haloC¢ alkoxy, Ci alkoxy, Cs.10 cycloalkyl and Ce-10 aryl; and X and
Y each are —OR*,

[0138] In some embodiments of compounds of Formula (II-a) or their
pharmaceutically acceptable salts, Z' is hydrogen and each R* independently is hydrogen or
Crqparylalkyl.

[0139] In somec cmbodiments of compounds of Formula (II-a) or their
pharmaceutically acceptable salts, each R* is hydrogen.

[0140] In some embodiments of compounds of Formula (II-a) or their
pharmaceutically acceptable salts, Z! is hydrogen and each R* is hydrogen.

[0141] Some embodiments of compounds of Formula (II) include compounds

having the structure of Formula (II-b):
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O

0]
n Ll
O \[(\/\/\/\/\/\/\/\/\/ |\OR4
() C)R4
@)
o N/\/O\/\O

H
NH

O/\/
Lot
O
\)J\NH
H-YAbEGTFTSDYSIJILDU' UPAFVJPWLIJPGGPSSGAPPPS-NH;
(SEQ ID NO: 4) (SEQ ID NO: 5)
II-b

or a pharmaceutically acceptable salt thereof.

[0142] In some embodiments of compounds of Formula (II-b) or their
pharmaceutically acceptable salts, each R* is independently selected from the group consisting
of hydrogen, Ce-10 aryl and Cr.11 arylalkyl.

[0143] In some embodiments of compounds of Formula (II-b) or their
pharmaceutically acceptable salts, each R* is hydrogen.

[0144] Some embodiments include a compound having the structure selected from

the group consisting of:

~ ~
S
N $ !
S S AN N e S N TN I T N LS N
b } PR
~ O
. < AN {M
| 1
N e W0 N . N SO U & N N
(\ ;o N (% \§ ™, 3 At N "Q &
Q o
i
3

HeY ADEOSTETODYS{ABLO-N “r—i RO DAPVOWLIAGH P S35 AR S R &N
&
(SEQ ID NO: 18) (SEQ ID NO: 19)
13
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H-Y ARDEQTFTSOYSIARLURIA {3*5\{ TEeRFVQWLIAQERF SR QARP P SNy

MY REGQTFY

(SEQ ID NO: 20)

14

N g ~ R,
“ NN, ST .
o
¥ ~. o
S N, R S

(SEQ ID NO: 22)

(SEQ ID NO: 23)

15

e
N

Q
R

16
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2 (SEQID NO: 21)

AOYZIALBEVA \,}W?\i \g»—s\ FYQWLIADSGFES S APPSR,
3 G

(SEQ ID NO: 21)

o

H-YABEGTFTSD $“i{w&“~s\ ‘gw@«.i\”'\s'Q‘xS*‘s;;’s\%@:’-’&:&@u ¥

“ (SEQ ID NO: 21)
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Q N ~ N [9) g N oy "~ N Q}*
¥ & i

MY AQREGTETSDYSIFLBRKYA Qi‘:

(SEQ ID NO: 24)
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i
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17
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.
i\ e &N N
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MeY AR ERTFTSD Y 8

e

(SEQ ID NO: 25)
18
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¢

(SEQ ID NO: 27)
19
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~ ™~ o N ~ ~. AN, o
Y ™
NGRS N ~ \(,‘ \_}‘:_A« N N 0 . N ELCON
3
3

Y AREDBYFTRIOYRIABLOR %\Mi_:i;r 7§-~\} AFENWLIRQUGPEEGAPNPE-NY,

(SEQ ID NO: 29) ¥ (SEQ ID NO: 30)
20

M N i~ N - N (}E‘i
g

&
3 W
o 3 o &

Ry Sy \.\g\_,N.\ ey AN SN SR

N o
Hxamﬁ&?grgavagmaaBx?gagf“kgAsvﬂwLiga&wsxag9pssmm%

(SEQ ID NO: 31) “  (SEQID NO: 21)

21

MY RBEGTFTSDYSIABLDKIS w}g}wa FYQWLIAGQPSSGAPP P S~N1,
o
(SEQ ID NO: 32) (SEQ ID NO: 21)

22
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OH

Ho o)

SN
|
H-YABEGTFTSDYSIAbLDKVAQ AFVQWLIRGGPSSGAPPPS-NH;
(SEQ ID NO: 22) (SEQ ID NO: 26)

23

or pharmaceutically acceptable salts thereof.

[0145] The compounds of Formula (II) disclosed herein may be synthesized by
methods described below, or by modification of these methods. Ways of modifying the
methodology include, among others, temperature, solvent, reagents etc., known to those skilled
in the art. In general, during any of the processes for preparation of the compounds disclosed
herein, it may be necessary and/or desirable to protect sensitive or reactive groups on any of
the molecules concerned. This may be achieved by means of conventional protecting groups,
such as those described in Protective Groups in Organic Chemistry (ed. J.F.W. McOmie,
Plenum Press, 1973); and P.G.M. Green, T.W. Wultts, Protecting Groups in Organic Synthesis
(3rd ed.) Wiley, New York (1999), which are both hereby incorporated herein by reference in
their entirety. The protecting groups may be removed at a convenient subsequent stage using
methods known from the art. Synthetic chemistry transformations useful in synthesizing
applicable compounds are known in the art and include e.g. those described in R. Larock,
Comprehensive Organic Transformations, VCH Publishers, 1989, or L. Paquette, ed.,
Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons, 1995, which are both
hereby incorporated herein by reference in their entirety. The routes shown and described
herein are illustrative only and are not intended, nor are they to be construed, to limit the scope

of the claims in any manner whatsoever. Those skilled in the art will be able to recognize
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modifications of the disclosed syntheses and to devise alternate routes based on the disclosures
herein; all such modifications and altcrnate routes arc within the scope of the claims.

[0146] In the following scheme, protecting groups for oxygen atoms are selected
for their compatibility with the requisite synthetic steps as well as compatibility of the
introduction and deprotection steps with the overall synthetic schemes (P.G.M. Green, T.W.
Wautts, Protecting Groups in Organic Synthesis (3rd ed.) Wiley, New York (1999)).

[0147] If the compounds of the present technology contain one or more chiral
centers, such compounds can be prepared or isolated as pure stereoisomers, i.e., as individual
enantiomers or d(l) stereoisomers, or as stercoisomer-enriched mixtures. All such
stereoisomers (and enriched mixtures) are included within the scope of the present technology,
unless otherwise indicated. Pure stereoisomers (or enriched mixtures) may be prepared using,
for example, optically active starting materials or stereoselective reagents well-known in the
art. Alternatively, racemic mixtures of such compounds can be separated using, for example,
chiral column chromatography, chiral resolving agents and the like.

[0148] The starting materials for the following reactions are generally known
compounds or can be prepared by known procedures or obvious modifications thereof. For
example, many of the starting materials are available from commercial suppliers such as
Aldrich Chemical Co. (Milwaukee, Wisconsin, USA), Bachem (Torrance, California , USA),
Emka-Chemce or Sigma (St. Louis, Missouri, USA). Others may be prepared by procedures,
or obvious modifications thereof, described in standard reference texts such as Fieser and
Fieser's Reagents for Organic Synthesis, Volumes 1-15 (John Wiley, and Sons, 1991), Rodd's
Chemistry of Carbon Compounds, Volumes 1-5, and Supplementals (Elsevier Science
Publishers, 1989), Organic Reactions, Volumes 1-40 (John Wiley, and Sons, 1991), March's
Advanced Organic Chemistry, (John Wiley, and Sons, 5th Edition, 2001), and Larock's
Comprehensive Organic Transformations (VCH Publishers Inc., 1989).

[0149] Scheme 1 depicts one method for making compounds according to Formula
(II). The method may include constructing a peptide backbone using solid-phase peptide
synthesis techniques to provide a resin-bound peptide. The side chain of a central lysine
containing a Dde group may then be expanded with a linker comprising two PEG:2 amide
linkers and a isoglutamic acid (or related analog) linker to provide intermediate (II-A). The

method includes a coupling reaction between the amine of the isoglutamic acid (or related
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analog) of intermediate (II-A) and intermediate (II-B) to provide the resin-bound intermediate
(II-C). In formulas (ITI-A) — (II-C), R"” and R*" arc protccted versions of the R! and R? groups
described herein. In one embodiment, the method involves subjecting intermediate (II-C) to
hydrolysis under acidic conditions to remove the resin and protecting groups, followed by
purification to yield the final product (I). The peptide backbones disclosed herein may be
synthesized by solid-phase peptide synthesis techniques, or obvious modifications thereof,
described in Methods in Molecular Biology, 298, Peptide Synthesis and Applications, (ed. J.
Howl, Humana Press, 2005); and Amino Acids, Peptides and Proteins in Organic Chemistry,
Volume 3, Building Blocks, Catalysts and Coupling Chemistry, (ed. A. B. Hughs, Wiley-VCH,

2011) which are both hereby incorporated herein by reference in their entirety.

Scheme 1:
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NH,
R"
A 0
) H ° 0
NH
+
o) 14 OH
K/ \)J\NH
1I-B
H\,l\l o)
BocYABDEGTFTSDYSIJ'LDU! U2AFVJ2WLIJ3GGPSSGAPPPS
(SEQIDNO: 4 (SEQ ID NO: 5)
(SEQ ) A
Coupling
H
R™ NY\/\/\/\/\/\/\/\/\/RZ
o]
o) o)
o H/\/ \/\o
NH
O/\/ o
K/O\)LNH
H\N o)
BocYAibEGTFTSDYSIJ1LD|U1 UZAFVJQWLIJ3GGPSSGAPPPS
(SEQ ID NO: 4) I-C (SEQ ID NO: 5)
TFA
H
Ri N\[(\/\/\/\/\/\/\/\/\/R2
0
o o)
NH
O/\/ o
K/O\)'\NH
H\hll o)
H-YABEGTFTSDYSIJILDU' U2AFVJEZWLIFPGGPSSGAPPPS-NH,
(SEQID NO: 4) I (SEQ ID NO: 5)
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[0150] The above example scheme is provided for the guidance of the reader, and
collectively represent an example method for making the compounds encompasscd herein.
Furthermore, other methods for preparing compounds described herein will be readily apparent
to the person of ordinary skill in the art in light of the following reaction schemes and examples.

Unless otherwise indicated, all variables are as defined above.

Compounds of Formula (IIT)

[0151] Various embodiments ol these compounds include compounds having the
structure of Formula (I1I) as described herein or pharmaceutically acceptable salts thereof. The

structure of Formula (III) encompasses all stereoisomers.

H
R! NT\/\/\/\/\/\/\/\‘(/\)Rz
* n

© @]
. y it
o N/\/ \/\O/\n/ P NH
H
O]
H'Hig\rrEGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-OH
o (SEQ ID NO: 33) H O (SEQ ID NO: 34)

(1I1)
[0152] In some embodiments of compounds of Formula (I11):

R! is selected from the group consisting of —-C(=0)(0Z!), -P(=0)(X)(Y) and a 5-10
membered heteroaryl containing 1-4 heteroatoms selected from N, O and S optionally
substituted with 1-2 R” independently selected from halogen, Ci.6 alkyl, haloCi.6 alkyl, haloC;.
6 alkoxy, —OR?, Cs.10 cycloalkyl, Ce-10 aryl, 5-10 membered heteroaryl and 5-10 membered
heterocyclyl;

R? is selected from the group consisting of —C(=0)(0Z?), -P(=0)(X)(Y) and a 5-10
membered heteroaryl containing 1-4 heteroatoms selected from N, O and S optionally
substituted with 1-2 R” independently selected from halogen, Ci.6 alkyl, haloCi.6 alkyl, haloC;.
6 alkoxy, —OR’, Cs.10 cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10 membered
heterocyclyl;
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each R” may be independently selected from the group consisting of halogen, Ci.6 alkyl,
haloCi alkyl, haloC; alkoxy, Ci alkoxy, Cs-10 cycloalkyl, Ces.10 aryl, 5-10 mecmbered
heteroaryl and 5-10 membered heterocyclyl;

X and Y may each be independently selected from the group consisting of —OR?,
NRR®, Ci.6 alkyl and haloC1. alkyl;

each R* may be independently selected from the group consisting of hydrogen, Ci.¢
alkyl, haloC.¢ alkyl, Ce-10 aryloxy and Ce-10 aryl alkoxy;

each R® may be independently hydrogen or Ci.¢ alkyl;

each R® may be independently hydrogen or Ci.6 alkyl;

Z! and Z* may each be independently selected from the group consisting of hydrogen,
Ci6 alkyl, haloC\ alkyl, haloCi. alkoxy, Ci alkoxy, Cs.1o cycloalkyl and Ce-10 aryl

nis 0,1, 2, 3, or4.

[0153] In some embodiments, at least one of Z' and Z* is not hydrogen.

[0154] Some embodiments of compounds of Formula (III) include compounds

having the structure of Formula (I1I-a):

wag Y
1 N
20 * 5 n X

O

0 N o

O
H'Hig\”*EGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-OH
0 (SEQ ID NO: 33) H O (SEQ ID NO: 34)
(I1I-a)

or pharmaceutically acceptable salts thereof.

[0155] In some embodiments of compounds of Formula (I-a) or their
pharmaceutically acceptable salts, Z! is selected from hydrogen, Ci- alkyl, haloCis alkyl,
haloC. alkoxy, Ci- alkoxy, Cs.1o cycloalkyl and Ce.-10 aryl; and X and Y each are —OR*.

[0156] In some embodiments of compounds of Formula (IllI-a) or their

pharmaceutically acceptable salts, Z' is selected from hydrogen, haloCis alkoxy and Ci
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alkoxy; and each R* may be independently selected from hydrogen, Ce.10 aryloxy and Ce.10 aryl
alkoxy.

[0157] In some embodiments of compounds of Formula (Ill-a) or their
pharmaceutically acceptable salts; Z! is hydrogen and each R* may be independently hydrogen
or Ce-10 aryl alkoxy.

[0158] In some embodiments of compounds of Formula (Ill-a) or their
pharmaceutically acceptable salts, each R* is hydrogen.

[0159] In some embodiments ol compounds of Formula (IllI-a) or their
pharmaceutically acceptable salts, Z! is hydrogen and each R* is hydrogen.

[0160] In some embodiments of compounds of Formula (IllI-a) or their
pharmaceutically acceptable salts, n is 0. In other embodiments, n is 1. In yet other
embodiments, n is 2. In still yet other embodiments, n is 3. In some embodiments, n is 4.

[0161] Some embodiments of compounds of Formula (III) include compounds

having the structure of Formula (I1I-b):

x-B N
vy Y- . 0z?
© O
o ; o
H
O
H-Hi}\rrEGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-0OH
o) (SEQ ID NO: 33) H o) (SEQ ID NO: 34)
(III-b)

or pharmaceutically acceptable salts thereof.

[0162] In some embodiments of compounds of Formula (IlI-b) or their
pharmaceutically acceptable salts; Z* is selected from hydrogen, Ci alkyl, haloCi.¢ alkyl,
haloC 1.6 alkoxy, Ci-6 alkoxy, Cs.10 cycloalkyl and Ce.10 aryl; and X and Y each are —OR*.

[0163] In some embodiments of compounds of Formula (III-b) or their
pharmaceutically acceptable salts; Z? is selected from hydrogen, haloCi.¢ alkoxy and Ci.6
alkoxy; and each R* may be independently selected from hydrogen, Cs.10 aryloxy and Ce.10 aryl
alkoxy.
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[0164] In some embodiments of compounds of Formula (III-b) or their
pharmaccutically acceptable salts; Z? is hydrogen and cach R* may be independently hydrogen
or Ce.10 aryl alkoxy.

[0165] In some embodiments of compounds of Formula (IlI-b) or their
pharmaceutically acceptable salts; each R* is hydrogen.

[0166] In some embodiments of compounds of Formula (1II-b) or their
pharmaceutically acceptable salts; Z* is hydrogen and each R* is hydrogen.

[0167] In some embodiments of compounds of Formula (III-b) or their
pharmaceutically acceptable salts, n is 0. In other embodiments, n is 1. In yet other
embodiments, n is 2. In still yet other embodiments, n is 3. In some embodiments, n is 4.

[0168] Some embodiments of compounds of Formula (III) include compounds

having the structure of Formula (III-c):

o § oL
H
@)
H'Hi?ﬁ*EGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-OH
(SEQ ID NO: 33) H o (SEQ ID NO: 34)

(II-¢)
or pharmaceutically acceptable salts thereof.

[0169] In some embodiments of compounds of Formula (IllI-c) or their
pharmaceutically acceptable salts, X and Y each are —OR*.

[0170] In some embodiments of compounds of Formula (Ill-c) or their
pharmaceutically acceptable salts, each R* may be independently selected from hydrogen, Ce.
10 aryloxy and Ce.10 aryl alkoxy. In some embodiments of compounds of Formula (III-c) or
their pharmaceutically acceptable salts, each R* is hydrogen.

[0171] In some embodiments of compounds of Formula (Ill-c) or their
pharmaceutically acceptable salts, n is 0. In other embodiments, n is 1. In yet other

embodiments, n is 2. In still yet other embodiments, n is 3. In some embodiments, n is 4.
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[0172] Some embodiments include a compound having the structure selected from
the group consisting of:

OH 0
N

P<
OH
o g \n/\/\/\/\/\/\/\/\/éH

o)

o)
o N/\/O\/\O/\n/ N \/\O/\/O\)J\NH
o)

H'Hig\”*EGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-0OH
o (SEQIDNO: 33) H o) (SEQ ID NO: 34)
24
Ho Q7 O
O/’P *N\[(\/\/\/\/\/\/\/\)LOH

H-Hi}\”*EGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-0OH
O (SEQ ID NO: 33) H o (SEQID NO: 34)

25
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Ho M 1 Q
o*" N\n/\/\/\/\/\/\/\/\/ﬁ’\OH
* OH
o)
o
0 N o N
' 92 dadh g NH
H
0
H-HigﬁrEGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-OH
O (SEQID NO: 33) H 5 (SEQIDNO: 34)
26
O g \[(\/\/\/\/\/\/\/\/\/ \~OH
4 OH
0
o N o N
07NN T 0T NH
H 0

H-Hig\”*EGTFTSDVSSYLEGQAA—N EFIAWLVRGR G-OH
O (SEQID NO: 33) H 5 (SEQIDNO:34)

27

and pharmaceutically acceptable salts thereof.

[0173] Some embodiments include a compound wherein “*” indicates a chiral
carbon with “S” configuration.

[0174] Some embodiments include a compound wherein “*” indicates a chiral
carbon with “R” configuration.

[0175] The compounds of Formula (III) disclosed herein may be synthesized by
methods described below, or by modification of these methods. Ways of modifying the
methodology include, among others, temperature, solvent, reagents etc., known to those skilled
in the art. In general, during any of the processes for preparation of the compounds disclosed
herein, it may be necessary and/or desirable to protect sensitive or reactive groups on any of
the molecules concerned. This may be achieved by means of conventional protecting groups,

such as thosc described in Protective Groups in Organic Chemistry (cd. J.F.W. McOmic,
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Plenum Press, 1973); and P.G.M. Green, T.W. Wultts, Protecting Groups in Organic Synthesis
(3rd cd.) Wiley, New York (1999), which arc both hereby incorporated herein by reference in
their entirety. The protecting groups may be removed at a convenient subsequent stage using
methods known from the art. Synthetic chemistry transformations useful in synthesizing
applicable compounds are known in the art and include e.g. those described in R. Larock,
Comprehensive Organic Transformations, VCH Publishers, 1989, or L. Paquette, ed.,
Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons, 1995, which are both
hereby incorporated herein by reference in their entirety. The routes shown and described
herein are illustrative only and are not intended, nor are they to be construed, to limit the scope
of the claims in any manner whatsoever. Those skilled in the art will be able to recognize
modifications of the disclosed syntheses and to devise alternate routes based on the disclosures
herein; all such modifications and alternate routes are within the scope of the claims.

[0176] In the following scheme, protecting groups for oxygen atoms are selected
for their compatibility with the requisite synthetic steps as well as compatibility of the
introduction and deprotection steps with the overall synthetic schemes (P.G.M. Green, T.W.
Watts, Protecting Groups in Organic Synthesis (3rd ed.) Wiley, New York (1999)).

[0177] If the compounds of the present technology contain one or more chiral
centers, such compounds can be prepared or isolated as pure stereoisomers, i.e., as individual
enantiomers or d(l) stereoisomers, or as stereoisomer-enriched mixtures. All such
stereoisomers (and enriched mixtures) are included within the scope of the present technology,
unless otherwise indicated. Pure stereoisomers (or enriched mixtures) may be prepared using,
for example, optically active starting materials or stereoselective reagents well-known in the
art. Alternatively, racemic mixtures of such compounds can be separated using, for example,
chiral column chromatography, chiral resolving agents and the like.

[0178] The starting materials for the following reactions are generally known
compounds or can be prepared by known procedures or obvious modifications thereof. For
example, many of the starting materials are available from commercial suppliers such as
Aldrich Chemical Co. (Milwaukee, Wisconsin, USA), Bachem (Torrance, California , USA),
Emka-Chemce or Sigma (St. Louis, Missouri, USA). Others may be prepared by procedures,
or obvious modifications thereof, described in standard reference texts such as Fieser and

Fieser's Reagents for Organic Synthesis, Volumes 1-15 (John Wiley, and Sons, 1991), Rodd's
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Chemistry of Carbon Compounds, Volumes 1-5, and Supplementals (Elsevier Science
Publishers, 1989), Organic Reactions, Volumes 1-40 (John Wiley, and Sons, 1991), March's
Advanced Organic Chemistry, (John Wiley, and Sons, 5th Edition, 2001), and Larock’s
Comprehensive Organic Transformations (VCH Publishers Inc., 1989).

[0179] In one embodiment, the methods disclosed herein may include constructing
a 31-amino acid peptide backbone using solid-phase peptide synthesis techniques to provide
intermediate (ITI-A). The peptide backbone includes two PEG»> amide linkers. The method
includes an amide coupling reaction between the amine of the terminal PEG: amide of
intermediate (III-A) and an appropriately substituted carboxylic acid (III-B) to provide the
resin-bound intermediate (III-C). In one embodiment, the method involves subjecting
intermediate (III-C) to hydrolysis under acidic conditions followed by purification to yield the
final product (IIT). (Scheme 2).

Scheme 2:
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[0180] The above example scheme is provided for the guidance of the reader, and
collectively represent an example method for making the compounds encompassed herein.
Furthermore, other methods for preparing compounds described herein will be readily apparent
to the person of ordinary skill in the art in light of the following reaction schemes and examples.
Unless otherwise indicated, all variables are as defined above.

Pharmaceutical Compositions

[0181] Some embodiments include pharmaceutical compositions comprising a
compound of Formula (1), (I-a), (I-b), (I-c), (II), (II-a), (II-b), (I1I), (11I-a), (I1I-b), or (1II-¢), or

a pharmaceutically acceptable salt thereof. In some embodiments, the pharmaceutical
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composition comprises one or more permeability enhancer. In some embodiments, the
pharmaccutical composition further comprises an cxcipient. In some cmbodiments, the
pharmaceutical composition is suitable for use as an oral dosage form.

[0182] Compounds that normally cannot be administered orally due to poor oral
bioavailability may be formulated with a permeability enhancer. Permeability enhancers may
increase absorption of an active pharmaceutical ingredient by enhancing membrane
permeation. In some embodiments, the permeability enhancer is present in the pharmaceutical
composition at a weight percentage of about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 12%, 73%,
T4%, 75%, 716%, T7%, T18%, 719%, 80%, 85%, or more, or within a range defined by any two
of the aforementioned weight percentages. For examples, in some embodiments, the
permeability enhancer is present in the pharmaceutical composition a weight percentage of
from about 30% to about 80%, from about 40% to about 80%, from about 50% to about 80%,
from about 50% to about 75%, from about 60% to about 75%, or from about 70% to about
75% percent. In some embodiments, the permeability enhancer is salcaprozate sodium (i.e.,
sodium 8-(2-hydroxybenzamido)octanoate or “SNAC”), sodium caproate (C10), or a
combination thereof. In some embodiments, the permeability enhancer is SNAC. In other
embodiments, the permeability enhancer is C10. In yet other embodiments, the permeability
enhancer is a combination of SNAC and CI10. In some embodiments, the permeability
enhancer is lauroyl-L-carnitine chloride (LCC). In some embodiments, the permeability
enhancer is Labrasol®. Labrasol® contains PEG-8 mono- and diesters of caprylic (C8) and
capric (C10) acids with a small fraction of mono-, di- and triglycerides.

[0183] In some embodiments, the amount of permeability enhancer in the
pharmaceutical compositions described herein is about 1 mg, 5 mg, 10 mg, 20 mg, 30 mg, 40
mg, 50 mg, 60 mg, 70 mg, 80 mg, 90 mg, 100 mg, 110 mg, 120 mg, 130 mg, 140 mg, 150 mg,
160 mg, 170 mg, 180 mg, 190 mg, 200 mg, 210 mg, 220 mg, 230 mg, 240 mg, 250 mg, 260
mg, 270 mg, 280 mg, 290 mg, 300 mg, 310 mg, 320 mg, 330 mg, 340 mg, 350 mg, 360 mg,
370 mg, 380 mg, 390 mg, 400 mg, 410 mg, 420 mg, 430 mg, 440 mg, 450 mg, 460 mg, 470
mg, 480 mg, 490 mg, 500 mg, 510 mg, 520 mg, 530 mg, 540 mg, 550 mg, 560 mg, 570 mg,
580 mg, 590 mg, 600 mg, 610 mg, 620 mg, 630 mg, 640 mg, 650 mg, 660 mg, 670 mg, 680
mg, 690 mg, 700 mg, 710 mg, 720 mg, 730 mg, 740 mg, 750 mg, 760 mg, 770 mg, 780 mg,
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790 mg, 800 mg, 810 mg, 8§20 mg, 830 mg, 840 mg, 850 mg, 860 mg, 870 mg, 880 mg, 890
mg, 900 mg. 910 mg, 920 mg, 930 mg, 940 mg, 950 mg, 960 mg, 970 mg, 980 mg, 990 mg,
1000 mg, or more, or within a range defined by any two of the aforementioned values. For
example, in some embodiments, the amount of permeability enhancer in the pharmaceutical
compositions described herein is from about 1 mg to about 1000 mg, from about 350 mg to
about 900 mg, from about 350 mg to about 800 mg, from about 400 mg to about 800 mg, from
about 400 mg to about 600 mg, or from about 500 mg to about 750 mg. In some embodiments,
the amount of permeability enhancer in the pharmaceutical compositions described herein is
greater than 300 mg, greater than 350 mg, greater than 400 mg, greater than 450 mg, greater
than 500 mg, greater than 550 mg, greater than 600 mg, greater than 650 mg, greater than 700
mg, greater than 750 mg, greater than 800 mg greater than 850 mg, greater than 900 mg, greater
than 950 mg, or greater than 1000 mg.

[0184] In some embodiments, the amount of the compound of Formula (1), (I-a),
(I-b), (I-c), (II), (I1-a), (1I-b), (I1I), (I1I-a), (I1I-b), or (III-c), in the pharmaceutical composition
has a weight percentage of about 0.5%, 0.6%, 0.7%, 0.8%, 0.8%, 0.9%, 1.0%, 1.1%, 1.2%,
1.3%, 1.4%, 1.5%, 1.6%, 1.7%, 1.8%, 1.9%, 2.0%, 2.1%, 2.2%, 2.3%, 2.4%, 2.5%, 2.6%,
2.7%, 2.8%, 2.9%. 3.0%, 3.1%, 3.2%, 3.3%, 3.4%, 3.5%, 3.6%, 3.7%, 3.8%, 3.9%. 4.0%,
4.1%, 4.2%, 4.3%, 4.4%, 4.5%, 4.6%, 4.7%, 4.8%, 4.9%, 5.0%, 5.5%, 6.0%, 6.5%, 7.0%,
7.5%, 8.0%, 8.5%, 9.0%, 9.5%, 10.0%, or higher, or within a range defined by any two of the
aforementioned values. In some embodiments, the amount of the compound of Formula (1),
(I-ra), (I-b), (I-c), (I), (II-a), (II-b), (III), (IlI-a), (III-b), or (Ill-c) in the pharmaceutical
composition is in the range of from about 1.0% to about 5.0%, from about 2.0% to about 4.0%,
from about 3.0% to about 4.0%, or from about 3.5% to about 4.0% by weight. In some
embodiments, the amount of the compound of Formula (I), (I-a), (I-b), (I-c), (II), (II-a), (1I-b),
(1II), (I1I-a), (I1I-b), or (III-c) in the pharmaceutical composition is about 3.6% by weight.

[0185] In some embodiments, the amount of the compound of Formula (I), (I-a),
(I-b), (I-c), (II), (1I-a), (1I-b), (III), (11I-a), (III-b), or (Ill-c), in the pharmaceutical composition
is about 1 mg, 1.5 mg, 2 mg, 2.5 mg, 3 mg, 3.5 mg, 4 mg, 4.5 mg, 5 mg, 5.5 mg, 6 mg, 6.5 mg,
7 mg, 7.5 mg, 8§ mg, 8.5 mg, 9 mg, 9.5 mg, 10 mg, 10.5 mg, 11 mg, 11.5 mg, 12 mg, 12.5 mg,
13 mg, 13.5 mg, 14 mg, 14.5 mg, 15 mg, 15.5 mg, 16 mg, 16.5 mg, 17 mg, 17.5 mg, 18 mg,
18.5 mg, 19 mg, 19.5 mg, 20 mg, 20.5 mg, 21 mg, 21.5 mg, 22 mg, 22.5 mg, 23 mg, 23.5 mg,
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24 mg, 24.5 mg, 25 mg, 25.5 mg, 26 mg, 26.5 mg, 27 mg, 27.5 mg, 28 mg, 28.5 mg, 29 mg,
29.5 mg, 30 mg, 30.5 mg, 31 mg, 31.5 mg, 32 mg, 32.5 mg, 33 mg, 33.5 mg, 34 mg, 34.5 mg,
35 mg, 35.5 mg, 36 mg, 36.5 mg, 37 mg, 37.5 mg, 38 mg, 38.5 mg, 39 mg, 39.5 mg, 40 mg,
40.5 mg, 41 mg, 41.5 mg, 42 mg, 42.5 mg, 43 mg, 43.5 mg, 44 mg, 44.5 mg, 45 mg, 45.5 mg,
46 mg, 46.5 mg, 47 mg, 47.5 mg, 48 mg, 48.5 mg, 49 mg, 49.5 mg, 50 mg, or more, or within
arange defined by any two of the aforementioned values. For example, in some embodiments,
the amount of the compound of Formula (I), (I-a), (I-b), (I-c), (II), (1I-a), (II-b), (III), (1II-a),
(III-b), or (III-c), in the pharmaceutical composition is from about 1 mg to about 30 mg, {rom
about 5 mg to about 25 mg, from about 10 mg to about 20 mg, from about 10 mg to about 30
mg, or from about 20 mg to about 30 mg.

[0186] In some embodiments, the amount of Compound 4 in the pharmaceutical
composition is about 1 mg, 1.5 mg, 2 mg, 2.5 mg, 3 mg, 3.5 mg, 4 mg, 4.5 mg, 5 mg, 5.5 mg,
6 mg, 6.5 mg, 7 mg, 7.5 mg, 8 mg, 8.5 mg, 9 mg, 9.5 mg, 10 mg, 10.5 mg, 11 mg, 11.5 mg, 12
mg, 12.5 mg, 13 mg, 13.5 mg, 14 mg, 14.5 mg, 15 mg, 15.5 mg, 16 mg, 16.5 mg, 17 mg, 17.5
mg, 18 mg, 18.5 mg, 19 mg, 19.5 mg, 20 mg, 20.5 mg, 21 mg, 21.5 mg, 22 mg, 22.5 mg, 23
mg, 23.5 mg, 24 mg, 24.5 mg, 25 mg, 25.5 mg, 26 mg, 26.5 mg, 27 mg, 27.5 mg, 28 mg, 28.5
mg, 29 mg, 29.5 mg, 30 mg, 30.5 mg, 31 mg, 31.5 mg, 32 mg, 32.5 mg, 33 mg, 33.5 mg, 34
mg, 34.5 mg, 35 mg, 35.5 mg, 36 mg, 36.5 mg, 37 mg, 37.5 mg, 38 mg, 38.5 mg, 39 mg, 39.5
mg, 40 mg, 40.5 mg, 41 mg, 41.5 mg, 42 mg, 42.5 mg, 43 mg, 43.5 mg, 44 mg, 44.5 mg, 45
mg, 45.5 mg, 46 mg, 46.5 mg, 47 mg, 47.5 mg, 48 mg, 48.5 mg, 49 mg, 49.5 mg, 50 mg, or
more, or within a range defined by any two of the aforementioned values. For example, in
some embodiments, the amount of Compound 4 in the pharmaceutical composition is from
about 1 mg to about 30 mg, from about 5 mg to about 25 mg, from about 10 mg to about 20
mg, from about 10 mg to about 30 mg, or from about 20 mg to about 30 mg.

[0187] In some embodiments, the amount of Compound 4 in the pharmaceutical
composition is from about 5 mg to about 30 mg and the amount of SNAC is from about 350
mg to about 1000 mg. In some embodiments, the amount of Compound 4 in the pharmaceutical
composition is from about 10 mg to about 30 mg and the amount of SNAC is from about 400
mg to about 800 mg. In some embodiments, the amount of Compound 4 in the pharmaceutical
composition is from about 15 mg to about 25 mg and the amount of SNAC is from about 450

mg to about 750 mg. In some embodiments, the amount of Compound 4 in the pharmaceutical
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composition is about 20 mg to and the amount of SNAC is about 450 mg. In some
cmbodiments, the amount of Compound 4 in thc pharmaccutical composition is about 25 mg
to and the amount of SNAC is about 500 mg.

[0188] In some embodiments, the mass ratio of the permeability enhancer to the
compound of Formula (I), (I-a), (I-b), (I-c), (I), (I1I-a), (II-b), (III), (III-a), (I1II-b), or (IIl-c) in
the pharmaceutical composition is about 1:1, 2:1, 3:1, 5:1, 10:1, 15:1, 16:1, 17:1, 18:1, 19:1,
20:1,20.5:1,,21:1, 21.5:1, 22:1, 22.5:1, 23:1, 23.5:1, 24:1, 24.5:1, 25:1, 26:1, 27:1, 28:1, 29:1,
30:1, 35:1, 40:1, 45:1, 50:1, or more, or within a range defined by any two ol the
aforementioned ratios. For example, in some embodiments, the mass ratio of the permeability
enhancer to the compound of Formula (I), (I-a), (I-b), (I-c), (II), (II-a), (1I-b), (I11), (IlI-a), (I1I-
b), or (III-¢) in the pharmaceutical composition is from about 1:1 to about 50:1, from about
10:1 to about 25:1, from about 15:1 to about 25:1, or from about 20:1 to about 25:1.

[0189] In some embodiments, the pharmaceutical compositions described herein
include one or more additional pharmaceutically-acceptable excipient(s). The term
“pharmaceutically acceptable excipient,” as used herein, includes but is not limited to solvents,
dispersants, coatings, antimicrobial bacterial agents, adjuvants, isotonic and absorption
delaying agents and the like. In some embodiments, the pharmaceutically-acceptable
excipients include sugars, such as lactose, glucose and sucrose; starches, such as corn starch
and potato starch; cellulose and its derivatives, such as microcrystalline cellulose, sodium
carboxymethyl cellulose, ethyl cellulose, and methyl cellulose; powdered tragacanth; malt;
gelatin; talc; binders such as polyvinylpyrrolidinone (PVP) polyvinyl alcohols, polyethylene
glycol, cellulose and derivatives of cellulose (such as methyl cellulose, ethyl cellulose, hydroxy
propyl cellulose), polyvinyl alcohol; solid lubricants, such as stearic acid, silicon dioxide and
magnesium stearate; calcium sulfate; vegetable oils, such as peanut oil, cottonseed oil, sesame
oil, olive oil, and corn oil; polyols such as propylene glycol, glycerine, sorbitol, mannitol, and
polyethylene glycol; alginic acid; emulsifiers and surfactants, such as the TWEENS; wetting
agents, such sodium lauryl sulfate; coloring agents; flavoring agents; tableting agents,
stabilizers; antioxidants; preservatives such as benzalkonium chloride, PHMB, chlorobutanol,
thimerosal, phenylmercuric, and phenylmercuric nitrate; tonicity adjustors such as sodium
chloride, potassium chloride, mannitol and glycerin; vehicles such as polyvinyl alcohol,

povidone, hydroxypropyl methyl cellulose, poloxamers, carboxymethyl cellulose, and
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hydroxyethyl cellulose; and pyrogen-free water. In some embodiments, the pharmaceutically-
acccptable cxcipient(s) arc sclected based on the route of administration and can include solid
or liquid fillers, binders, diluents, hydrotropies, surface-active agents, and encapsulating
substances. For example, in the case of intravenous administration, excipients may include
gelatin; carbohydrates such as dextrose, mannitol, and dextran; and antioxidants such as
sodium bisulfite, acetone sodium bisulfite, sodium formaldehyde, sulfoxylate, thiourea, and
EDTA. In some embodiments, the pharmaceutically-acceptable excipient(s) include
antimicrobial agents such as phenylmercuric nitrate, thimerosal, benzethonium chloride,
benzalkonium chloride, phenol, cresol, and chlorobutanol. Additional examples of suitable
pharmaceutically-acceptable excipient(s) are described in Powell, et al., Compendium of
Excipients for Parenteral Compositions, PDA J Pharm Sci and Tech 1998, 52 238-311 and
Nema et al., Excipients and Their Role in Approved Injectable Products: Current Usage and
Future Directions, PDA J Pharm Sci and Tech 2011, 65 287-332, each of which are
incorporated herein by reference in their entirety.

[0190] In some embodiments, the pharmaceutical compositions described herein
may comprise the compound of Formula (1), (I-a), (I-b), (I-c), (II), (1I-a), (II-b), (III), (1II-a),
(III-b), or (IlI-c) and SNAC. In some such embodiments, the pharmaceutical compositions
may further comprise microcrystalline cellulose, polyvinylpyrrolidinone (PVP),
polyvinylpyrrolidinone-vinyl acetate copolymer (PVP-VA), magnesium stearate, or a
combination thereof.

[0191] In some embodiments, the pharmaceutical compositions described herein
may comprise the compound of Formula (1), (I-a), (I-b), (I-c), (II), (II-a), (II-b), (III), (I1I-a),
(III-b), or (III-c) and C10. In some such embodiments, the pharmaceutical compositions may
further =~ comprise  microcrystalline  cellulose,  polyvinylpyrrolidinone (PVP),
polyvinylpyrrolidinone-vinyl acetate copolymer (PVP-VA), magnesium stearate, or a
combination thereof.

[0192] In some embodiments, the pharmaceutical compositions described herein
may comprise the compound of Formula (1), (I-a), (I-b), (I-c), (I), (II-a), (II-b), (III), (I1I-a),
(IIT-b), or (Ill-c) and a combination of SNAC and C10. In some such embodiments, the

pharmaceutical compositions may further comprise microcrystalline cellulose,
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polyvinylpyrrolidinone (PVP), polyvinylpyrrolidinone-vinyl acetate copolymer (PVP-VA),
magnesium stearate, or a combination thercof.

[0193] In some embodiments, the pharmaceutical compositions described herein
may comprise microcrystalline cellulose in an amount of about 5%, 10%, 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%, 41%, 48%, 49%,
50%, or more by weight, or within a range defined by any two of the aforementioned
percentages. For example, the pharmaceutical compositions described herein may comprise
about from 10% to 50%, 10% to 40%, 10% to 30%, 15% to 30%, 15% to 25%, or 15% to 20%
by weight microcrystalline cellulose. In some embodiments, the pharmaceutical compositions
described herein comprised about 19.4% microcrystalline cellulose by weight.

[0194] In some embodiments, the pharmaceutical compositions described herein
may comprise polyvinylpyrrolidinone in an amount of about 0.5%, 1.0%, 1.1%, 1.2%, 1.3%,
1.4%, 1.5%, 1.6%, 1.7%, 1.8%, 1.9%, 2.0%, 2.1%, 2.2.%, 2.3%, 2.4%, 2.5%, 2.6%, 2.7%,
2.8%,2.9%, 3.0%, 3.1%, 3.2%, 3.3%, 3.4%, 3.5%, 3.6%, 3.7%, 3.8%, 3.9%, 4.0%, 4.5%, or
5.0% by weight, or within a range defined by any two of the aforementioned percentages. For
example, the pharmaceutical compositions described herein may comprise from about 1.0% to
about 5.0%, from about 1.0% to about 4.0%, from about 1.0% to about 3.0%, from about 1.5%
to about 3.0%, from about 1.5% to about 2.5%, or from about 1.5% to about 2.0% by weight
polyvinylpyrrolidinone. In some embodiments, the pharmaceutical compositions described
herein comprised about 1.9% polyvinylpyrrolidinone by weight.

[0195] In some embodiments, the pharmaceutical compositions described herein
may comprise magnesium stearate in an amount of about 0.5%, 1.0%, 1.1%, 1.2%, 1.3%, 1.4%,
1.5%, 1.6%, 1.7%, 1.8%, 1.9%, 2.0%, 2.1%, 2.2.%, 2.3%, 2.4%, 2.5%, 2.6%, 2.7%, 2.8%,
2.9%, 3.0%, 3.1%, 3.2%, 3.3%, 3.4%, 3.5%, 3.6%, 3.7%, 3.8%, 3.9%, 4.0%, 4.5%, or 5.0%
by weight, or within a range defined by any two of the aforementioned percentages. For
example, the pharmaceutical compositions described herein may comprise from about 1.0% to
about 5.0%, from about 1.0% to about 4.0%, from about 1.0% to about 3.0%, from about 1.5%
to about 3.0%, from about 1.5% to about 2.5%, or from about 1.5% to about 2.0% by weight
magnesium stearate. In some embodiments, the pharmaceutical compositions described herein

comprised about 2.3% magnesium stearate by weight.
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[0196] In some embodiments, the pharmaceutical compositions described herein
may comprisc a disintegrant. In somc embodiments, the pharmaccutical composition may
comprise a disintegrant in an amount of 0.5%, 1.0%, 1.1%, 1.2%, 1.3%, 1.4%, 1.5%, 1.6%,
1.7%, 1.8%, 1.9%, 2.0%, 2.1%, 2.2.%, 2.3%, 2.4%, 2.5%, 2.6%, 2.7%, 2.8%, 2.9%, 3.0%,
3.1%, 3.2%, 3.3%, 3.4%, 3.5%. 3.6%, 3.7%, 3.8%, 3.9%, 4.0%, 4.5%, or 5.0% by weight, or
within a range defined by any two of the aforementioned percentages. For example, the
pharmaceutical compositions described herein may comprise from about 1.0% to about 5.0%,
from about 1.0% to about 4.0%, [rom about 1.0% to about 3.0%, from about 1.5% to about
3.0%, from about 1.5% to about 2.5%, or from about 1.5% to about 2.0% by weight
disintegrant. In some embodiments, the pharmaceutical compositions described herein
comprised about 1.9% disintegrant by weight. In some embodiments, the disintegrant may be
croscarmellose sodium (e.g., primellose, AcDiSol)). In some embodiments, the disintegrant
may be sodium alginate. In some embodiments, the disintegrant may be crospovidone. In
some embodiments, the disintegrant may be sodium starch glycolate.

[0197] In some embodiments, the pharmaceutical compositions described herein
may comprise from about 1.0 to about 5.0% by weight of the of compound of Formula (I), (I-
a), (I-b), (I-c), D), (II-a), (II-b), (1II), (1II-a), (III-b), or (III-¢); from about 50% to about 80%
by weight salcaprozate sodium; from about 10% to about 30% by weight microcrystalline
cellulose; from about 1.0% to about 3.0% by weight polyvinylpyrrolidinone; and from about
1.0% to about 3.0% by weight magnesium stearate. In some such embodiments,
pharmaceutical composition comprises: about 3.6% by weight of the compound of Formula
(1), (I-a), (I-b), (I-c), (II), (II-a), (II-b), (I11), (IlI-a), (I1I-b), or (1II-c); about 72.7% by weight
salcaprozate sodium; about 19.4% by weight microcrystalline cellulose; about 1.9% by weight
polyvinylpyrrolidinone; and about 2.3% by weight magnesium stearate. In other such
embodiments, pharmaceutical composition comprises: about 3.2% by weight of the compound
of Formula (1), (I-a), (I-b), (I-c), (II), (II-a), (II-b), (III), (I11I-a), (III-b), or (Ill-c); about 71.1%
by weight salcaprozate sodium; about 21.1% by weight microcrystalline cellulose; about 2.1%
by weight polyvinylpyrrolidinone; and about 2.6% by weight magnesium stearate.

[0198] The pharmaceutical compositions include a therapeutically effective dosage
or amount of a compound of Formula (1), (I-a), (I-b), (I-c), (II), (1I-a), (II-b), (I1I), (1I-a), (I11-

b), or (Ill-c). The term “therapeutically effective dosage” or *‘therapeutically effective
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amount,” as used herein, is dependent on the subject and disease state being treated, the severity
of the affliction, the manncr and schedule of administration and the judgment of the prescribing
physician. In some embodiments, the therapeutically effective dosage may be a daily dosage
from about 0.0125 mg/kg to about 120 mg/kg or more of body weight, from about 0.025 mg/kg
or less to about 70 mg/kg, from about 0.05 mg/kg to about 50 mg/kg of body weight, or from
about 0.075 mg/kg to about 10 mg/kg of body weight. Thus, for administration to a 70 kg
person, the dosage range would be from about 0.88 mg per day to about 8000 mg per day, from
about 1.8 mg per day or less to about 7000 mg per day or more, from about 3.6 mg per day to
about 6000 mg per day, from about 5.3 mg per day to about 5000 mg per day, or from about
11 mg to about 3000 mg per day. In some embodiments, the therapeutically effective dosage
is from about 0.001 mg/kg, 0.005 mg/kg, 0.01 mg/kg, 0.05 mg/kg, 0.1 mg/kg, 0.12 mg/kg, 0.14
mg/kg, 0.15 mg/kg, 0.16 mg/kg, 0.18 mg/kg, 0.19 mg/kg, 0.20 mg/kg, 0.21 mg/kg, 0.22 mg/kg,
0.24 mg/kg, 0.25 mg/kg, 0.26 mg/kg, 0.28 mg/kg, 0.3 mg/kg, 0.5 mg/kg, 1 mg/kg, 2 mg/kg, 3
mg/kg, 5 mg/kg, 10 mg/kg, 25 mg/kg, 50 mg/kg, 100v, 200 mg/kg, 500 mg/kg, or ranges
including and/or spanning the aforementioned values. In some embodiments, the
therapeutically effective dosage is from about 0.01 mg/kg to about 5 mg/kg. In some
embodiments, the therapeutically effective dosage is from about 0.05 mg/kg to about 1 mg/kg.
In some embodiments, the therapeutically effective dosage is from about 0.15 mg/kg to about
0.25 mg/kg.

[0199] The pharmaceutical compositions can be administered with a route of
administration including, but not limited to, enteral, intravenous, oral, intraarticular,
intramuscular, subcutaneous, intraperitoneal, epidural, intranasal, topical, intrapulmonary,
vaginal, rectal, transdermal, and transmucosal. In some embodiments, the route of
administration selected from the group consisting of enteral, intravenous, oral, intraarticular,
intramuscular, subcutaneous, intraperitoneal, epidural, transdermal, and transmucosal. In
some embodiments, the pharmaceutical compositions are administered subcutaneously. In
some embodiments, the pharmaceutical compositions are administered intravenously. In some
embodiments, the pharmaceutical compositions are administered orally.

[0200] The pharmaceutical compositions can be provided in a dosage form. In
some embodiments, the dosage form is a solid. The solid dosage forms include tablets,

capsules, granules and bulk powders. In some embodiments, the solid dosage form is a tablet.
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[0201] In some embodiments, the pharmaceutical compositions are administered
to a subject that is a mammal. In some such cmbodiments, the pharmaccutical compositions
are administered to a subject that is a human.

Methods of Preparing Dosage Forms

[0202] The pharmaceutical compositions may be formulated into an oral dosage
form. In some embodiments, the oral dosage form may be a tablet. In some such embodiments,
the tablet may be enterically coated.

[0203] In some embodiments, tablets may be prepared using a dry granulation
method. In some embodiments, the method comprises the steps of: (i) combining the
permeability enhancer and magnesium stearate to form first granules; (ii) combining
microcrystalline cellulose, the compound of Formula (I), (I-a), (I-b), (I-c), (II), (1I-a), (1I-b),
(11D, (I1I-a), (III-b), or (III-c), and polyvinylpyrrolidinone to form second granules; (iii)
combining the first granules and the second granules to form a mixture; (iv) adding magnesium
stearate to the mixture to form third granules; and (v) pressing the third granules into tablets.
In some embodiments, the permeability enhancer is SNAC. In some embodiments, the
compound is Compound 4.

[0204] In some embodiments, tablets may be prepared using a wet granulation
method. In some embodiments, the method comprises the steps of: (i) combining
microcrystalline cellulose and compound disclosed therein in a first vessel; (i) combining
polyvinylpyrrolidinone and water in a second vessel;(iii) adding the contents of the first vessel
to the second vessel to form wet granules; (iv) drying the wet granules to form dry granules;
(v) combining the dry granules with magnesium stearate; and (vi) pressing the resulting
mixture of step (v) into granules.

[0205] In some embodiments, tablets may be prepared by a spray-dried dispersion
method. For example, in some embodiments, the compound disclosed herein may be combined
with a polymer including but not limited to hydroxypropylmethylcellulose acetate succinate
type M (HPMCAS-M); hydroxypropylmethylcellulose acetate succinate type L (HPMCAS-
L); (polyvinylpyrrolidinone-vinyl acetate copolymer (PVP-VA64); Eudragit ® L100, or any
combination thereof, in a solvent to form a solution for spray drying. The solutions are then

dried with a heated nitrogen stream and collected using a cyclone. The spray dried matier is
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then combined with microcrystalline cellulose, magnesium stearate, and additional fillers and
disintegrants, and presscd into tablets.

[0206] In some embodiments, tablets may be prepared by a wet granulation
method. In some embodiments, the compound disclosed herein is combined with
microcrystalline cellulose and hydroxypropyl cellulose. In some embodiments, the mixture of
materials 1s wet granulated using purified water as the granulation liquid and then dried.
Thereafter, the dried granulate is milled and blended. A lubricant (e.g., magnesium stearate)

may then be added to the blended mixture, and the resulting mixture compressed into tablets.

Methods of Treatment

[0207] The pharmaceutical compositions disclosed herein include compounds or
their tautomers and/or pharmaceutically acceptable salts thereof that can effectively act as
GIP/GLP1 dual receptor agonists. The pharmaceutical compositions further comprise one or
more pharmaceutically acceptable carriers and one or more pharmaceutically acceptable
diluents.

[0208] Some embodiments provide a method of preventing, treating, or
ameliorating one or more fatty liver diseases in a subject. In some embodiments, the method
includes administering one or more of the pharmaceutical compositions disclosed herein to a
subject in need thereof.

[0209] Some embodiments provide a method preventing, treating, or ameliorating
steatosis, non-alcoholic steatohepatitis and non-alcoholic fatty liver disease. In some
embodiments, the method includes administering one or more of the pharmaceutical
compositions disclosed herein to a subject in need thereof.

[0210] In some embodiments, the method of administering one or more of the
pharmaceutical compositions disclosed herein results in the prevention, treatment, or
amelioration, of a fibrosis, fibrotic condition, or fibrotic symptoms.

[0211] In some embodiments, the pharmaceutical compositions described herein
can be used to treat a host of conditions arising from fibrosis or inflammation, and specifically
including those associated with myofibroblast differentiation. Example conditions include
progressive liver fibrosis (alcoholic, viral, autoimmune, metabolic and hereditary chronic

disease), renal fibrosis (e.g., resulting from chronic inflammation, infections or type 1I
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diabetes), lung fibrosis (idiopathic or resulting from environmental insults including toxic
particles, sarcoidosis, asbestosis, hypersensitivity pnecumonitis, bacterial infections including
tuberculosis, medicines, etc.), interstitial fibrosis, systemic scleroderma (autoimmune disease
in which many organs become fibrotic), macular degeneration (fibrotic disease of the eye),
pancreatic fibrosis (resulting from, for example, alcohol abuse and chronic inflammatory
disease of the pancreas), fibrosis of the spleen (from sickle cell anemia, other blood disorders),
cardiac fibrosis (resulting from infection, inflammation and hypertrophy), mediastinal fibrosis,
myelofibrosis, endomyocardial fibrosis, retroperitoneal {ibrosis, progressive massive [ibrosis,
nephrogenic systemic fibrosis, diabetic nephropathy, non-alcoholic steatohepatitis, primary
sclerosing cholangitis, corneal fibrosis, liver cirrhosis, fibrotic complications of surgery,
chronic allograft vasculopathy and/or chronic rejection in transplanted organs, ischemic
reperfusion injury associated fibrosis, injection fibrosis, cirrhosis, diffuse parenchymal lung
disease, post-vasectomy pain syndrome, and rheumatoid arthritis diseases or disorders.

[0212] In some embodiments, the method of administering one or more of the
pharmaceutical compositions disclosed herein results in the reduction in the amount of
extracellular matrix proteins present in one or more tissues of said subject.

[0213] In some embodiments, the method of administering one or more of the
pharmaceutical compositions disclosed herein results in the reduction in the amount of
collagen present in one or more tissues of said subject.

[0214] In some embodiments, the method of administering one or more of the
pharmaceutical compositions disclosed herein results in the reduction in the amount of Type I,
Type Ia, or Type III collagen present in one or more tissues of said subject.

[0215] Some embodiments provide a method of preventing, treating, or
ameliorating one or more of liver fibrosis, renal fibrosis, biliary fibrosis, pancreatic fibrosis,
nonalcoholic steatohepatitis, non-alcoholic fatty liver disease, chronic kidney disease, diabetic
kidney disease, primary sclerosing cholangitis, primary biliary cirrhosis, or idiopathic fibrosis
in a subject. In some embodiments, the method includes administering one or more of the
pharmaceutical compositions disclosed herein to a subject in need thereof.

[0216] Some embodiments provide a method of preventing, treating, or
ameliorating one or more of nonalcoholic steatohepatitis, non-alcoholic fatty liver disease,

chronic kidney disease, diabetic kidney disease, primary sclerosing cholangitis, or primary
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biliary cirrhosis in a subject. In some embodiments, the method includes administering one or
morc of the pharmaccutical compositions disclosed herein to a subject in need thereof.,

[0217] Some embodiments provide a method of preventing, treating, or
ameliorating one or more metabolic disorders or metabolic syndromes. In some embodiments,
said disease or disorder is atherosclerosis, diabetes, hyperglycemic diabetes, type 2 diabetes
mellitus, dyslipidemia, hypercholesterolemia, hyperlipidemia, hypertension, hypoglycemia,
obesity, hypothalamic obesity, or prader-willi syndrome. In some embodiments, the method
includes administering one or more of the pharmaceutical compositions disclosed herein to a
subject in need thereof.

[0218] In some embodiments, the method of administering one or more of the
pharmaceutical compositions disclosed herein results in the activation of a glucose-dependent
insulinotropic polypeptide (GIP) receptor. In some embodiments, the method of administering
one or more of the pharmaceutical compositions disclosed herein results in the activation of a
glucagon-like peptide-1 (GLP-1) receptor. In some embodiments, the method of administering
one or more of the pharmaceutical compositions disclosed herein results in the activation of
the GIP receptor and the GLP-1 receptor.

[0219] Some embodiments include co-administering a pharmaceutical
composition and/or a compound, or pharmaceutically acceptable salt thereof, described herein,
with an additional medicament. By “co-administration,” it is meant that the two or more agents
may be found in the patient’s bloodstream at the same time, regardless of when or how they
are actually administered. In one embodiment, the agents are administered simultaneously. In
one such embodiment, administration in combination is accomplished by combining the agents
in a single dosage form. In another embodiment, the agents are administered sequentially. In
one embodiment the agents are administered through the same route, such as orally. In another
embodiment, the agents are administered through different routes, such as one being
administered subcutaneously, another being administered orally and another being
administered 1.v.

[0220] To further illustrate this disclosure, the following examples are included.
The examples should not, of course, be construed as specifically limiting the disclosure.
Variations of these examples within the scope of the claims are within the purview of one

skilled in the art and are considered to fall within the scope of the disclosure as described, and
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claimed herein. The reader will recognize that the skilled artisan, armed with the present
disclosure, and skill in the art is able to preparc and usc the disclosurc without exhaustive
examples. The following examples will further describe the present disclosure, and are used

for the purposes of illustration only, and should not be considered as limiting.

EXAMPLES

General procedures

[0221] It will be apparent to the skilled artisan that methods for preparing
precursors and functionality related to the compounds claimed herein are generally described
in the literature. In these reactions, it is also possible to make use of variants which are
themselves known to those of ordinary skill in this art, but are not mentioned in greater detail.
The skilled artisan given the literature and this disclosure is well equipped to prepare any of
the compounds.

[0222] It is recognized that the skilled artisan in the art of organic chemistry can
readily carry out manipulations without further direction, that is, it is well within the scope and
practice of the skilled artisan to carry out these manipulations. These include reduction of
carbonyl compounds to their corresponding alcohols, oxidations, acylations, aromatic
substitutions, both electrophilic and nucleophilic, etherifications, esterification and
saponification and the like. These manipulations are discussed in standard texts such as March
Advanced Organic Chemistry (Wiley), Carey and Sundberg, Advanced Organic Chemistry
(incorporated herein by reference in their entirety) and the like. All the intermediate
compounds of the present disclosure were used without further purification unless otherwise
specified.

[0223] The skilled artisan will readily appreciate that certain reactions are best
carried out when other functionality is masked or protected in the molecule, thus avoiding any
undesirable side reactions and/or increasing the yield of the reaction. Often the skilled artisan
utilizes protecting groups to accomplish such increased yields or to avoid the undesired
reactions. These reactions are found in the literature and are also well within the scope of the
skilled artisan. Examples of many of these manipulations can be found for example in T.
Greene and P. Wuts Protecting Groups in Organic Synthesis, 4" Ed., John Wiley & Sons

(2007), incorporated herein by reference in its entirety.
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[0224] The following example schemes are provided for the guidance of the reader,
and rcpresent preferred methods for making the compounds cxemplified herein. These
methods are not limiting, and it will be apparent that other routes may be employed to prepare
these compounds. Such methods specifically include solid phase based chemistries, including
combinatorial chemistry. The skilled artisan is thoroughly equipped to prepare these
compounds by those methods given the literature and this disclosure. The compound
numberings used in the synthetic schemes depicted below are meant for those specific schemes
only, and should not be construed as or confused with same numberings in other sections of
the application.

[0225] Trademarks used herein are examples only and reflect illustrative materials
used at the time of the disclosure. The skilled artisan will recognize that variations in lot,
manufacturing processes, and the like, are expected. Hence the examples, and the trademarks
used in them are non-limiting, and they are not intended to be limiting, but are merely an
illustration of how a skilled artisan may choose to perform one or more of the embodiments of
the disclosure.

[0226] The following abbreviations have the indicated meanings:

Az = lambda z (the apparent elimination rate constant)

AUC = area under the plasma concentration versus time curve
AUCLy = AUC from time O to the time of the last quantifiable concentration
AUCus = AUC from time 0 extrapolated to infinity

Aib = aminoisobutyric acid

BLQ = below limit of quantification

Cimax = maximum observed concentration, occurring at Tmax

CL/F = total body clearance following extravascular administration
CV% = percent coefficient of variation

DMF = dimethylformamide

HPLC = high-performance liquid chromatography

LC-MS/MS = liquid chromatography tandem mass spectrometry
LLOQ = lower limit of quantification

N = number of samples with numerical values

NMR = nuclear magnetic resonance
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PCC = pyridinium chlorochromate

PEG = polyethylene glycol

PK = pharmacokinetics

PO = oral administration

PVP = polyvinylpyrrolidinone

PVP-VA = polyvinylpyrrolidinone-vinyl acetate copolymer
R? = correlation coefficient of regression

Tmax = time at which Cpax occurred

ti2 = half-life

V./F = volume of distribution following extravascular administration

[0227] The following example schemes are provided for the guidance of the reader,
and collectively represent an example method for making the compositions provided herein.
Furthermore, other methods for preparing compositons described herein will be readily
apparent to the person of ordinary skill in the art in light of the following reaction schemes and

examples. Unless otherwise indicated, all variables are as defined above.

EXAMPLE 1
Synthesis of Intermediate 1 (INT 1)

[0228] Methyl 7-bromoheptanoate was reacted with triphenylphosphine to form
the corresponding phosphonium bromide salt. The thoroughly dried salt was treated with one
equivalent of NaHMDS to make an ylide, which was reacted immediately in a Wittig reaction
with the aldehyde from PCC oxidation of 12-bromo-1-dodecanol. The resulting alkene was
purified by silica gel chromatography to give a pale yellow oil. The alkene was hydrogenated,
and the bromoester could be trituated with methanol to afford an off-white solid. The bromide
was displaced dibenzyl phosphite in weak base to afford a phosphonate ester, which was
purified by chromatography. Hydrolysis of the methyl ester in LiOH provided desired INT-1,
which could be precipitated from aqueous HCI1 at pH 2. The final product could be obtained
in 10-100-gram batches with >99% purity by HPLC with satisfactory MS (m/z 559.3) and
NMR data. The key *'P signal for the phosphonate ester of INT-1 appears at 33.3 ppm in
DMSO-ds.
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1. NaHMDS, THF

/\/\/\)O]\ PPh; ® 0 (1:1 BuLi:phosphonium)
Br OMe /\\/A\/”\«JLOMe

PhsP
MeCN 8 o
Br
2.04 eq.
PCC in THF
B S
CH,Cl,
9
P 0
BnO |\OBn 0O H2
H BTW - BrWOM
14 OMe 8 e
Et4NI Pd-C
052C03
DMF
('F?, 0O LiOH (IF?\/\(\/)/\)?\
BnO”~ |\/\ﬁ’ﬁ4\)J\OMe ~  BnO”| 14 OH
OBn H,0, THF OBn
INT 1
EXAMPLE 2

Synthesis of Peptide Backbones

[0229] Each 39-amino acid peptide backbone was constructed using Fmoc solid
phase peptide synthesis techniques with diimide, HATU, or HBTU activation for amide
linkage synthesis on a Rink resin. Reagent selection varied based on the identity of the amino
acids being connected. The lysine at lysine-16, lysine-19, or lysine-20 was protected with a
Dde protecting group. Upon completion of the complete backbone, the aminoalkyl sidechain
of lysine-16, lysine-19, or lysine-20 was extended with two PEG2 amide linkers followed by
an isoglutamic acid residue. Specifically, the Dde group on the lysine was cleaved. The
deprotected amino group on the lysine was then coupled to a Boc-protected PEG2 group having

the following structure:

0]
//Jl\\\///o H
HO \/\O/\/ \Boc

[0230] After removing the Boc group, a second PEG> was added. Finally, after
removing the second PEG: Boc group, Fmoc-protected isoglutamate was coupled to the second

PEG:. The Fmoc group was then removed.
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[0231] The entire backbone and sidechain on lysine-16, lysine-19, or lysine-20 was

synthesized before coupling to INT-1. Accordingly, prior to INT-1 coupling, the following

intermediates were obtained.

[0232] The aminoalkyl sidechain of lysine-16 was extended as noted above to
prepare peptide 13BB.

0] OfBu
(@)
Y\INHz
NH

J )

0 g
o™ Mmooy
0

Boc-Y-Aib-E-G-T-F-T-S-D-Y-8|-Ab-L-D—N -A-Q-Q-A-F-V-Q-W-L-I-A-G-G-P-S-§-G-A-P-P-P-S(Resin
(SEQ ID NO: 18) O (SEQID NO: 19)

13BB

[0233] The aminoalkyl sidechain of side-chain of lysine-20 was extended to
prepare peptides 14BB, 15BB, 16BB, 17BB, 18BB, 19BB, 21BB, and 22BB.

OtBu

NH,

0
0 N/\/O\/\O

O/\/Ng

oL,

BocYADEGTFTSDYSIAbLDRIAQ—N
(SEQ ID NO: 20)

AFVOWLIAGGPSSGAPPPS—CResin)

¥ (SEQIDNO: 21)
14BB
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-70-



WO 2024/192219 PCT/US2024/019883

OtBu

NH,

(0]
o H/\/O\/\o

O/\/NH

K/o\)ol\NH

BocYAibEGTFTSDYSIFLDKVAQ—H AFVQWLIAGGPSSGAPPPS
(SEQIDNO:24) O (SEQIDNO:21)

OtBu

NH,

O
o N/\/O\/\O

O/\/NH

k/O\)OJ\NH

Boc-Y ABEGTFTSDYSIAbLDKIAQ—N AFVQWLIRGGPSSGAP PP S€Resin)

(SEQIDNO:25) " 1 (SEQID NO:26)
18BB
OtBu

NH,

O
1o H/\/O\/\O

NH
O/\/

K/O\)OLNH

BocYADBEGTFTSDYSIFLDKIAQ—N AFVNWLIAGGPSSGAPPPS
N

(SEQ ID NO: 27) o (SEQID NO: 281)
19BB
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OtBu

NH
o 2
O
o H/\/O\/\O
NH
o/\/ o
O
K/\)LNH
BocYAibEGTFTSDYSIAibLDKTAQ—” AFVQWLIAGGPSSGAPPPS
(SEQ ID NO: 31) 5  (SEQIDNO:21)
21BB
OtBu
NH,
(0]
O
o N/\/o\/\O
NH
o o
O
k/\)j\NH
BocYAibEGTFTSDYSIAibLDKISQ—” AFVQWLIAGGPSSGAPPPS

EQ ID NO: 32 SEQ ID NO: 21
(SEQ ID NO: 32) ,ome®  OFQ )

[0234] The side-chain of lysine-19 was extended to prepare peptide 20BB.

72-



WO 2024/192219 PCT/US2024/019883

OBu
NH,
o)
(o) O
07PN EN"0
o 5
K/O\)LNH
B i i —
ocYABEGTFTSDYSIAbLDKIA—N QAFVNWLIAGGPSSGAPPPS—Resin)
(SEQ ID NO: 29) 5 (SEQ ID NO: 30)
20BB
EXAMPLE 3

Svynthesis of Compound 13

[0235] The peptide 13BB was coupled to INT-1 to give resin-bound, protected
Compound 13. Coupling to INT-1 was achieved by using amide coupling conditions to couple
INT-1 to the NH> group of the isoglutamic acid off lysine-16 in peptide 13BB. Cleavage of
the resin, protecting groups on the peptide chain, and benzyl esters was conducted with TFA
to provide Compound , which is then purified through reverse-phase HPLC. By RP-HPLC,
the purity was 95.0%. The peptide content was 96.0% and gave satisfactory amino acid

analysis results. LCMS analysis showed a molecular weight of 4849.4 g/mol.
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Oy -OtfBu
OY\iNHZ
NH

0 ’P\/\(\/)/\)J\
0 N O\)j\ + BnO” | 4 OH
0]

INT-1

Boc-Y-Alb-E-G-T-F-T-5-D-Y-S-I-Aib-L-D —N -A-Q-Q-A-F-V-Q-W-L--A-G-G-P-5-5-G-A-P-P-P-5(Resin D
(SEQ ID NO: 18) O (SEQID NO: 19)
13BB

(®) OfBu

Q Q
P
NJ\/\(\/M\/ | ~0Bn
NH H OBn

J/ 0O
@) H
(0]

Boc-Y-Alb-E-G-T-F-T-8-D-Y-8-1-Alb-L-D—N I-A-Q-Q-AF-V-Q-W-L--A-G-G-P-5-5-G-A-P-P-P-S(Resin D
(SEQ ID NO: 18) O (SEQID NO:19)

l TFA

Y\IWOH

K/o/ﬁr N\/\O/\/O\)LNH

H-Y-Aib—E-G-T—F-T—S-D-Y—S-I-Aib-L-D—” I-A-Q-Q-A-F-V-Q-W-L-I-A-G-G-P-S-S-G-A-P-P-P-S-NH
(SEQ ID NO: 18) o (SEQ ID NO: 19)
13
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EXAMPLE 4
Svynthesis of Compound 14

[0236]

Compound 14 was prepared from peptide 14BB and INT-1 in a manner
analogous to the preparation of Compound 13.

T
H
HO-C, N
\"/\/\/\/\/\/\/\/\/\/ |\OH
O H
O
o H/\/O\/\o
NH
o %
K/O\)LNH

HYAbEGTFTSDYSIAbDLDRIAGO—N

N AI:\/(U\I\IIIAGGPQRGAF’PPS-NH2
(SEQIDNO:20) "~ & (SEQIDNO:21)

EXAMPLE 5
Synthesis of Compound 15

[0237]

Compound 15 was prepared from peptide 15BB and INT-1 in a manner
analogous to the preparation of Compound 13.

-~
B . Py
t\~ H ‘{g
WL ~ . ~ s ~. L
aF :\. \:‘f‘ S ~ o N S “ S N N §\ O
i O O
N NS -
~ “ O
N S .3:} ... N N o g\é ~ . 3 §{\
TR TN Y b b o7 R 3
HYRBRETFTERYS

. FPa— ~ AN
SIARLDHEYAQGHN

(SEQ ID NO: 22)

ARYQIWLIAGOPIBEAP P &N,

5 ¥ (SEQID NO: 21)

EXAMPLE 6
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Synthesis of Compound 16

[0238] Compound 16 was preparcd from peptide 16BB and INT-1 in a manner

analogous to the preparation of Compound 13.

Lo S 3
;*.
S N N “~ e N . N
5 . \g o . ~ N . N S N N §\2 £y
¢ S R
~ N
bay
L‘x LN & . RN N N ~. {:‘\
£y NN ~ 0 g N o
L 3
A

H-Y 3R EDTRTEGYSIFLONIAQ-N i\x”i\F\fi'}‘c-ﬁf‘i.iAGSPSSC&,:\??*?‘&”N-“E;-‘.

2

(SEQ ID NO: 23) :; Y (SEQID NO:21)

EXAMPLE 7
Synthesis of Compound 17

[0239] Compound 17 was prepared from peptide 17BB and INT-1 in a manner

analogous to the preparation of Compound 13.

oM &
fad 3

N . = ~ o BN N B

{\ > SN W N NN N S N ~ S § \{.:‘ i
(S
3
3 3 H
ARG AN N, N N ~ A N
A ~ "} Ao {‘_ N - \ 3 &
o

EY AREGTFTRQYRIFLRNVWA QE\ \‘3'\ FYQWILIARGPES QAP B P Y-NH,

(SEQIDNO:24) ¥ (SEQID NO:21)
17

EXAMPLE 8
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Synthesis of Compound 18

[0240] Compound 18 was preparcd from peptide 18BB and INT-1 in a manner

analogous to the preparation of Compound 13.

i

ST o T TN g
H §
H-Y A EGTFTERYSIARLDRIAGRT \g‘“.@\ FYRQWLIRQGPIZIJAFPPOI~NM,

(SEQ ID NO: 25) © (SEQ ID NO: 26)
18

EXAMPLE 9

Svynthesis of Compound 19

[0241] Compound 19 was prepared from peptide 19BB and INT-1 in a manner

analogous to the preparation of Compound 13.

i 3
R
® S S e N et e et e P
s SN e e s - s e S REE ML
o S \g w ~ w N ~ e e . ~ O
. A i

2*
e

O
\.\ \ Q
' ® v
- - * ~ b . - Y
R -\.ﬁ.»\ AN *\\3 \?{‘-i\o\ o b N .--"\SN
121 i} .0_5

HeYABYATETEDYSIFLRRIAG-N TrATVRWLIAGAN IS G AP PP YN,
N i

B N
(SEQ ID NO: 27) ® (SEQ ID NO: 28)
19

EXAMPLE 10

Svynthesis of Compound 20

[0242] Compound 20 was prepared from a peptide 20BB and INT-1 in a manner

analogous to the preparation of Compound 13.
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B Y ARED YFTEOY SIABLORIA-NT T{W\} AFENWLIRQUPEEGAPIPI-NY,

(SEQ ID NO: 29) '20 © (SEQ ID NO: 30)

EXAMPLE 11

Svynthesis of Compound 21

[0243] Compound 21 was prepared from peptide 21BB and INT-1 in a manner

analogous to the preparation of Compound 13.

PR M G
N #
N AN N N, o RENEENELAN \, . ~, N, -§S-\
%) N TN . N ~ LS . e Ny
s 3 e
bk Sy
i ) O
.

MY ARSQTFITERYRIARNLORY !R\'R'W.f\{'p \g“‘ﬁ‘x- FYQWLIAQGUOPLSTGAPSP RN,
LI
(SEQ ID NO: 31) ¢ (SEQ ID NO: 21)
21

EXAMPLE 12
Synthesis of Compound 22

[0244] Compound 22 was prepared {rom peptide 22BB and INT-1 in a manner

analogous to the preparation of Compound 13.

oH o

N

b by
3 i el
o~ \ \-.\ N T T O N NI T N

5 5§ Gt
N | .
g B § A
(} ~ g\;_a N Lo N ~ %3 \.\:’?.. \\ ~ . ("5 N Q N \\NM
¥ i

HeYARERTFTSODYSIABLBKIS i)% \?3\ FYQWLIAGRQGPRESBAPPRI-NH,
(SEQ ID NO: 32) S (SEQID NO: 21)
22
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EXAMPLE 13

Synthesis of Compound 23

[0245] Compound 23 was prepared from a peptide backbone analogous to that

described herein and INT-1 in a manner analogous to the preparation of Compound 13.

OH 0
n ]
) \"/\/\/\/\/\/\/\/\/\/ \\OH
0 OH

0
D R

H
NH
O/\/ o
o)
K/ \)LNH
,L:
H-YADBEGTFTSDYSIAbLDKVAQ AFVQWLIRGGPSSGAPPPS-NH,;

(SEQ ID NO: 22) (SEQ ID NO: 26)

23

EXAMPLE 14

Synthesis of Intermediate 2 (INT 2)
[0246] Methyl 7-bromoheptanoate is treated with triphenylphosphine to form the

corresponding phosphonium salt. The salt is treated with one equivalent of NaHMDS to make
an ylide, which is reacted immediately in a Wittig reaction with the aldehyde from PCC
oxidation of 10-bromo-1-decanol. The resulting bromo alkene is hydrogenated, and treated
with dibenzyl phosphite in weak base to form a phosphonate ester. Hydrolysis of the methyl
carboxylate provides desired INT 2 having a terminal carboxylic acid and a dibenzyl

phosphonate.
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1. NaHMDS, THF

/\/\/\j.J\ PPh, ® 0 (1:1 BuLi:phosphonium)
Br OMe /\/\/\)]\OMe

PhsP
MeCN 8 o
Br
2.04 eq.
PCC in THF
B ——— B~ ——
6 (5]
CH,Cl,
Q
N (0]
BnoO” 08N % Hy
H Brw -~ Br\/\(\/)/\/\/\/\)J\
12 OMe & OMe
Et,NI Pd-C
CSZCO?,
DMF
g R GNP
BnO” |\/\(\/ﬁ2\)J\OMe BnO” | 12 OH
OBn H,O, THF OBn

INT 2

Synthesis of Intermediate 2A (INT 2A)
[0247] Methyl 7-bromoheptanoate is treated with triphenylphosphine to form the

corresponding phosphonium salt. The salt is treated with one equivalent of NaHMDS to make
an ylide, which is reacted immediately in a Wittig reaction with the aldehyde from PCC
oxidation of 12-bromo-1-dodecanol. The resulting bromo alkene is hydrogenated, and treated
with dibenzyl phosphite in weak base to form a phosphonate ester. Hydrolysis of the methyl
carboxylate provides desired INT 2A having a terminal carboxylic acid and a dibenzyl

phosphonate.

1. NaHMDS, THF

/\/\/\)‘1 PPh, ® 0 (1:1 BuLi:phosphonium)
Br OMe /W\)J\OMe

PhyP
MeCN o
Br
2.04eq.
PCC in THF
Bt ——— Boone®
CH,Cl,
P 0
BnO” 1 ~OBn 1% Ha
H BF\W - Br\/\(\N\/\/\)J\OM
14 OMe 8 e
Et,NI Pd-C
CSQCO:;
DMF
(Ili (@] LiOH E\/W(i
BnO” |\/\(\/)/14\)J\o|v|e ™ BnO7| 14 OH
OBn H,0, THF OBn

INT 2A
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Synthesis of Intermediate 3 (INT 3)

[0248] Octadecancdioic acid is coupled to benzyl alcohol with EDC-HCI and
DMAP in THF to give INT 3 as the monobenzyl ester.

o o BnOH o) 0
HOWOH EDC-HCI BnOWOH
DMAP
INT 3

Svynthesis of Intermediate 4 (INT 4)

[0249] t-Butyl 4-hydroxybutanoate undergoes a Swern oxidation to give an
aldehyde. The aldehyde is condensed with (R)-1-amino-2-methoxy-1-phenylethane to form
an imine. Addition of the lithium salt of diethyl phosphite in THF generates an a-
aminophosphonate, which undergoes hydrogenolysis (o cleave the N-alkyl group and provide
INT 4 with a free primary amine, a t-butyl ester, and a diethyl phosphonate ester. The optical
purity of INT 4 was confirmed to be at least 96% by 'H-NMR through Mosher’s amide

analysis.
Ph en
H ~ OMe
(@) - N
tBuO\“/\/\ Swern tBuO\”/\) HZN/\/O'\/Ie 1‘Bu0j(\)IN
OH ———™
0 0 toluene 0
Na.CO (EtO),P(=O)H
A BuLi, THF
Ph
NH, Ho HN-OMe
tBuOW:,,P,OEt PA-C tBuOW'.,P/OEt
I~ OEt - 1 “OEt
o) ) o) 0

INT 4

Synthesis of Intermediate S (INT S)

[0250] INT 2 is coupled with the 1-t-butyl ester of D-glutamic acid in the presence
of HATU and triethylamine in DMF to provide INT 5.
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0] 0] 0 0

IFI’\/\(\/)/\)I\ 1. HATU, EtsN, DMF ?
BnO” | 12 OH Bno’ﬁ)\/\(\/)ﬁz\)j\NH
OBn 2. NH, OBn 4o . OBy
INT 2 HO W OfBu \[(\) g
i

o)
0] 0 INT 5

Synthesis of Intermediate SA (INT SA)
[0251] INT 2A is coupled with the 1-t-butyl ester of D-glutamic acid in the
presence of HATU and triethylamine in DMF to provide INT SA.

0 0
B\/\(\/)/\)J\ 1. HATU, Et;N, DMF O O
BnO” | 14 OH BnO/llj\/\(\/m\)]\NH
OBn 2. NH, OBn o . OfBu
INT2A HO\“/\)',,, O1Bu T
i o} 0
0 0 INT 5A

Synthesis of Intermediate S (INT 5)
[0252] INT 3 is coupled with INT 4 in the presence of HATU and triethylamine in

DMF to prepare a new amide linkage. Cleavage of the ethyl phosphonate esters with TMS-Br
gives the free phosphonic acid. Re-esterification with a large excess of the benzyl ester of
N,N'-diisopropylcarbamimidic acid provides the corresponding dibenzyl phosphonate. The t-
butyl ester is cleaved with TFA to provide INT 6.
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o 0 1. HATU, EtsN, DMF
BnOWOH BnOJ\/\(\/ﬁ‘t\/U\NH

2 NH2

T3 BUO . OFt tBuo\n/\) p Ot
PJ Il "OEt
Il "OEt (@] O
O InTa ©
TMS-Br (5 eq.)
HMDS (10 eq.)
CH,Cl,
0 0 j)\B” 0 0
M{\/tj\ N/ N J\/\(\/)/\/U\
BnO 14 NH H BnO 14 NH
tBuO z,,P/OBn tBuO :,,P,OH
~ 18 eq. 1™ OH
o) o O8N o) o)

@) @)

TFA (10 eq.)
CH20|2 BnOJJ\/\(\/m/U\NH
HOWI,, _OBn
PJ
Il "OBn
@] @]
INT 6

Synthesis of Intermediate 7 (INT 7)

[0253] INT 2 is coupled with INT 4 in the presence of HATU and triethylamine in
DMF to provide a new amide linkage. Cleavage of the benzyl and ethyl phosphonate esters
with TMS-Br gives both free phosphonic acids. Re-esterification with a large excess of the

benzyl ester of N,N'-diisopropylcarbamimidic acid provides the corresponding tetrabenzyl

diphosphonate ester. The t-butyl ester is cleaved with TFA to give INT 7.
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1. HATU, Et;N, DMF o O

o) 0
Bw ’ l P
BnO” | 12 OH BnO’(I)B 12 NH
OBn n .
' BuO ., ,OEt B0 p Ot
INT 2 1 "OEt
|| ~OEt (0] 0]

TMS-Br (5 eq.)
HMDS (10 eq.)
CHgClg

0 0 OBn
IIZI’\/WJ\ N/ \/\(\/)/\)I\
BnO” | 1 NH

INT 4

2
OBn tBuOW:,,P/OBn OH tBuOWI,,P,OH
I ucu)‘oan 18 eq. I u “~OH
TFA (10 eq.) 0 0
_P
CHxCl> BnO™ | 12 NH
OBn HOW',,P,OBH
OB
o 3 OBn
INT 7
EXAMPLE 15

Synthesis of Common Peptide Backbone

[0254] The 31-amino acid peptide backbone is constructed using solid-phase

peptide synthesis techniques with diimide, HATU, or HBTU activation for amide linkage

synthesis on a Rink resin. Reagent selection varies based on the identity of the amino acids

being connected. The R-group of lysine-20 was extended with two PEG» amide linkers. The
entire backbone is synthesized on the resin before coupling INT 5, INT SA, INT 6, or INT 7

to the amino terminus of the lysine-bound linker.
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P O JES—
H
TRl /WN\/\ N \)I\NH
2
(0]
VSSYLEGQAA-N EFIAWLVRGR G-Boc
2 (SEQ ID NO: 34)
O
EXAMPLE 16

Svynthesis of Compound 24

[0255] The peptide backbone is coupled to INT 5 to give resin-bound, protected
Compound 24. Cleavage of the resin, protecting groups on the peptide chain, and benzyl esters

of INT 5 with TFA provides Compound 24, which is purified through HPLC.

Q
3 NP 0 0
BnO™ | 12 NH ll:l’\/\(\,)/\)]\
OBn 1o Ou  BnO” 2 NH

OB
I oM

CresinD>—NH; ,
© wrs © \g/\) "lg

amide coupling
t TFA
o 2
o N\[]/\/\/\/\/\/\/\/\/?\OH
o (0]
(0]
0 N o N
]
H-Hig\”fEGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-OH
& (SEQID NO: 33) & (SEQIDNO: 34)
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EXAMPLE 17
Svynthesis of Compound 25

[0256] The peptide backbone is coupled to INT 6 to give resin-bound, protected
Compound 24. Cleavage of the resin, protecting groups on the peptide chain, and benzyl esters

of INT 6 with TFA provides Compound 24, which is purified through HPLC.
0 0

PN 0 o
BnO 12 NH )j\/\(\/)/\)]\
HO o, OBn BnO 12 NH

< H
© INT6 6 ‘@N\(\)"'P:OB"
1!
O 5 OBn

amide coupling

TFA

OH 0]

HO.L  H
O’fP\Sl\\r(\/\/\/\/\/\/\/\)kOH

O

@]

H

o H/\/O\/\O/\[(N \/\O/\/O\)J\NH
0

H-Hi}ﬁ*EGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-0OH
O (SEQ ID NO: 33) H 5 (SEQID NO: 34)

25

EXAMPLE 18
Svynthesis of Compound 26

[0257] The peptide backbone is coupled to INT 7 to give resin-bound, protected
Compound 3. Cleavage of the resin, protecting groups on the peptide chain, and benzyl esters

of INT 7 with TFA provides Compound 26, which is purified through HPLC.
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Q
,P\/\(\/)/\)J\ o (0]
OBn 14 ., _OBn  BnO”| 2 NH
NH2 ﬁ\OBn OBn H
o} (0] N ',,P,OBn
INT 7 Cresin D 1~0B
Cesin> [ i~oBn

amide coupling
TFA
Ho\CRH H 9
0" N\“/\/\/\/\/\/\/\/\/'?\OH
* o OH
(0]
H
o N/\/O\/\O/\H/N\/\O/\/O\)J\NH
H
0]
H-Hi}ﬁ*EGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-OH
o) (SEQ ID NO: 33) H o (SEQID NO: 34)
26
EXAMPLE 19

Synthesis of Compound 27

[0258] The peptide backbone is coupled to INT 5A to give resin-bound, protected
Compound 27. Cleavage of the resin, protecting groups on the peptide chain, and benzyl esters

of INT SA with TFA provides Compound 27, which is purified through HPLC.

o
© nrsa° TO(\)“"QU)/

amide coupling
\ TFA
OH H 9
o] *N o
o OH
o}
o N o
H
o}
H’His}ﬁ]*EGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-OH
o (SEQID NO: 33) H 5 (SEQID NO: 34)
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EXAMPLE 20
Pharmacokinctic Study in Dogs

[0259]

The pharmacokinetic properties of selected compounds disclosed herein
were assessed after administration of an oral dosage form (tablet) to male beagle dogs.
Animals were acclimated to the study room for a minimum of 3 days prior to initial of dosing.
The dogs (N=3) received a single oral tablet dose containing the compound. Plasma samples
were collected prior to dosing the dogs and at 15 min, 30 min, 45 min, and 1, 1.5, 2, 2.5, 3, 4,
6, 8, 24, 48, 72, 96, 120, 144, 192 and 240 hours after dosing. The composition provided to
the dogs is shown in Table 1.

Table 1 — Tablet Formulation for Dog Studies

Percent of
Component Mass (mg) Total
Compound 20 33
Salcaprozate sodium (SNAC) 300 50
Microcrystalline cellulose 258 43.0
Polyvinylpyrrolidinone K90 10 1.7
Magnesium stearate 12 2.0
Total 600 100%

[0260]

time data using Phoenix WinNonlin (v 8.3) non-compartmental analysis function (linear

Pharmacokinetic analyses were performed on plasma concentration versus

trapezoidal rule for AUC calculations). Nominal dose values and sampling times were used
for calculations. The Cuax and the corresponding Tmax values were determined by direct
assessment of the concentration versus time data. All AUC calculations were performed using
the linear trapezoidal rule. As the data permitted, the terminal rate constant (lambda z, Az) was
determined. The value of Az was calculated by the slope of the regression line of the natural
log transformed concentrations vs. time where the data points were randomly distributed
around a straight line, at least three data points post the Cinax were used in the regression, the
correlation coefficient (R?) of regression was >0.90, and the period over which the regression
1s88etermineed (span) was at least 2.0-fold greater than the calculated half-life itself.

[0261] To optimize the reliability of the identified terminal phase (Az), the data
points used to define the Az were manually selected. The AUCNr value was calculated as:

AUCst + (Crast / Az). The CVF value was calculated as Dose / AUCivr and the Vz/F value was
calculated as Dose / (AUCwr * Az). If the percent of extrapolated area for AUCNE was >20%,
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the AUCwr, Vz/F, and CL/F values were not reported. Terminal half-life (t12) was calculated
as: In(2) / Az. If the span to define the lambda z linc was less than 2-fold of the ti2, the ti
value was flagged with an asterisk (*) and removed from summary statistics. Administration
of Compound 4, Compound Z, and Compound 24) to the beagle dogs provided the plasma
concentration versus time profile shown in FIG. 1. The data shows that the mean plasma

concentration of Compound 4 and Compound 24 was higher than that of an analogous

formulation of peptide Compound Z having the structure:
OH |, o)
o) S N\[]/W\/\/\/\/\/\)J\OH
o)

O
o H/\/O\/\O/\H/H\/\O/\/O\)LNH
0

H-Hi}\”*EGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-OH
(SEQIDNO:33) H O (SEQ ID NQO: 34)

(Z)
with 300 mg SNAC, and that both Compound 4 and Compound 24 was detected in plasma at
144 hours after dosing.

EXAMPLE 21

Pharmacokinetic Assessment After Oral Administration

[0262] The pharmacokinetic properties of various peptide compounds disclosed
herein were assessed after administration of an oral dosage form (tablet) to male beagle dogs.
The test compounds were formulated with varying quantities of salcaprozate sodium (SNAC).
Animals were acclimated to the study room for a minimum of 3 days prior to initial of dosing.
The dogs (N=6) received oral tablet doses containing a test compound. Plasma samples were
collected on Day 1 prior to dosing the dogs and then at 15 min, 30 min, 45 min, and 1, 1.5, 2,
2.5, 3,4, 6, 8, and 24 hours after dosing. On Day 3, samples were collected at pre-dose only.
On Day 5, samples were collected prior to dosing the dogs and then at 15 min, 30 min, 45 min,
and 1, 1.5, 2, 2.5, 3, 4, 6, 8, 24, 48, 72, 96, 120, 144, 192 and 240 hours after dosing. The

formulations provided to the dogs and the dosing groups is shown in Table 2.
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Table 2 — Dosing Groups for Dog Studies

Dose Number of Compound/ Dosage of
Group Animals SNAC (mg) Compound
(mg/tablet)

1 6 Compound Z / 300 mg 20

2 6 Compound 24 /200 mg 20

3 6 Compound 24 /300 mg 20

4 6 Compound 24 /450 mg 20

5 6 Compound 27 /200 mg 20

6 6 Compound 27 /300 mg 20

7 6 Compound 27 /450 mg 20

8 6 Compound 4 / 200 mg 20

9 6 Compound 4 /300 mg 20

10 6 Compound 4 /450 mg 20

[0263] Pharmacokinetic analyses were performed on plasma concentration versus
time data using Phoenix WinNonlin (v 8.3) non-compartmental analysis function (linear
trapezoidal rule for AUC calculations). Nominal dose values and sampling times were used
for calculations. The Cmax and the corresponding Tmax values were determined by direct
assessment of the concentration versus time data. All AUC calculations were performed using
the linear trapezoidal rule. As the data permitted, the terminal rate constant (lambda z, Az) was
determined. The value of Az was calculated by the slope of the regression line of the natural
log transformed concentrations vs. time where the data points were randomly distributed
around a straight line, at least three data points post the Ciax were used in the regression, the
correlation coefficient (R?) of regression was >0.90, and the period over which the regression
is determined (span) was at least 2.0-fold greater than the calculated half-life itself.

[0264] To optimize the reliability of the identified terminal phase (Az), the data
points used to define the Az were manually selected. The AUCKr value was calculated as:
AUCast + (Crast / A2). The CI/F value was calculated as Dose / AUCnr and the Vz/F value was
calculated as Dose / (AUCwr * Az). If the percent of extrapolated area for AUCNE was >20%,
the AUCr, Vz/F, and CL/F values were not reported. Terminal half-life (ti2) was calculated
as: In(2) / Az. 1If the span to define the lambda z line was less than 2-fold of the tix, the tin
value was flagged with an asterisk (*) and removed from summary statistics.

[0265] Table 3 below discloses the mean pharmacokinetic data gained from each

experiment with each of Groups 1-10. Various ratios of SNAC to peptide compound were
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tested. With respect to Compound 24 (Groups 2-4), Compound 27 (Groups 5-7), and

Compound 4 (Groups 8-10), exposurc was incrcascd with increasing SNAC levels over the

range tested from 200 mg to 450 mg.

Table 3 — Pharmacokinetic Data for Dosing Study of Peptide Compounds in Dogs

Group Day Tmax Cunax AUChast I'X‘UCINF t12
(h) (ng/mL) (h*ng/mL) | (h*ng/mL) (h)
1 3.13 8.25 222 222 --
: 5 0917 29.5 779 1850 77.0
5 1 0.792 40.2 1080 1080 --
5 29.1 83.9 2780 7110 66.6
1 2.00 315 8350 8350 --
: 5 1.63 187 5550 12400 73.6
. 1 1.42 736 20600 20600 --
5 1.13 408 11800 21700 56.8
1 1.46 22.4 775 775 --
: 5 1.38 343 1230 3980 97.6
1 196 66.4 1880 1880 --
° 5 2.17 270 8190 17600 69.3
; 1 1.83 804 21900 21900 --
5 1.13 799 24300 51200 59.6
1 1.71 23.0 815 815 --
5 5 1.21 41.7 1340 4420 88.6
1 1.13 50.1 1550 1550 --
’ 5 1.17 99.2 3080 8410 92.2
1 1.96 57.3 1800 1800 --
10 5 0.667 245 6630 15200 86.7

91-




WO 2024/192219 PCT/US2024/019883

EXAMPLE 22

Pharmacokinctic Assessment After Oral Administration

[0266] The pharmacokinetic properties of various peptide compounds disclosed
herein were assessed after administration of an oral dosage form (tablet) to male beagle dogs.
The test compounds were formulated with 450 mg of salcaprozate sodium (SNAC). Animals
were acclimated to the study room for a minimum of 3 days prior to initial of dosing. The dogs
(N=6) received single oral tablet doses containing a test compound. Plasma samples were
collected on Day 1 prior to dosing the dogs and then at 15 min, 30 min, 45 min, and 1, 1.5, 2,
2.5, 3,4, 6, 8, and 24 hours after dosing. On Day 3, samples were collected at pre-dose only.
On Day 5, samples were collected prior to dosing the dogs and then at 15 min, 30 min, 45 min,
and 1, 1.5, 2, 2.5, 3, 4, 6, 8, 24, 48, 72, 96, 120, 144, 192 and 240 hours after dosing. The

formulations provided to the dogs and the dosing groups is shown in Table 4.

Table 4 — Dosing Groups for Dog Studies

Dose Number Compound/ Dosage of
Group of SNAC (mg) Compound
Animals (mg/tablet)

1 6 Compound 4 / 450 mg 20

2 6 Compound 15 /450 mg 20

3 6 Compound 18 /450 mg 20

4 6 Compound 23 / 450 mg 20

[0267] Pharmacokinetic analyses were performed on plasma concentration versus
time data using Phoenix WinNonlin (v 8.3) non-compartmental analysis function (linear
trapezoidal rule for AUC calculations). Nominal dose values and sampling times were used
for calculations. The Cmax and the corresponding Tmax values were determined by direct
assessment of the concentration versus time data. All AUC calculations were performed using
the linear trapezoidal rule. As the data permitted, the terminal rate constant (lambda z, Az) was
determined. The value of Az was calculated by the slope of the regression line of the natural
log transformed concentrations vs. time where the data points were randomly distributed
around a straight line, at least three data points post the Ciax were used in the regression, the
correlation coefficient (R?) of regression was >0.90, and the period over which the regression

is determined (span) was at least 2.0-fold greater than the calculated half-life itself.
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[0268] To optimize the reliability of the identified terminal phase (Az), the data
points used to define the Az were manually sclected. The AUCKNr value was calculated as:
AUCast + (Crast / A2). The CI/F value was calculated as Dose / AUCnr and the Vz/F value was
calculated as Dose / (AUCwr * Az). If the percent of extrapolated area for AUCE was >20%,
the AUCE, Vz/F, and CL/F values were not reported. Terminal half-life (t12) was calculated
as: In(2) / Az. If the span to define the lambda z line was less than 2-fold of the ti, the ti2
value was flagged with an asterisk (*) and removed from summary statistics.

[0269] Table 5 below discloses the mean pharmacokinetic data gained {rom each
experiment with each of Groups 1-4. Good drug exposure was achieved with all of the tested
compounds.

Table 5 — Pharmacokinetic Data for Dosing Study of Peptide Compounds in Dogs

Group Day ( Cmax AUClast Tmax
ng/mL) (heng/mL) (h)
| 1 834 2840 0.75
5 103 4360 1.80
5 | 154 4680 0.950
5 200 11800 2.1
; l 53.6 1280 1.17
5 533 1610 1.92
. 1 68.2 1990 1.38
5 131 6200 1.65
EXAMPLE 23

Pharmacokinetic Assessment of Compound 4 After Oral Administration

[0270] The pharmacokinetic properties of Compound 4 was assessed after
administration of an oral dosage form (20 mg Compound 4 per tablet) to male beagle dogs.
The test compounds were formulated with varying quantities of salcaprozate sodium (SNAC)
or C10. Animals were acclimated to the study room for a minimum of 3 days prior to initial of
dosing. The dogs (N=5) received oral tablet doses containing a test compound. Plasma
samples were collected on Day 1 prior to dosing the dogs and then at 15 min, 30 min, 45 min,

and 1, 1.5, 2, 2.5, 3, 4, 6, 8, and 24 hours after dosing. On Day 3, samples were collected at
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pre-dose only. On Day 5, samples were collected prior to dosing the dogs and then at 15 min,
30 min, 45 min, and 1, 1.5, 2, 2.5, 3,4, 6, 8, 24, 48, 72, 96, 120, 144, 192 and 240 hours after

dosing. The formulations provided to the dogs and the dosing groups is shown in Table 6.

Table 6 — Dosing Groups for Oral Administration of Compound 4 in Dogs

Dose | Number of | Compound 4 | SNAC C10 Enteric
Group Animals (mg) (mg) (mg) | Coating
1 5 20 0 0 No
2 5 20 0 75 No
3 5 20 0 75 Yecs
4 5 20 0 150 No
5 5 20 0 150 Yes
6 5 20 0 300 No
7 5 20 0 300 Yes
8 5 20 300 0 No
9 5 20 700 0 No
10 5 20 450 0 No
11 5 20 450 0 Yes
12 5 20 450 75 No
13 5 20 450 75 Yes
14 5 20 450 150 No
15 5 20 450 150 Yes
16 5 20 450 300 No
17 5 20 450 300 Yes

[0271] Pharmacokinetic analyses were performed on plasma concentration versus

time data using Phoenix WinNonlin (v 8.3) non-compartmental analysis function (linear
trapezoidal rule for AUC calculations). Nominal dose values and sampling times were used
for calculations. The Cmax and the corresponding Tmax values were determined by direct
assessment of the concentration versus time data. All AUC calculations were performed using
the linear trapezoidal rule. As the data permitted, the terminal rate constant (lambda z, Az) was
determined. The value of Az was calculated by the slope of the regression line of the natural
log transformed concentrations vs. time where the data points were randomly distributed
around a straight line, at least three data points post the Cinax were used in the regression, the
correlation coefficient (R?) of regression was >0.90, and the period over which the regression

is determined (span) was at least 2.0-fold greater than the calculated half-life itself.
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[0272] To optimize the reliability of the identified terminal phase (Az), the data
points used to define the Az were manually sclected. The AUCKNr value was calculated as:
AUCast + (Crast / A2). The CI/F value was calculated as Dose / AUCnr and the Vz/F value was
calculated as Dose / (AUCwr * Az). If the percent of extrapolated area for AUCE was >20%,
the AUCE, Vz/F, and CL/F values were not reported. Terminal half-life (t12) was calculated
as: In(2) / Az. If the span to define the lambda z line was less than 2-fold of the ti, the ti2
value was flagged with an asterisk (*) and removed from summary statistics.

[0273] Table 7 below discloses the mean pharmacokinetic data gained {rom each
experiment with each of Groups 1-17 upon conclusion of the study. Examination of Groups
8, 9, and 10 shows increasing SNAC levels leads to increased, then decreased exposures of
Compound 4. The data is also illustrated in FIG. 2, which shows AUCr values for day 1 and
day 5. For both days, doses that include 450 mg SNAC resulted in higher exposure than 300
mg SNAC or 700 mg SNAC. Groups 1-3 showed no measurable plasma level of the drug.
Thus, an appropriate mixture of Compound 4 and SNAC in the formulation is important to

achieving an effective concentration of the drug in the plasma.

Table 7 — Pharmacokinetic Data for Dosing Study of Peptide Compounds in Dogs
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Gr Tmax Cmax AUClast AUCINF t12
oup Day (h) (ng/mL) (h*ng/mL) | (h*ng/mL) (h)
1 - - — - —
1
5 - — — _— —
1 - - — — —
2
5 - — o _— o
1 - - — — —
3
5 - - - - —
. 1 2.0 79.8 2398.6 3812 33.2
5 2.5 50.9 2131.0 2980 42.7
1 5.2 39.7 791.5 589 26.3
5
5 6.0 139.3 7351.8 8746 67.3
‘ 1 0.9 194.0 5284.2 8925 36.2
5 1.7 151.6 8671.8 9967 59.1
1 1.9 188.8 6111.6 10773 40.5
7
5 3.8 101.2 7233.9 8788 62.6
. 1 1.3 237 303.9 1409 42.0
5 1.1 353 1349.8 2575 58.9
0 1 1.5 102.7 2834.5 4895 38.3
5 1.8 80.6 5432.5 6841 66.9
0 1 0.7 81.9 2052.7 5042 70.2
5 1.2 181.8 8434.5 9753 56.3
1 - — — _— —
11
5 3.8 59.8 2814.5 4020 64.7
" 1 0.9 134.2 3249.1 8059 83.8
5 1.3 102.9 5247.3 6549 62.7
1 2.8 318.3 73524 12132 31.5
13
5 0.6 199.5 13365.2 15052 66.6
” 1 0.9 134 3389.5 6038 36.5
5 0.9 150.9 9048.2 10539 64.5
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5 1.2 51.8 12395 2118 395
2.7 103.8 4724.8 5927 59.0
y 1.4 144.2 3710.9 7112 38.7
1.4 189.0 12130.1 13923 178.8
e 1.9 83.5 2265.6 3844 36.8
3.7 116.4 7681.2 8698 52.9
EXAMPLE 24

Pharmacokinetic Assessment of Compounds 4, 15, 18, and 23 After Oral Administration

[0274] The pharmacokinetic properties of Compound 15, 18, and 23 was assessed
after administration of an oral dosage form (20 mg Compound 15, 18 or 23 and 450 mg
salcaprozate sodium (SNAC) per tablet) to male beagle dogs. Animals were acclimated to the
study room for a minimum of 3 days prior to initial of dosing. The dogs (N=6) received oral
tablet doses containing a test compound. Plasma samples were collected on Day 1 prior to
dosing the dogs and then at 15 min, 30 min, 45 min, and 1, 1.5, 2, 2.5, 3, 4, 6, 8, and 24 hours
after dosing. On Day 3, samples were collected at pre-dose only. On Day 5, samples were
collected prior to dosing the dogs and then at 15 min, 30 min, 45 min, and 1, 1.5, 2, 2.5, 3, 4,
6, 8, 24, 48, 72, 96, 120, 144, 192 and 240 hours after dosing.

[0275] Pharmacokinetic analyses were performed on plasma concentration versus
time data using Phocnix WinNonlin (v 8.3) non-compartmental analysis function (lincar
trapezoidal rule for AUC calculations). Nominal dose values and sampling times were used
for calculations. The Cuax and the corresponding Tmax values were determined by direct
assessment of the concentration versus time data. All AUC calculations were performed using
the linear trapezoidal rule. As the data permitted, the terminal rate constant (lambda z, Az) was
determined. The value of Az was calculated by the slope of the regression line of the natural
log transformed concentrations vs. time where the data points were randomly distributed
around a straight line, at least three data points post the Cinax wWere used in the regression, the
correlation coefficient (R?) of regression was >0.90, and the period over which the regression
is determined (span) was at least 2.0-fold greater than the calculated half-life itself.

[0276] To optimize the reliability of the identified terminal phase (Az), the data

points used to define the Az were manually selected. The AUCKr value was calculated as:
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AUCast + (Crast / Az). The CI/F value was calculated as Dose / AUCir and the Vz/F value was
calculated as Dosc / (AUCwr * Az). If the percent of extrapolated arca for AUCNE was >20%,
the AUCr, Vz/F, and CL/F values were not reported. Terminal half-life (t12) was calculated
as: In(2) / Az. If the span to define the lambda z line was less than 2-fold of the ti2, the ti2
value was flagged with an asterisk (*) and removed from summary statistics. FIG. 3 shows
mean plasma concentration versus time profiles for Compounds 15, 18, and 23, and also
includes the profile for Compound 4. The formulations of each of the compounds

demonstrated adequate drug exposure at 72 hours.

EXAMPLE 25
Tablet Formulations
Wet Granulation Method — Tablet A
[0277] A batch of tablets (Tablet A) with Compound 4 as the active ingredient were

prepared by a wet granulation process. The amounts of each component are found in Table 8
below, shown as mg/tablet and total mg in the 17 gram batch.

Table 8 — Tablet Formulation for Dog Studies

Component mg/tablet | mg/17 grams
Compound 4 25 625
Salcaprozate sodium (SNAC) 500 12500
Microcrystalline cellulose 133.3 3332.5
Polyvinylpyrrolidinone K90 13.3 332.5
Magnesium stearate 16.2 405
Total 687.8 17195

[0278] Each ingredient was passed through a #35 mesh sieve. Compound 4 and
SNAC were weighed out and blended in a mortar and pestle.  Separately, the
polyvinylpyrrolidinone was weighted out and dissolved in water at 65 mg/mL, for a total
volution of 5.1 mL. The polyvinylpyrrolidinone solution was wet granulated with the blend
of Compound 4 and SNAC. The granules were dried in a fluid bed dryer at 30-35 °C to ensure
the water content is not more than 4%. The resulting granules were passed through a #35 mesh
sieve and then combined with the microcrystalline cellulose and magnesium stearate and
mixed in a rotator. The resulting granules were then pressed into a tablet to achieve the desired

hardness and thickness.
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Dry Granulation Mcthod # 1 — Tablct B
[0279] A batch of tablets (Tablet B) with Compound 4 as the active ingredient were

prepared by a dry granulation process. The amounts of each component are found in Tables 9
and 10 below, shown per tablet and per 17 g batch.
Table 9 - Compounding Table for Tablet B (per tablet)

Component 1% fraction | 2" fraction | extragranular
Compound 4 -- 25 mg --
Salcaprozate sodium (SNAC) 500 mg -- --
Microcrystalline cellulose 95 mg 38.3 mg --
Polyvinylpyrrolidinone K90 -- 13.3 mg --
Magnesium stearate 12.83 mg -- 3.3 mg

Table 10- Compounding Table for Tablet B (per 17 g)

Component 1 fraction | 2" fraction | extragranular
Compound 4 -- 0.625 ¢ --
Salcaprozate sodium (SNAC) 125¢g -- --
Microcrystalline cellulose 2375 ¢ 0958 ¢ --
Polyvinylpyrrolidinone K90 - 0333 ¢ --
Magnesium stearate 0321¢g - 0083 ¢

[0280] The magnesium stearate was weighed out and passed through a 355 pm
sieve. In a stainless-steel bowl, the magnesium stearate was diluted 2x with SNAC. The
remaining SNAC was added to a v-blender and mixed for 2 minutes at 25 rpm. The magnesium
stearate/SNAC mixture was the added to the v-blender and the contents were mixed for 20
minutes at 25 rpm to form a final magnesium stearate/SNAC mixture.

[0281] In a separate stainless-steel bowl, the microcrystalline cellulose was
weighed out and then diluted 2x with the final magnesium stearate/SNAC mixture to form the
pre-mix. The premix was then added to the remaining final magnesium stearate/SNAC
mixture and mixed manually for at least 60 seconds until visually homogenous. The resulting
mixture was then mixed in a v-blender for 10 minutes at 25 rpm. The resulting powder was
pressed into large tablets, broken down in a mortar and pestle, and passed through a 180 pm
mesh sieve to form the first fraction granules.

[0282] The second fraction granulation was prepared by weighing the appropriate

amounts of microcrystalline cellulose, Compound 4, and polyvinylpyrrolidinone into a
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stainless-steel bowl. The contents of the bowl were mixed manually for 3 minutes until
visually homogenous and then transferred to a v-blender and tumbled for 1 minute. The
resulting powder was pressed into large tablets, broken down in a mortar and pestle to form
the second fraction granules.

[0283] The first fraction granules were added to a v-blender followed by the second
fraction granules and mixed for 5 minutes at 32 rpm. Magnesium stearate was then added to
resulting mixture and blended at 32 rpm for 30 seconds. The resulting granules were then
pressed into a tablet to achieve the desired hardness and thickness.

Dry Granulation Method # 2 — Tablet C

[0284] A batch of tablets (Tablet C) with Compound 4 as the active ingredient were

prepared by a dry granulation process. The amounts of each component are found in Tables
11 and 12 below, shown per tablet and per 17 g batch.
Table 11 - Compounding Table for Tablet C (per tablet)

Component 1* fraction | 2" fraction | extragranular
Compound 4 -- 25 mg --
Salcaprozate sodium (SNAC) 500 mg - -
Microcrystalline cellulose -- 133.3 mg --
Polyvinylpyrrolidinonc K90 -- 13.3 mg --
Magnesium stearate 12.83 mg -- 3.3 mg

Table 12 - Compounding Table for Tablet C (per 17 g)

Component 1% fraction | 2" fraction | extragranular
Compound 4 -- 0.625 ¢ --
Salcaprozate sodium (SNAC) 125¢ - --
Microcrystalline cellulose - 333 ¢ --
Polyvinylpyrrolidinone K90 - 033¢g --
Magnesium stearate 0321 g -- 0.083 g

[0285] The magnesium stearate was weighed out and passed through a 355 um
sieve. In a stainless-steel bowl, the magnesium stearate was diluted 2x with SNAC. The
remaining SNAC was added to a v-blender and mixed for 2 minutes at 25 rpm. The magnesium
stearate/SNAC mixture was the added to the v-blender and the contents were mixed for 20
minutes at 25 rpm to form a final magnesium stearate/SNAC mixture. The resulting powder
was pressed into large tablets, broken down in a mortar and pestle, and passed through a 180

um mesh sieve to form the first fraction granules.
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[0286] The second fraction granulation was prepared by weighing the appropriate
amounts of microcrystalline cellulose, Compound 4, and polyvinylpyrrolidinone into a
stainless-steel bowl. The contents of the bowl were mixed manually for 3 minutes until
visually homogenous and then transferred to a v-blender and tumbled for 1 minute. The
resulting powder was pressed into large tablets, broken down in a mortar and pestle to form
the second fraction granules.

[0287] The first fraction granules were added to a v-blender followed by the second
fraction granules and mixed for 5 minutes at 32 rpm. Magnesium stearate was then added to
resulting mixture and blended at 32 rpm for 30 seconds. The resulting granules were then
pressed into a tablet to achieve the desired hardness and thickness.

Dry Granulation Method # 2 — Tablet D

[0288] A batch of tablets (Tablet D) with Compound 4 as the active ingredient were

prepared by a dry granulation process. The amounts of each component are found in Table 13

below, shown per tablet.

Table 13 - Compounding Table for Tablet D (per tablet)

Component 1% fraction | 2" fraction | extragranular
Compound 4 - 25 mg --
Salcaprozate sodium (SNAC) 250 mg -- --
Microcrystalline cellulose -- 133.3 mg --
Polyvinylpyrrolidinone K90 -- 13.3 mg --
Magnesium stearate 12.85 mg - 3.34 mg

[0289] The magnesium stearate was weighed out and passed through a 355 pum
sieve. In a stainless-steel bowl, the magnesium stearate was diluted 2x with SNAC. The
remaining SNAC was added to a v-blender and mixed for 2 minutes at 25 rpm. The magnesium
stearate/SNAC mixture was the added to the v-blender and the contents were mixed for 20
minutes at 25 rpm to form a final magnesium stearate/SNAC mixture. The resulting powder
was pressed into large tablets, broken down in a mortar and pestle, and passed through a 180
um mesh sieve to form the first fraction granules.

[0290] The second fraction granulation was prepared by weighing the appropriate
amounts of microcrystalline cellulose, Compound 4, and polyvinylpyrrolidinone into a
stainless-steel bowl. The contents of the bowl were mixed manually for 3 minutes until

visually homogenous and then transferred to a v-blender and tumbled for 1 minute. The
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resulting powder was pressed into large tablets, broken down in a mortar and pestle to form
the second fraction granules.

[0291] The first fraction granules were added to a v-blender followed by the second
fraction granules and mixed for 5 minutes at 32 rpm. Magnesium stearate was then added to
resulting mixture and blended at 32 rpm for 30 seconds. The resulting granules were then

pressed into a tablet to achieve the desired hardness and thickness.

Dry Granulation Method # 2 — Tablet E
[0292] A batch of tablets (Tablet E) with Compound 4 as the active ingredient were

prepared by a dry granulation process. The amounts of each component are found in Table 14

below, shown per tablet.

Table 14 - Compounding Table for Tablet E (per tablet)

Component 1% fraction | 2" fraction | extragranular
Compound 4 - 25 mg --
Salcaprozate sodium (SNAC) 750 mg -- --
Microcrystalline cellulose -- 133.3 mg --
Polyvinylpyrrolidinone K90 - 13.3 mg -
Magnesium stearate 12.85 mg - 3.34 mg

[0293] The magnesium stearate was weighed out and passed through a 355 um
sieve. In a stainless-steel bowl, the magnesium stearate was diluted 2x with SNAC. The
remaining SNAC was added to a v-blender and mixed for 2 minutes at 25 rpm. The magnesium
stearate/SNAC mixture was the added to the v-blender and the contents were mixed for 20
minutes at 25 rpm to form a final magnesium stearate/SNAC mixture. The resulting powder
was pressed into large tablets, broken down in a mortar and pestle, and passed through a 180
um mesh sieve to form the first fraction granules.

[0294] The second fraction granulation was prepared by weighing the appropriate
amounts of microcrystalline cellulose, Compound 4, and polyvinylpyrrolidinone into a
stainless-steel bowl. The contents of the bowl were mixed manually for 3 minutes until
visually homogenous and then transferred to a v-blender and tumbled for 1 minute. The
resulting powder was pressed into large tablets, broken down in a mortar and pestle to form

the second fraction granules.
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[0295] The first fraction granules were added to a v-blender followed by the second
fraction granules and mixed for 5 minutes at 32 rpm. Magncsium stearatec was then added to
resulting mixture and blended at 32 rpm for 30 seconds. The resulting granules were then

pressed into a tablet to achieve the desired hardness and thickness.

Dry Granulation Method # 2 — Tablet F
[0296] A batch of tablets (Tablet F) with Compound 4 as the active ingredient were

prepared by a dry granulation process. The amounts of each component are found in Table 15
below, shown per tablet.

Table 15 - Compounding Table for Tablet F (per tablet)

Component 1 fraction | 2" fraction | extragranular
Compound 4 -- 25 mg --
PVP-VA - 90 mg

Salcaprozate sodium (SNAC) 500 mg - --
Microcrystalline cellulose -- 133.3 mg --
Polyvinylpyrrolidinone K90 - 13.3 mg --
Magnesium stearate 12.85 mg -- 3.34 mg

[0297] The magnesium stearate was weighed out and passed through a 355 pum
sieve. In a stainless-steel bowl, the magnesium stearate was diluted 2x with SNAC. The
remaining SNAC was added to a v-blender and mixed for 2 minutes at 25 rpm. The magnesium
stearate/SNAC mixture was the added to the v-blender and the contents were mixed for 20
minutes at 25 rpm to form a final magnesium stearate/SNAC mixture. The resulting powder
was pressed into large tablets, broken down in a mortar and pestle, and passed through a 180
um mesh sieve to form the first fraction granules.

[0298] The second fraction granulation was prepared by weighing the appropriate
amounts of microcrystalline cellulose, Compound 4, PVP-VA, and polyvinylpyrrolidinone
into a stainless-steel bowl. The contents of the bowl were mixed manually for 3 minutes until
visually homogenous and then transferred to a v-blender and tumbled for 1 minute. The
resulting powder was pressed into large tablets, broken down in a mortar and pestle to form
the second fraction granules.

[0299] The first fraction granules were added to a v-blender followed by the second

fraction granules and mixed for 5 minutes at 32 rpm. Magnesium stearate was then added to
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resulting mixture and blended at 32 rpm for 30 seconds. The resulting granules were then

pressed into a tablet to achicve the desired hardness and thickness.

Dry Granulation Method # 2 — Tablet G
[0300] A batch of tablets (Tablet G) with Compound 15 as the active ingredient

were prepared by a dry granulation process. The amounts of each component are found in
Table 16 below, shown per tablet.
Table 16 - Compounding Table for Tablet G (per tablet)

Component 1% fraction | 2" fraction | extragranular
Compound 15 - 25 mg --
Salcaprozate sodium (SNAC) 500 mg -- --
Microcrystalline cellulose -- 133.3 mg --
Polyvinylpyrrolidinone K90 -- 13.3 mg --
Magnesium stearate 12.85 mg -- 3.34 mg

[0301] The magnesium stearate was weighed out and passed through a 355 pm
sieve. In a stainless-steel bowl, the magnesium stearate was diluted 2x with SNAC. The
remaining SNAC was added to a v-blender and mixed for 2 minutes at 25 rpm. The magnesium
stearate/SNAC mixture was the added to the v-blender and the contents were mixed for 20
minutes at 25 rpm to form a final magnesium stearate/SNAC mixture. The resulting powder
was pressed into large tablets, broken down in a mortar and pestle, and passed through a 180
um mesh sicve to form the first fraction granules.

[0302] The second fraction granulation was prepared by weighing the appropriate
amounts of microcrystalline cellulose, Compound 15, and polyvinylpyrrolidinone into a
stainless-steel bowl. The contents of the bowl were mixed manually for 3 minutes until
visually homogenous and then transferred to a v-blender and tumbled for 1 minute. The
resulting powder was pressed into large tablets, broken down in a mortar and pestle to form
the second [raction granules.

[0303] The first fraction granules were added to a v-blender followed by the second
fraction granules and mixed for 5 minutes at 32 rpm. Magnesium stearate was then added to
resulting mixture and blended at 32 rpm for 30 seconds. The resulting granules were then

pressed into a tablet to achieve the desired hardness and thickness.
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Dry Granulation Method # 2 — Tablet H
[0304] A batch of tablets (Tablet H) with Compound 18 as the active ingredient

were prepared by a dry granulation process. The amounts of each component are found in
Table 17 below, shown per tablet.
Table 17 - Compounding Table for Tablet H (per tablet)

Component 1% fraction | 2" fraction | extragranular
Compound 18 -- 25 mg --
Salcaprozate sodium (SNAC) 500 mg - -
Microcrystalline cellulose -- 133.3 mg --
Polyvinylpyrrolidinone K90 -- 13.3 mg --
Magnesium stearate 12.85 mg - 3.34 mg

[0305] The magnesium stearate was weighed out and passed through a 355 pm
sieve. In a stainless-steel bowl, the magnesium stearate was diluted 2x with SNAC. The
remaining SNAC was added to a v-blender and mixed for 2 minutes at 25 rpm. The magnesium
stearate/SNAC mixture was then added to the v-blender and the contents were mixed for 20
minutes at 25 rpm to form a final magnesium stearate/SNAC mixture. The resulting powder
was pressed into large tablets, broken down in a mortar and pestle, and passed through a 180
um mesh sieve to form the first fraction granules.

[0306] The second fraction granulation was prepared by weighing the appropriate
amounts of microcrystalline cellulose, Compound 18, and polyvinylpyrrolidinone into a
stainless-steel bowl. The contents of the bowl were mixed manually for 3 minutes until
visually homogenous and then transferred to a v-blender and tumbled for 1 minute. The
resulting powder was pressed into large tablets, broken down in a mortar and pestle to form
the second fraction granules.

[0307] The first fraction granules were added to a v-blender followed by the second
fraction granules and mixed for 5 minutes at 32 rpm. Magnesium stearate was then added to
resulting mixture and blended at 32 rpm for 30 seconds. The resulting granules were then
pressed into a tablet to achieve the desired hardness and thickness.

Dry Granulation Method # 2 — Tablet J

[0308] A batch of tablets (Tablet J) with Compound 23 as the active ingredient

were prepared by a dry granulation process. The amounts of each component are found in

Table 18 below, shown per tablet.
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Table 18 - Compounding Table for Tablet J (per tablet)

Component 1% fraction | 2™ fraction | extragranular
Compound 23 -- 25 mg --
Salcaprozate sodium (SNAC) 500 mg - --
Microcrystalline cellulose -- 133.3 mg --
Polyvinylpyrrolidinone K90 - 13.3 mg --
Magnesium stearate 12.85 mg -- 3.34 mg

[0309] The magnesium stearate was weighed out and passed through a 355 um
sieve. In a stainless-steel bowl, the magnesium stearate was diluted 2x with SNAC. The
remaining SNAC was added to a v-blender and mixed for 2 minutes at 25 rpm. The magnesium
stearate/SNAC mixture was the added to the v-blender and the contents were mixed for 20
minutes at 25 rpm to form a final magnesium stearate/SNAC mixture. The resulting powder
was pressed into large tablets, broken down in a mortar and pestle, and passed through a 180
um mesh sieve to form the first fraction granules.

[0310] The second fraction granulation was prepared by weighing the appropriate
amounts of microcrystalline cellulose, Compound 23, and polyvinylpyrrolidinone into a
stainless-steel bowl. The contents of the bowl were mixed manually for 3 minutes until
visually homogenous and then transferred to a v-blender and tumbled for 1 minute. The
resulting powder was pressed into large tablets, broken down in a mortar and pestle to form
the second fraction granules.

[0311] The first fraction granules were added to a v-blender followed by the sccond
fraction granules and mixed for 5 minutes at 32 rpm. Magnesium stearate was then added to
resulting mixture and blended at 32 rpm for 30 seconds. The resulting granules were then

pressed into a tablet to achieve the desired hardness and thickness.

Dry Granulation Method # 2 — Tablet K
[0312] A batch of tablets (Tablet K) with Compound 4 as the active ingredient were

prepared by a dry granulation process. The amounts of each component are found in Table 19

below, shown per tablet.

Table 19 - Compounding Table for Tablet K (per tablet)

Component 1% fraction | 2" fraction | extragranular
Compound 4 -- 25 mg -
Salcaprozate sodium (SNAC) 500 mg -- -
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Microcrystalline cellulose -- 120 mg --
Polyvinylpyrrolidinone K90 -- 13.3 mg --
Primellose (croscarmellose sodium) 13.3 mg

Magnesium stearate 12.85 mg -- 3.34d mg

[0313] The magnesium stearate was weighed out and passed through a 355 pm
sieve. In a stainless-steel bowl, the magnesium stearate was diluted 2x with SNAC. The
remaining SNAC was added to a v-blender and mixed for 2 minutes at 25 rpm. The magnesium
stearate/SNAC mixture was the added to the v-blender and the contents were mixed for 20
minutes at 25 rpm to form a final magnesium stearate/SNAC mixture. The resulting powder
was pressed into large tablets, broken down in a mortar and pestle, and passed through a 180
pum mesh sieve to form the first fraction granules.

[0314] The second fraction granulation was prepared by weighing the appropriate
amounts of microcrystalline cellulose, Compound 4, primellose, and polyvinylpyrrolidinone
into a stainless-steel bowl. The contents of the bowl were mixed manually for 3 minutes until
visually homogenous and then transferred to a v-blender and tumbled for 1 minute. The
resulting powder was pressed into large tablets, broken down in a mortar and pestle to form
the second fraction granules.

[0315] The first fraction granules were added to a v-blender followed by the second
fraction granules and mixed for 5 minutes at 32 rpm. Magnesium stearate was then added to
resulting mixture and blended at 32 rpm for 30 seconds. The resulting granules were then

pressed into a tablet to achieve the desired hardness and thickness.

Dry Granulation Method # 2 — Tablet L
[0316] A batch of tablets (Tablet L) with Compound 4 as the active ingredient were

prepared by a dry granulation process. The amounts of each component are found in Table 19
below, shown per tablet.

Table 20 - Compounding Table for Tablet L (per tablet)

Component 1% fraction | 2" fraction | extragranular
Compound 4 -- 25 mg --
Salcaprozate sodium (SNAC) 500 mg - --
Microcrystalline ccllulose -- 120 mg --
Polyvinylpyrrolidinone K90 - 13.3 mg -
Magnesium stearate 12.85 mg -- 3.34 mg
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[0317] The magnesium stearatc was weighed out and passed through a 355 um
sieve. In a stainless-steel bowl, the magnesium stearate was diluted 2x with SNAC. The
remaining SNAC was added to a v-blender and mixed for 2 minutes at 25 rpm. The magnesium
stearate/SNAC mixture was the added to the v-blender and the contents were mixed for 20
minutes at 25 rpm to form a final magnesium stearate/SNAC mixture. The resulting powder
was pressed into large tablets, broken down in a mortar and pestle, and passed through a 180
um mesh sieve to form the first [raction granules.

[0318] The second fraction granulation was prepared by weighing the appropriate
amounts of microcrystalline cellulose, Compound 4, and polyvinylpyrrolidinone into a
stainless-steel bowl. The contents of the bowl were mixed manually for 3 minutes until
visually homogenous and then transferred to a v-blender and tumbled for 1 minute. The
resulting powder was pressed into large tablets, broken down in a mortar and pestle to form
the second fraction granules.

[0319] The first fraction granules were added to a v-blender followed by the second
fraction granules and mixed for 5 minutes at 32 rpm. Magnesium stearate was then added to
resulting mixture and blended at 32 rpm for 30 seconds. The resulting granules were then

pressed into a tablet to achieve the desired hardness and thickness.

Dry Granulation Method # 2 — Tablet M
[0320] A batch of tablets (Tablet M) with Compound 23 as the active ingredient

were prepared by a dry granulation process. The amounts of each component are found in
Table 21 below, shown per tablet.
Table 21 - Compounding Table for Tablet M (per tablet)

Component 1% fraction | 2" fraction | extragranular
Compound 23 - 25 mg --
Salcaprozate sodium (SNAC) 500 mg -- --
Microcrystalline cellulose -- 120 mg --
Polyvinylpyrrolidinone K90 - 13.3 mg --
Magnesium stearate 12.85 mg -- 3.34 mg

[0321] The magnesium stearate was weighed out and passed through a 355 pm

sieve. In a stainless-steel bowl, the magnesium stearate was diluted 2x with SNAC. The

-108-



WO 2024/192219 PCT/US2024/019883

remaining SNAC was added to a v-blender and mixed for 2 minutes at 25 rpm. The magnesium
stcaratc/SNAC mixturc was thce added to the v-blender and the contents were mixed for 20
minutes at 25 rpm to form a final magnesium stearate/SNAC mixture. The resulting powder
was pressed into large tablets, broken down in a mortar and pestle, and passed through a 180
um mesh sieve to form the first fraction granules.

[0322] The second fraction granulation was prepared by weighing the appropriate
amounts of microcrystalline cellulose, Compound 23, and polyvinylpyrrolidinone into a
stainless-steel bowl. The contents of the bowl were mixed manually for 3 minutes until
visually homogenous and then transferred to a v-blender and tumbled for 1 minute. The
resulting powder was pressed into large tablets, broken down in a mortar and pestle to form
the second fraction granules.

[0323] The first fraction granules were added to a v-blender followed by the second
fraction granules and mixed for 5 minutes at 32 rpm. Magnesium stearate was then added to
resulting mixture and blended at 32 rpm for 30 seconds. The resulting granules were then

pressed into a tablet to achieve the desired hardness and thickness.

Dry Granulation Method # 2 — Tablet N
[0324] A batch of tablets (Tablet N) with Compound 4 (20 mg) as the active

ingredient were prepared by a dry granulation process. The amounts of each component are
found in Table 22 below, shown per tablet.
Table 22 - Compounding Table for Tablet M (per tablet)

Component 1* fraction | 2" fraction | extragranular
Compound 4 -- 20 mg --
Salcaprozate sodium (SNAC) 450 mg - -
Microcrystalline cellulose - 133.3 mg --
Polyvinylpyrrolidinone K90 - 13.3 mg --
Magnesium stearate 12.87 mg -- 3.33mg

[0325] The magnesium stearate was weighed out and passed through a 355 pm
sieve. In a stainless-steel bowl, the magnesium stearate was diluted 2x with SNAC. The
remaining SNAC was added to a v-blender and mixed for 2 minutes at 25 rpm. The magnesium
stearate/SNAC mixture was the added to the v-blender and the contents were mixed for 20

minutes at 25 rpm to form a final magnesium stearate/SNAC mixture. The resulting powder
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was pressed into large tablets, broken down in a mortar and pestle, and passed through a 180
um mesh sicve to form the first fraction granules.

[0326] The second fraction granulation was prepared by weighing the appropriate
amounts of microcrystalline cellulose, Compound 4, and polyvinylpyrrolidinone into a
stainless-steel bowl. The contents of the bowl were mixed manually for 3 minutes until
visually homogenous and then transferred to a v-blender and tumbled for 1 minute. The
resulting powder was pressed into large tablets, broken down in a mortar and pestle to form
the second [raction granules.

[0327] The first fraction granules were added to a v-blender followed by the second
fraction granules and mixed for 5 minutes at 32 rpm. Magnesium stearate was then added to
resulting mixture and blended at 32 rpm for 30 seconds. The resulting granules were then

pressed into a tablet to achieve the desired hardness and thickness.

EXAMPLE 26

Formulation Studies

[0328] The pharmacokinetics of different formulations of Compound 4 were
studied in male cynomolgus monkeys. The animals were acclimated to the study room for a
minimum of 3 days prior to initiation of dosing. Monkeys were administered doses of 1 tablet
per day in the study. Blood samples (0.5 mL) were taken from the monkeys at Day 1 (pre-
dose only), Day 2 (pre-dose only), and Day 3 (pre-dose and 1, 2, 4, 8, 24, 48, 72, 96, 120, 168,
and 240 hours after administration). Sample analysis was measured with a LC-MS/MS method
based on multiple reaction monitoring (MRM) of fragment ions for the monkey
pharmacokinetic study. All samples from the study were stored at -80 °C until ready to be
analyzed as a single batch. Pharmacokinetic parameters were calculated with Phoenix®
WinNonlin® software (version 8.3) using non-compartmental analyses.

[0329] The monkeys were administered either Tablet A, Tablet B, or Tablet C
described in the previous examples, or an oral solution of Compound 4 (Blend 1) that includes

25 mg of Compound 4 and 500 mg of SNAC.
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Table 23 — Formulation Studies for Compound 4

Group Formulation Compound 4 SNAC
(mg) (mg)

1 Blend 1 25 500

2 Tablet A 25 00

3 Tablet B 25 500

4 Tablet C 25 500

[0330] The mean plasma concentration versus time data for Compound 4 after
repeat oral administration in male cynomolgus monkeys is shown in FIG. 4. Tablet
Formulation C results in the highest mean exposure of Compound 4 of Tablet Formulations A,
B, C. All of the tablet formulations resulted in a higher mean exposure of Compound 4 as

compared to Blend 1.

EXAMPLE 27

Additional Formulation Studies

[0331] The pharmacokinetics of different formulations of various peptide
compounds were studied in male cynomolgus monkeys. The animals were acclimated to the
study room for a minimum of 3 days prior to initiation of dosing. Monkeys were administered
doses of 1 tablet per day in the study. Blood samples (0.5 mL) were taken from the monkeys
at Day 1, Day 2, and Day 3 (pre-dosc and 1, 2, 4, 8, 24, 48, 72, 96, 120, 168, and 240 hours
after administration). Sample analysis was measured with a LC-MS/MS method based on
multiple reaction monitoring (MRM) of fragment ions for the monkey pharmacokinetic study.
All samples from the study were stored at -80 °C until ready to be analyzed as a single batch.
Pharmacokinetic parameters were calculated with Phoenix® WinNonlin® software (version
8.3) using non-compartmental analyses.

[0332] The monkeys were administered Tablet formulation C described in the
previous examples, which includes 25 mg of Compound 4 and 500 mg of SNAC. Compounds
15, 18, and 23 were administered as Formulations G, H, and J, respectively. The mean plasma
concentration versus time data and AUC data for Compound 4, Compound 15, Compound 18,
and Compound 23 is provided in Table 24. Formulation C provides adequate drug exposure

for all four compounds.
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Tablec 24— Pharmacokinctic Data For Various Compounds Formulated as Tablet C

Compound Formulation Compound SNAC Cmax | AUCint
(mg) (mg) (ng/mL)| heng/mL
Compound 4 Tablet C 25 500 4090 | 399000
Compound 15 Tablet G 25 500 4050 | 411000
Compound 18 Tablet H 25 500 2140 | 209000
Compound 23 Tablet J 25 500 5980 | 690000
EXAMPLE 28

Pharmacokinetic Study Using Permeability Enhancers

[0333] The study in this example was designed to evaluate the pharmacokinetics
of compounds of the instant application, with the addition of an absorption enhancer (SNAC,
C10, Lauroyl-L-carnitine chloride, and Labrasol) in PBS as an intraduodenal (ID)
administration. Male Sprague Dawley rats were socially housed in individual ventilated caging
(IVGQ), three per cage for acclimation for 3-7 days with alpha dri bedding, water ad lib, 2016
Teklad chow ad lib and enrichment. The room temperature was 72 +/- 2° F with a Relative
Humidity of 30-70%, and 12 hour light cycle. Animals were individually housed just prior to
study initiation with ad lib food and water for the duration of the study. The rats were
administered doses of the particular compound on Day 1 of the study at a dose level of 5 mg/kg.
Blood samples (0.5 mL) were taken from the rats at pre-dosc and at 0.25, 0.6, 1, 2, 4, 8, 12,
24, 36, and 48 hours after administration). Groups 1-4 were administered Compound 24 with
SNAC, C10, lauroyl-L-carnitine chloride, and Labrasol, respectively; Groups 5-8 were
administered 27 with SNAC, C10, lauroyl-L-carnitine chloride, and Labrasol, respectively;
Groups 9-12 were administered Compound 4 with SNAC, C10, lauroyl-L-carnitine chloride
(LCC), and Labrasol, respectively. There were three rats per test group.

[0334] Sample analysis was measured with a LC-MS/MS method based on
multiple reaction monitoring (MRM) of fragment ions for the rat pharmacokinetic study. All

samples from the study were stored at -80 °C until ready for analysis.
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Excipient stock solutions

[0335] Phosphate buffered salinc (PBS): a solution was prepared at pH 7.4 (no
calcium, no magnesium). For Labrasol, an 80 mg/mL stock solution was prepared on the day
of dosing by weighing out 800 mg of Labrasol into a vial, adding 9.2 ml of PBS and vortexing.

[0336] C10: a 200 mM solution of C10 in PBS was prepared. The solution was
warmed in a water bath to 37 °C prior to use until the solution became clear. The solution was
allowed to cool back to room temperature before any test compound was added.

[0337] SNAC: a 200 mM solution was prepared in PBS. The solution was prepared
on the day of dosing.

[0338] Lauroyl carnitine chloride (LCC): a 100 mM solution of LCC in PBS
solution (15 ml). The LCC solution was made in advance and frozen in 5 mL aliquots.

Compound Dosing Solutions

[0339] Labrasol® and Test Compound: The doses were prepared at a concentration
of 1 mg/mL of compound (6 mL total). 3 mL of PBS was added into an appropriately sized
glass container. 6 mg of compound (corrected for purity) was then added into the 3 mL of PBS
and vortexed. 3 mL of Labrasol® stock solution to the compound solution above and vortexed.
Animals were dosed with 5 mL/kg of the formulation.

[0340] C10 and Test Compound: 1 mg/mL solutions of test compound were
prepared by warming 3 mL of the C10 stock solution 37°C until the solution was clear. The
solution returned to room temperature before test compound was added. In an appropriately
sized glass container, 3 mL PBS was added, followed by 6 mg of the test compound (corrected
for purity). Subsequently, 3 mL of the room temperature C10 stock solution to the test
compound solution and vortexed.

[0341] SNAC and Test Compound: 1 mg/mL solutions of test compound were
prepared by adding 3 mL PBS to an appropriately sized glass container, followed by 6 mg of
the test compound (corrected for purity). Subsequently, 3 mL of the room temperature SNAC
stock solution to the test compound solution and vortexed.

[0342] LCC and Test Compound: 1 mg/mL solutions of test ompound were
prepared by adding 3 mL PBS to an appropriately sized glass container, followed by 6 mg of
the test compound (corrected for purity). Subsequently, 3 mL of the room temperature LCC

stock solution to the test compound solution and vortexed.
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[0343] The plasma concentration of each compound with each excipient is shown
in FIGS. 5A-5C. Plasma concentration of Compound 24 after administration in various
excipients shows that highest initial concentration with C10, while no trace is shown for
Compound 24 with SNAC as plasma levels of Compound 24 were below the limit of
quantitation (FIG. 5A). A similar phenomenon is observed with Compound 27 and C10 (FIG.
5B) and Compound 4 and SNAC (FIG. 5C). However, for the combination of Compound 4

and SNAC, the plasma levels of Compound 4 were above the limit of quantitation.

EXAMPLE 29
Additional Tablet Formulations
Spray Dried Dispersion Method — Tablet O
[0344] A batch of tablets (Tablet O) with a compound disclosed herein as the active

ingredient is prepared by a spray-dried dispersion method. The compound disclosed herein is
combined with either (a) hydroxypropylmethylcellulose acetate succinate type M (HPMCAS-
M); (b) hydroxypropylmethylcellulose acetate succinate type L (HPMCAS-L); (c)
polyvinylpyrrolidinone-vinyl acetate copolymer (PVP-VA64); or (d) Eudragit ® L100 in a
solvent to form a solution for spray drying. The solutions are then dried with a heated nitrogen
stream and collected using a cyclone. The spray dried matier is then combined with
microcrystalline cellulose, magnesium stearate, and additional fillers and disintegrants, and
pressed into tablets.

Wet Granulation Method # 2— Tablet P

[0345] A batch of tablets (Tablet P) with a compound disclosed herein as the active

ingredient is prepared by a wet granulation method. The compound disclosed herein is
combined with microcrystalline cellulose and hydroxypropyl cellulose. The mixture of
materials is wet granulated using purified water as the granulation liquid. The wet granulate is
dried in a fluid bed dryer. Thereafter, the dried granulate is milled and blended for 10 minutes.
Magnesium stearate is sieved and added to the blended mixture and blended for an additional

5 minutes. Thereafter, the mixture is compressed into tablets.

[0346] While some embodiments have been illustrated and described, a person

with ordinary skill in the art, after reading the foregoing specification, can effect changes,
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substitutions of equivalents and other types of alterations to the compounds of the present
technology or salts, pharmaccutical compositions, derivatives, prodrugs, mctabolitces,
tautomers or racemic mixtures thereof as set forth herein. Each aspect and embodiment
described above can also have included or incorporated therewith such variations or aspects as
disclosed in regard to any or all of the other aspects and embodiments.

[0347] The present technology is also not to be limited in terms of the particular
aspects described herein, which are intended as single illustrations of individual aspects of the
present technology. Many modifications and variations of this present technology can be made
without departing from its spirit and scope, as will be apparent to those skilled in the art.
Functionally equivalent methods within the scope of the present technology, in addition to
those enumerated herein, will be apparent to those skilled in the art from the foregoing
descriptions. Such modifications and variations are intended to fall within the scope of the
appended claims. It is to be understood that this present technology is not limited to particular
methods, reagents, compounds, compositions, labeled compounds or biological systems,
which can, of course, vary. It is also to be understood that the terminology used herein is for
the purpose of describing particular aspects only, and is not intended to be limiting. Thus, it
is intended that the specification be considered as exemplary only with the breadth, scope and
spirit of the present technology indicated only by the appended claims, definitions therein and
any equivalents thereof.

[0348] The embodiments, illustratively described herein may suitably be practiced
in the absence of any element or elements, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms “comprising,” “including,” “containing,” etc. shall be
read expansively and without limitation. Additionally, the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no intention in
the use of such terms and expressions of excluding any equivalents of the features shown and
described or portions thereof, but it is recognized that various modifications are possible within
the scope of the claimed technology. Additionally, the phrase “consisting essentially of”” will
be understood to include those elements specifically recited and those additional elements that
do not materially affect the basic and novel characteristics of the claimed technology. The

phrase “consisting of”” excludes any element not specified.
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[0349] In addition, where features or aspects of the disclosure are described in
terms of Markush groups, thosc skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the Markush
group. Each of the narrower species and subgeneric groupings falling within the generic
disclosure also form part of the present technology. This includes the generic description of
the present technology with a proviso or negative limitation removing any subject matter from
the genus, regardless of whether or not the excised material is specifically recited herein.

[0350] All publications, patent applications, issued patents, and other documents
(for example, journals, articles and/or textbooks) referred to in this specification are herein
incorporated by reference as if each individual publication, patent application, issued patent,
or other document was specifically and individually indicated to be incorporated by reference
in its entirety. Definitions that are contained in text incorporated by reference are excluded to
the extent that they contradict definitions in this disclosure.

[0351] Other embodiments are set forth in the following claims, along with the full
scope of equivalents to which such claims are entitled.

[0352] While the disclosure has been particularly shown and described with
reference to a preferred embodiment and various alternate embodiments, it will be understood
by persons skilled in the relevant art that various changes in form and details can be made
therein without departing from the spirit and scope of the disclosure.

[0353] All references, issued patents and patent applications cited within the body
of the instant specification are hereby incorporated by reference in their entirety, for all
purposes.

[0354] Although the disclosure has been described with reference to embodiments
and examples, it should be understood that numerous and various modifications can be made
without departing from the spirit of the disclosure. Accordingly, the disclosure is limited only

by the following claims.
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WHAT IS CLAIMED IS:
1. A pharmaccutical composition, comprising:
a permeability enhancer; and
a therapeutically effective amount of a compound, wherein the compound is a
GLP-1 agonist or a GLP/GIP dual agonist;
wherein the mass of the permeability enhancer is greater than 300 mg.
2. The pharmaceutical composition of claim 1, wherein the compound is a
compound having the structure of Formula (I), or a pharmaceutically acceptable salt thereol:
R N\"/\/\/\/\/\/\/\/\/\/R
*
o)
0 N oM
' S g g NH
O

3 F  (SEQ ID NO: 2)
HTyr-N EGTFTSDYSl— LDKlAQ"’N A
H ] SEQDNO: )

i l
HINSPPPAGSSPGGAILWQV )
(SEQ ID NQ: 3)

wherein:

R! is selected from the group consisting of —C(=0)(0Z", -P(=0)(X)(Y) and a 5-10
membered heteroaryl containing 1-2 heteroatoms selected from N, O and S optionally
substituted with 1-2 R” independently selected from halogen, Ci.6 alkyl, haloC .6 alkyl, haloC;.
¢ alkoxy, —OR?, C3.10 cycloalkyl, Ce.19 aryl, 5-10 membered heteroaryl and 5-10 membered
heterocyclyl;

R? is selected from the group consisting of —C(=0)(0Z?), -P(=0)(X)(Y) and a 5-10
membered heteroaryl containing 1-2 heteroatoms selected from N, O and S optionally
substituted with 1-2 R independently selected from halogen, Ci.¢ alkyl, haloCi.¢ alkyl, haloC;.
¢ alkoxy, —OR?, Cs.19 cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10 membered
heterocyclyl;

each R’ may be independently selected from the group consisting of halogen, C.¢ alkyl,
haloCi alkyl, haloC, alkoxy, Cic alkoxy, Cs.10 cycloalkyl, Ce.10 aryl, 5-10 membered
heteroaryl and 5-10 membered heterocyclyl;
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X and Y may each be independently selected from the group consisting of —OR?,
NRR®, Ci.6 alkyl and haloC . alkyl;

each R* may be independently selected from the group consisting of hydrogen, Ci.¢
alkyl, haloC alkyl, Ce.10 aryloxy and Ce.10 aryl alkoxy;

each R® may be independently hydrogen or Ci alkyl;

each R® may be independently hydrogen or Ci.¢ alkyl; and

Z! and Z* may each be independently selected from the group consisting of hydrogen,
C1-6 alkyl, haloCy alkyl, haloCi.6 alkoxy, Ci.6 alkoxy, Cs-10 cycloalkyl and Ce.10 aryl.

3. The pharmaceutical composition of claim 2, wherein at least one of Z' and Z*

is not hydrogen.

4. The pharmaceutical composition of claim 2 or 3, wherein the compound is a

compound having the structure of Formula (I-a):

H o)
3 F  (SEQ ID NO: 2)
HTyrN EGTFTSDYSI—N LDKIAQ—N A
H § (SEQIDNO: D) H A H

o)

HINSPPPAGSSPGGAILWQVF
(SEQ ID NO: 3)
(I-a)
or a pharmaceutically acceptable salt thereof.

5. The pharmaceutical composition of claim 4, wherein Z' is selected from the group
consisting of hydrogen, C1.6 alkyl, haloC1.¢ alkyl, haloC1.¢ alkoxy, Ci.6 alkoxy, Cs.10 cycloalkyl
and Ce.-10 aryl; and X and Y each are —OR*.

6. The pharmaceutical composition of claim 4 or 5, wherein Z' is selected from the
group consisting of hydrogen, haloCi-¢ alkoxy and Ci. alkoxy; and each R* independently is

selected from the group consisting of hydrogen, Ce.10 aryloxy and Ce-10 aryl alkoxy.
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7. The pharmaceutical composition of any one of claims 4 to 6, wherein Z! is
hydrogen and cach R* independently is hydrogen or Ce.1o aryl alkoxy.

8. The pharmaceutical composition of any one of claims 4 to 7, wherein each R* is
hydrogen.

9. The pharmaceutical composition of any one of claims 4 to 8, wherein Z!' is
hydrogen and each R*is hydrogen.

10. The pharmaceutical composition of claim 2, wherein the compound is a compound

having the structure of Formula (I-b):

0]
| 0
P

N
X// * 022
Y

0]

o)
o H/\/O\/\O/\H/H\/\O/\/O\)J\NH
0

s § (SEQ ID NO: 2)
HTyr N EGTFTSDYSI—N LDKIAQ—N A
H L sEQbNo: T H § H

)
HINSPPPAGSSPGGAILWQV
(SEQ ID NO: 3)
(I-b)
or a pharmaceutically acceptable salt thereof.

11. The pharmaceutical composition of claim 10, wherein Z? is selected from the group
consisting of hydrogen, Ci.¢alkyl, haloCy.6 alkyl, haloCi alkoxy, Ci alkoxy, Cs.10 cycloalkyl
and Ce.10 aryl; and X and Y each are —OR*.

12. The pharmaceutical composition of claim 10 or 11, wherein Z? is selected from the
group consisting of hydrogen, haloC.¢ alkoxy and Ci.¢ alkoxy; and each R* independently is
selected from the group consisting of hydrogen, Cs.10 aryloxy and Ce.10 aryl alkoxy.

13. The pharmaceutical composition of claim 10 or 11, wherein Z? is hydrogen and
each R* is hydrogen or Ce.19 aryl alkoxy.

14. The pharmaceutical composition of any one of claims 10 to 13, wherein each R*is

hydrogen.
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15. The pharmaceutical composition of any of claims 10 to 14, wherein Z? is hydrogen
and cach R* is hydrogen.
16. The pharmaceutical composition of claim 2, wherein the compound is a compound

having the structure of Formula (I-c):

|C|> 0
H I
P, N P
~
X / c \[(\/\/\/\/\/\/\/\/\/ |\Y
Y O X
H O
O N O
o) N/\/ \/\O/\n/ \/\O/\/ \)I\NH
H 0
3 S (SEQID NO: 2)
HTyrN EGTFTSDYSI—N LDKIAQ—N A
H 8 (SEQ ID NO: 1) H Ho &

HANSPPPAGSSPGGAILWQYV
(SEQ ID NO: 3)
(I-c)
or a pharmaceutically acceptable salt thereof.

17. The pharmaceutical composition of claim 16, wherein X and Y each are -OR*.

18. The pharmaceutical composition of claim 16 or 17, wherein each R* is
independently selected from the group consisting of hydrogen, Ce.10 aryloxy and Ce.10 aryl
alkoxy.

19. The pharmaceutical composition of any one of claims 16 to 18, wherein each R* is
hydrogen.

20. The pharmaceutical composition of claim 2 or 3, wherein the compound is a

compound having the structure selected from the group consisting of:
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H

PhH-CO N\[]/\/\/\/\/\/\/\/\/\/P(OCHQPh)Z
5 %

o)

i I

0
0 N/\/o\/\o/\n/n\/\o/\/o\)J\NH
0

F S(SEQ ID NO: 2)
HTyrN EGTFT YSI—N LDKIAQ—N A
H o) (S 2 1) H o) H

Ol
HNSPPPAGSSPGGAILWQV
1 (SEQ ID NO: 3)

o) 0O
H |
N P(OH),

(0]

O
o N/\/O\/\O/\"/ H \/\O/\/O\)LNH
(0]

3 S (SEQ ID NO: 2)
HTyr'N EGTFTSDYSI—N LDKIAQ—N A
H §GEQIDNO:1) H § H S

HZNSPPPAGSSPGGAILWQV1
2 (SEQID NO: 3)

ZT
T—0

(OCHyPh),

O
o N/\/O\/\O/YH\/\O/\/O\)LNH

H o)
3 F(SEQ ID NO: 2)
HTyr:N EGTFTSDYSI—N LDKIAQ—N A
H §SEQIDNO:1) H 4 H

Ol
HNSPPPAGSSPGGAILWQV
3 (SEQ ID NO: 3)
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H
HO N\n/\/\/\/\/\/\/\/\/\/P(OH)2
*

H
o H/\/C)\/\O/}rN \/\O/\/O\)LNH

3 S (SEQ ID NO: 2)
HTYrN EGTFTSDYSI—N LDKIAQ-—N A

S(SEQID NO: 1) o)

HNSPPPAGSSPGGAILWQVF
4 (SEQ ID NO: 3)

6]
| T
P,

H
N
“ YWWMOCHZPh

0]

(PhH,CO),

o N/\/o\/\o/\[(n\/\o/\/o\)l\NH

5 F(SEQ ID NO: 2)
HTyr'N EGTFTSDYSI—N LDKIAQ—-N
H (SEQ ID NO: 1)

A

Ol

HZNSPPPAGSSPGGAII A
5

O
|-
(PhHLCO),P. N
% Y\/\/V\/\/\/\/\/\)‘\oH

o H/VO\/\O/WH\/\O/\/O\)LNH

HTyr-NH—EGTFTSDYSI—
J(SEQIDNO: 1) H

Ol
H,NSPPPAGSSPGGAILWQV
6 (SEQ ID NO: 3)

ID NO: 2
SQING2,

LDKIAQ A

IIII
o
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o)
H
0 N/\/O\/\O/\“/N\/\O/\/O\)LNH
o}

H
(SEQ ID NO: 2)

HTyr-NH»EGTFTSDYSI—N LDKIAQ—N A
H §@SEQDNO:1D)  H § H ol

D

H;NSPPPAGSSPGGAILWQV
7 (SEQ ID NO: 3)

s S(SEQ ID NO: 2)
HTyrN EGTFTSDYSI—N LDKIAQ—N A
H (SEQIDNO:1)  H { H g

HINSPPPAGSSPGGAILWQYV
s (SEQIDNO:3)

O

O

[ |
(PhH,CO),P. N\[]/\/\/\/\/\/\/\/\/\/P(OCHZPh)Z

O

0
0 N/\/O\/\o/ﬁrn\/\o/\/o\)\NH
0

F F(SEQ ID NO: 2)
HTyr-N EGTFTSDYSI|—N LDKIAQ—N A
H (SEQIDNO:1) H § H

Ol
HNSPPPAGSSPGGAILWQYV
s  (SEQIDNO:3)
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o o
I H |
(PhH,CO),P: N\n/\/\/\/\/\/\/\/\/\/F’(OH)2
o

0o
/\rn\/\o/\/o\)J\NH
O

H/\/O\/\o

§ F (SEQ ID NO: 2)
/| EGTFTSDYSl— LDKIAQ—N A
3¢ ol

O

SEQ ID NO: 1)

H.NSPPPAGSSPGGAILWQYV
10 (SEQTD NO: 3)

o

0]
Il H
(HO),P. N\"/\/\/\/\/\/\/\/\/\/P(OCHZPh)Z
*
o}

0
H/\/O\/\O/ﬁrn \/\O/\/OJJ\NH

};‘_ };('S:EQIDNOQ)
HTyrN EGTFTSDYSI—N LDKIAQ—N A
Y I'SEQIbNO: 1) H H ol

0]

HNSPPPAGSSPG
1 (SEQ ID NO: 3)

};r }i(?;:QIDNO:Z)
: EGTFTSDYSI—N LDKIAQ—N A
H TGEQIDNO:T H H J

HZNSPPPAGSSPGGAIL
-y (SEQIDNO: 3)

and pharmaceutically acceptable salts thereof.
21. The pharmaceutical composition of claim 20, wherein the compound is a compound

having the structure:
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H
HO N\n/\/\/\/\/\/\/\/\/\/P(OH)2
*

O

H

o H /\/O\/\O/}r N \/\o/\/o\)j\ NH
0

3 ¥ (SEQ ID NO: 2)
HTyr N EGTFTSDYSI—N LDKIAQ—N A
S (SEQIDNO: 1) H § H o

HNSPPPAGSSPGGAILWQVF
4 (SEQ ID NO: 3)

or a pharmaceutically acceptable salt thereof.

22. The pharmaceutical composition of any one of claims 2 to 21, wherein “*” indicates
a chiral carbon with “S” configuration.

23. The pharmaceutical composition of any one of claims 2 to 21, wherein “*” indicates
a chiral carbon with “R” configuration.

24. The pharmaceutical composition of claim 1, wherein the compound is a compound

having the structure of Formula (I1),

R1 N\"/\/\/\/\/\/\/\/\/\/Rz

O

0 0
07 N7 U0

H
NH
O/\/ o
o)
(o,
H\l\ll o)
HYABEGTFTSDYSIJ'LDU' UWAFVJEWLISPGGPSSGAPPPS-NH,
(SEQ ID NO: 4) (ID) (SEQ ID NO: 5)

or a pharmaceutically acceptable salt thereof, wherein:

Aib is 2-aminoisobutyric acid;
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each instance of J', J%, and J? is independently an amino acid selected from Aib,
a naturally occurring amino acid, and an unnatural amino acid;

U is -(at-()n2-(n3-( s

U2 is -(1*)as5-(3 6~V 7-(1 s

each instance of J4, J°, J6, J7, I8, J°, J'° and J' is independently a naturally
occurring amino acid or an unnatural amino acid;

each of nl, n2, n3, n4, n5, n6, n7, and n8 is independently O or 1, provided that
the sumnl +n2 +n3 +n4 + n5 + n6 + n7 + n8 is 4;

R! is selected from the group consisting of ~C(=0)(OZ!), -P(=0)(X)(Y) and a
5-10 membered heteroaryl containing 1-2 heteroatoms selected from N, O and S, the
heteroaryl optionally substituted with 1-2 R” independently selected from halogen, Ci.
6 alkyl, haloCi alkyl, haloCis alkoxy, —OR>, Cs.io cycloalkyl, Ce.10 aryl, 5-10
membered heteroaryl and 5-10 membered heterocyclyl;

R? is selected from the group consisting of —C(=0)(0Z?), -P(=0)(X)(Y) and a
5-10 membered heteroaryl containing 1-2 heteroatoms selected from N, O and S, the
heteroaryl optionally substituted with 1-2 R” independently selected from halogen, Ci.
6 alkyl, haloCi alkyl, haloCi.s alkoxy, —OR>, Cs.io cycloalkyl, Ce.10 aryl, 5-10
membered heteroaryl and 5-10 membered heterocyclyl;

each R’ is independently selected from the group consisting of halogen, Ci-6
alkyl, haloCi.s alkyl, haloCi.6 alkoxy, Ci.e alkoxy, Cs.i0 cycloalkyl, Ce10 aryl, 5-10
membered heteroaryl and 5-10 membered heterocyclyl;

X and Y each are independently selected from the group consisting of —OR?,
NR’R®, Cy. alkyl and haloC.6 alkyl;

each R* is independently selected from the group consisting of hydrogen, Ci.¢
alkyl, haloCj.6 alkyl, Ce.10 aryl and Cr.11 arylalkyl;

each R’ is independently hydrogen or Ci.6 alkyl;

each R® is independently hydrogen or Ci.¢ alkyl; and

Z' and Z? each are independently selected from the group consisting of
hydrogen, Ci alkyl, haloCy.¢ alkyl, haloCi¢ alkoxy, Ci alkoxy, Cs.10 cycloalkyl and
Ce-10 aryl.

25. The pharmaceutical composition of claim 24, wherein the compound is not:
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o ?L
el N ~ RN N o o SN N S TN
Q H N OH
. O o
1\ e O e R o, M
LR Oy e T e
H i )

H-YADBEGTF

CIFTSDYSIABLDKIAG-N “AFVQWLIAGGPRSSGAR PP SN,
(SEQ ID NO: 6) WA

(SEQ ID NO: 7)
26. The pharmaceutical composition of claim 24 or 25, wherein each instance of J L2,
and J? is independently an amino acid selected from Aib and a naturally occurring amino acid.
27. The pharmaceutical composition of any one of claims 24 to 26, wherein each
instance of J!, J2, and J* is independently an amino acid selected from Aib, A, F, N, R, and Q.

28. The pharmaceutical composition of any one of claims 24 to 27, wherein J! is Aib

or F.
29. The pharmaceutical composition of any one of claims 24 to 28, wherein J! is F.
30. The pharmaceutical composition of any one of claims 24 to 29, wherein J? is N or
Q.
31. The pharmaceutical composition of any one of claims 24 to 30, wherein J?is N.
32. The pharmaccutical composition of any onc of claims 24 to 31, whercin J? is A or
R.

33. The pharmaceutical composition of any one of claims 24 to 32, wherein J® is R.

34. The pharmaceutical composition of any one of claims 24 to 33, wherein each
instance of J*, J°, J®, and J7 is independently an amino acid selected from A, I, K, R, Q, S, T,
and V.

35. The pharmaceutical composition of any one of claims 24 to 34, wherein J* is K or

36. The pharmaceutical composition of any one of claims 24 to 35, wherein J* is R.
37. The pharmaceutical composition of any one of claims 24 to 36, wherein J° is I, T,

orV.

38. The pharmaceutical composition of any one of claims 24 to 37, wherein J° is T or
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K.

39. The pharmaceutical composition of any one of claims 24 to 38, wherein J®is A or

40. The pharmaceutical composition of any one of claims 24 to 39, wherein J¢ is S.

41. The pharmaceutical composition of any one of claims 24 to 40, wherein J’ is Q or

42. The pharmaceutical composition of any one of claims 24 to 41, wherein each

instance of J8, J°, J'°, and J'! is independently an amino acid selected from A, I, and Q.

Q.

43. The pharmaceutical composition of any one of claims 24 to 42, wherein J® is I or

44. The pharmaceutical composition of any one of claims 24 to 43, wherein J° is A or

45. The pharmaceutical composition of any one of claims 24 to 44, wherein J' is Q.
46. The pharmaceutical composition of any one of claims 24 to 45, wherein J'! is Q.
47. The pharmaceutical composition of any one of claims 24 to 27, wherein

J1is selected from Aib or F;

J2is selected from Q or N;

J3 is selected from A or R;

U! is selected from -K-V-A-, -K-I-A-Q- (SEQ ID NO: 8), -K-T-A-Q- (SEQ ID
NO: 9), -K-T-S-Q- (SEQ ID NO: 10), -K-V-A-Q- (SEQ ID NO: 11), -R-I-A-Q- (SEQ
ID NO: 12), K-I-A-K- (SEQ ID NO: 13), -K-I-S-Q- (SEQ ID NO: 14), or is absent;
and

U? is selected from -Q-, -I-A-Q-Q- (SEQ ID NO: 15), -I-A-Q-K- (SEQ ID NO:
16), -V-A-Q-K (SEQ ID NO: 17), or is absent.

48. The pharmaceutical composition of any one of claims 24 to 47, wherein each

instance of nl, n2, n3, and n4 is zero.

49. The pharmaceutical composition of any one of claims 24 to 47, wherein each

instance of n4, n6, n7, and n8 is zero.

50. The pharmaceutical composition of any one of claims 24 to 47, wherein each

instance of n5, n6, n7, and n8 is zero.

51. The pharmaceutical composition of any one of claims 24 to 50, wherein at least one

of Z! and Z? is not hydrogen.

-128-



WO 2024/192219 PCT/US2024/019883

52. The pharmaceutical composition of any one of claims 24 to 51, wherein the

compound is a compound having the structurc of Formula (II-a):

o)
g 'F!

710 W|\Y
O X
A0 O

0~ °N 0
H
NH
O/\/ o
(o
NP
H\l\\l 0
H-YADEGTFTSDYSIJ'LDU' U?AFVJWLIJFBGGPSSGAPPPS-NH,
(SEQID NO: 4) . (SEQID NO: 5
-d

or a pharmaceutically acceptable salt thereof.

53. The pharmaceutical composition of claim 52, wherein Z! is selected from the group
consisting of hydrogen, C1.¢ alkyl, haloC.s alkyl, haloCi.¢ alkoxy, Ci.¢ alkoxy, Cs.10 cycloalkyl
and Ce.10 aryl; and X and Y each are -OR".

54. The pharmaceutical composition of claim 51, wherein Z! is hydrogen and each R*
independently is hydrogen or C7.11 arylalkyl.

55. The pharmaceutical composition of claim 53 or 54, wherein each R* is hydrogen.

56. The pharmaceutical composition of claim 51, wherein Z' is hydrogen and each R*
is hydrogen.

57. The pharmaceutical composition of any one of claims 23 to 51, wherein the

compound is a compound having the structure of Formula (II-b):
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o)
: 'A
HO Tr\/\/\/\/\/\/\/\/\/ |\OR4
O OR*
®) O
o) N/\/ \/\O
H
NH
O/\/ o
o)
k/ \)J\NH
H\I\‘l o)
HYADEGTFTSDYSIJ'LDU' U?AFVJWLIJSGGPSSGAPPPS-NH
(SEQ ID NO: 4) (SEQIDNO:5) 2
(11-b)

or a pharmaceutically acceptable salt thereof.

58. The pharmaceutical composition of claim 57, wherein each R* is independently
selected from the group consisting of hydrogen, Ce.10 aryl and C7.11 arylalkyl.

59. The pharmaceutical composition of claim 58, wherein each R* is hydrogen.

60. The pharmaceutical composition of claim 24 or 25, wherein the compound is a

compound having the structure selected from the group consisting of:

fels)

g $
&H N \_}\;\‘_m‘\v\ \\\ N \»-'"'\\ _“‘_4@ ~ \‘__\\--V\,\ ._N.-»\ - '-'V__o\,\ ~~~~~ N o }*‘\ :‘:}E‘i
N (\ Tt
N
| i
a %',A..\\ N \‘:" e, _}.@\ S ~y W53 8

HY AL E S TETSDYSIARL N M- RO 0ATVOWLIAGHROS IS S

(SEQ ID NO: 18) & (SEQ ID NO: 19)
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O §§ N T T P
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TEYSDYXR

PARL D
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R T O S
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~ & ~ - - o~ N

. \_.\‘_‘.’\_.-\\‘_ - \(} \ﬁ““&‘\ - \_\‘:3.\. N S
HYAQRERTEHETE PR L OKY .‘\*\*&

(SEQ ID NO: 22)

H-Y AR EGTETRRYRIFLD
(SEQ ID NO: 23)

v AR E QY
(SEQ ID NO: 24)

FYRDVRIFL

o~ o~ ~.
\.\\_4 \.\ e
N\ ~ e o
@ .
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i:; N
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N N T TN NN
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& A
!
_\,-’

HeY AR EGTETEOYSIARLORIAGN Y-APYQWLIRDR GPID QAR P P B-NH
(SEQ ID NO: 25) TR (SEQ ID NO: 26)

. PN N
AN TN NN TN
e
= N
A ~ PO TN :

MY AR ERTETAOYRIFLRNIADR “ra DV RW NIIAGAPRQAGAP PP IRN
(SEQ ID NO: 27) § & (SEQ ID NO: 28)

Q

SN N SN e e e M
N L A AN S o ] i

R

Eg] ~ LY E
oSNy RN Fos N

MY AHERTFTROYS AL K w*%\ 3;« AESHWLIAQEP ISR AR PR QM
(SEQ ID NO. 29) M (SEQ ID NO: 30)

¥
i
o e e e
T T N N U S W ‘\.n"': r}:\i
Y
b
™ Ei
S SN PR N LA
s ¥ > 3 > N#

MYAMEATEFTINYSIADLBRTAR ‘\5 ‘{Q FYRNWLIAGGPFINAQAAPPHES ~Nh
(SEQ ID NO: 31) L. (SEQ ID NO: 22)
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QM o
ioH i
(}._3::\_5 N \_}{,»-‘ ~ \»"'“.\ ~ \’\.,.u-‘ \-'\,\--“"\‘\ \\\ TN ,\ N N - e - b: N o
¢ B

b
AN N T3 o
: { o
o - 8 SNy N N \i\ \\'{N\ ~ o N 3\ S Nt
4 4 }

MY ABEGTETS DY SIALLOKISO-N JrafVAWLIAGUP S S QAP P P 8-NH,
(SEQ ID NO: 32) HoOA (SEQ ID NO: 22)

(SEQ ID NO: 22) (SEQ ID NO: 26)

and pharmaceutically acceptable salts thereof.
61. The pharmaceutical composition of claim 1, wherein the compound is a

compound having the structure of Formula (III), or a pharmaceutically acceptable salt thereof
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@)
)
o) N/\/O\/\O H\/\ /\/O\)]\
N N 0 NH

H-Hi}}rEGTFTSDVSSYLEGQAA—N EFIAW RGRG-OH
o) (SEQ ID NO: 33) H o (SJEgID 90: 39)

(1ID),

or a pharmaceutically acceptable salt thereof, wherein:

R! is selected from the group consisting of —C(=0)(0Z), -P(=0)(X)(Y) and a 5-10
membered heteroaryl containing 1-4 heteroatoms selected from N, O and S optionally
substituted with 1-2 R” independently selected from halogen, Ci.6 alkyl, haloCi.6 alkyl, haloC;.
6 alkoxy, —OR®, Cs.19 cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10 membered
heterocyclyl;

R? is selected from the group consisting of —C(=0)(0Z?), —(CH2CH>),P(=0)(X)(Y)
and a 5-10 membered heteroaryl containing 1-4 heteroatoms selected from N, O and S
optionally substituted with 1-2 R’ independently selected from halogen, Ci-6 alkyl, haloCi
alkyl, haloC 1.6 alkoxy, —~OR®, Cs.io cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10
membered heterocyclyl;

each R’ is independently selected from the group consisting of halogen, Ci alkyl,
haloC, alkyl, haloC,s alkoxy, Cic alkoxy, Cs-10 cycloalkyl, Cs.10 aryl, 5-10 membered
heteroaryl and 5-10 membered heterocyclyl;

X and Y each are independently selected from the group consisting of -OR*, NR°RS,
Ci-6 alkyl and haloC alkyl;

each R* is independently selected from the group consisting of hydrogen, Ci.6 alkyl,
haloC alkyl, Ce-10 aryloxy and Ce.10 aryl alkoxy;

each R’ is independently hydrogen or Ci.6 alkyl;

each R® is independently hydrogen or Ci alkyl;

Z! and Z? cach arc independently sclected from the group consisting of hydrogen, Ci

alkyl, haloC.¢ alkyl, haloCi.¢ alkoxy, Ci alkoxy, Cs.10 cycloalkyl and Ce.10 aryl; and
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nis0,1,2,3o0r4.

62. The pharmaccutical composition of claim 61, whercin at Icast onc of Z! and Z? is
not hydrogen.

63. The pharmaceutical composition of claim 61 or 62, wherein the compound is a

compound having the structure of Formula (IlI-a):

QO H ?
N P-Y
1
2'0 . M "
O
N P
e O NN N0
) ” O O NH
0]
H-Hi}\”*EGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-OH
O (SEQIDNO: 33) H o (SEQ ID NO: 34)
(1l-a),

or a pharmaceutically acceptable salt thereof.

64. The pharmaceutical composition of claim 63, wherein Z! is selected from the group
consisting of hydrogen, C1.6 alkyl, haloCi.¢ alkyl, haloC . alkoxy, Ci.6 alkoxy, Cs-.10 cycloalkyl
and Ce.10 aryl; and X and Y each are —OR*.

65. The pharmaceutical composition of claims 63 or 64, wherein Z! is selected from the
group consisting of hydrogen, haloC.¢ alkoxy and C.¢ alkoxy; and each R* independently is
selected from the group consisting of hydrogen, Ce.10 aryloxy and Ce.10 aryl alkoxy.

66. The pharmaceutical composition of any one of claims 63 to 65, wherein Z! is
hydrogen and each R* independently is hydrogen or Ce.-10 aryl alkoxy.

67. The pharmaceutical composition of any one of claims 63 to 66, wherein each R*is
hydrogen.

68. The pharmaceutical composition of any one of claims 63 to 67, wherein Z! is
hydrogen and each R*is hydrogen.

69. The pharmaceutical composition of any one of claims 63 to 68, whereinn is 1.

70. The pharmaceutical composition of any one of claims 63 to 68, wherein n is 2.

71. The pharmaceutical composition of claim 59, wherein the compound is a having

the structure of Formula (I1I-b):
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Q H Q
X—P. N 072
Y * n
O
@]
N PR
o N/\/O\/\O/\H/N\/\O/\/O NH
H
O
H'Hig\”*EGTFTSDVSSYLEGQAA—N EFIAWLVRGRG-OH
o) (SEQ ID NO: 33) H o) (SEQ ID NO: 34)
(III-b)

or a pharmaceutically acceptable salt thereof.

72. The pharmaceutical composition of claim 71, wherein Z2 is selected from the group
consisting of hydrogen, Ci.¢alkyl, haloCi.6 alkyl, haloCi.¢ alkoxy, Ci. alkoxy, Cs.10 cycloalkyl
and Ce.10 aryl; and X and Y each are —OR*.

73. The pharmaceutical composition of claim 71 or 72, wherein Z? is selected from the
group consisting of hydrogen, haloC.¢ alkoxy and C.¢ alkoxy; and each R* independently is
selected from the group consisting of hydrogen, Ce.10 aryloxy and Ce.10 aryl alkoxy.

74. The pharmaceutical composition of any one of claims 71 to 73, wherein Z? is
hydrogen and each R* is hydrogen or Ce.10 aryl alkoxy.

75. The pharmaceutical composition of any one of claims 71 to 74, wherein each R*is
hydrogen.

76. The pharmaceutical composition of any one of claims 71 to 75, wherein Z? is
hydrogen and each R*is hydrogen.

77. The pharmaceutical composition of any one of claims 71 to 76, wherein n is 1.

78. The pharmaceutical composition of any one of claims 71 to 76, wherein n is 2.

79. The pharmaceutical composition of claim 61 or 62, wherein the compound is a

compound having the structure of Formula (IlI-c):
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0 O
I H 0y

Y'F NMMMNP\
X * o n X

O

O H O\)k
o N/\/ \/\O/\n/ \/\O/\/ NH

H
O
H-ngwaGTFTSDVSSYLEGQAA N EFIAWLVRGRG-OH
(SEQ ID NO: 33) H o (SEQ ID NO: 34)

(11I-c),

or a pharmaceutically acceptable salt thereof.

80. The pharmaceutical composition of claim 79, wherein X and Y each are —OR*.

81. The pharmaceutical composition of claim 80, wherein each R* independently is
selected from the group consisting of hydrogen, Ce.10 aryloxy and Ce 10 aryl alkoxy.

82. The pharmaceutical composition of claim 80 or 81, wherein each R* is hydrogen.

83. The pharmaceutical composition of any one of claims 79 to 82, whereinn is 1.

84. The pharmaceutical composition of any one of claims 79 to 82, wherein n is 2.

85. The pharmaceutical composition of claim 61 or 62, wherein the compound is a

compound having the structure selected from the group consisting of:

0 \n/\/\/\/\/\/\/\/\/|\o|-|

* OH

0]
0]
0 N o

H

0
H-HIQW*EGTFTSDVSSYLEGQAA N EFIAWLVRGRG-OH
o) (SEQ ID NO: 33) o (SEQ ID NO: 34)
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o)
N N
e S NGFaN N~ ~O
O~ °N ) 0 NH
H
)
H-H|s>\”7EGTFTSDVSSYLEGQAA -N EFIAWLVRGRG-OH
(SEQ ID NO: 33) H o (SEQ ID NO: 34)

O
H
0 N 0
1) N/\/ \/\o/\n/ \/\O/\/ \)J\NH
H
0]
H-Hu?ﬁrEGTFTSDVSSYLEGQAA -N EFIAWLVRGR G-OH
O (SEQID NO: 33) H 3§ (SEQ ID NO: 34)

OH Q
0 *N\[]/\/\/\/W\/W\/F\) OH
o OH
H 0
N
0

N/\/O\/\O

0O
H

H-ngﬁrEGTFTSDVSSYLEGQAA N EFIAWLVRGRG-OH
o) (SEQ ID NO: 33) 0 (SEQ ID NQO: 34)

and pharmaceutically acceptable salts thereof.
86. The pharmaceutical composition of any one of claims 61 to 85, wherein “*”

indicates a chiral carbon with “S” configuration
87. The pharmaceutical composition of any one of claims 61 to 85, wherein “*”

indicates a chiral carbon with “R” configuration.
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88. The pharmaceutical composition of any one of Claims 1 to 87, wherein the mass
of the permeability enhancer is from about 350 mg to about 1000 mg.

89. The pharmaceutical composition of any one of Claims 1 to 87, wherein the mass
of the permeability enhancer is from about 400 mg to about 800 mg.

90. The pharmaceutical composition of any one of Claims 1 to 87, wherein the mass
of the permeability enhancer is from about 500 mg to about 750 mg.

91. The pharmaceutical composition of any one of Claims 1 to 87, wherein the mass
of the permeability enhancer is about 500 mg; or wherein the mass of the permeability enhancer
is 450 mg.

92. The pharmaceutical composition of any one of Claims 1 to 91, wherein the
permeability enhancer comprises from about 40% to about 90% by weight of the composition.

93. The pharmaceutical composition of any one of Claims 1 to 91, wherein the
permeability enhancer comprises from about 50% to about 80% by weight of the composition.

94. The pharmaceutical composition of any one of Claims 1 to 91, wherein the one
or more permeability enhancer comprises from about 70% to about 80% by weight of the
composition.

95. The pharmaceutical composition of any one of Claims 1 to 91, wherein the
permeability enhancer comprises about 73% of the composition.

96. The pharmaceutical composition of any one of Claims 1 to 95, wherein the
permeability enhancer is salcaprozate sodium (SNAC), sodium caprate (C10), or a
combination thereof.

97. The pharmaceutical composition of any one of Claims 1 to 95, wherein the
permeability enhancer is salcaprozate sodium.

98. The pharmaceutical composition of any one of Claims 1 to 95, wherein the
permeability enhancer is sodium caprate.

99. The pharmaceutical composition of any one of Claims 1 to 95, wherein the one
or more permeability enhancer is a combination of salcaprozate sodium and sodium caprate.

100.  The pharmaceutical composition of any one of Claims 1 to 99, comprising from
about 1 mg to about 50 mg of the compound.

101.  The pharmaceutical composition of any one of Claims 1 to 99, comprising from

about 5 mg to about 40 mg of the compound.
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102.  The pharmaceutical composition of any one of Claims 1 to 99, comprising from
about 10 mg to about 30 mg of thc compound.
103.  The pharmaceutical composition of any one of Claims 1 to 99, comprising from
about 20 mg to about 30 mg of the compound.
104.  The pharmaceutical composition of any one of Claims 1 to 99, comprising from
about 25 mg of the compound.
105. The pharmaceutical composition of any one of Claims 1 to 104, further
comprising a disintegrant.
106. The pharmaceutical composition of Claim 105, wherein the disintegrant is
croscarmellose sodium.
107. A pharmaceutical composition, comprising:
salcaprozate sodinm; and
a therapeutically effective amount of a compound having the structure of
Formula I, or a pharmaceutically acceptable salt thereof:
R! N\[(\/\/\/\/\/\/\/\/\/R
%
O

o)
o H/\/O\/\O/\",H\/\O/\/O\)LNH
)

"y

3 (SEQ ID NO: 2)
HTyrN EGTFTSDYSI—N LDKIAQ—N A
H  § (SEQIDNO: 1) H ) H & l

HINSPPPAGSS PG((ESQQI{_DVI\\IK%\S/)
wherein:

R! is selected from the group consisting of —C(=0)(0Z"Y, -P(=0)(X)(Y) and a 5-10
membered heteroaryl containing 1-2 heteroatoms selected from N, O and S optionally
substituted with 1-2 R” independently selected from halogen, Ci.6 alkyl, haloCi.6 alkyl, haloC;.
¢ alkoxy, —OR?, C3.10 cycloalkyl, Ce.19 aryl, 5-10 membered heteroaryl and 5-10 membered
heterocyclyl;

R? is selected from the group consisting of —C(=0)(0Z?), —-P(=0)(X)(Y) and a 5-10

membered heteroaryl containing 1-2 heteroatoms selected from N, O and S optionally
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substituted with 1-2 R” independently selected from halogen, Ci.6 alkyl, haloCi.6 alkyl, haloC;.
6 alkoxy, —OR®, Cs.i¢ cycloalkyl, Ce.10 aryl, 5-10 membered heteroaryl and 5-10 membered
heterocyclyl;

each R’ is independently selected from the group consisting of halogen, Ci alkyl,
haloCi alkyl, haloC, alkoxy, Cie alkoxy, Cs.10 cycloalkyl, Cs.10 aryl, 5-10 membered
heteroaryl and 5-10 membered heterocyclyl;

X and Y each are independently selected from the group consisting of -OR*, NR°RS,
Ci-6 alkyl and haloC alkyl;

each R* is independently selected from the group consisting of hydrogen, Ci.6 alkyl,

haloCj.s alkyl, Ce-10 aryl and Ce-10 arylalkyl;

each R’ is independently hydrogen or Ci.6 alkyl

each R® is independently hydrogen or Ci alkyl; and

Z! and Z? each are independently selected from the group consisting of hydrogen, Ci.
alkyl, haloC1.¢ alkyl, haloC1.¢ alkoxy, Ci.¢ alkoxy, Cs.10 cycloalkyl and Ce.10 aryl; and

wherein the mass of salcaprozate is greater than about 300 mg.

108.  The pharmaceutical composition of any one of Claims 1 to 107, wherein at least
one of Z! and Z? is not hydrogen.

109.  The pharmaceutical composition of any one of Claims 1 to 107, wherein the
composition further comprises one or more excipient.

110. The pharmaceutical composition of Claim 109, wherein the one or more
excipient is selected from the group consisting of microcrystalline cellulose, magnesium
stearate, and polyvinylpyrrolidone.

111.  The pharmaceutical composition of any one of Claims 1 to 110, wherein the

compound has the structure of Formula I-a:
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o N/\/O\/\O/\H,N \/\O/\/O\)LNH

F F (SEQ ID NO: 2)
HTyr-N EGTFTSDYSI— LDKlAQ——N A
H  5(SEQIDNO: 1)

o)

H2NSPPPAGSSPGGAI WQVF
(SEQ ID NO: 3)

IA

or a pharmaceutically acceptable salt thereof.

112.  The pharmaceutical composition of any one of Claims 1 to 111, wherein Z!is
selected from the group consisting of hydrogen, Ci.s alkyl, haloCi alkyl, haloCi.¢ alkoxy, Ci.
6 alkoxy, Cs.10 cycloalkyl and Ce.-10 aryl; and X and Y each are ~OR".

113.  The pharmaceutical composition of any one of Claims 1 to 112, wherein Z!is
selected from the group consisting of hydrogen, haloC.¢ alkoxy and Ci.¢ alkoxy; and each R*
independently is selected from the group consisting of hydrogen, Ce.10 aryl and Ce.10 arylalkyl.

114.  The pharmaceutical composition of any one of Claims 1 to 113, wherein Z' is
hydrogen and each R* independently is hydrogen or Ce.10 arylalkyl.

115. The pharmaceutical composition of any one of Claims 1 to 114, wherein each
R*is hydrogen.

116. The pharmaceutical composition of any one of Claims 1 to 115, wherein the

compound is:
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(@)
v=—0

(OH)2

N
Ho *\“/\/\/\/\/\/\/\/\/\/

o)

O
o) N/\/O\/\O/\“/H\/\O/\/O\)LNH
O

Il/,

3 (SEQ ID NO: 2)
HTyr-N EGTFTSDYSI—N LDKIAQ—N A

O (SEQIDNO: 1) 1§ o

HQNSPPPAGSSPG(%EAQIIT]SNN%}/SF)

or a pharmaceutically acceptable salt thereof.

117.  The pharmaceutical composition of any one of Claims 1 to 116, wherein the
composition is formulated for oral administration.

118.  The pharmaceutical composition of any one of Claims 1 to 117, wherein the
pharmaceutical composition comprises:

from about 1.0 to about 5.0% by weight of the compound;

from about 50% to about 80% by weight salcaprozate sodium;

from about 10% to about 30% by weight microcrystalline cellulose;

from about 1.0% to about 3.0% by weight polyvinylpyrrolidinone; and

from about 1.0% to about 3.0% by weight magnesium stearate.

119. The pharmaceutical composition of any one of Claims 1 to 118, wherein the
pharmaceutical composition comprises:

about 3.6% by weight of the compound;

about 72.7% by weight salcaprozate sodium;

about 19.4% by weight microcrystalline cellulose;

about 1.9% by weight polyvinylpyrrolidinone; and

about 2.3% by weight magnesium stearate.

120.  The pharmaceutical composition of any one of Claims 1 to 119, wherein the
pharmaceutical composition is enterically coated.

121. A method of preventing, treating, or ameliorating one or more metabolic
disorders or metabolic syndromes in a subject, comprising administering a pharmaceutical

composition of any one of Claims 1 to 120, to a subject in need thereof.
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122.  The method of Claim 119, wherein the metabolic disorder or metabolic
syndrome is athcrosclerosis, diabetes, hyperglycemic diabetes, type 2 diabetes mellitus,
dyslipidemia, hypercholesterolemia, hyperlipidemia, hypertension, hypoglycemia, obesity,
hypothalamic obesity, or prader-willi syndrome.

123.  The method of Claim 119 or 120, wherein the metabolic disorder or metabolic
syndrome is obesity or hypothalamic obesity.

124. A method of preventing, treating, or ameliorating one or more fatty liver
diseases in a subject, comprising administering a pharmaceutical composition of any one of
Claims 1 to 120, to a subject in need thereof.

125.  The method of Claim 122, wherein said wherein said fatty liver disease is
selected from the group consisting of steatosis, non-alcoholic steatohepatitis and non-alcoholic
fatty liver disease.

126. The method of Claim 122 or 125, wherein said administration of said
pharmaceutical composition results in the prevention, treatment, or amelioration, of a fibrosis,
fibrotic condition, or fibrotic symptoms.

127.  The method of any one of Claims 122 to 126, wherein said administration of
said pharmaceutical composition results in the reduction in the amount of extracellular matrix
proteins present in one or more tissues of said subject.

128.  The method of any of Claims 122 to 127, wherein said administration of said
pharmaceutical composition results in the reduction in the amount of collagen present in one
or more tissues of said subject.

129.  The method of Claim 128, wherein said administration of said pharmaceutical
composition results in the reduction in the amount of Type 1, Type Ia, or Type III collagen
present in one or more tissues of said subject.

130. A method of preventing, treating, or ameliorating one or disease or disorders in
a subject, comprising administering a pharmaceutical composition of any one of Claims 1 to
118 to a subject in need thereof, wherein said disease or disorder is liver fibrosis, renal fibrosis,
biliary fibrosis, pancreatic fibrosis, nonalcoholic steatohepatitis, non-alcoholic fatty liver
disease, chronic kidney disease, diabetic kidney disease, primary sclerosing cholangitis,

primary biliary cirrhosis, or idiopathic fibrosis.
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131. The method of Claim 130, wherein said disease or disorder is nonalcoholic
stcatohcpatitis, non-alcoholic fatty liver discasc, chronic kidney discase, diabetic kidncy
disease, primary sclerosing cholangitis, or primary biliary cirrhosis.

132.  The method of any one of Claims 121 to 131, wherein the route of
administration is oral.

133. A method of preparing a pharmaceutical composition, the method comprising
the steps of:

(1) combining salcaprozate sodium and magnesium stearate to form first granules;

(i1) combining microcrystalline cellulose, Compound 4, and polyvinylpyrrolidinone to

form second granules

(iii) combining the first granules and the second granules to form a mixture;

(iv) adding magnesium stearate to the mixture to form third granules;

(v) pressing the third granules into tablets.

134. A method of preparing a pharmaceutical composition, the method comprising
the steps of:

(1) combining microcrystalline cellulose and compound disclosed therein in a first

vessel;

(1) combining polyvinylpyrrolidinone and water in a second vessel;

(iii) adding the contents of the first vessel to the second vessel to form wet granules;

(iv) drying the wet granules to form dry granules;

(v) combining the dry granules with magnesium stearate; and

(vi) pressing the resulting mixture of step (v) into granules.

135.  The pharmaceutical composition prepared by the method of Claim 133 or 134.
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