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

BACKGROUND
Field
[6001] The present disclosure relates generally to the field of treatments for
metabolic disorders and fatty liver diseases. More specifically, the present disclosure relates
o the field of formulations of small molecule drugs for the treatment of diseases including

non-alcoholic steatohepatitis (NASH), non-alcoholic fatty hver disease {(INAFLD).

Deserintion of the Related Art

[0002] Incretin peptides glucose-dependent nsulinotropic polypeptide (GIP) and
glucagon-bike peptide-1 {GLP-1) are metabolic hormones. GIP and GLP-1 are both secreted
within munutes of nutrient ingestion and facilate the rapid disposal of ngested nutrients.
Both peptides share common actions on 1slet B-cells acting through structurally distinet yet
related receptors. Incretin-recepior activation leads to glucose-dependent msulin secretion,
mduction of P-cell probiferation, and enhanced resistance to apoptosis. GIP also promotes
energy storage via direct actions on adipose tissue. In contrast, GLP-1 exerts glucoregulatory
actions via slowmg of gastric emptying and glucose~-dependent 1nhibiion of glucagon
secretion.  GLP-1 also promotes satiety and sustained GLP-T-receptor activation is
associated with weight foss in both prechinical and clinical studies.

[0063] Non-alcoholic fatty liver disease (NAFLIDY 1s the hepatic manifestation of
metabolic syndrome and 1s the most common cause of chronic liver disease. NAFLD may
progress to liver inflammation, fibrosis, cirrhosis and even hepatocellular carcinoma.
GIP/GLP-1 dual receptor agonists have been developed for treating NAFLD, non-alccholic
steatohepatitis (NASH), diabetes, obesity, and other diseases. However, the use of GIP/GLP-
1 dual receptor agonists is associated with nausea, vomiting, and/or diarrhea. For example,
clhinical trials of a GIP/GLP1 dual receptor agonist compound found that tolerability at hugh

doses was himited by gastrointestinal adverse events. The dose hmitation associated with

1-
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gastrointestinal adverse events may prevent dosing to the desired effective dose, may
compronuise patient compliance with treatment, and may bimit the effectiveness of the
treatment regimen. Therefore, a need exists for formulations of novel GIP/GLP1 dual
agonist compounds that can be used to treat fatty liver diseases and other diseases and

disorders.

SUMMARY
[6084] Some embodiments disclosed herein include a pharmaceutical formulation
for admimstration to a subject mn need thereof, wherein the pharmaceutical formulation
comprises: a pharmaceutically acceptable carrier, a pharmaceutically acceptable diluent, and
any combination of the foregoing; and a therapeutically effective dosage of a compound

having the structure of formula |

O
o N/\JO\/“\O/\TS\/\O/\/O\’/JJ\NH

H &
HTyr:N}\E—EGTFTsavsawﬁxrwm;xawﬁ A
Ho§ O O
HNSPPPAGSSPGGAILWQY '

or a pharmaceutically acceptable salt thereof, wheremn:

R! is selected from the group consisting of ~C(=0}0ZY), —PEOUXH(Y) and a 5-10
membered hetercaryl contaiming 1-2 heteroatoms selected from N, O and S optionally
substituted with 1-2 R’ independently selected from halogen, Crs alkyl haloCis alkyl,
haloCrs alkoxy, —OR®, Cao cycloalkyl, Cso aryl, 5-10 membered heteroaryl and 5-10
membered heterocyelyl;

R? 15 selected from the group consisting of ~C{=0}0OZY), ~P(=0}XNY) and a 5-10
membered hetercaryl containing 1-2 heteroatoms selected from N, O and 5§ optionally

substituted with 1-2 R’ independently selected from halogen, Cis alkyl, haloCie alkyl,
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haloC s alkoxy, ~OR®, Ciw cycloalkyl, Csao aryl, 5-10 membered heteroaryl and 5-10
membered heterocyelyl;

each R’ may be independently selected from the group consisting of halogen, Cis
atkyi, haloCie alkyl, haloCis alkoxy, Cie alkoxy, Cs.ie cycloalkyi, Ceao aryl, 5-10
membered hetercaryl and 5-10 membered heterocycivl;

X and Y may each be independently selected from the group consisting of ~ORY,
NRR®, (16 alkyl and haloCis alkyi;

each R* may be independenily selected from the group consisting of hydrogen, Cis
alkyi, haloCig alkyl, Cs.10 aryloxy and Ceao aryl alkoxy;

each R® may be independently hydrogen or Cis alkyl;

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

7! and 2? may each be independently selected from the group consisting of hydrogen,
Ci.s alkyl, haloCre alkyl, haloCie alkoxy, Cre alkoxy, Ciao cycloalkyl and Ce.yo aryl,

with the provisio that at least one of 2! and 77 is not hydrogen.

[0005] Other embodiments disclosed heremn 1mclude the pharmaceutically
acceptable carrier that comprises at least 10% by weight of propylene glyeol

[0006] Other embodiments disclosed heremn 1mclude the pharmaceutically
acceptable diluent that s a pH buffer. In some embodiments, the pharmaceutically
acceptable diluent 15 present in the formulation at a weight percentage of equal to or more
than about 20%.

[08067] Gther embodmments disclosed herewn mnchide a method of preventing,
treating, or ameliorating one or more fatty liver diseases in a subject, by administering the
pharmaceutical formulations disclosed heremn to a subject in need thereof. The fatty liver
diseases include but are not limited to steatosis, non-alcoholic steatchepatitis (NASH), non-
alcoholic fatty liver disease (NAFLDY.

[600&] Other embodiments disclosed herein include a method of preventing,
treating, or ameliorating one or disease or disorders inn a subject, by administering the
pharmaceutical formulations disclosed herein to a subject in need thereof In some
embodiments, said disease or disorder 1s liver fibrosis, renal fibrosis, biliary fibrosis,
pancreatic fibrosis, nonalcoholic steatohepatitis, non-aleoholic fatty hver disease, chronic

kidney disease, diabetic kidney disease, primary sclerosing cholangitis, primary biliary
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cirrthosis, or idiopathic fibrosis.  In some embodiments, said disease or disorder is a
metabolic disorder or a metabolic syndrome. In some embodimenis, said disease or disorder
is atherosclerosis, diabetes, hyperglycemic diabetes, type 2 diabetes mellitus, dyslipidenua,
hypercholesterolemia, hyperlipidemia, hypertension, hypoglycenua, obesity, or prader-will

syndrome.

DETAILED DESCRIPTION

{6009} In some embodimenis, pharmaceutical formulations are provided for
admimstration to a subject in need thereof. Various embodiments of these pharmaceutical
formulations include a pharmaceutically acceptable carrier, a pharmaceutically acceptable
excipient, a pharmaceutically acceptable diluent, and any combination of the foregoing.
Some embodiments of the pharmaceutical formulations include a therapeutically effective
dosage of a compound, or a pharmaceutically acceptable salt thereof, as described elsewhere
herein.  Some embodiments of the pharmaceutical formulations are admuustered for the
prevention, treatient, or amelioration of one or more fatty hiver diseases in the subject. The
fatty liver diseases mclude but are not hmited to steatosis, non-alcoholic steatohepatitis
{(NASH), non-alcohohie fatty hiver disease (NAFLID}

(0010} In some embodiments, the pharmaceutical formulations wnclude
compounds that are non-macrocyclic functionalized peptides that act as GIP/GLP-1 dual
receptor agonists. Various embodiments of these compounds mclude compounds having the
structure of formula ¥ as described above or pharmaceutically acceptable salts thereof. The
structure of formula ¥ encompasses all steregisomers and racemic mixtures, mcluding the

following structure and mixtures thereof:



WO 2023/141044 PCT/US2023/010565

. H
R, N\W/‘\,/"\\/‘\\,/\\/’°‘\/‘\,/‘\,‘/‘\\/’‘\\/RZ

O

0 3 o
H O

EGTFTSDYSE“N%E_.DKEAQWN A
H & H

O

]
O

HiyrN
y H

HNSPPPRPAGSSPGGAILWOVE
i

[8011] In some embodiments of compounds of formula |

R is selected from the group consisting of ~C(=OHOZY, -PEOWXNY) and a 5-10
membered hetercaryt containing 1-2 heteroatoms selected from N, O and S optionally
substituted with 1-2 R’ independently selected from halogen, Cis alkyl haloCis alkyl,
haloC s alkoxy, ~OR®, Ciw cycloalkyl, Csao aryl, 5-10 membered heteroaryl and 5-10
membered heterocyelyl;

R? is selected from the group consisting of —C{=0}0Z?), -P(=O}XNY) and a 5-10
membered hetercaryl containing 1-2 hetercatoms selected from N, O and S optionally
substituted with 1-2 R’ independently selected from halogen, Cis alkyl, haloCis alkyl,
haloCis alkoxy, —OR”, Cse cyeloalkyl, Coso aryl, 5-10 membered heteroaryl and 5-10
merbered heterocyclyl;

each R’ may be independently selected from the group consisting of halogen, Cis
alkyl, haloCis alkyl, haloCis alkoxy, Cis alkoxy, Ciae cycloalkyl, Csao aryl, 5-10
membered heteroaryl and 5-10 membered heterocyciyl;

X and Y may each be independently selected from the group consisting of —ORY,
NRRS, Cr6 alky! and haloCrs alkyl;

each R* may be independently selected from the group consisting of hydrogen, Crs
atkyl, haloCis alkyl, Cs.10 aryloxy and Ce.0 aryl alkoxy;

each R” may be independently hydrogen or Cirs alkyl;

each R® may be independently hydrogen or Crs alkyl; and
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Z'and 7? may each be independently selected from the group consisting of hydrogen,
Ui alkyl) haloCis alioyl, haloCre alkoxy, Cis alkoxy, Caio cycloalkyl and Ceo arvi,

with the provisio that at least one of Z* and Z7 is not hydrogen.

[0012] Some embodiments of compounds of formula I include compounds

having the structure of formula E-a

O
g .
O X
O
N PN
P S N Ny
G N O O N
H
¢
HT}/E"N}\\W‘E GTFTSDYS img&m‘t DKIA Q‘“"ﬁ A
H Q G O

HNSPPPAGSSPGCGCAILWOVFE
E-a
or pharmaceutically acceptable salts thergof

[0013] In some embodiments of compounds of formula fa or ther
pharmaceutically acceptable salts; 2% is selected from hydrogen, Cis alkyl, haloCis alkyl,
haloCis alkoxy, Cis alkoxy, Caaw cveloatkyl and Ceao aryl; and X and Y each are —OR*.

(6014} In some embodiments of compounds of formula E-a or thew
pharmaceutically acceptable salts; Z' is selected from hydrogen, haloCis alkoxy and Cis
alkoxy; and each R* may be independently selected from hydrogen, Cs.io arvloxy and Cs.o
aryl alkoxy.

[0015] in some embodiments of compounds of formula Fa or thew
pharmaceutically acceptable salts; 7' is hydrogen and each R* may be independently
hydrogen or Ceagaryl alkoxy.

[6016] In some embodiments of compounds of formula Fa or thew
pharmaceutically acceptable salts; each R* is hydrogen.

(6017} In some embodiments of compounds of formula Fa or thew

pharmaceutically acceptable salts; 7! is hydrogen and each R* is hydrogen.

e
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[601&] Some embodiments of compounds of formula [ include compounds

having the structure of formula b

X7 0z
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0 § oL
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H S O

HNSPPPAGSSPGGAILWQVE
b
or pharmaceutically acceptable salts thereof.

[0019] In some embodiments of compounds of formula b or therr
pharmaceutically acceptable salts; 27 is selected from hydrogen, Cis alkyl, haloCis alkyl,
hatoC s alkoxy, Crs alkoxy, Csao cycloalkyl and Ceao aryl; and X and Y each are —ORY.

[6026] In some embodiments of compounds of formula Eb or thew
pharmaceutically acceptable salts; Z? 1s selected from hydrogen, haloCrs alkoxy and Cis
alkoxy; and each R* may be independently selected from hydrogen, Ce.10 aryloxy and Ce10
aryl alkoxy.

[6021] In some embodiments of compounds of formula Eb or thew
pharmaceutically acceptable salts; Z? is hydrogen and each R* may be independently
hydrogen or Csaoaryt alkoxy.

(6022} In some embodiments of compounds of formula Eb or thew
pharmaceutically acceptable salts; each R* is hydrogen.

{6023} iIn some embodiments of compounds of formula Eb or thew
pharmaceutically acceptable salts; 27 is hydrogen and each R* is hydrogen.

[6024] Some embodiments of compounds of formula [ include compounds

having the structure of formula k¢
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or pharmaceutically acceptable salts thereof

(6025} In some embodiments of compounds of formula ¥-¢ or thewr
pharmaceutically acceptable salts; X and Y each are ~OR*

{6026} In some embodiments of compounds of formula ¥-¢ or thewr
pharmaceutically acceptable salts; each R* may be independently selected from hydrogen, Cs.
1o aryloxy and Ce-10 arvl alkoxy.

(00271 In some embodiments of compounds of formula ¥e or therr
pharmaceutically acceptable salts; each R? is hydrogen.

[0028] Some embodiments include a compound having the structure selected

from the group consisting of’

PO

&W\/\/W\v (QCH,Ph),
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G
: O
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and pharmaceutically acceptable salts thereof
[6029] Some embodiments include a compound wherein “*7 indicates a chiral
carbon with “8” configuration.
6030} Some embodiments include a compound wherein “*” indicates a chiral

carbon with “R” configuration.

(6031} Where the compounds disclosed herein have at least one chural center,
they may exist as individual enantiomers and diastereomers or as mixtures of such isomers,
mcluding racemates.  Separation of the individual 1somers or selective synthesis of the
mdividual 1somers 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

-12-
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disclosed herein may exist in one or more crystalline or amorphous forms. Unless otherwise
mdicated, all such forms are included in the scope of the compounds disclosed herem
including any polvmorphic forms. In addition, some of the compounds disclosed herein may
form solvates with water (i.e., hydrates} or common organic solvenis. Unless otherwise
indicated, such solvates are included in the scope of the compounds disclosed herein.

[0032] The skilled artisan will recognize that some structures described herem
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 siructures depicted, though such resonance forms or
tautomers are not represented herem

[6033] The pharmaceutical formulations 1nclude at least one pharmaceutically
acceptable carrier. The term “pharmaceutically acceptable carrier,” as used herein, 1s given
its ordinary mearung to those skilled 1o the art. In some embodiments, the pharmaceutically
acceptable carrier comprises propylene glycol. In some embodiments, the pharmaceutically
acceptable carrier is present in the formulation at a weight percentage of equal to or more
than about: 1%, S%, 10%, 15%, 20%, 25%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%,
38% 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, S0%, 60%, T0%, 80%,
90%, 93%, or ranges including and/or spanming the aforementioned values. In some
embodiments, the pharmaceutically acceptable carrier is present in the formulation at a
weight percentage from about 0% to 90% by weight. In some embodiments, the
pharmaceutically accepiable carrier is present in the formulation at a weight percentage from
about 30% to 50%.

06034} The pharmaceutical formulations may include at least one
pharmaceutically acceptable diluent. The term “pharmaceutically acceptable diluent” as
used herein, is given its ordinary meaning to those skilled in the art. In some embodiments,
the pharmaceutically acceptable diluent comprises saline or sterilized water. In some
embodiments, the pharmaceutically acceptable diluent comprises a pH buffer. In some
embodiments, the pharmaceutically acceptable diluent 15 a pH buffer selected from tartrate,
citrate, acetate, 2-(N-morpholinojethanesulforic  acid (MES), piperazine-N,N -bis(2-

ethanesulforuc acid (PIPES), 3~(N-morpholino}propanesulfonic acid (MOPS), 2-[]1,3-
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dihvdroxy-2-(hydroxymethyl}propan-2-yl} amine] ethanesulfonic acid (TES), 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic  acid  (HEPES),  3-[N-iristhydroxymethyl}
methylamino}-2-hydroxypropanesulfonic  acid {TAPS(O), N-ltns(hvdroxymethybhmethyl]
glycine {Tricine), trnisthydroxymethyl jJaminomethane {Tris), 2-{bis{Z-hvdroxyethyilamino}
acetic acid (Bicine), tris(hydroxymethyl) methylamino] propanesulfonic acid (TAPS), N-
cyclohexyl-2-aminoethanesulfonic acid (CHES), phosphate, borate, and any combimation of
the foregoing in a suitable solvent {e.g., water}. In some embodiments, the pharmaceutically
acceptable diluent has a pH of about: 1, 2, 3,4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, or ranges
mcluding and/or spanning the aforementioned values. In some embodiments, the
pharmaceutically acceptable diluent has a pH from about 3 to 7. In some embodiments, the
pharmaceutically acceptable diluent has a pH from about 4 to 6.8, In some embodiments, the
concentration of the pharmaceutically acceptable diluent 15 about: 0.01 mM, 0.05 mM, 0.1
mM, 0.5 mb, T M, S oM, 6 M, 7 oM, 8 oM, 9 oM, 10 mM, 11 mM, 12 mM, 13 mM,
14 mb) 15 M, 20 mM, 25 oM, 30 mM, 35 mM, 40 md, 45 mbd S0 M, 70 mM, 100
mM, 200 mM, 300 mM, 1000 mM, or ranges including and/or spanning the aforementioned
values. In some embodiments, the concentration of the pharmaceutically acceptable diluent
15 from about 1 to 50 mM. In some embodiments, the concentration of the pharmaceutically
acceptable diluent 1s from about 8 to 12 mM.  In some embodiments, the pharmaceutically
acceptable diluent 15 present in the formulation at a weight percentage of equal to or more
than about: 1%, 5%, 10%., 20%, 30%, 40%, 50%, 53%. 55%, 57%, 59%. 60%, 61%, 63%,
65%, 67%, T0%, 75%, 80%, 90%, 953%, or ranges including and/or spanning the
aforementioned values. In some embodiments, the pharmaceutically acceptable diluent 1is
present i the formulation at a weight percentage from about 20% to 95% by weight In
some embodiuments, the pharmaceutically acceptable diluent i1s present in the formulation at a
weight percentage from about 50% to 70%.

[0035] in some embodiments, the pharmaceutical formulations comprise
propylene glycol and a pH buffer. In some embodiments, the pH buffer comprises tartrate in
a suitable solvent (e.g., water}. In some embodiments, the pH buffer comprises ciirate in a
suitable solvent (e g, water). In some embodiments, the pH buffer comprises acetate in a
suitable solvent {eg., water). In some embodiments, the pH buffer comprises 2-(N-

morpholinojethanesulfonic acid (MES) mn a suitable solvent (eg, water). In some

-14-
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embodiments, the pH buffer comprises piperazine-N N’-bis{2-ethanesulfonic acid (PIPES) in
a suitable solvent {e.g., water}. In some embodiments, the pH buffer has a pH of about: 1, 2,
3.4,5,6 7,8 9,10, 11, 12, 13, 14, or ranges inciuding and/or spanning the aforementioned
values. In some embodiments, the pH buffer has a pH from about 3 to 7. In some
embodiments, the pH buffer has a pH from about 4 to 6.8 In some embodiments, the pH
buffer has a pH from about § to 6.8. In some embodiments, the concentration of the pH
buffer is about: 0.01 ;mM, 0.05 mM, 0.1 mM, 0.5 mM, 1 mM, 5 mM, 6 mM, 7 mM, 8 mM, ©
mM, 10 mM, 11 oM, 12 M, 13 M, 14 mM, 15 mM, 20 mM, 25 mM, 30 mM, 40 ;M. 50
mM, 70 mM, 100 mM, 200 mM, S00 mM, 1000 mM, or ranges including and/or spanning
the aforementioned values. In some emboduments, the concentration of the pH buffer 15 from
about 1 1o 30 mM. In some embodiments, the concentration of the pH butfer 1s from about 8
to 12 mM. In some embodiments, propylene glycol 1s present n the formulation at a weight
percentage of equal to or more than about 10% and the pH buffer s present in the
forroulation at a weight percentage of equal to or more than about 20%. In some
embodiments, the propylene glyvcol 15 present in the formulation at a weight percentage from
about 10% to 90%. In some embodiments, the propylene glveol 1s present in the formulation
at a weight percentage from about 20% to 70%. In some embodiments, the propylene glycol
is present 1n the formulation at a weight percentage from about 30% to 50%. In some
embodiments, the pH buffer 1s present in the formulation at a weight percentage from about
20% to 95%. In some embodiments, the pH buffer is present in the formulation at a weight
percentage from about 30% to 80%. In some embodiments, pH buffer is present in the
formulation at a weight percentage from about 50% to 70%. In some embodiments, the pH
of the formulation is about 1, 2, 3, 4, 5, 6,7, 8, 9, 16, 11, 12, 13, 14, or ranges including
and/or spanning the aforementioned values. In some embodiments, the formulation has a pH
from about 3 to 7. In some embodiments, the formulation has a pH from about 4 t0 6.8, In
some embodiments, the formulation has a pH from about S t0 6.8

[0036] The pharmaceutical formulations include a therapeutically effective
dosage. The term “therapeutically effective dosage,” as used herein, ts dependent on the
subject and disease state being treated, the severity of the affliction, the manuner and schedule
of adnunistration and the judgment of the prescribing physician. Tn some embodiments, the

therapeutically effective dosage may be a daily dosage from about 0.0125 mg/kg to about
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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 myg/ke to about 50 mg/ke 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 .88 myg per day to about 8600 myg 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 S000 mg per day, or from about 11 mg to about 3000 mg
per day. In some embodiments, the therapeutically effective dosage 1s from about 0.001
mo/kg, 0005 me/kg, 0.01 mekg, 005 mp/kg, 01 mg/kg, 012 mg/kg 0.14 mgke, 015
mg/ke, 0.16 mg/kg, 018 mgke 0.19 mg/kg, 02 mg/ky, 0.21 mg/ke, 0.22 mykg 024

/]

og/kg, 0.25 mg/lkg, 0.26 mg/kg, 0.28 mg/ke, 0.3 mg/ke, 0.5 mg/kg, | mg/ke, 2 mglke, 3

mg/ke, S mg/kg, 10 mg/ke, 25 mg/kg, SO mg/kg, 100v, 200 rmg/ks, 500 mg/kg, or ranges
meluding and/or spanning the aforementioned values. Io some embodmments, the
therapeutically effective dosage 15 from about 0.01 mg'kg to about 5 mg/keg In some
embodiments, the therapeutically effective dosage 15 from about 0.05 mg/kg to about 1
mg/kg. In some embodiments, the therapeutically effective dosage 1s from about 0.15 mg/kg
to about 0.25 mg/kg.

[8037] The pharmaceuntical formulations have a half hife in the blood of the
subject when they are administered. In some embodiments, the half hife 15 equal to or greater
than about: 5h, 10k, 20h, 40h, 601, 80k, 90 h, 100 h, 110k, 11Sh 118 h, 120k, 122 b,
125 h, 128 h, 130 h, 150 h, 180 h, 200 h, 250 h, 300 h, 500 h, or ranges including and/or
spanning the aforementioned values. In some embodiments, the half life 18 from about 40 h
to 300 h. In some embodiments, the half life is from about 60 h to 150

[0038] The pharmaceutical formulations can be admimistered with a route of
administration including, but not hmited to, enteral, intravenous, oral, intraarticular,
mtramuscular, subcutaneous, intraperitoneal, epidural, intranasal, topical, mtrapulmonary,
vaginal, rectal, transdermal, and transmucosal. In some embodiments, the route of
administration selected from the group consisting of enteral, intravenous, oral, mtraarticular,
intramuscular, subcutaneous, intrapertioneal, epidural, transdermal, and transmucosal. In
some embodiments, the pharmaceutical formulations are administered subcutaneously. In
some embodiments, the pharmaceutical formulations are adoumustered intravenously. In some

embodiments, the pharmaceutical formulations are admurustered orally.
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[6039] The pharmaceutical formulations can be provided in a dosage form. In
some embodiments, the dosage form s selected from a solid form and a hquid form. The
solid dosage forms include tablets, capsules, granules and bulk powders. The liquid dosage
forms include solutions, emulsions, and suspensions. In some embodiments, the dosage form
is a sohid form. In some embodiments, the dosage form 1s a liquid form.

[0040] in some embodiments, the pharmaceutical formudations include at least
one pharmaceutically-acceptable excipient(s}) The term “pharmaceutically acceptable
excipient,” as used herein, includes but 15 not limited to solvents, dispersants, coatings,
antimicrobial bacterial agents, adjuvants, isotonic and absorption delaying agents and the
hike. 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 sodiuro carboxymethyl cellulose, ethyl cellulose, and methyl
cellulose; powdered tragacanth; malt; gelatin tale; solid lubricants, such as stearic acid and
magnesium stearate; calcium sulfate; vegetable oils, such as peanut oil, cottonseed il
sesame oif, olive o1, corn oil and o1l of theobroma; polyols such as propylene glycol,
glycering, sorbitol, mannitol, and polyvethylene glycol algime 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
benzalkontum  chlonide, PHMRB, chiorobutanol, thimerosal, phenylmercuric, and
phenvimercuric nitrate; tonicity adjustors such as sodium chloride, potassium chlornide,
mannitol and glycerin; vehicles such as polyvinyl alcohol, povidone, hydroxypropyt methyl
cellulose, poloxamers, carboxymethyl cellulose, and hydroxyethyl cellulose; and pyrogen-
free water. In some embodiments, the pharmaceuticallv-acceptable excipient{(s} are selected
based on the route of admimstration and can include solid or higmd filers, diluents,
hydrotropies, surface-active agents, and encapsulating substances. For example, in the case
of intravenous admimstration, excipients may include gelatin; carbohydrates such as
dextrose, mannitol, and dextran; and aniioxidanis such as sodium bisulfite, acetone sodium
bisulfite, sodium formaldehyde, sulfoxvlate, thiourea, and EDTA. In some embodiments, the
pharmaceutically-acceptable  exciptent(s) mclude  antuoicrobial  agents  such  as
phenvimercuric nitrate, thimerosal, benzethonum chloride, benzalkomium chlonde, phenol,

cresol, and chlorobutanol.  Additional examples of suuable pharmaceutically-acceptable



WO 2023/141044 PCT/US2023/010565

excipient{s} are described in Powell, et al, Compendiuim of EHxcipients for Parenteral
Formulations, D4 J Pharm Sci and Tech 1998, 52 238-311 and Nema et al., Excipients and
Their Role m Approved Injectable Products: Current Usage and Future Directions, 204 J
Pharm Sci and Tech 2011, 63 287-332, each of which are incorporated herein by reference in
their entirety.

[0041] In some emboduments, the pharmaceutical formulations are administered
to a subject that 1s a mammal.

[0042] In some emboduments, the pharmaceutical formulations are administered

to a subject that is a human.

Definitions

[0043] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as 18 commonly understood by one of ordmary skill in the art to
which this disclosure belongs. All patents, applications, published apphications, and other
publications are mceorporated by reference in their entirety. In the event that there 15 a
plurality of definitions for a term herein, those m this section prevail unless stated otherwise,

{0044 “Solvate” refers to the compound formed by the nteraction of a solvent
and a compound described herein or salt thereof Suutable solvates are pharmaceutically
acceptable solvates mchuding hydrates.

[8045] The term “pharmaceutically acceptable salt” refers to salts that retan the
hological effectiveness and properties of 3 compound, which are not biologically or
otherwise undesirable for use tn a pharmaceutical. In many cases, the compounds herein are
capable of forming acid and/or base salis 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, hydrochlonic 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, glveolic acid, pyruvic acid, oxalic acid, maleic acid,
malonic acid, succnic acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic
acid, mandelic acid, methanesulfonic acid, ethanesuifonic acid, p-toluenesulfonic acid,
salicvlic acid, and the like. Pharmaceutically acceptable base addition salts can be formed

with inorganic and organic bases. lnorganic bases from which salts can be derived include,
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for example, sodium, potassium, hthium, ammonium, calcium, magnesium, iron, 7ing,
copper, manganese, aluominum, 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, pnimary, secondary, and tertiary amines, substituted amines
including naturally occurring substituted amines, cyclic amines, basic ion exchange resins,
and the Ubke specifically such as isopropylamine, trimethylamine, diethylamine,
triethylamine, tripropyvlamine, and ethanolamine Many such salts are known in the art, as
described in WO 87/05297, Johnston et al, published September 11, 1987 (incorporated by
reference herein in s entirety).

[08046] As used herern, “Cato Co” or “Cav” 1u which “a” and “b” are mtegers refer
to the number of carbon atoms n the specified group. That 15, the group can contain from
“a” to “b7, welusive, carbon atoms. Thus, for example, a “C1 to Cq alkyl” or “Cig alkyl”
group refers to all alkyl groups having from 1 to 4 carbons, that 15, CHs-, CH:CHo-,
CH3CH2CHo-, (CHapCH-, CH:CHoCHCHe-, CHCHRCH(CH - and (CH3 1C-,

(080471 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, eg., fluonne, chlorine,
bromine, or 1odineg, with fluorine and chlorine being preferred.

[0048] As used herem, “alkyl” refers to a straight or branched hydrocarbon chain
that 1s fully saturated (i.e., contains no double or triple bonds). The alkyl group may have 1 to
20 carbon atoms (whenever 1t appears herein, a numerical range such as “1 to 207 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, efc., up to and including 20 carbon
atoms, although the present definition also covers the occurrence of the term “alkyl” where
no numerical range 15 designated). The alkyl group may also be a medium size alkyl having
1 to 9 carbon atoms. The alky! group could also be a lower alky] having 1 to 4 carbon atoms.
The alkyl group of the compounds may be designated as “Ci.4 alky!]” or similar designations.
By way of example ounly, “Ci4 alkyl” indicates that there are one to four carbon atoms in the
alkyi chain, 1.e, the alkyl chain 1s selected from the group consisting of methyl, ethyl, propvl,
iso-propyl, n-butyl, iso-butyl, sec-butyl, and t-butyl. Typical alkyl groups include, but are in
no way hmited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, teriary butyl, pentyl,

hexyl, and the like.
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60491 As used herein, “haloalkvl” 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. FHxamples of haloalkyl groups include, but are not hmited to, -CFi, -
CHE,, -CHRF, -CH2OFs, -CHCHE,, -CHCHRF, -CHRCHRCL, -CHRCFCFs and other groups
that in hght of the ordinary skill in the art and the teachings provided heremn, would be
considered equivalent to any one of the foregoing examples.

{60501 As used herein, “alkoxy” refers to the formula ~OR wherein R is an alkyl
as 1s defined above, such as “Chio alkoxy”, including but not hmited to methoxy, ethoxy, n-
propoxy, 1-methylethoxy {isopropoxy), n-butoxy, 1so-butoxy, sec-butoxy, and tert-butoxy,
and the like.

(0051 As used herein, “polyethylene glycol” refers to the formula

number of repeat units “n” may be indicated by referring to a number of members. Thus, for

wherein n is an integer greater than one and R is a hydrogen or alkyl The

example, “2- to S-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, i-
methylethoxy (isopropoxy), n-butoxy, 1so-butoxy, sec-butoxy, and tert-butoxy.

[0052] As used herein, “heteroalkyl” refers to a straight or branched hydrocarbon
chain containing one or more heteroatoros, that is, an element other than carbon, including
but not limated to, nitrogen, oxygen and sulfur, in the chain backbone. The hetercalkyl group
may have 1 to 20 carbon atoms although the present definttion also covers the occurrence of
the term “heteroalkyl” where no numerical range 15 designated. The heteroalkyl group may
also be a medium size heteroalkyt having 1 1o 9 carbon atoms.  The hetercalkyl group could
also be a lower hetercalkyl having 1 to 4 carbon atoms.  In various embodiments, the
heteroalkyl may have from 1 to 4 heteroatoms, from 1 to 3 hetercatoms, 1 or 2 heteroatoms,
or 1 hetercatom. The hetercalkyl group of the compounds may be designated as “Cia
heteroalkyl” or sinmular designations. The heteroalkyl group may contain one or more
heteroatoms. By way of example only, “Ci-s heteroalkyl” indicates that there are one to four
carbon atoms in the hetercalkyl chain and additionally one or more hetercatoms i the

backbone of the chain.
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{0053} 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., pvridine). The term includes monocyclic or fused-ring polycyelic (ie,
rings which share adjacent pairs of atoms} groups provided that the entire ring system is
aromatic,

[0054] As used herein, “aryl” refers to an aromatic ring or ring system {1.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 s aromatic. The aryl
group may have 6 to 18 carbon atoms, although the present definition also covers the
occurrence of the term “aryl” where no numerical range 15 desigoated. In some
embodiments, the aryl group has 6 to 10 carbon atoms. The aryl group may be designated as
“Ceao arvl,” “Cs or Cio aryl,” or simiar designations. Examples of aryl groups include, but
are not linited to, phenyl, naphthyl, azulenyl, and anthracenyl.

[GO5S] As used herem, “arvloxy” and “arylthio” refers to RO- and RS-, in which
R s an arvl as 18 defined above, such as “Ceao arvioxy™ or “Ceie arvithio” and the like,
meloding but not imited to phenyloxy.

[8056] An “arallkyl” or “arylalkyl” 13 an aryl group connected, as a substituent,
vig an alkviene group, such “Craq aralkyl” and the like, imclading but not hmited to benzyl,
Z-phenviethyl, 3-phenylpropyl, and naphthylalkyl In some cases, the alkylene group 15 a
lower alkviene group (i.e, a Ci4 alkylene group}.

[0057] As used herein, “heteroaryl” refers to an aromatic ring or ring system {ie,,
two or more fused rings that share two adjacent atoms) that contain(s} one or more
hetercatoms, that is, an element other than carbon, including but not himited to, mitrogen,
oxygen and sulfur, in the ring backbone. When the hetercaryl is a ring system, every ring in
the system is aromatic. The heteroary! group may have 5-18 ring members (1.¢., the number
of atoms making up the ring backbone, ncluding carbon atoms and hetercatoms), although
the present definition also covers the occurrence of the term “hetercaryl” where no numerical
range 15 designated. In some embodiments, the hetercaryl group has 5 to 10 ring members or
S to 7 rmg members. The heteroaryl group may be designated as “3-7 membered
heteroarvl,” “53-10 membered heteroarvl,” or similar designations. In various emboduments, a

heteroaryl contains from 1 to 4 hetercatoms, from | to 3 hetercatoms, from 1 to 2
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hetercatoms, or 1 heteroatom. For example, in various embodiments, a hetersaryl contains i
to 4 nitrogen atoms, 1 to 3 nitrogen atoms, 1 to 2 nitrogen atoms, 2 nitrogen atoms and 1
sulfur or oxygen atom, 1 mitrogen atom and 1 selfur or oxygen atom, or 1 sulfur or oxygen
atom.  Examples of hetercaryl nings mclude, but are not limited to, furyi, thienyl,
phthalazinyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl
triazolyl, thiadiazolyl, pyridinyl, pynidazinyl, pyrimidinyl, pyrazinyl, tnazinyl, quinclinyl
isoquinlinyl, benzimidazolyl, benzoxazolyl, benzothiazolyl, indolyl, isoindolyl, and
henzothienyl.

[0058] A “heteroaralkyl” or “hetercarylalkyvl” 15 hetercary} group connected, as a
substituent, via an alkylene group. Examples include but are not limated to 2-thienylmethyl,
3-thienyimethyl, furylmethyl, thienylethyl, pyrrolylalkyl, pynidvialkyl, 1soxazollvlalkyl, and
mmidazolvialkyvl  In some cases, the alkylene group 15 a lower alkylene group (e, a Cia
alkylene group).

[0059] As used heretn, “carbocyelvl” means a non-aromatic cyclic ring or ring
system containing only carbon atoms n the ring system backbone. When the carbocyelyiisa
ring system, two or more rings may be joined together 1n a fused, bridged or spiro-connected
fashion. Carbocyclyls may have any degree of saturation provided that at least one ring ina
ring system 18 not aromatic.  Thus, carboeycelyls include cycloalkyls, cycloalkenyls, and
cycloalkynyls. The carbocycelyl group may have 3 to 20 carbon atoms, although the present
definition also covers the occurrence of the term “carbocyclyl” where no numerical range 1s
designated. The carbocyclyl group may also be a medium size carbocyelyi having 3 to 10
carbon atoms. The carbocyclyl group could also be a carbocyelyl having 3 to 6 carbon
atoms. The carbocyclyl group may be designated as “Css carbocyelyl” or similar
designations. Examples of carbocyelyl rings include, but are not limited to, cyclopropyl,
cyclobutyi, cyclopentyl, cyclohexyl, cyclohexenyi, 2.3-dihydro-indene,
bicycle[2.2 2]octanyl, adamantyl, and spiro[4.4}nonanyl

[0060] A “{carbocyclvhalkyl” is a carbocyclyl group connected, as a substituent,
via an alkviene group, such as “Cs.i0 (carbocyclylalkyl” and the like, ncluding but not
limited to, cyclopropylmethyl, cyclobutylmethyl, cyclopropylethyl, cyclopropylbutyl,

cyclobutylethyl, cyclopropylisopropyl, cyclopentylmethyl, cyclopentylethyl,
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cvclohexyimethvi, cyclohexylethyl, cycloheptylmethyl, and the like. In some cases, the
atkyiene group is a lower alkylene group.

(6061} As used herein, “cycioalkyl” means a fully saturated carbocyelyl ring or
ring system. Examples include cyclopropyl, cyclobuiyl, cyclopentyl, and cyclohexyl

10862} As used herein, “cycloalkenyl” means a carbocyclyi ring or ring system
having at least one double bond, wherein no ring in the ring system 15 aromatic. An example
15 cyclohexenyl

[0063] 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
together n a fused, bridged or spiro-connected fashion. Heterocyelyls may have any degree
of saturation provided that at least one ring in the ring system s not aromatic.  The
heteroatom{s) may be present in etther a non-aromatic or aromatic ring in the ring system,
The heterocyelyl group may have 3 to 20 ring members {1 e, the number of atoms making up
the ring backbone, including carbon atoros and heteroatoms), although the present definttion
also covers the occurrence of the term “heterocyelyl” where no numerical range 13
designated. The heterocyelyl group may also be a medium size heterocyelyl having 3 to 10
ring members.  The heterocyelyl group could also be a heterocyciyl having 3 {0 6 ring
members. The heterocyelyl group may be designated as “3-6 membered heterocyelyl” or
similar designations.

[6064] In various embodiments, a heterocyelyl contains from 1 to 4 heteroatoms,
from 1 to 3 hetercatoms, from 1 to 2 hetercatoms, or 1 heteroatom. For example, in various
embodiments, a heterocyclyvl contains 1 to 4 mitrogen 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 I sulfur or oxygen atom In preferred six membered monocyclic
heterocyclyls, the hetercatom(s) are selected from one up to three of O, N or §, and in
preferred five membered monocycelic heterocyclyls, the heteroatom(s) are selected from one
or two heteroatoms selected from O, N, or 8. Examples of heterocyclyl rings include, but are
not limuted to, azepinyl acridinyl, carbazolyl, cinnolinyl, dioxolanyl, imidazohnyl,
midazolidinyl, morphohinyl, oxwanyl, oxepanyl, thiepanyl, pipendinyl, piperazinyl,
dioxopiperazinyl, pyrrolidinyl, pyrrolidonyl, pyrrohidionyl, 4-piperidonyi, pyrazolinyl,

pyrazolidioyl, 1,3-dioxinyl, 1,3-dioxanyl, 1 4-dioxinyl, 1.4-dioxanyl, 1 3-oxathianyl, 1.4-
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oxathitnyl, 1 4-oxathianyl, 2H-12-oxazinyl, trioxanyl, hexahvdro-1.3 5-tnazinyl, 13-

dioxolyl, 1,3-dioxolanyl, 1 3-dithiolyl 1,3-dithiolanyl, isoxazohinyl, isoxazolidinyl,

oxazolinyl, oxazolidinyl, oxazolidinonyl thiazolinyl, thiazolidinyl, 1,3-oxathiolanyl

indolinyl, isoimndolinyl, tetrahydrofuranyi, tetrahvdropvranyl, tetrahydrothiophenyl

tetrahvdrothiopyranyl,  tetrahydro-1,4-thiazinyl,  thiamorpholinyl,  dihydrobenzofuranyl,

benzimidazolidinyl, and tetrahydroquinoline.

[0065] A “ltheterocyelybialkyl!” 1s a heterocyclyl group connected, as a
substituent, via an alkylene group. FExamples include, but are not limited to,
mmidazolinylmethyl and indolinvlethyl

[8066] As used heremn, “acyl” refers to —C{(=0)R, wherein R 1s hydrogen, Cis
altkyl, Cos alkenyl, Cos alkynyl, Cio carboevclvl, aryl, 5-10 membered heteroaryl, and 5-10
membered heterocyclvl, as defined hereimn. Non-linuting examples nclude formyl, acetyl,
propanovl, benzoyl, and acryl.

[8067] An “O-carboxy” group refers to a “~OC(=0)R” group m which R 15
selected from hyvdrogen, Cie alkyl, Cos alkenyl, Cos alkynyl, Csr carbocyelyl, aryl, 3-10
membered heteroaryl, and 5-10 membered heterocyelyl, as defined heremn.

[6068] A “C-carboxy” group refers to a “-C{=0JOR” group m which R 13
selected from hydrogen, Cis alkyl, (o alkenyl, Czs alkynyl, Cir carboeyclyl, aryl, 5-10
membered heteroaryl, and 5-10 membered heterocyelyl, as defined herein. A non-limiting
example inclodes carboxyl {1.e., -C(=0}0H).

[5069] A “cyano” group refers to a “~-CN” group.

{60761 A “cyanato” group refers to an “~OCN” group.

{06071 An “isocyanate” group refers toa “-NCO” group.

(6072} A “thiocyanato” group refers to a “-SCN” group.

[0073] An “isothiocyanato” group refers to an ™ -NCS” group.

100741 A “sulfinyl” group refers to an “-S(=0R” group in which R is selected
from hydrogen, Cis alkyl, Cas alkenyl, Crs alkynyl, Csv carbocyelyl, Ceao aryl, 3-10
merabered heteroaryl, and 5-10 membered heterocyclyl, as defined herein.

[0075] A “sulfonyl” group refers to an “-SO:R” group in which R 15 selected
from hydrogen, Cis alkyl, Coe alkenyl, Cos alkynyl, Civ carbocyclyl, Ceao aryl, 3-10

rmembered heteroaryl, and 5-10 membered heterocyclyl, as defined herein,
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[6076] An “S-sulfonamide” group refers to a “~-SO2NRaRs” group in which Ra
and Ry are each independently selected from hydrogen, Cie alkyl, Cas alkenyl, Cos alkynyl
Csr carbocyelyl, Ceao aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclvl, as
defined herein.

(8077} An “N-sulfonamido” group refers to a “-N{RA)SO:Re” group in which Ra
and Rv are each independently selected from hydrogen, Cio alkyl, Cos alkenyl, Cas altkynyl,
Cs.y carbocyelyl, Ceao aryl, 5-10 membered heterocaryl, and 5-10 membered heterocyclyl, as
defined herein.

[0078] An “O-carbamyl” group refers to a “~-OC(=0NRaRs” group in which Ra
and Re are each independently selected from hydrogen, Cis alkyl, Cos alkenyl, Czs alkynyl,
Ui carboeyelyl, Ceao aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as
defined heren.

{6079 An “N-carbamyl” group refers to an “-N{RA)OC(=0)Rs” group n which
Ra and Re are each mdependently selected from hydrogen, Cis alkyl, Cos alkenyl, Cos
altkynyl, Ciz carbocyelyl, Ceao aryl 5-10 membered heteroaryl, and 5-10 membered
heterocyclyl, as defined heremn.

[6080] An “O-thiocarbamyl” group refers to a “~OC{=SINRARR” group m which
Ra and Rg are each mndependently selected from hydrogen, Cis alkyl, Cis alkenyl Cos
altkynyl, Ciz carbocyelyl, Ceao aryl 5-10 membered heteroaryl, and 5-10 membered
heterocyclyl, as defined herein.

[0081] An “N-thiocarbamyl” group refers to an “-N{RAYOC(=S}Rg” group in
which Ra and Rg are each mdependently selected from hydrogen, Cis alkyvl, Crs alkenyl, Ch.
s alkynyl, Cs7 carbocyelyl, Ceo aryl, 5-10 membered hetercarvl, and 3-10 membered
heterocyclyl, as defined herein.

[0082] A “C-amide” group refers to a “-C(=0)NRaRg” group in which Ra and
Rp are each independently selected from hydrogen, Cie alkyl, Cog alkenyl, Cos alkynyl, Csr
carbocyelyl, Cero aryl, 5-10 membered hetercarvl, and 5-10 membered heterocyclyl, as
defined herein.

[0083] An “N-amido” group refers to a “-N{RaYC(=0)Rp” group n which Ra and

Rp are each independently selected from hydrogen, Cis alkyl, Czs alkenyl, Cos alkynyl, Casy

=25
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carboeyclyl, Ce10 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as
defined herein.

{6084} An “amino” group refers to a “~NRaRs” group in which Ra and Rg are
each independently selected from hydrogen, Cis alkyl, Cis alkenyl (os alkynyl Cio
carboeyclyl, Ce10 aryl, 5-10 membered heteroaryl, and 5-10 membered heterocyclyl, as
defined herein.

[0085] An “amunocalkyl” group refers to an amino group connected via an
alkylene group.

(0086} An “alkoxyalkyl” group refers to an alkoxy group connected via an
alkvlene group, such as a “Cosalkoxvalkyl” and the like.

(60871 As used herein, a “natural anmino acid side cham” refers to the side-chamn
substituent of a naturally occuring anino acid. Naturally occurring amino acids have a
substituent attached to the a—carbon. Naturally occurring anuno acids include Arginine,
Lysine, Aspartic acid, Glutamic acid, Glutamme, Asparagine, Histidine, Serine, Threonine,
Tyrosine, Cysteine, Methionine, Tryptophan, Alanime, Isoleucine, Leucine, Phenylalanine,
Valine, Proline, and Glycine.

[6088] As used heren, a “non-natural amino acid side chan™ refers to the side-
chain substituent of a non-naturally cccurring amino acid. Non-natural amimo acids include
B-amino acids (§° and B, Homo-amino acids, Proline and Pyruvic acid derivatives, 3-
substituted Alanine denivatives, Glycine derivatives, Ring-substituted Phenylalanine and
Tyrosine Derivatives, Linear core amino acids and N-methyl amino acids. Exemplary non-
natural amino acids are available from Sigma-Aldridge, listed under “unnatural amino acids
& derivatives.” See also, Travis 8. Young and Peter G. Schuliz, “Beyond the Canonical 20
Amino Acids: Expanding the Genetic Lexicon,” J. Biol Chem. 2010 285: 11039-11044,
which 1s incorporated by reference 1n its entirety.

0089} 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,” 1t 18
meant that the group is substituted with one or more subsitutents independently selected from
Ci-Ce alkyl, Ci-Cs alkenyl, C1-Cs alkyoyl, Ci1-Cs heteroalkyl, C3-Cr carboceyelyl {optionally
substituted with halo, Ci1-Cs alkyl, Ci-Ce alkoxy, Ci-Cs haloalkyl, and C1-Cs haloalkoxy), Cs-

226
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Cr-carbocyclyb-Ci-Ce-alkyl (optionally substituted with halo, Ci-Ce alkyl, C1-Cs alkoxy, Ci-
s halealkyl, and Ci-Co haloalkoxy), 5-10 membered heterocyclyl {optionally substituted
with halo, C1-Cs alkyl, Ci1-Ce alkoxy, Ci1-Cs haloalkyl, and C-Us halsalkoxy}, 5-10
membered heterocyclyl-Ci-Us-alkyl {optionally substituted with halo, C-Cs alkyl Ci-Cs
alkoxy, C1-Cs haloalkyl, and Ci-Ce haloaikoxy), arvi (optionally substituted with halo, Ci-Ce
altkyl, C1-Cs alkoxy, Ci-Cs haloalkyl, and Ci-Cs haloalkoxy}, aryl{Ci-Coslalky! {optionally
substituted with halo, Ci-Cs alkyl, Ci-Cs alkoxy, Ci-Cs haloalkyl, and C1-Cs haloalkoxy), 5-
10 membered hetercaryl {optionally substituted with halo, Ci-Cs alkyl, Ci-Ce alkoxy, Ci-Cs
haloalkyl, and Ci-Ce¢ haloalkoxy), 5-10 membered heteroaryl{C1-Cslalkyl (optionally
substituted with halo, Ci-Cs alkyl, Ci-Cs alkoxy, Ci~-Cs haloalkyl, and Ci-Ce haloalkoxy),
halo, cyano, hydroxy, Ci1-Ce alkoxy, Ci-Ce alkoxy{Ci-Celalkyl (1e., ether), aryloxy,
sulthydryl (mercapto), halo{Ci-Celalkyl (e g., —=CF3), halo{Ci-Colalkoxy (e.g., ~OCFs), Ci1-Ce
altkyithio, arylthio, ammo, anmuno(Ci-Celalkyl, witro, O-carbamyl, N-carbamyl, O-
thiocarbamyl, N-thiocarbaroyl, C-amudo, N-amido, S-sulfonanudo, N-sulfonamudo, -
carboxy, O-carboxy, acyl, cyanato, 1socyanato, thiocyanato, sothiocyanato, sulfinyl,
sulfonyl, and oxo (=(3). Wherever a group 13 described as “optionally substituted” that group
can be substituted with the above substituents.

[609¢] In some embodiments, substituted group(s) 1s {are} substituted with one or
more substituent(s) mdividually and ndependently selected from Ci-Cy alkyl, amino,
hydroxy, and halogen.

(0091 ] 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, 1t 1s understood that
the substituent s a di-radical. For example, a substituent identified as alkyl that requires two
points of attachment mcludes di-radicals such as ~CHy—, ~CH2CHo—, -CH2CH(CH:)CH—,
and the like. Other radical naming conventions clearly indicate that the radical 1s a di-radical
such as “alkylene” or “alkenylene”

(60921 When two R groups are said to form a ring {(eg., a carbocyclyl,
heterocyclyl, arvl, or heteroary! ring} “together with the atom to which they are attached,” 1t

15 meant that the collective unit of the atom and the two R groups are the recited ring. The
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ring 15 not otherwise hmited by the definition of each R group when taken individually. For

example, when the following substructure is present:

and R! and R? are defined as selected from the group consisting of hydrogen and alkyl, or R!
2 - . - ~ I

and R” together with the mitrogen to which they are attached form a heterocyclyl, 1t 1s meant

that R! and R? can be selected from hydrogen or alkyl, or alternatively, the substructure has

structure:

N A

where ring A 15 a heterocvelyl ring containing the depicted nitrogen.

[0093] Similarly, when two “adjacent” R groups are said to form a ring “together
with the atoms to which they are attached,” it 1s meant that the collective unit of the atoms,
mtervening bonds, and the two R groups are the recited ring. For example, when the

followmng substructure 1s present:

bl e o . . . .
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 carbocyelyl, 1t 1s
meant that R' and R? can be selected from hydrogen or alkyl, or alternatively, the

substructure has structure:

where A 1s an aryl ring or a carbocyclyl containing the depicted double bond.
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(6094} Wherever a substituent is depicted as a di-radical (7.e., has two points of
attachment to the rest of the molecule), it 15 to be understood that the substituent can be

attached in any directional configuration unfess otherwise indicated. Thus, for example, a

. ( ¢ A 4 o
substituent depicted as —~AE— or £ includes the substituent being oriented such
that the A 1s attached at the leftmost attachment pomnt of the molecule as well as the case in
which A is attached at the nghtmost attachment point of the molecule.

[0095] The term “mammal” 15 used in its usual biological sense.  Thus, it
specifically includes, but is not hinuted 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.

[0096] “Subject” as used herein, means a human or a non-human mammal, eg.. a
dog, a cat, a mouse, a rat, a cow, a sheep, a pig, a goat, a non-human priroate ora bud, eg., a
chicken, as well as any other vertebrate or invertebrate.

[06097] An “effective amount” or a “therapeutically effective amount” as used
herein refers to an amount of a therapeutic agent that s effective to relieve, to some extent, or
to reduce the likelthood of onset of, one or more of the symptoms of a disease or condition,
and mcludes 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 15 obiained {such as extensive tissue damage).

[609&] “Treat,” “treatment,” or “treating,” as used herein refers to administering a
pharmaceutical composition for prophylactic and/or therapeutic purposes. The term
“prophyiactic treatment” refers to treating a subject who does not yet extubit symptoms of a
disease or condition, but who 18 susceptible to, or otherwise at risk of, a particular disease or
condition, whereby the treatment reduces the likelihood that the patient will develop the
disease or condition. The term “therapeutic treatment” refers to admimustering treatment to a

subject already suffering from a disease or condition.

Methods of Preparation

[0099] The compounds disclosed herein may be synthesized by methods
described below, or by modification of these methods. Ways of modifying the methodology

mclude, among others, temperature, solvent, reagents etc., known to those skilled n the art.

-28.
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in general, during any of the processes for preparation of the compounds disclosed herein, 1t
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 Profeciive Groups in Organic Chemisiry (ed. JFW. McOmue,
Plenum Press, 1973}, and P.GM. Green, T'W. Wulits, Profecting Groups in Organic
Synthesis (3rd ed.} Wiley, New York (1999}, which are both hereby incorporated herein by
reference in their entirety. The protecting groups mav be removed at a convenient
subsequent stage using methods known from the art. Synthetic chemistry transformations
useful 1n synthesizing applicable compounds are known in the art and include e g those
described 1 R, Larock, Comyprehiensive Ovganic Transformations, VCH Publishers, 1989, or
L. Paquette, ed., Frncyclopedia of Reagents jfor Organic Synthesis, John Wiley and Sons,
1985 which are both hereby mncorporated herein by reference in their entirety. The routes
shown and described herein are dlustrative only and are vot intended, nor are they to be
construed, to linut the scope of the claims in any manner whatsoever. Those skilled in the ant
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.

[0160] In the following schemes, protecting groups are selected for thew
compatibifity with the requusite synthetic steps as well as compatibility of the troduction
and deprotection steps with the overall synthetic schemes (P.GM. Green, T'W. Wuits,
Protecting Groups in Organic Synthesis (3rd ed. ) Wiley, New York {(1999)).

0181} if the compounds of the present technology coniain one or more chiral
centers, such compounds can be prepared or isolated as pure sterecisomers, 1.¢., as individual
enantiomers or d{l} stereocisomers, or as sterecisomer-enriched nuxtures.  All such
sterecisomers {and enriched muxtures} are included within the scope of the present
technology, unless otherwise indicated. Pure sterecisomers {or enriched nuxtures) 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 columm chromatography, chural resolving agents and the like.

(01021 The starting materials for the following reactions are generally known

compounds or can be prepared by known procedures or obvious modifications thereof. For
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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}

[61083] In one embodiment, the wmethods disclosed herein may include
constructing a 3%ammo acid peptide backbone using sohd-phase peptide synthesis
techuiques to provide wtermediate (¥1).  The peptide backbone ncludes two PEG amude
linkers. The method includes an anmide coupling reaction between the amine of the terminal
PEGe anude of intermediate (1) and an appropriately substituted carboxyhic acd (F1F) to
provide the resin-bound intermediate (IV). In one embodiment the method mnvolves
subjecting intermediate (EV) to hydrolysis under acidic conditions followed by purification to

yield the final product (I}, (Scheme 1},
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[0104] The above example schemes are 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 vaniables are as defined above.
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[0185] The pharmaceutical formulations disclosed herein can be prepared using
standard pharmaceutical formulation techniques, such as those disclosed v Remington's The
Science and Practice of Pharmacy, 21st Ed, Lippincott Williams & Wilkins (2005), Gilman
et al. (Eds.} (1990}, Goodman and (ilman’s: The Pharmacological Basis of Therapeutics,
8th Ed., Pergamon Press, each of which is incorporated herein by reference in its entirety. In
some embodiments, the pharmaceutical formulations can be prepared as unit dosage forms.
Technigues and compositions for preparing unit dosage forms are described m: Modern
Pharmaceutics, 4th Ed., Chapters 9 and 10 (Banker & Rhodes, editors, 2002); Lieberman ef
al., Pharmaceutical Dosage Forms: Tablets (1989), and Ansel, Introduction to
Pharmaceutical Dosage Forms 8th Edition (2004), each of which 1s incorporated heremn by

reference n s entirety.

Methods of Treatment

[01086] The pharmaceutical formulations disclosed herein include compounds or
their tautomers and/or pharmaceutically acceptable salts thereof that can effectively act as
GIP/GLP! dual receptor agonists. The pharmaceutical formulations further comprise one or
more pharmaceutically acceptable carriers and one or more pharmaceutically acceptable
diluents.

[6167] Some embodiments provide a method of preventing, treating, or
ameliorating one or more fatty liver diseases in a subject. In some embodiments, the method
ncludes admimstering one or more of the pharmaceutical formulations disclosed heremn to a
subject i need thereof.

[61608] Some embodiments provide a method preventing, treating, or ameliorating
steatosis, non-alcoholic steatohepatitis and non-alcoholic fatty hiver disease. In some
embodiments, the method includes administering one or more of the pharmaceutical
formulations disclosed herein to a subject in need thereof.

[0169] In some embodiments, the method of administering one or more of the
pharmaceutical formulations disclosed herein results in the prevention, treatment, or
amelioration, of a fibrosis, fibrotic condition, or fibrotic symptoms.

(0116} in some embodiments, the pharmaceutical formulations described herein
can be used to treat a host of conditions arising from fibrosis or inflammation, and

specifically including those associated with myofibroblast differentiation.  Exemplary
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conditions include but are not hmited to progressive liver fibrosis {alcoholic, wviral,
autoimmune, metabolic and hereditary chronic disease), renal fibrosis {e.g., resulting from
chromic mnflammation, infections or type Il diabetes), fung fibrosis {(idiopathic or resulting
from environmental insults inchuding toxic particles, sarcoidosis, asbestosis, hypersensitivity
pneumonitis, bacterial mfections incloding tuberculosis, medicines, etc.), interstitial fibrosis,
systemic scleroderma (autoimmune disease in which many organs become fibrotic), macular
degeneration (fibrotic disease of the eve), 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,
wflammation and hypertrophy), mediastinal fibrosis, myelofibrosis, endomyocardial fibrosis,
retroperitoneal fibrosis, progressive massive fibrosis, nephrogenic systemic fibrosis, diabetic
nephropathy, non-alcoholic steatohepatitis, primary sclerosing cholangitis, corneal fibrosis,
liver cirrhosis, fibrotic complications of surgery, chronic allograft vasculopathy and/or
chromic rejection n transplanted organs, ischemic reperfusion injury associated fibrosis,
myection  fibrosis, currhosis, diffuse parenchymal tung disease, post-vasectomy pain
syndrome, and rheumatord arthritis diseases or disorders.

(6111} In some embodiments, the method of admumistering one or more of the
pharmaceutical formulations disclosed herein results in the reduction 1 the amount of
extracellular matrix proteins present in one or more tissues of said subject.

(6112} in some embodiments, the method of administering one or more of the
pharmaceutical formulations disclosed herein results in the reduciion m the amount of
collagen present in one or more tissues of said subject.

[0113] In some embodiments, the method of admmmistering one or more of the
pharmaceutical formulations disclosed herein results 1n the reduction in the amount of Type
i, Type fa, or Type I collagen present in one or more tissues of said subject.

(0114} Some embodiments provide a method of preventing, treating, or
ameliorating one or more of liver fibrosts, renal fibrosis, biliary fibrosis, pancreatic fibrosis,
nonalcoholic steatohepatitis, non-alcoholic fatty liver disease, chronic kidney disease,
diabetic kidney disease, primary sclerosing cholangiits, primary biliary cirrhosis, or
whiopathic fibrosis in a subject. In some embodiments, the rmethod includes admumstering one

or more of the pharmaceutical formulations disclosed herein to a subject in need thereof.



WO 2023/141044 PCT/US2023/010565

[0115] Some embodiments provide a method of preventing

&

treating, of
ameliorating one or more of nonalcoholic steatohepatitis, non-alcoholic fatty liver disease,
chronic kidney disease, diabetic kidney disease, primary sclerosing cholangitis, or primary
liary cirrhosis in a subject. In some embodiments, the method includes administering one
or more of the pharmaceutical formulations disclosed herein to a subject in need thereof.

[0116] Some embodiments provide a method of preventing, ireating, 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, dyshipidemia, hypercholesterolemia, hyperlipidenua, hypertension,
hypoglycenua, obesity, or prader-willi syndrome. In some embodiments, the method
mneludes administering one or more of the pharmaceutical formulations disclosed herein to a
subject in need thereof,

(61171 In some embodiments, the method of adnunistering one or more of the
pharmaceutical formulations disclosed herein resulis in the activation of a glucose-dependent
msulinotropic  polypeptide {GIP} receptor.  In some embodiments, the method of
administering one or more of the pharmaceutical formulations disclosed herem results i the
activation of a glucagon-like peptide-1 (GLP-1) receptor. In some embodiments, the method
of administering one or more of the pharmaceutical formulations disclosed herein results in
the activation of the GIP receptor and the GLP-1 receptor.

[011§&] Some embodiments include co-admunistering 3 pharmaceutical
formulation and/or a compound, or pharmaceutically acceptable salt thereof, described
herein, with an additional medicament. By “co-admimistration,” it 1s meant that the two or
more agents may be found in the patient’s bloodsiream at the same time, regardless of when
or how they are actually admunistered. In one embodiment, the agents are adminustered
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 emnbodiment, the agents are administered through different
routes, such as one being administered subcutaneously, another being admunistered orally

and another being administered 1.v.
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(6119} To further 1Hustrate this disclosure, the following examples are included.
The examples should not, of course, be consirued as specifically himiting 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 claimed herein. The reader will recognize that the skilled artisan, armed with the present
disclosure, and skill in the art 1s able to prepare and use the disclosure 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

(0126} it will be apparent to the skilled artisan that methods for preparing
precursors and functionality related to the compounds claimed herein are generally described
n the literature. In these reactions, 1t 15 also possible to make use of vanants which are
themselves known to those of ordinary skill in this art, but are not mentioned in greater
detatl. The skilled artisan given the literature and this disclosure 15 well equipped to prepare
any of the compounds.

(0121 It 1s recogrized that the skilled artisan n the art of organic chenustry can
readily carry out mampulations without further direction, that 15, it 15 well within the scope
and practice of the skilled artisan to carry out these manipulations. These include reduction
of carbonyl compounds to therr corresponding aleohols, oxidations, acyiations, aromatic
substitutions, both  electroplilic and nucleophilic, ethenifications, estenfication and
saponification and the like. These mamipulations are discussed in standard texis such as
March Advanced Orgamic Chemistry (Wiley), Carey and Sundberg, Advanced QOrganic
Chemistry {incorporated hergin by reference in their entirety} and the like All the
intermediate compounds of the present disclosure were used without further purification
unless otherwise specified.

[0122] 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 lierature and are also well within the
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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, 4th Ed., John
Wiley & Sons (2007}, incorporated herein by reference in its entirety.

[0123] The following example schemes are provided for the guidance of the
reader, and represent preferred methods for making the compounds exemplified herein
These methods are not limuting, and 1t will be apparent that other routes may be employed to
prepare these compounds. Such methods specifically mnclude solid phase based chenustries,
mcluding combinatorial chemistry. The skilled artisan is thoroughly equipped to prepare
these compounds by those methods given the literature and thus disclosure. The compound
nuroberings used in the synthetic schemes depicted below are meant for those specific
schemes only, and should not be construed as or confused with same nurmberings 10 other
sections of the application.

[0124] Trademarks used herein are exarmples only and reflect ilustrative
moaterials used at the time of the disclosure. The skilled artisan will recognize that vaniations
i lot, manufacturing processes, and the like, are expected. Hence the examples, and the
trademarks used in them are non-hmiting, and they are not intended to be limiting, but are
merely an lustration of how a skilled artisan may choose to perform one or more of the
embodiments of the disclosure.

[8125] The following abbreviations have the indicated meanings:

Aib = aminoisobutyric acid

Bn = benzyl

Boc = fert-butoxycarbonyl

Bu = butyl

DMF = dimethylformamide

EDC = I-ethyl-3-(3-dimethylanunopropylicarbodiinide

Et = ethyl

HATU = hexafluorophosphate azabenzotriazole tetramethy! vranium
HBTU = hexafluorophosphate benzotriazole tetramethyl uranium
HMDS = hexametbyldisilazane

HPLC = high-performance liquid chromatography

Me = methyl

~3
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NaHMDS = sodiom hexamethyldisilazide
NMR = nuclear magnetic resonance
PCC = pyridiniom chlorochromate
PEG = polyethylene glycol
Ph = phenyl
iBu = feri-butyl
TFA = triffuoroacetic acid
THF = tetrahydrofuran
TMS = trimethylsilyl
[8126] The following exarople schemes are provided for the guidance of the
reader, and collectively represent an exarople method for making the compounds provided
herein.  TFurthermore, other methods for preparing compounds described herein will be
readily apparent to the person of ordmary skill in the art in light of the following reaction

schemes and examples. Unless otherwise ndicated, all variables are as defined above,

EXAMPLE 1

Svnthesis of Intermediate 1 (INT 1

(0127} Methyl 7-bromoheptanoate 1s treated with triphenylphosphine to form the
corresponding phosphonium salt. The salt s treated with one equivalent of NaBMDS 1o
make an vhide, which s reacted immediately 10 a Wittig reaction with the aldehvde trom
PCC oxadation of 12-bromo-1-dodecanol. The resulting bromo alkene s hydrogenated, and
treated with dibenzyl phosphite 1 weak base to form a phosphonate ester. Hydrolysis of the
methyl carboxylate provides desired INT 1 having a termunal carboxylic acid and a dibenzyl

phosphonate.
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Svnthesis of Intermediate 2 (INT 2)

[0128] Docosanedioic acid 1s coupled to benzyl alcobol with EDC-HCT and
DMAP 10 THF to give INT 2 as the monobenzyl ester.

w — i I
HO ST OH  eneome: Bng/l\/wj\eﬁ
DMAP

INT 2

Svnthesis of Intermediate 3 (EINT 3}

(0129} t-Butyl 4-hydroxybutanoate undergoes a Swern oxidation to give an
aldehvde. The aldehyde 18 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 to cleave the N-alkyi group and provide
INT 3 with a free primary amine, a t-butyl ester, and a diethy! phosphonate ester. The
optical purity of ENT 3 was confirmed to be at least 96% by 1H NMR through Mosher’s

amide analysis.
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Svynthesis of Intermediate 4 (INT 4)

[0130] INT 1 s coupled with the 1-t-butyl ester of D-ghitamic acid in the
presence of HATU and triethylamine in BMF to provide INT 4.

E‘-"‘ /\\/t\ 1. HATU, EtN, DMF T i
Bnofé\//\(\“)ffm OH BnO’E?\‘/\WNH
Bn 2 NH, OBn ' |
. WO v, SOBU
INT 4 Hg\r(\)l,,i OBy YT
i S S
& & INT 4

Svnthesis of Intermediate 3 (INT 8)

(0131 INT 2 1s coupled with INT 3 in the presence of HATU and triethylamine
m DMF to prepare a new anude 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'-dusopropylearbamumudic acid provides  the corresponding  dibenzyl

phosphonate. The t-butyl ester 15 cleaved with TFA to provide INT §.
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Svnthesis of Intermediate 6 (INT 6}
(0132}

n BMF o provide a new amide linkage.

esters with TMS-Br gives both free phosphonic acids. Re-esterification with a large excess

of the benzyl ester of N N'-dusopropylcarbamimidic acid provides the corresponding

18 eq.
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0
A

8n0 4 NH

e S, OEL
\ﬂ/\/ ﬁ\ozt
o O

TMS-Br (5eq.)
HMDS (10 &g}
CHCly

OBn
AL 9 i
NN BnQ‘W?\/u\ng

By t, A
3 i

B;WQ)K‘/ \M\)\s\.\m

G
O
14 A
HO o, JOBN
\ﬂ/\/ il:!}\OBn
O O
INT 5

INT 1 15 coupled with INT 3 in the presence of HATU and tniethylamme

Cleavage of the benzyl and ethyl phosphonate

tetrabenzyl diphosphonate ester. The t-butyl ester is cleaved with TFA to give INT 6.
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EXAMPLE 2

Synthesis of Common Peptide Backbone

[8133] The 3%9-amino acid peptide backbone 1s constructed using solid-phase
peptide syuthesis techmques with dimude, 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-19 was extended with two PEG: amide linkers. The
entire backbone i1s synthesized on the resin before coupling INT 4, INT 5, or INT 6 to the

amino terminus of the lysine-bound hnker.
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EXAMPLE 3

Syathesis of Compound 4

[0134] The peptide backbone 1s coupled to INT 4 to give resin-bound, protected
Compound 4. Cleavage of the resin, protecting groups on the peptide chan, and benazyl

esters of INT 4 with TFA provides Comppund 4, which s purified through HPLC.

e o)

Bncy fj)\B-AWl\ ! NN
o " Ho vy OB BnO " T NiH
Cesin D=1y L .

S ot
© iNT 4 ° res‘é \W/\\/ }/ )

amide coupling

E TFA
O ¥
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4

FXAMPLE 4

Synthesis of Compound 8

[0135] The peptide backbone 1s coupled to INT § to give resin-bound, protected
Compound 8 Cleavage of the resin, protecting groups on the peptide chain, and benzyl

esters of INT 4 with TFA provides Compound 8, which is purified through HPLC.
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EXAMPLES

Synthesis of Compound 12

[0136] The peptide backbone 1s coupled to INT 6 to give resin-bound, protected
Compound §2. Cleavage of the resin, protecting groups on the peptide chamn, and benzyl

esters of INT 4 with TFA provides Compound 12, which 15 purified through HPLC.
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EXAMPLE 6
Pharmacokinetics Studies of Formulations
(8137} Subcutaneous (8 dosing of tirzepatide and Compound 4 1n two different

formulations was performed with male cynomolgus monkeys. Formulation 1 included the
compound 1o a vehicle of 0.1% bovine serum albumin in phosphate buffered saline solution.
Formulation 2 inclided the compound 1n 40% propylene glycol and 60% 10 mM pH 6 citrate
buffer solution. Assigned dosage groups were admimistered tirzepatide (0.2 mg/kg) or
Compound 4 (0.2 mg/kg) over 21 days. Samples were obtained at 1, 4, 8, 12, 24, 48, 72, 96,
120, 168, 192, 240 and 336 hours after the single dose was administered.

0138} Mean half bfe values are shown m Table 1. The data shows that
administration of Compound 4 in Formulation 1 and Formulation 2 resulted in significantly
greater persistence in the blood stream when compared to admmistration of tirzepatide 10 the
wdentical formulation. Surprisingly, the half Life of Compound 4 was greater in Formulation
2 than Formulation 1. Even more surprisingly, the relative increase in half ife of Compound
4 compared to tirzepatide was greater in Formulation 2 than Formulation 1. Formulation 2
resulted 1 a mean half bfe of Compound 4 that is twice as long when compared to

tirzepatide.
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Table 1
Compound D Haif Life

(k)
Tuzepatide 66.2

Formulation 1
4 106
Tirzepatide 59.8

Formulation 2
4 120

(6139} Binding assays of tirzepatide and Compound 4 were performed in the
presence or absence of 2% human serum albumim (HSA)} The ratio of compound-receptor
binding with 2% HSA to compound-receptor binding with 0% HSA is listed in Table 2.
Tirzepatide has an HSA ratio of 12.8 and 5.82 for the GLP-1 receptor and GIP receptor,
respeciively. Compound 4 has an HSA ratio of 6.42 and 1.25 for the GLP-1 receptor and GIP
receptor, respectively. The larger HSA ratios of tirzepatide when compared to Compound 4
ndicates that the binding affinity of tirzepatide for albunun s greater than that of Compound

4.

Table 2
GLP-1 receptor 1C 50 GIP receptor 1C 30
{(nM} {nM)
Sample

D 2% | o | REOOT ) gn 0 gop  RE0OF
HSA HSA No HSA HSA HSA No HSA

TRZ 3409 266 12.8 1840 316 582

4 988 154 6.42 331 264 1.25

[0140] In previous studies, a direct correlation between albumin binding atfinity
and in vivo half life was observed; compounds having a longer half life displayed greater
albumin binding affimity. (Lau, J, ef @l J. Med. Chem. 2015, 58, 7370-7380). As described
above, the binding affuuty of tirzepatide for albumin is greater than that of Compound 4. In
contrast, the pharmacokinetic experiments described in this example determined the half hife
of tirzepatide and Compound 4 10 be 662 h and 106 h, respectively, 10 Forroulation 1. The

half hfe of tirzepatide and Compound 4 were determuned to be 598 h and 120 h,
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respectively, in Formulation 2. The longer half life of Compound 4 in Formulation 1 and
Formulation 2 when compared to that of tirzepatide 1s an unexpected result in view of the
previous studies. The smaller HSA ratio of Compound 4 indicates that Compound 4 would
be expected to have lower albumin binding affinity and shorter half iife relative to
tirzepatide. The longer half life for Compound 4 1n Formulation 1 and Formulation 2 relative
to tirzepatide is opposite of the expected results.

(0141} While some embodiments have been dlustrated and described, a person
with ordinary skill in the art, after reading the foregoing specification, can effect changes,
substitutions of equivalents and other types of alterations to the compounds of the present
technology or salts, pharmaceutical compositions, derivatives, prodrugs, metabolites,
tautomers or racemic ouxiures thereot as set forth herein.  Each aspect and embodiment
described above can also have mncluded or incorporated therewith such variations or aspects
as disclosed inregard to any or all of the other aspects and embodiments.

[0142] The present technology 15 also not to be hinuted m terms of the particular
aspects described herein, which are intended as simgle dlustrations of ndividual aspects of
the present technology. Many modifications and vanations of this present technology can be
made without departing from its spinit 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 skilied in the art from the foregomg
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 18 not limited to
particular methods, reagents, compounds, composttions, labeled compounds or biclogical
systems, which can, of course, vary. It is also to be understood that the terminology used
herein s for the purpose of describing particular aspects only, and 15 not intended to be
limiting. Thus, 1t 15 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.

(6143} The embodments, ilustratively described herein may suitably be
practiced 10 the absence of any element or elements, imuation or imitations, not specifically
disclosed herein. Thus, for example, the terms “comprising,” “including,” “containing,” etc.

shall be read expansively and without houtation.  Additionally, the termos and expressions
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employed herein have been used as terms of description and not of limitation, and there is no
mtention in the use of such terms and expressions of excluding any eguivalents 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.

0144} In addition, where features or aspects of the disclosure are described
terms of Markush groups, those skilled m the art will recognize that the disclosure 1s also
thereby described mn terms of any ndividual member or subgroup of members of the
Markush group. FEach 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 hnutation removing any
subject matter from the genus, regardiess of whether or not the excised material s
specifically recited herem.

[8145] All publications, patent applications, 1ssued patents, and other documents
(for example, journals, articles and/or textbooks) referred to 1 this specification are herein
meorporated by reference as if each individual pubhication, patent apphication, 1ssued patent,
or other document was specifically and individually indicated to be incorporated by reference
i its entirety. Definitions that are contained in text incorporated by reference are excluded
to the extent that they contradict definitions in this disclosure.

{0146} Other embodiments are set forth 1n the following claims, along with the
full scope of equivalents to which such claims are entitled.

[0147] While the disclosure has been particularly shown and described with
reference to a preferred embodiment and various alternate embodiments, # 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.

[0148] 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,
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[6149] Although the disclosure has been described with reference to
embodiments and examples, 1t should be understood that numerous and various
modifications can be made without departing from the spinit of the disclosure. Accordingly,

the disclosure is limited only by the following claims.
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WHAT IS CLAIMED IS:

1. A pharmaceutical formulation for administration to a subject in need thereof,
wherein the pharmaceutical formulation comprises:

at least 10% by weight of propylene glycol; and

a therapeutically effective dosage of a compound having the structure of formula §, or

a pharmaceutically acceptable salt thereof, wherein:

RZ

H

HTyr‘NE\\n-EGTFTSDYSEWNKLDK?AQWN A
H A H O H

o

O
H
N/“\/Qv’\o/‘jr N N/\Of‘\/()\/u\ NH
O

HNSPPPAGSSPGGATLWQV
i

R! is selected from the group consisting of ~C(=ONOZY), ~P=ONXNY) and a 5-10
membered hetercaryl containing 1-2 hetercatoms selected from N, O and S optionally
substituted with 1-2 R’ independently selected from halogen, Cis alkyl, haloCie alkyvl,
haloCis alkoxy, ~OR®, Cse cyeloalkyl, Ceio aryl, 5-10 membered heteroaryl and 5-10
membered heterocyclyl;

R? is selected from the group consisting of ~C(=0}0Z%), PEON(Y) and a 5-10
membered hetercaryl containing 1-2 hetercatoms selected from N, O and S optionally
substituted with 1-2 R’ independently selected from halogen, Cis alkyl, haloCis alkyl,
haloCrs alkoxy, —OR®, Cao cycloalkyl, Ceuo aryl, $-10 membered hetercaryl and 5-10
membered heterocycelyl;

each R’ is independently selected from the group consisting of halogen, Cis alkyl,
haloCis alkyl, haloCie alkoxy, Cre alkoxy, Csao cycloalkyl, Ce.ao 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®,

Ci6 alkyl and haloCrs alkyl;
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each R* is independently selected from the group consisting of hydrogen, Cie alkyl,
haloCis alkyl, Ceao aryloxy and Ce.go aryl alkoxy:;

each R is independently hydrogen or Cis alkyl;

each R® is independently hydrogen or Cis alkyl: and

Z'and Z* each are independently selected from the group consisting of hydrogen, Cie
alkyl, haloCis alkyl, haloCie alkoxy, Cis alkoxy, Cs.io cycloalkyl and Coaro arvi,

wherein at least one of Z' and 22 is not hydrogen.

2. The pharmaceutical formulation of claim 1, wherein the compound has the

structure of formula f-a:

O

H 9
NWO\AO/\\](NNAOWQ\/IL‘NH
H &

LDKEAQ“‘“ﬁ A
O

HTyr*N}\“‘E GTFTSDYSI—N
H & H

HNSPPPAGSSPGGAILWQVE

(1
o

f-a
or a pharmaceutically acceptable salt thereof.

3. The pharmaceutical formulation of claim 2, wherein 7' is selected from the
group consisting of hydrogen, Cis alkyl, haloCis alkyl, haloCie alkoxy, Cie alkoxy, Ciao
cycloalkyl and Ce.o aryl; and X and Y each are —OR*.

4. The pharmaceutical formulation of claim 2 or 3, wherein Z' is selected from the
group consisting of hydrogen, haloCrs alkoxy and Cie alkoxy; and each R* independently is
selected from the group consisting of hydrogen, Cs-10 arvloxy and Ceo aryi alkoxy.

8. The pharmaceutical formulation of any one of claims 2-4, wherein Z! i
hydrogen and each R* independently 15 hydrogen or Ce.10 aryl alkoxy.

6. The pharmaceutical formulation of any one of claims 2-5, wherein each R is

hydrogen.
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7. The pharmaceutical formulation of any one of claims 2-6, wherein Z! is
hydrogen and each R* is hydrogen.
8, The pharmaceutical formulation of claim 1, wherein the compound has the

structure of formula §=b:

Q
o
HTyr’N;&T‘EGTFTSDYSE“NHLDKEAQ—-‘"N A
H & H & H

O

HoNSPPPAGESPGGATLWOY

I-b
or a pharmaceutically accepiable salt thereof

9. The pharmaceutical formulation of claim 8, wherein 7’ is selected from the
group consisting of hydrogen, Cisalkyl, haloCis alkyl, haloCis altkoxy, Cis altkoxy, Cs0
cycloalkyl and Ceao aryl; and X and Y each are —OR*,

10. The pharmaceutical formulation of claim § or 9, wherein 72 15 selected frorm the
group consisting of hydrogen, haloCre alkoxy and Cus alkoxy; and each RY independently is
selected from the group consisting of hydrogen, Ca.io aryloxy and Ce.i0 aryi alkoxy.

11. The pharmaceutical formulation of any one of claims 8-10, wherein 72 is
hydrogen and each R* is hydrogen or Cs-1o aryl alkoxy.

12. The pharmaceutical fornulation of any one of clairns 8-11, wherein each R* 15
hydrogen.

13. The pharmaceutical formulation of any one of claims 8-12, wherein Z° is
hydrogen and each R* is hydrogen.

14, The pharmaceutical formudation of claim 1, wherein the compound has the

structure of formula §-¢;

oy
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or a pharmaceutically acceptable salt thereof
15, The pharmaceutical formulation of claim 14, wherein X and Y each are ~OR*,
16. The pharmaceutical formulation of claim 14 or 15, wherein each RY is
mdependently selected from the group consisting of hydrogen, Ce.10 arvioxy and Ces.o aryl
atkoxy.
17. The pharmaceutical formulation of any one of claims 14-16, wherein each R” is
hydrogen.
18. The pharmaceutical formudation of claim 1, wherein the compound has the
structure selected from the group consisting oft
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and pharmaceutically acceptable salts thereof.

19, The pharmaceutical formulation of any one of claims 1-18, wherein *“*” indicates
a chiral carbon with “S” configuration.

28, The pharmaceutical formulation of any one of claims 1-18, wherein “*” indicates
a chiral carbon with “R” configuration.

21, The pharmaceutical formulation of any one of claims 1-20, comprising a
pharmaceutically acceptable agqueous carrier.

22, The pharmaceutical formulation of any one of claims 1-20, wherein the agueous
carrier 1s water, an agqueous buffer, or saline.

23, The pharmaceutical formulation of any one of claims 1-22, wherem the
propylene glycol is present in the formulation at a weight percentage of equal to or more than

about 15%.
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24, The pharmaceutical formulation of any one of claims 1-23, wheremn the
propylene glycol is present in the formulation at a weight percentage from about 15% to
90%.

25. The pharmaceutical formulation of any one of claims 1-24, wherem the
propylene glycol 13 present in the formulation at a weight percentage from about 30% to
50%.

26, The pharmaceutical formulation of any one of claims 1-25, wherein the
formulation comprises a buffer.

27, The pharmaceutical formulation of any one of claims 1-26, wherein the buffer
comprises tartrate, citrate, acetate, 2-(N-morphohno)ethanesulfonc acid (MES), piperazine-
N N’-bis{2-ethanesulforue acid (PIPES), 3-(N-morpholino)propanesulfonic acid (MOPS), 2-
{i1,3-dihvdroxy-2-(hydroxymethylpropan-2-yijanunolethanesulfonic  acid  (TES), 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 3-[N-
tristhydroxymethymethylanmino]-2-hydroxypropanesulfonic acid (TAPSO), N-
{tris(hydroxymethyBmethyllglycine {Tricine), tristhydroxymethyamimomethane (Tris), 2-
(bis{2-hydroxvethyhamino)acetic acid {Bicine),
tris(hy droxymethylDmethylammnojpropanesulfonic actd (TAPS}, N-cyclohexyl-2-
aminoethanesulfonic acid (CHES), phosphate, borate, or any combination of the foregoing.

28. The pharmaceutical formulation of any one of claims 1-27, wherein the buffer 13
present in the formulation at a weight percentage of equal to or more than about 20%.

29. The pharmaceutical formulation of any one of claims 1-28, wherein the buffer is
present in the formulation at a weight percentage from about 20% to 95%.

38, The pharmaceutical formulation of any one of claims 1-29, wherein the buffer is
present in the formulation at a weight percentage from about 50% to 70%.

31. The pharmaceutical formulation of claim 26, wherein the buffer comprises
citrate.

32. The pharmaceutical formulation of claim 26, wherein the buffer comprises
acetate.

33. The pharmaceutical formulation of claim 26, wherem buffer comprises 2-{N-

morpholino)ethanesulforue acid (MES).
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34, The pharmaceutical formulation of claim 26, wherein the buffer comprises
piperazine-N, N -bis{2-ethanesulfonic acid (PIPES).

35, The pharmaceutical formulation of any one of claims 1-34, wherem the
formulation has a pH from abouwt 210 12,

36, The pharmaceutical formulation of any one of claims 1-35, wheremn the
formulation has a pH from about 3t0 7.

37, The pharmaceutical formulation of any one of claims 1-36, wherein the
formulation has a pH from about 4 to0 6.8,

38, The pharmaceutical formulation of any one of claims 26-37, wherein the
propylene glycol s present in the formulation at a weight percentage of equal to or more than
about 15% and the buffer 15 present in the formulation at a weight percentage of equal to or
raore than about 20%.

39, The pharmaceutical formulation of claim 38, wheremn the propylene glycol 13
present in the formulation at a weight percentage from about 30% to 50%.

48, The pharmaceutical formulation of claim 38 or 39, wherein the buffer 1s present
m the formulation at a weight percentage from about 20% to 95%.

431. The pharmaceutical formulation of claim 38 or 39, wherein the buffer 1s present
m the formulation at a weight percentage from about 30% to 80%.

42. The pharmaceutical formulation of claim 38 or 39, wherein the buffer 1s present
in the formulation at a weight percentage from about 50% to 70%.

43. The pharmaceutical formulation of any one of claims 1-42, wherem the
therapeutically effective dosage 1s from about 0.01 mg/ke to about 5 mg/kg.

44. The pharmaceutical formulation of any one of claims 1-43, wherein when
adnunistered the pharmaceutical formulation has a half life of equal 1o or greater than about
40 h.

45, The pharmaceutical formulation of any one of claims 1-44, wherein when
admnistered the pharmaceutical formulation has a half life from about 40 hto 300 h.

46, The pharmaceutical formulation of any one of claims 1-45, wherein when
administered the pharmaceutical formulation has a half ife from about 60 hto 150 h.

47. The pharmaceutical formulation of any one of claims 44-46, wherein the

adminustration 1s a route of administration selected from the group consisting of enteral,
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intravenous, oral, intraarticular, intramuscular, subcutanecus, intraperitoneal, epidural,
transdermal, and transmucosal.

48, The pharmaceutical formulation of any one of claims 1-47, wheremn the
pharmaceutical formulation comprises a dosage form selected from a solid form and a hquid
form.

49. A method of preventing, {reating, or ameliorating one or more fatty fiver diseases
in a subject, comprising administering a pharmaceutical formulation of any one of claims 1-
48, to a subject in need thereof

58, The method of claim 49, wherein said wherein said fatty liver disease is selected
from the group consisting of steatosis, non-alcoholic steatohepatitis and non-alcoholic fatty
biver disease.

51. The method of claim 49 or 50, wherein said administration of said
pharmaceutical formulation results in the prevention, treatment, or amelioration, of a fibrosts,
fibrotic condition, or fibrotic symptoms,

82. The method of any one of claims 49-51, wheremm said admumstration of said
pharmaceutical formulation results n the reduction o the amount of extracellular matrix
proteins present in one or more tissues of said subject.

53. The method of any of claims 49-32, wherein said admimstration of said
pharmaceutical formulation results in the reduction in the amount of collagen present 1n one
or more tissues of said subject.

84, The method of claim 353, wherein said administration of said pharmaceutical
formulation results n the reduction in the amount of Type I, Type la, or Type HI collagen
present in one or more tissues of said subject.

58, A method of preventing, treating, or amehiorating one or disease or disorders in a
subject, comprising adnunistering a pharmaceutical formulation of any one of claims 1-48 to
a subject in need thereof, wherein said disease or disorder s liver fibrosis, renal fibrosis,
liary fibrosis, pancreatic fibrosis, nonalcoholic steatohepatitis, non-aicoholic fatty liver
disease, chronic kidney disease, diabetic kidney disease, primary sclerosing cholangitis,

primary biliary cirrhosis, or idiopathic fibrosis.
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%6, The method of claim 335, wherein said disease or disorder is nonalccholic
steatohepatitis, non-alcoholic fatty liver disease, chronic kidney disease, diabetic kidney
disease, primary sclerosing cholangitis, or primary bihary cirrhosts.

&7. The method of claim 55, wherein the route of administration 15 selected from the
group consisting oft enteral, intravenous, oral, intraarticular, intramuscular, subcutaneous,

mtraperitoneal, epidural, transdermal, and transmucosal.
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