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TITLE OF THE INVENTION

Molecular Degraders of Extracellular Proteins

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Patent Application No.
63/237.627, filed August 27, 2021, and to U.S. Provisional Patent Application No.
63/319,957, filed March 15, 2022, the disclosures of which are incorporated herein by

reference in their eniireties.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
This mvention was made with government support under GM{(67543 awarded by

National Institules of Health. The governrnent has certain rights in this invention.

INCORPORATION-BY-REFERENCE OF MATERIAL SUBMITTED AS ATEXTFILE
This disclosure contains one or more sequences in a comypnier readable format in an
accornpanying text file titled "047162-7328W02 ST26.xml," which 15 120 KB in size and
was generated on August 26, 2022, the contents of which are incorporated herein by

reference in their entirety.

BACKGROUND

Pathogeoic anti-$1ECx (the second extracellular foop of the $1 adrenergic receptor)
atoantibodies have been shown to cause dilated cardiomyopathy (DCM) and other forms of
heart failure. Existing literature has suggested that neutralization or removal of these
antibodies can alleviate disease. Existing freatments for DCM, such as §1-AR
{adrenoreceptor) blockers and whole 1gG depletion, are associated with significant
wndestrable side effects such as fatigue and dizziness, poor cireulation, gastrontestinal
sympioms, and sexual dysfunciion.

Accordingly, there is an ongoing need for more selective and rapidly active treatment

of DCM. The present disclosure fulfills this need.

BRIEF SUMMARY
In various aspects, a compound of Formula Ia, or a pharmaceutically acceptable salt

thereof is provided.
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Formula fa,

wherein:

==wETE s a carbon-carbon single or double bond;

Ats a Ce-1s arvl, Tsas heterocyclyl, Ceaas biarvl, or Ces heterobiaryl, each of which is
optionally substituted by 1-6 substituents selected from the group consisting of F, Ci, By, |,
ORG, OC(OINRGY, CN, NGO, NO2, ONGO», CF;, OCF3, RG, N(RG), SRG, SORG, SO:RG,
SOCNRG)e, and SOsREG;

(XG) ' .
N N\/’lLﬁ RG!
L* is an ASGPR binding moiety with the structure O
-
o,%;/
7
|

LF is an anti-B1AR binding moiety with the structure

>

AA s an amino acid sequence at least 80% homologous to SEQ IDNO: |

O (ZC Yo
RGUis A€ v r\'{

ag” TG
each occurrence of R! is independently hydrogen or 7 ;

AG is an aninosaccharide;

each occurrence of RG is independently H. optionally substituted Ci.io alkyl, optionally
substituted Ca.ie cycloalkyl, optionally substitited Cs-1s aryl, or optionally substituted Cs-1s
heteroaryl;

each occurrence of X is independently selected from the group consisting of -CHz-, -C(=0)-
. -NH-, and -0-;

each occurrence of Z(G 1s independently selected from the group consisting of -CHz-, -C(=0)-
,~NH-, and -O-;

m is an integer from 2 to 10;

nis an integer from 1 to 100; and
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p is an integer from 1 to 50.
In various aspects, compounds of Formula la are useful in method of preventing,
treating, and/or ameliorating heart failure in a subject when admirustered in therapeutically

effective amounts.

BRIEF DESCRIPTION OF THE FIGURES

The drawings illustrate generally, by way of example, but not by way of limitation,
various embodiments of the present application.

FIG. 115 a schematic illustration of one mode of action of compounds of Formula 1, in
accordance with various embodiments. Without wishing to be bound by theory, the mode of
action of the compounds here is at least in part as follows: Step 1. MoDE-A binds target
protein of interest; Step 2: MoDE-A/protein complex binds ASGPR on hepatocyie; Step 3
ASGPR/MoDE-A/protein ternary coraplex is endocyiosed into hepatocyie; Step 4: Ternary
complex dissociates; Step 3. Endocytosed target protein is degraded; and Step 6 ASGPR and
MoDE-A are recycled back outside of the cell.

FIGs. 2A-2B show data demonstrating in vifro endocytosis of target antibodies. FIG.
2A shows flow cvtometry data showing the successtul endocyiosis of the target antibody
(aP1AR) in the presence of varying concentrations compounds of Formula I FIG. 2B shows
inhibition of endocyiosis by binding ASGPR or a1 AR {anti-P1AR) target antibodies.

FIGs. 3A-3B show data demonstrating termary complex formation with target
antibodies. FIG. 3A shows flow cyvtometry data indicating formation of a temary complex
between hepatocyies, compounds of Fornmla I, and a1 AR target antibodies. FIG. 3B shows
the fold-change in the concentration of af ;AR target antibodies as a function of the dose of
compounds of Formula b

FIG. 4 shows in vivo depletion of target af1AR antibodies in the presence of a
compound of Formula [ as compared to a control compound (COR1-0OH3). PBS = phosphate
buftfered saline; mapk = mg/kg

FIG.5 shows the chemical structure of a-DNP {dinitrophenyl} antibody binding
control molecule.

FIGs. 6A-6C show ternary complex formation. FIG. 6A shows formation of a ternasry
complex between hepatocytes and o-DNP antibody 13 dependent on the concentration of D-
MoDE-A. FIG. 6B shows D-MoDE-A-mediated ternary complex formation is inhibited by
competitive binders of either ASGPR or o-DNP antibody. FIG. 6C shows endocytosis of o~

DNP antibody in hepatocytes is dependent on both «-DNP antibody and DMoDE-A
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concentration (12 howur time point).

FIG. 7A shows Alexa 488 signal in colocalization studies is dependent on the
presence of g-DNP antibody and D-MoDE-A. Primary antibody is necessary for
EEAI/LAMP2 signal. FIG. 7B shows presentative westem blot of cell calture supematants.

FIG. 8A shows mouse body weight following treatment with D-MoDE-A or DNP-
OH3. Statistical differences were analvzed by T iest. FIG 8B shows levels of aspartate
transaminase {AST) in treated mice. Statistical differences were analyzed by T test. FIG 8C
shows levels of alanine transaminase (ALT) in treated mice. Statistical differences were
analyzed by T test. FIG. 8D shows decrease in serum levels of o~-DNP antibody following a
single variable dose of D-MoDE-A. Each experimental group contained at least eight nuce.
Statistical differences were assessed by repeated measures two-way ANOV A with Tukey's
tests for post-hoc compasison of simple effects between each of the treatment groups and
PBs.

FIG. 2 shows an illustrative flow cytometry gating strategy contemplated within the

disclosure.

DETAILED DESCRIPTION

Reference will now be made in detail to certain embodiments of the disclosed subject
matier, examples of which are illustrated in part in the accompanying drawings., While the
disclosed subject matter will be described in conjunction with the enumerated claims, it will
be understood that the exemplified subject matter is not intended to limit the claims to the
disclosed subject matter.

Throughout this document, values expressed in a range format should be interpreted
in a flexible manner to nclude not only the numerical values exphatly recited as the limits of
the range, but also to include all the individual numerical values or sub-ranges encompassed
within that range as if each numerical value and sub-range is explicitly recited. For example,
arange of "about 0. 1% to about 5%" or "about 0.1% to 5%" should be wterpreted to include
not just about 0.1% to about 5%, but also the individual values {e.g., 1%, 2%. 3%, and 4%}
and the sub-ranges {e.g., 0.1% to 0.5%, 1.1% to 2.2%, 3.3% to 4.4%} within the indicated
range. The staterment "about X to Y" has the same meaning as "about X (o about Y,” unless
mdicated otherwise. Likewise, the statement "about X, Y, or about 2" has the same meaning
as "about X, abouwt Y. or about Z." unless indicated otherwise.

(LRI I

In this document, the terms "a," "an,” or "the" are used to include one or more than

one unless the context clearly dictates otherwise. The term "or" is used {o refer to a
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nonexclusive "or" unless otherwise indicated. The statement "at least one of A and B" or "at
least one of A or B" has the same meaning as "A, B, or Aand B." In addition, it1s {o be
wnderstood that the phraseclogy or ternunology employved herein, and not otherwise defined,
is for the purpose of description only and not of limitation. Any use of section headings is
intended to aid reading of the document and s not 1o be interpreted as limiting; information
that 1s relevant to a section heading may occur within or outside of that particular section. All
publications, patents, and patent documents referred to in this document are incorporated by
reference herein in their entirety, as though individually incorporated by reference.

in the methods described herein, the acts can be carried out in any order, except when
a temporal or operational sequence 1s explicitly recited. Furthermore, specified acts can be
carried out concurrently undess explicit claim language recites that they be carnied out
separately. For example, a claimed act of doing X and a claimed act of doing Y can be
conducted simultaneously within a single operation, and the resulting process wili fall within

the literal scope of the claimed process.

Befinitions

The term "about” as used herein can allow for a degree of variability in a value or
range, for example, within 10%, within 5%, or within 1% of a stated value or of a stated Hmit
of a range, and inchudes the exact stated value or range.

The term "substantially” as used heren refers to a majority of, or mostly, as in at least
abowt 50%, 60%, 70%, 80%, 90%, 95%. 96%, 97%, 98%, 99%, 99.5%, 99.9%, 99.99%, or at
least about 99.999% or more, or 100%. The term "substantially free of" as used herein can
mean having none or having a trivial amount of, such that the amount of material present
does not affect the raterial properties of the composition including the matenal, such that the
composition is about 0 wit% to about 5 wi% of the material, or about 0 wit% to about T wt%,
or about 5 wit% or less, or less than, equal to, or greater than about 4.5 wi%, 4, 3.5, 3, 2.5, 2,
1.5,1,09,08,0.7,06,0.5,04,03, 0.2, 0.1, 0.01, or about 0.001 wi% orless. The terro
"substantially free of" can mean having a trivial amount of, such that a composition is about ¢
wi% 1o about 5 wit% of the material, or about O wi% to about 1 wt%, or about 5 wit% or less,
or less than, equal to, or greater than about 4.5 wt%4,4,3.5,3,2.5,2,1.5,1,09,08,07, 0.6,
(0.5,04,0.3,02, 0.1, 001, or about 0.001 wt% or less, or about  wi%.

The term "organic group” as used herein refers to any carbon-containing functional
group. Examples can include an oxyvgen-containing group such as an alkoxy group, arvioxy

group, aralkyloxy group, oxofcarbonvl) group; a carboxyl group including a carboxyhe acid,
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carboxylate, and a carboxylate ester; a sulfur-containing group such as an alkyvl and aryt
sulfide group; and other heteroatom-containing groups. Non-himiting examples of organic
groups include OR, OOR, OC{OINR ), CN, CF3, OCF;, R, C(0), methylenedioxy,
ethylenedioxy, N(Rjz, SR, B8OR, SG:R, SGoN(R )2, SO:R, C(OIR, C{OYC(OIR,
CIOHYCHLC(OR, CSIR, CIOIOR, CC{OR, COMNIR )2, OCIOINR ), CSINR Y, (CHzko-
NERICOR, (CH o2 NERIN(R 2, N{RINERIC(OIR, NRIN(R)C(OYOR, NRIN(RICON(R )2,
NRISO2R, NRISON{R Y, NRYC(OYOR, N(RYC(O)R, NRYC(SIR, NRYC(OIN(R )2,
N{RYCEINER ), N(CORCOR, N(ORIR, C(ENHIN(R ), CIOIN(OR)R, C(=NOR)R, and
substituted or unsubstituted (C1-Cioodhvdrocarbyl, wherein R can be hydrogen {in examples
that include other carbon atoms) or a carbon-based moiety, and wherein the carbon-based
motety can be substituted or unsubstituted.

The term "substituted” as used herein in conjunction with a molecule or an organic
group as defined herein refers to the state in which one or more hydrogen atoros contained
therein are replaced by one or more non-hydrogen atoms. The term "functional group” or
"substituent” as used herein refers {o a group that can be or is substituted onto a molecude or
onto an organic group. Examples of substituents or functional groups inchude, but are not
hinuted to, ahalogen (e.g, F, CL, Br, and T); an oxygen atom mn groups such as hvdroxy
groups, alkoxy groups, aryloxy groups, aralkyloxy groups, oxo{carbonvl} groups, carboxyl
groups including carboxylic acids, carboxylates, and carboxylate esters; a sulfur atom in
groups such as thiol groups, alky! and arvl sulfide groups, sulfoxide groups, sulfone groups,
sulfonyl groups, and sulfonamide groups; a mitrogen atom in groups such as amines,
hydroxvamines, nitriles, nitro groups, N-oxides, hydrazides, azides, and enamines; and other
heteroatoms in vanous other groups. Non-himiting examples of substituents that can be
bonded 1o a substituted carbon (or other) atom include F. CL, Br, [, OR, OC{ON{R )2, CN,
WO, NO», ONQOo, azido, CF3, OCF3, R, O (oxo), S {thiono), C(O), ${(), methylenedioxy,
ethyvienedioxy, N(R, SR, SOR, SO:R, SO2N(R )2, SOsR, CIOR, CIOYTKOIR,
COYH:LC(O)R, CSIR, CIOOR, OC{OR, CLON(R )2, OCIOINR )Y, CSIN(R Y, (CHo.
SNRIC(OIR, (CH2oaN(RIN{R )2, N{RIN(RIC(OIR, RERIN(RIC{OIOR, NERON(RICON(R ),
N(RISO2R, N(RISO:N(R ), N(RYC(O)OR, N{R)C(OIR, N(R)IC(SIR, N(R)C(OIN(R ).
N{RICENR ), N(CORYCOR, N(ORIR, CENHDN(R 2, C{ON(ORIR, and C(=NOR)R,
wherein R can be hvdrogen or a carbon-based moiety; for example, R can be hyvdrogen, {(Ci-
Cuohydrocarbyl, alkyvl, acvl, cveloalkyl, aryl, aralkvl, heterocyclyl, heteroaryl, or
heteroarvialkyl; or wherein two R groups bonded to a nitrogen atom or to adjacent nitrogen

atoms can together with the nitrogen atom or atorns form a heterocyclyl.
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The term "alkyl" as used herein refers to straight chain and branched alkyvl groups and
cycloalkyl groups having froro 1 to 40 carbon atoms, 1 to about 20 carbon atoms, 1 1o 12
carbons or, in some embodiments, from 1 to 8 carbon atoms. Examples of straight chain
alkyl groups mclude those with from 1 to 8 carbon atoms such as methyl, ethyl, n-propyl, n-
butyl, n~pentyl, n-hexyl, n-heptyl, and n-octyl groups. Examples of branched alkyl groups
include, but are not limaited to, isopropyl, 1so-butyl, sec-butyl, t-butyl, neopentyl, isopentyl,
and 2. 2-dimethvlpropyl groups. As used herein, the term "altkyl” encompasses n-alkyl,
i1soalkyl, and anteisoalky! groups as well as other branched chain forms of atkyi.
Representative substituted alkyl groups can be substituted one or more times with any of the
groups listed herem, for example, anuno, hydroxy, cvano, carboxy, nitro, thio, alkoxy, and
halogen groups.

The term "aminoalkyl” as used herein refers to an alkyl group as defined herein
wherein at least one hydrogen atorn in the alkyl group is replaced by nutroges, formiog a
primary, secondary, or tertiary anune, depending upon the substitution of the nitrogen.
Additionally, an aminoalkyl can have one or more nitrogen atoms between any two carbons
in the alkyl chain, forming a secondary or tertiary amine, depending upon the substitution of
the nitrogen.

The term "alkenyl” as used herem refers to straight and branched chain and eyclic
alkvl groups as defined herein, except that at least one double bond exists between two
carbon atoms. Thus, alkeny! groups have from 2 1o 40 carbon atoms, or 2 to about 20 carbon

atoms, or 2 to 12 carbon atoms or, in some embodiments, from 2 to 8 carbon atoms.

CH=C{CH:), ~CCH:=CHz, -C(CH:; =CH{CH:), -C(CHCH3)=CHa, ¢yclohexeny],
cyclopentenyl, cyclobexadienyl, butadienyl, pentadieny], and hexadienyl among others.

The term "alkvnyl" as used herein refers to straight and branched chain alkyl groups,
except that at least one triple bond exists between two carbon atoms. Thus, alkvayl groups
have from 2 1o 40 carbon atoms, 2 to about 20 carbon atoms, or from 2 to 12 carbons or, in
some embodiments, from 2 to 8 carbon atoms.  Examples include, but are not himited to -
C=CH, -C=C{CH3}, -C=C(CH2CH3}, -CHxC=CH, -CHC=C(CH3), and ~CHC=C{CHCHs)
among others.

The term "acyl” as used hergin refers 1o a group containing a carbonyl moiety wherein
the group is bonded via the carbonyi carbon atom. The carbony! carbon atom is bonded to a

hydrogen forming a "formy!" group or is bonded to another carbon atom, which can be part
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of an alkvl, arvl, aralkyl cveloatkyl, cycloalkylalkyl, heterocyclyl, heterocyclylatkyl
heteroaryl, hetercarylalkyl group or the hke. An acyl group can include 0 1o about 12, 0 o
about 20, or 0 to about 40 additional carbon atoms bonded to the carbonyl group. An acvl
group can include double or triple bonds within the meaning herein. An acrylovi group is an
exarople of an acyl group. An acyl group can also include heteroatoms within the meaning
herewn. A nicotinovl group (pyridyl-3-carbonvl) is an example of an acyl group withun the
meaning herein. Other examples include acetyl, benzovl, phenylacetyl, pyridylacetyl,
cinnamovl, and acryloyl groups and the like. When the group containing the carbon atom
that i3 bonded to the carbonyl carbon atom contains a halogen, the group is termed a
“haloacyl" group. An example is a trifluoroacetyl group.

The term "cycloalkyl” as used herein refers to cyclic alkyl groups such as, but not
limited to, cvelopropyl, evelobutyl, cyelopentyvl, evclohexyl, cyclohepivi, and cyclooctyl
groups. In some erobodiroents, the cycloalkyl group canhave 3 to about 8-12 ring members,
whereas inn other embodiments the number of ring carbon atons range from 3104, 5,6, 0r 7.
Cycloalkyl groups further include polveychic cveloalkyl groups such as, but not limited to,
norbornvl, adamantyl, bornyl, camphenyl, isocamphenyl, and carenyl groups, and fused rings
such as, but not himited to, decalinyl, and the fike. Cycloalkyl groups also mnclude rings that
are substitited with straight or branched chain alkyi groups as defined herein. Representative
substituted cycloalkyl groups can be mono-substituied or substitited more than once, such as,
but not limited to. 2,2-, 2.3+, 2.4- 2.5- or 2 6-disubstituted cyclohexyl groups or mono-, di- or
tri-substituted norbomyl or cycloheptyl groups, which can be substituted with, for example,
amino, hydroxy, eyano, carboxy, nitro, thio, alkoxy, and halogen groups. The term
“eycloalkenyl” alone or in combination denotes a eyclic alkenyl group.

The term "arvl" as used herein refers to cvelic aromatic hydrocarbon groups that do
not contain heteroatoms in the ring. Thus aryl groups include, but are not limited to, phenyl,
azulenyl, heptalenvyl, biphenyl, indacenvl, fluorenyl, phenanthrenvi, triphenyienyl, pyrenyi,
naphthacenyl, chrysenyl, biphenylenyl, anthracenyl, and vaphthyl groups. Insome
embodiments, aryl groups contain about 6 to about 14 carbons in the ring portions of the
groups. Arvi groups can be unsubstituted or substituted, as defined herein. Representative
substituied arvl groups can be mono-substituted or substituted more than once, such as, but
not finuted to, a phenyl group substituted at any one or more of 2, 3-, 4+, 5+, ot 6-positions of
the phenyl ring, or a naphthy! group substituted at any one or more of 2- to 8-positions
thereof,

The term "aralkyl" as used herein refers to alkyl groups as defined herein in which a

SR
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hydrogen or carbon bond of an alkyi group is replaced with a bond to an aryl group as
defined herein. Representative aralkyl groups include benzyl and phenvlethyl groups and
fused (cycloalkylarvhalkyl groups such as 4-ethyl-indanvl.  Aralkenvl groups are alkenyl
groups as defined herein in which a hydrogen or carbon bond of an alkyl group is replaced
with a bond to an aryl group as defined herein.

The term "heterocyclyl” as used herein refers to aromatic and non-aromatic ring
compounds containing three or more ring members, of which one or more is a heteroatom
such as, but not limited to, N, §, and §. Thus, a heterocyclyl can be a cycloheteroalkyvi, ora
heteroaryl, or if polveyclic, any combination thereof. In some embodiments, heterocvelyl
groups include 3 to about 20 ring mernbers, whereas other such groups have 3 {o about 15
ring members. The term heterocvelyl includes rings where a CHa group in the ring is
replaced by one or more C=0 groups, such as found in cyclic ketones, laciones, and laciams.
Exarmoples of heterocyelyl groups contaiming a (=0 group inchude, but are not hinuted to, B-
propiolactam, y-butyrolactam, §-valerolactam, and e-caprolactam, as well as the
corresponding lactones. A heterocyvelyl group designated as a Cz-heterocyelvl can be a 5-1ing
with two carbon atoms and three heteroatoms, a 6-ring with two carbon atoms and four
heteroatorns and so forth. Likewise a Ce-heterocyelyl can be a S-ning with one heteroatom, a
6-11ng with two heteroatoms, and so forth. The number of carbon atoms plus the number of
heteroatoms equals the total mumber of ring atoms. A heterocyclyl ring can also include one
or more double bonds. A heteroaryl ring is an embodiment of a heterocyvelyl group. The
phrase "heterocyclvl group” includes fused ring species including those that include fused
aromatic and non-aromatic groups. For example, a dioxolanyl ring and a benzdioxolanyl ring
systern (methylenedioxypheny! ring svster) are both heterocvelyl groups within the meaning
herein. The phrase also includes polvevclic ning systems containing a heteroatoro such as,
but not linuted to, quinuchidyl. Heterocyclvl groups can be unsubstituted, or can be
substituted as discussed herein. Heterocyelvl groups include, but are not limited 1o,
pyrrolidinyl, pipendinyl, piperazinyl, morpholinvl, pyrrolyl, pyrazolyl, triazolyl, tetrazolyl,
oxazolyl, isoxazolvl, thiazolyl, pyridinvi, thiophenyl, benzothiophenyl, benzofuranyl,
dihydrobenzofuranyl, indolyl, dihydroindolyl, azaindolyl, indavolyl, benzimidazolvl,
azabenzimidazolyl, benzoxazolyl, benzothiazolyvl, benzothiadiarolyl, imidazopyridinyl,
isoxazolopyridinyl, thianaphthalenvl, purinyl, xanthinvl, adeninyl, guaminyl, quinolinyl,
isoquinolinyl, tetrahydroguinolinyl, quinoxalinyl, and quinazolinyl groups. Representative
substituted heterocvelyl groups can be mongo-substituted or substituted more than once, such

~

as, but not imited to, piperidiny] or guinclinyl groups, which are 2-, 3~ 4-, 5~ or 6-
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substituted, or disubstituted with groups such as those listed herein.

The term "heteroarvl” as used herein refers (o aromatic ring cornpounds containing 5
or more ring members, of which, one or more is a heteroatom such as, but not limited to, N,
0, and S; for instance, heteroaryi rings can have 5 to about &-12 ring members. A heteroaryl
group is a vartety of a heterocvelyl group that possesses an aromatic electronic stracture. A
heteroaryl group designated as a Cz-heteroaryl can be a S-ring with two carbon atorns and
three heteroatoms, a 6-ring with two carbon atoms and four heteroatoms and so forth.
Likewise a Ca-heteroaryl can be a 5-ring with one heteroatom, a 6-ring with two heteroatoms,
and so forth. The number of carbon atorns plus the number of heteroatoms sams up to equal
the total number of ring atoms. A heterocyclyl ring designated Cyy can be any 1ing
containing 'x' members up to 'v' members, including all inlermediate integers between 'x' and
v and that contains one or more heteroatoms, as defined herein. In a ring designated Cuy, all
non-heteroatom members are carbon. Heterocyelyl rings designated Cxy can also be
polveyclic ring systems, such as bicyclic or tricyclic ring systems. Heteroaryi groups include,
but are not limited to, groups such as pyrrolyl, pyrazolyl, triarolyl, tetrazolvl, oxazelvi,
isoxazolyl, thiazolyl, pyridiny, thiophenyl, benzothiophenyl, benzofuranyl, indoivl,
azamdolyl, indazolvl, benzimudazolyl, azabenzimudazolyl, benzoxazolvl, benzothiazolyl,
benzothiadiazolyl, imidazopyridinyl, isoxazolopyridinyl, thianaphthalenvl, purinyl, xanthinyl,
adeninyl, guaninvl, quinclinyl, isoquinolinyl, tetrahy droquinohinyl, quinoxalinyl, and
quinazolinyl groups. Heteroaryl groups can be unsubstituted, or can be substituted with
groups as is discussed herein. Represeniative substituted hetercary] groups can be substituted
one or more times with groups such as those listed herein.

Additional examples of aryl and heterocaryl groups inchide but are not limited to
phenyl, biphenyl, indenyl, naphthy! (1-naphthyl, 2-naphthyl), N-hydroxvtetrazolyl, N-
hydroxytriazolyl, N-hyvdroxyimidazolyl, anthraceny! (1-anthracenvl, Z-anthracenyl, 3-
anthracenyl), thiophenyl (2-thienyl, 3-thienvly, furyl C-furyl, 3-furvl) | indolvl, oxadiazolyl,
1soxazolyl, quinazolinyl, fluorenyl, xanthenyl, isomndanyl, beozhydiyl, acnidinyl, thuazolyl,
pyrrolyl (2-pyrrolyl), pyrazoly! (3-pyvrazolyl), imidarolyl {1-imudazolyl, Z-imidazolyl,
4-imidazolvl, S-imidazolyl}, triazolyl (1,2, 3~triazol-1-vl, 1,2 3-triazol-2-v 1,2 3-triazol-4-y1,
1,2, 4-triazol-3-v1), oxazolyl (Z-oxazolvl, 4-oxazolvl, S-oxazoivl}, thiazolyl (2-thiazolyl, 4~
thiazolyl, S-thiazolvl), pyridyl (2-pyridyl, 3~-pyridyl, 4-pyndvl), pyrioudiny! 2-pyrinuding,
4-pyrimidinyl, S-pyrimidinyl, 6-pyrimidinyl}, pyrazioyl, pyridazinyi (3- pyridazinyl, 4-
pyridazinyl, 5-pyridazinyl}, qunolyl (Z-quinolvl, 3-quinolyl, 4-quinolvl, 3-quinolyl, 6-

quinalyl, 7-quinolyl, 8~quinolvl}, isogquinolyl (1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl, S-
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isoquinolyl, 6-isoquinolyl, 7-isoquinolyl, 8-isoquinolvl), benzo{bifuranvl (2-benzo{bifuranyl,
3-bhenzo{blfuranyl, 4-benzofblfuranyl, 5-benzolblfuranyl, 6-benzofbifuranyi, 7-
benzo[blfuranyl), 2,3-dihvdro-benzo[b}furanvl (2-(2 3-dihydro-benzofblfuranyl), 3-(2,3-
dihydro-benzo{bjfuranyl), 4-(2,3-dihydro-benzolbifuranyi}, 5-(2,3-dihydro-benzofb{furanyi},
6-(2,3-dihydro-benzo[bifuranyl}, 7-(2,3-dihydro-benzo{blfuranyl}, benzobithiophenyl (2-
benzofblthiophenyl, 3-benzo[blthiophenyl. 4-benzolbjthiophenyl. 3-benzofblthiophenyl, 6-
benzo|bjthiophenyl, 7-benzo[bithiophenyl), 2.3-dihyvdro-benzo{blthiophenyl, (2-(2,3-
dihvdro-benzo{blthiophenvi), 3-(2,3-dihydro-benzof bithiopheanyl), 4-(2,3-dihvdro-
benzofblthiophenyl}, 5-(2,3~dihvdro-benzol[blthiophenyl), 6-(2,3-dihydro-

2]

benzofblthiophenyl)y, 7-(2,3-dilivdro-benzolblthiophenyl). indolvl (1-indolyl, 2Z-indolyl
3-indolvl, 4-indolyl, S-indolyl, 6-indolyl, 7-indolyl), indarole (I-indazolyl, 3-indarolvl
4-indazolvl, 3~indazolvl, 6-indazolyl, 7-indazolyl), benzimidarzolyl {1-benzimidazolvl,
2-benzinudazolyl, 4-benzinudazolyl, S-benzimidazolyl, 6-benzimidazolyl, 7-benzimidazolyl,
8-benzinmidazolyl), benzoxazolyl {I-benzoxazolyl, 2-benzoxazolyl), benzothiarolyl (1-
benzothiazolyl, 2-benzothiarolvl, 4-benzothiazolyl, S-benzothiarolyl, 6-benzothiazolyl,
7-benzothiazolyl), carbarolyl (1-carbarolyl, 2-carbazolyl, 3-carbazolyl, 4-carbazolyl),
5H-dibenzib, flazepine (SH-dibenz{b flazepin-1-vi, SH-dibenz{b flazepine-2-vi,
SH-dibenz{b, flazepine-3-yl, SH-dibenz{b flazepine-4-vi, 5H-dibenz{b,flazepine-5-v1},

10,1 I-dihy dro-SH-dibenz]b,flazepine (10,1 t-dihydro-SH-dibenz|b, flazepine-1 -y,

10,11 -dihydro-SH-~dibenz{b flazepime-2-v1, 10,11-dthydro-SH-dibenzfb flazepine-3-vl,
10.11-dihydro-5H-dibenz{b, flazepime-4-vi, 10,11-dihydro-SH-dibenzfb flazepine-S-vi}), and
the like.

The term "heterocyclylalkyl” as used herein refers to alkyl groups as defined herein in
which a hydrogen or carbon bond of an alkyl group as defined herein is replaced with a bond
to a heterocyclvl group as defined herein. Representative heterocyclvi alkyl groups include.
but are not himited {0, furan-2-v1 methyl, furan-3-yv1 methyl, pyridine-3-v1 methyl,
tetrahy drofuran-2-yi ethyl, and wndol-2-y1 propvl.

The term "heterocarylalkyl” as used herein refers to alkyl groups as defined herein in
which a hydrogen or carbon bond of an alky] group is replaced with a bond to a heteroaryl
group as defined herein.

The term "alkoxy” as used heremn refers to an oxvgen atom connecied 1o an alkyl
group, including a cycloalkyl group, as are defined herein. Examples of linear alkoxy groups
include but are not limited to methoxy, ethoxy, propoxy, butoxy, pentvloxy, hexvioxy, and

the hike. Examples of branched alkoxy include but are not limited to isopropoxy, sec-butoxy,
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tert-butoxy, isopentyloxy, isohexvioxy, and the like. Examples of cvclic alkoxy include but
are not limited to cyclopropyloxy, cyclobutyloxy, cvclopentyloxy, cyclohexyioxy, and the
like. An alkoxy group can include about | to about 12, about 1 to about 20, or about 1 to
about 40 carbon atoms bonded to the oxygen atom, and can further include double or triple
bonds, and can also include hetercatoms, For example, an allyloxy group or a
methoxvethoxy group is also an alkoxy group within the roeaning herein, as s a
methvienedioxy group in a context where two adjacent atoms of a structure are substituted
therewith.

The ferm "amine” as used herein refers to primary, secondary, and terfiary amines
having, e.g.. the formoula N{group); wherem each group can independently be H or non-H,
such as alkyl, aryl, and the like. Amines include but are not limited to R-NHo, for example,
alkviamines, arvlamines, alkviaryiamines; RoNH wherein each R is independently selected,
such as dialkylanunes, diarvianuoes, aralkylanuuoes, heterocyelviamines and the like; and
RsN wherein each R is independently selected, such as trialkvianines, dialkviarylamines,
alkyldiarylamines, triaryviamines, and the like. The term "amine” also includes ammonium
ions as used herein.

The term "amino group” as used herein refers to a substituent of the form -NH», -
NHR, -NR2, -NR:", wherein each R is independently selected, and protonated forms of each,
except for -NR3', which cannot be protonated. Accordingly, any compound substituied with
an amino group can be viewed as an amine. An "aroino group” within the meaning herein
can be a primary, secondary, terfiary, or quaternary amino group. An "alkylanuno" group
includes a monoalkylaminoe, diatkyiamine, and trialkviaming group.

n

The {erms "halo,” "halogen," or "halide" group, as used herein, by themselves or as
part of another substituent, mean, unless otherwise stated, a fluonne, chlorine, bromane, or
ioding atom.

t

The term "haloalkyl" group, as used berein, inchudes mono-halogen alkyvl groups,
poly-halogen alkyvl groups wherein all halogen atoros can be the same or different, and per-
halogen alkyl groups, wherein all hydrogen atoms are replaced by halogen atoms, such as
fluoro. Examples of haloalkyl include triflucromethyl, 1,1-dichloroethyl, 1,2-dichloroethyvl,
1,3-dibromo-3,3-diflucropropyl, perfluorobutyl, and the like.

The terms "epoxy-functional” or "epoxy-substituted” as used hereinrefers to a
functional group in which an oxygen atom, the epoxy substituent, is directly attached to two

adjacent carbon atoms of a carbon chain or ring system. Examples of epoxy-substituied
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v, epoxvpropoxypropyl, 2-glycidoxyethyl, 3-glycidoxypropyi,

doxvearh ypropyl, 3-(3,4-epoxyeviohexyvhpropyl, 2-(3.4-

epoxycyclohexvlyethyl, 2-(2,3-epoxycylopentyliethyl, 2-{d-methy

vi, 2-(3,4-epoxy-3-methylcylohexyl}-Z-methylethyl, and 5.6-

epoxyhexyl.

The term "monovalent” as used herein refers 1o a substituent connecting via a single
bond to a substituted molecule. When a substituent 1s monovalent, such as, for example, F or
Cl, it 13 bonded to the atom it is substituting by a single bond.

The term "hyvdrocarbon” or "hydrocarbyl" as used herein refers io a molecule or
functional group that includes carbon and hydrogen atoms. The termican also refer to a
molecule or functional group that normally includes both carbon and hvdrogen atoms but
wherein all the hydrogen atoms are sebstituted with other functional groups.

As used herewn, the term "hydrocarbyl” refers to a functional group denived from a
straight chain, branched, or cyclic hvdrocarbon. and can be alkyi, alkenyl, alkynyl, arvl,
cveloatkyl, acyl, or any combination thereof. Hvdrocarbyl groups can be shown as (Ca-
Cephrydrocarbyl, wherein a and b are inlegers and roean having any of a to b number of carbon
atoms. For example, {Ci-Cadhydrocarbyl means the hydrocarbyl group can be methyl (Ci),
ethyt (Cz), propyl (Cs), or butyl (Cs), and (Co-Uslhydrocarbyl means in certain embodiments
there 1s no hydrocarbyl group.

The term "solvent” as used herein refers {o a hiquid that can dissolve a sohid, hiquad, or
gas. Non-limiting examples of solvents are silicones, organic compounds, water, alcohols,
tonic liguids, and supercritical fhuds.

The term "independently selected from” as used herein refers {o referenced groups
being the same, different, or a mixture thereof, unless the context clearly indicates otherwise.
Thus, under this definition, the phrase X!, X?, and X* are independently selected from noble
gases” would include the scenario where, for example, X', X2, and X° are all the same, where
X! X2 and X7 are all different, where X! and X2 are the same but X7 s different, and other
analogous permutations.

The term "room temperature” as used herein refers o a temperature of about 15 °C 1o
28 °C.

The term "standard temperature and pressure” as used herein refers to 20 °C and 101
kPa.

As used herein, the term “compostlion” or "pharmaceutical composition” refers io a

mixture of at least one compound described herein with a pharmaceutically acceptable
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carrier. The pharmaceutical composition faciliiates adminisiration of the compound io 2
patient ot subject. Multiple techniques of adnunistering a compound exist in the art
including, but not limited to, intravenous, oral, aerosol, parenteral, ophthalmuc, pulmonary
and topical administration.

A "disease” is a state of health of an animal wherein the animal cannot maintamn
homeostasis, and wheremn if the disease is not ameliorated then the animal's health continues
to deteriorate.

in contrast, a "disorder” in an animal is a state of health in which the amimal 1s able {0
maintain homeostasis, but in which the amimal's state of health 15 less favorable than it would
be in the absence of the disorder. Left untreated, a disorder does not necessanily cause a
further decrease in the animal's state of health.

LI

As used herein, the terms "effective amount,” "pharmaceutically effective amount”
and "therapeutically effective amount” refer to a nontoxic but sufficient aroount of an agent to
provide the desired biological result. That result may be reduction and/or alleviation of the
signs, symptoms, or causes of a disease, or any other desired alteration of a biological system.
An appropriate therapeutic amount in any individual case may be determined by one of
ordimary skill in the art using routine expenmentation.

As used herein, the term "efficacy” refers to the maximal effect (Emax) achieved
within an assay.

As used herein, the term "pharmaceutically acceptable” refers {0 a material, such as a
carrier or diluent, which does not abrogate the biclogical activity or properties of the
compound, and is relatively non-toxic, i.e., the material may be admuinistered to an individual
withowt causing undesirable biological effects or interacting in a deleterions manner with any
of the components of the composition i which 1t is contained.

As used herein, the language "pharmaceutically acceptable salt” refers to asalt of the
admunistered compounds prepared from pharmaceutically acceptable non~toxic acids or
bases, including inorgaric acids or bases, organc acids or bases, solvates, hydrates, or
clathrates thereof.

Suitable pharmaceutically acceptable acid addition salis may be prepared from an
imorganic acid or from an organic acid. Examples of inorganic acids include hydrochloric,
hydrobromic, hvdriodic, mitric, carbonic, sulfuric Gncluding sulfate and hydrogen sulfate},
and phosphoric acids {(including hydrogen phosphate and dihvdrogen phosphate).
Appropriate organic actds may be selected from aliphatic, evcloaliphatic, aromatic,

araliphatic, heterocyclic, carboxylic and sulfonic classes of organic acids, examples of which
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include formic, acetic, propionic, succinic, glycolic, gluconic, lactic, malic, tartarie, Citric,
ascorbic, glucuronic, maleic, malonic, sacchann, fumaric, pyruvic, aspartic, glutamic,
benzoic, anthranilic, d-hydroxybenzoic, phenylacetic, mandelic, embonic {pamoic),
methanesulfonic, ethanesulionic, benzenesulfonic, pantothenic, trifluoromethanesulfonic, 2-
hydroxyethanesutfonic, p-ioluenesuifonic, sulfanilic, cvclohexylaminosulfonic, steanc,
alginic, B-hydroxybutyric, salicylic, galactanc and galacturonic acid.

Suitable pharmaceutically acceptable base addition salts of compounds described
herein imclude, for example, ammonium salts, metallic salts including alkali metal, alkaline
earth metal and transition metal salts sach as, for example, calcium, magnesium, potassiam,
sodium and zine salts. Pharmaceutically acceptable base addition salts also include organic
salts made from basic amines such as, for example, N, N'-dibenzylethylene-diamine,
chloroprocaine, choline, diethanolaming, ethvlenediamine, meglumine (N-methyiglucamine}
and procamne. All of these salts may be prepared from the corresponding corapound by
reacting, for example, the appropriate acid or base with the compound.

As used herein, the term "pharmaceutically acceptable carrier” or "pharmaceutically
acceptable excipient” means a pharmaceutically acceptable material, composition or carrier,
such as a luquid or solid filler, stabilizer, dispersing agent, suspending agent, diluent,
excipient, thickening agent, solvent or encapsulating material, involved in carrying or
transporting a compound described herein within or to the patient such that it may perform its
mntended function. Typically, such constructs are carried or transported from one organ, or
portion of the body, to another organ, or portion of the body. Each carrier must be
"acceptable” in the sense of being compatible with the other ingredients of the formudation,
mchading the compound(s) described herein, and not injurious to the patient. Some examples
of materials that may serve as pharmaceutically acceptable carriers include: sugars, such as
lactose, glucose and sucrose; starches, such as corn starch and potato starch; cellulose, and its
derivatives, such as sodium carboxymethyi cellulose, ethyl celiulose and cellulose acetate;
powdered tragacanth; malt; gelatin; talc; excipients, such as cocoa butter and suppository
waxes; otls, such as peanut oil, cotionseed oil, saffiower oil, sesame otl, olive oil, com oil and
soybean oi; glveols, such as propyiens glycol; polyols, such as glvcerin, sorbiiol, mannitol
and polyethylene glycol: esters, such as ethyl oleate and ethy! laurate; agar; buffering agents,
such as magnestum hydroxide and alurinurs hydroxide; surface active agents; alginmc acid;
pyrogen-free water; isotonic saline; Ringer's solution; ethy! alcohol; phosphate buffer
sohutions; and other non-~toxic compatibie substances employed in pharmaceutical

formulations. As used herein, "pharmaceutically acceptable carrier” also includes any and all
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coatings, antibacterial and antifungal agents, and absorption delaying agents, and the like that
are compatible with the activity of the compound(s) described herein, and are physiologically
acceptable to the patient. Supplementary active compounds may also be incorporated into the
compositions. The "pharmaceutically acceptable carnier” may further include a
pharmaceutically acceptable sali of the compound(s) described herein. Other additional
ingredients that may be included 1n the pharmaceutical compositions used with the methods
or compounds described herein are known in the art and described, for example in
Remington's Pharmaceutical Sciences {Genaro, Ed., Mack Publishing Co., 1985, Easton,
PA), which is incorporated herein by reference.

"o

The terms "patient,” "subject.” or "individual” are used interchangeably herein, and
refer to any animal, or cells thereof whether in vitro or in sifn, amenable to the methods
described herein. Tn a non-limiting embodinent, the patient, subject or individual is a homan.

As used herein, the term "potency” refers to the dose needed to produce half the
maximal response {EDse}

A "therapeutic” treatment is a treatment administered {o a subject who exhibits signg
of pathology, for the purpose of diminishing or eliminating those signs.

As used herein, the term "treatment” or "treating” is defined as the application or
admuinistration of a therapeutic agent, 7.¢., a compound or compounds as described herein
{alone or in combination with another pharmaceutical agent), (o a patient, or application or
admunistration of a therapeutic agent o an isolated tissue or cell hine from a patient {e.g., for
diagnosis or ex vive applications), who has a condition contemplated herein or a symptom of
a condition contemiplated herein, with the purpose to cure, heal, alleviate, religve, alter,
remedy, ameliorate, improve or affect a condition contemplated herein, or the symptoms of a
condition contemplaied herein. Such treatments may be specifically talored or modified,
hased on knowledge obtamned from the field of pharmacogenomics.

As used herein a, the term “cellular receptor binding moiety”™ (CRBM) refers to a
moiety of the bifunctional corapounds described herein that binds to a receptor on a cell
capable of degrading circulating proteins in the subject. CRBM's can be moieties that bind to
receptors present in or on hepatocyies. For example, the CRBM can be an asialoglycoprotein
receptor (ASGPR), LRPR, LDLR (low density lipoprotein recepetor), ReyRI, FeRN,
transterrin receptor, macrophage scavenger receptor {e.g., membrane receptors of degradation

cells), and the like.
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Preparation of Compounds

Compounds of Formula T or otherwise described herein can be prepared by the
general schemes described herein, using the synthetic method known by those skilled in the
art. The following examples illustrate non-limiting embodiments of the compound(s}
deseribed herein and their preparation.

In various embodimentis, a compound of Formula I, or a pharmaceutically acceptable

salt or N-oxide thereof s provided, and has the structure:

Formulal

wherein CON is a connecting finker between L? and LB, and L* and L® are covalently
honded to open valences in CON. L% is a cellular receptor binding moiety (CRBM). LB isan

anti-B1AR binding moiety.

A. Structure of CON Linkers
In various embodiments, CON is a cyclic or acyelic moiety, and can be:

=y R!

:2)

't

wherein:
X is CHa, O, §, NRY, C(0), $(0), 5(0), -S(0On0, -05(0), or GS(0)0:
X315 O, 8, or NR*;
R*is H, C1-Cs alkyl, C(=0)Ci-Cs alkyl, wherein the alkyl groups are
optionally substituted by 1-3 hydroxyi groups;
Rlis H or C1-Cs alkyl; and

n'" 15 independently an integer ranging from 0 to 20; or

Az AN A

wherein each n and ni' is independently an integer from 1 to 25; and each it is
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independently and integer from ¢ 1o 20; or

:z&"" ZMD — Z'-\ gg
0% s
wherein:

Zand 2 are each independenﬂv a bond, —((‘.Hz}i{}-. ~(CH2 3-8, {(CH2)i-N(R)-,

} f .@W
%N N-- S(CH, T, % «(CH,) p\

\
G

&
)

e e e

—{(CH, )

each R is independently H or Ci-Cs alkyl:
each Y is independently a bond, O, 8, or N-R;

each 1 is independently an integer from 0 to 100;

? I (CHQ),{\ Xl%
10 Dis T (CH Y “C——Y—{CH2>im,m(CH2>m'm, ] .ora

bond,

with the proviso that Z, Z', and D are not each simultaneously bonds;
1 is an integer from 1 to 100,
m' 1S an integer from 1 to 100;
N s an integer from 1 to 100;
X1 e 0, 8, or N-R;
Ris B, or Ci-Cs alkyl optionally substituted with 1-3 hydroxy! groups; and
each R is H, or {1-Cs alkyl optionally substituted with 1-3 hydroxyl groups; or

d} a structwre selected from the group consisting of
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RCONE HN-N
A\

)

RCON’:

X

, OF
e} Co13 arvl, Cias heterocyelvl, Co.is braryl, or Ce.1s heterobiaryl, each of which is optionally
substituted by 1-6 substituents selected from the group consisting of F, (1, Br, [, ORG,
S OC(OIN(RGh, ON, NO, NO2, ONG:, CFs, OCF;, RG, N(RG), SRG, SORG, SO2RG,
SOMN(RGY, and SO:RG, wherein each occurrence of RG is independently H, optionally
substituted Cioo alkyl, optionally substituted Cs.10 cycloalkyl, optionally substituted Ce.1s

arvl, or optionally substituted Cs-1¢ heteroaryl.

10 B Structures of 1.
In various embodiments, L* is a cellular receptor binding moiety (CRBM).
For example, and without limitation, 3 CRBM can be:
ap an LRP1 (fow density lipoprotein receptor-related protein 1) peptide binding motety
having the anuno acid sequence:
Ac-VKFNKPFVFLNIIEQNTK-NH, (8EQ 1D NO: 2),
VKFNKPFYFLMIEQNTE (SEQ ID NG: 33,

W

-19-



WO 2023/028597 PCT/US2022/075535

TWPKHFDKHTFYSILKLGKH-OH (SEQ 1D NG 4),

LRKLRKRLLRDADDLLRKLRKRLLRDADDL (SEQ 1D NO: 6),
TEELRVRLASHLRKLRKRLL (SEQ IDNO: 73,
5 EAKIEEHNHYQKQLEIAHEKLR (SEQ 1D NG: 8}, or
TFFYGGSRGKRNNFKTEEY (SEQID NG: 9); or
b} a LDLR {low density lipoprotein receptor) binding moiety having the amino acid
sequence
CM-Thz-RLRG-Pen {cvelized c-Pen) (SEQ 1D NO: 10),

10 CMPRLRGC (cyclized C-C) (SEQ ID NO: 11),

HLDCMPRGCFRN (cyclized C-C) (SEQ ID NO: 12).
CQVESMPRC {cychized C-Cy (SEQ TD NG 13},
CTTPMPRLC {cvclized C-C) (SEQ 1D NO: 14),
CKAPQMPRC {cyclized C-C) (SEQ ID NO: 15),

15 CLNPSMPR (cyclized C-C} (SEQ 1D NO: 163,
CLVSSMPRC {cvchized C-CYy (SEQ ID NO: 17,
CLOPMPRLC {cychized C-C) (SEQ 1D NO: 18),
CPVSSMPRC {cyclized C-C) {(SEQ 1D NO: 19},
COSPMPRLC (cvclized C-C) (SEQ ID NO: 20),

20 CLTPMPRLC(cyclized C-C) (SEQ ID NO: 21),

DSGLCMPRLRGCDPR (SEQ 1D NO: 22y,

TPSAHAMALQSLSVG (SEQ 1D NO: 23),

Ac-DSGLCMPRLRGCDPR-NH: {(SEQ 1D NO: 243,

Pr VH434: Pr-CMPRLRGU-NH» (SEGQ 1D NO: 25),

Pr-CMPRLRGC-NH: (cvelized C-C) (SEQ ID NO: 26),

Pr-CMThzRLRG-Pen-NH:2 (cyclized C-Pen) (SEQ 1D NO: 273,

Ac-CMPRLGC-NH: {cvchized C-C) (SEQ 1D NG: 28),

Ac-CMPRLRGC-NH: (cyclized C-C) (SEQ ID NO: 29),

Ac-D-Pen-M-Thz-RLRGC-NH;: {cvclized Pen-C} {SEQ D NG: 30),

30 Pr-CM-Thz-RLRG-Pen-NH: (cyclized ¢-Pen} {(SEQ 1D NG: 313},
Pr-CM-Thz-RLR-Sar-Pen-NH2 {cychized C-Pen) (SEQ ID NO: 32),
Pr-CM-Pip-RLR-Sar-C-NH: {cyclized C-C) (SEQ ID NO: 33},
Pr-CM-Pip-RLRG-Pen-NHz {eyclized ¢-Pen) (SEQ ID NO: 34), or
Pr-CM-Pip-RLR-Sar-Pen-+-NHz (cyclized c-Pen) (SEQ 1D NG: 35)

o
o4

s
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wherein any of the LDLR binding moisties containing two cysieine residues or a
cysteine and penicillamine residue (Pen) optionally form a cyclic disulfide bond: or
¢} a FoyRI binding moiety according to the anuno acid sequence:

TOT € LMLPLLLG € DEE (cyclized C-C} {SEQ 1D NQG: 36,

DPI C WYFPRLLG € TTL (evelized C-C) (SEQ ID NO: 37),

WYP C YIYPRLLG C DGD (cvclized C-C) (SEQ ID NO: 38),

GNYC MLIPGLLG C SYE (cyvclized C-C) (SEQ ID NO: 39),

YNS C LLEPNLLG € GDD {cvclized C-C) (SEQ 1D NO: 40},

TPV CILLPSLLG C DTQ {evclized C-C) (SEQ D NG: 41},

TVL € SLWPELLG C PPE (cvclized C-C) (SEQ ID NO: 42),

TFS C LMWPWLLG C ESL (cyclized C-C) (SEQ ID NO: 43).

FOT CYTWPWLLG C EGF (eyclized C-C) (SEQ ID NG: 44),

SLF C RLLLTPVG C VSQ (eyclized C-C) (SEQ 1D NO: 45},

HLL V LPRGLLG C TTLA (cvelized C-C) (SEQ ID NO: 46),

TSL € SMFPDLLG € FNL {cvclized C-C) (SEQ [D NG: 47),

SHP C GRLPMLLG C AES (cyclized C-C) (SEQ ID NO- 48),

TST C SMYPGPLGAV STW (cvclized C-C) (SEQ 1D NO: 49),

KPP C TRWAMLLG € BGE (cyclized C-C) (SEQ 1D NO: 50},

IMT C SVYPFLLG € VDK (cyclized C-C) (SEQ ID NO: 51), or

IHS € AHVMRLLG C WSE {cvchzed C-C) (SEQ TD NO: 523,

wherein any of the FeyRI binding moieties containing two cysteine residues
optionally form a cyclic disulfide bond; or
d} a FcRN binding moiety having the amino acid sequence:

Ac-NH-QRFCTGHFGGLYPCNGPE-CONH?2 {cyclized C-C) (SBQ 1D NO: 53),

Ac-NH-RF-Pen-TGHFG-Sar-NMeLeu-YPL-CONHZ {cyclized C-C) (SEQ ID NO:
343, or

succutic anhydride N-N dimerized SYN1327 {each cychzed C-C),

wherein any of the FeRN binding moieties containing two cysteine residues
optionally form a cyclic disulfide bond; or
e) a transferrin receptor binding group according to the amino acid sequence:

CGGGPFWWWP (SEQ 1D NO: 55),

CGGGHKYLRW (SEQ 1D NQO: 56),

COGGRKRIFMY (SEQ 1D NQO: 573,

CGOGKWHYLR (SEQ ID NG: 38),
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THRPPMWSPYWP (SEQ 1D NO: 59),
HAIYPRH (SEQ I3 NG: 60y,
THRPPMWSPVWP (SEG ID NO: 61), or
THRPPMWSPVWP (SEQ ID NO: 62); or

PCT/US2022/075535

5 ) amacrophage scavenger receptor binding moiety having the amino acid sequence:

LSLERFLRCWSDAPA (SEQ 1D NO: 63),
LERFLRCWSDAPA (SEQ ID NO: 64),
RFLRCWSDAPA (SEQ ID NO: 65),
LRCWSDAPA (SEQ ID NO: 66),

10 CWSDAPA (SEQ ID NO: 67), or
DWFKAFYDKVAEKFKEAF (SEQ ID NO: 68);

£} a group having the structure:

) a group having the structure:

-5
T

LH\\H\ el
{'z

»’CTC\’\}\,’LE‘J

S”""ﬂ

i) a group having the structure:

. O

e i1 ke
Y 'T( ﬁ RG!

Q

22 -



10

WO 2023/028597 PCT/US2022/075535

RG is AG”

each occurrence of RG! is independently hydrogen or G/O\JZ&:),J\O/\/; :

gach occurrence of XG is independently selected from the group consisting of
“CHa-, ~C(=03-, -NH-, and -0-;

each occurrence of ZG is independently selected from the group consisting of
-CHz-, -C(=0)-, -NH-, and -0-;

11 is an integer from | to 100; and

p s an integer fromo 1 io 50

AG 1s a monosaccharide, disaccharide, or an oligosaccharide of up to 20 of any
monosaccahride units described herein,

Suitable monosaccharides inchide

aldoses such as aldotriose, D-glyceraldehyde, and the like;

aldotetroses such as D-ervthrose, D-threose, and the like;

aldopentoses, such as D-rihose, D-arabinose, D-xylose, D-lyxose, and the like;

aldohexoses such as D-allose, D-altrose, D-Glucose, D-Maonose, D-gulose, D-idose,
D-galactose and D-talose, and the like;

ketotrioses, such as dihvdroxyacetone, and the like;

ketotetroses such as D-erythrulose and the hike;

ketopentose such as D-ribulose, D-xylulose, and the hike;

ketohexoses such as D-psicone, D-fructose, D-sorbose, D-tagatose, and the like;

aminosugars, such as galactoseamine, sialic acid, N-acetylglucosamine, and the like;

sulfosugars, such as sulfoqunovoese, and the like.

Suitable disaccharides include:

sucros, lactose, maltose, trehalose, cellobiose, kojibiose, nigerose, isomaltose, B8~
trehalose, sophorose, laminaribiose, gentiobiose, toranose, maltulose, palatinose,
gentiobiluose, mannobiose, melibiose, melibiulose, rutinose, ratinulose, xvlobiose, and the
like.

In anv monosaccharide, disaccharide, or oligosaccharide described herein, one or
maore of the hydroxy (OH) groups in the particular sugar can be replaced with an NRG*RG®
group, wherein RG* and R’ are each independently selected from the group consisting of
hydrogen and -C{(=()R, which is optionally substituted by 1-5 groups selected from the

group consisting of halogen, optionally substituted Ci-1o alkyl, optionally substituted Ciio
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alkoxy, optionally substituted C 110 aminoalkyl, and combinations thereof, or RG? and RG?
talen together with the nitrogen aiom to which they are attached, form a C35 heterocycle that
is optionally substituted by 1-5 substituents selected from the group consisting of optionally

substituted Ci-10 allyl, optionally substitiked Ci-10 alkoxy, optionally substituted Ci-e

wn

amminoalkyl, optionally substituted Ce-10 aryl, optionally substituted Cs-10 heteroaryl, halogen,
and combinations thereof. Each occurrence of RG is independently H, optionally substituied
Ciao alkvl, optionally substituted Cs.io cvcloalkyl, optionally substituted Co13 aryl, or

optionally substituted {s-15 heteroarvi;

In anv monosaccharide, disaccharide, or oligosaccharide described herein, the sugar
O {ZG
A O

In one embodiment, AG has the structure:

oH OH

10 (AG)in ts connected through the anomeric carbon on the sugar,

4

NRGURG?

and {(ZG)p has the structure:

éi\@—tzc‘é G\/\};\ﬁ g \

15 In various embodiments, (XGa has a structure selected from the group consisting of -
O-(CHz )3~ -NH~{CHCH20)-CHa-, and =N*{C=0}CH2C(=0WNRCHCH-(OCH2CH2 )a-,
wherein =N* is a ring nitrogen in heterocyclic ring systemy; or combinations of the groups a)
through 1}.

in the anvvo acid sequences herein, non-standard aroino acids are defined as follows:

Non-standard Amino Acid Struciure MName

Pen penicillamine

Thz L-thiazolidine-4-carboxylic

acid

- 24 -
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C. Structures of LP

In various embodiments, L® is an anti-B1AR {adrenergic receptor) antibody bindin

moiety with the structure

o
o

wherein AA is an amino acid sequence at least 80% homologous to SEQ 1D NO: 1,
DEARRCYNDPKCSDFVQ (SEQ ID NO:1), and m is an integer from 2 to 10, By at least

§0% horologous it is meant that an amino acid sequence with an anti-B1 AR antibody binding

region that is 80% homologous to SEQ 1D NO: 1, even if the amino acid sequence contains

10 more residues, including svathetically modified residues, than SEQ ID NO: 1.

in various embodiments, the compound of Formula 1 has the structure:

- 25
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Formula fa,

wherein:
~~~~~~ is a carbon-carbon single or double bond.

5 Ais a3 Csas aryl, Caas heterocyelyl, Coore biaryl, or Ceais heterobiaryl, each of which is
optionally substituted by 1-6 substituents selected from the group consisting of F, Ci, By, |,
ORG, OC{OIN(RG), CN, NO, NO2, ONO:, CF;, OCF;, RG, N(RG), SR, SORG, SO:RG,
SON(RG)e, and SO3REG;

LM is an asialoglycoprotein receptor (ASGPR) binding moiety with the structure:
o RGY,
s H E Rr\ !
/X(_.,} . H d‘
oo N KRS
10 O ;
LB is an anti-B; AR binding moiety with the structure
Fre
%
|
ﬁ/\i AR
AA 13 an anuno acid sequence at feast 80% homwologous to SEQ ID NG 1
5O 2
RGYis AC O/\?i;
SO ZG)
37N 4
15 each occurrence of RG! is independently hvdrogenor 7 © A\?'j

{(#Gp has the structure:

In various embodiments, {X G has a structure selected from the group consisting of -

O~{CH2 s, ~-NH-{CH:CH20)-CHz-, and =N¥HC=0}CH:CEOINHCH CH-{OCHCH )4,

20 wherein =N¥* i5 a ning mitrogen in a heterocvclic ring system;
b= J o S

AG is an anunosaccharide;
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each ocowrrence of R{Gr is independently H, optionally substituted (10 alkyl,
optionally substituted Cs-10 cveloalkyl, optionally substituted Ce-1s arvl, or optionally
substituted Cs-1s heteroaryl;
each occurrence of XG is independently selected from the group consisting of
~CHa-, ~C(=0)-, -NH-, and -0~
each occurrence of 2G is independently selected from the group consisting of
~-CHa-, -C(=0)-, -NH-, and ~0-;
m is an mteger from 2 to 10;
1 is an integer from | io 100; and
pis an integer fromo 1 to 50
In the compound of Formuula Ia, A is a ring or ring system that can contain multiple
rings. Thus A can be a ring system containing two, three, four, or more rings fused together
or bonded together as m, for exaruple, a bi-arvl ring svstem. Heterocyelvl A rings can be
aromatic or can comtain aliphatic carbon or nitrogen atoms in some portion of the ring or
rings i A.
In various embodiments, AA has the sequence DEARRCYNDPKCSDFVQ (SEQ TD
NG
Astaglycoprotein receptors {ASGR1} bind asiaglycoproteins and other glycoproteins
from which a sialic acid has been removed, exposing galactose residues. In various

embodiments, L? has the structure:

wherein RG? and RG® are each independently selected from the group consisting of
hydrogen and -C(=0)R, which is optionally substituted by 1-5 groups selected from the
group consisting ol halogen, optionally substituted Cii0 alkyl, optionally substituted Cir-io
atkoxy, optionally substituted Ci-10 amincalkyl, and combinations thereof, or

RG® and RG? taken together with the nitrogen atom to which they are attached, form a

-27 -
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S heterocvele that is optionally substituted by 1-5 substituents selected from the group
consisting of optionally substituted Ci-10 alkyl, optionally substituted Ci0 alkoxy, optionally
substituted Ci10 ammnoalkyl. optionally substituted Cs.io aryl, optionally substituted Csao
heteroaryi, halogen, and combinations thereof. In various embodiments, RG? is hvdrogen
and RGP is C{=0iCH3.

AG, in various embodiments, includes other galactosyl analogs that bind to ASGR.

wn

in various embodiments, () has the structure:

g\HQC é,o\/%;ﬁ P8

In various embodiments, (XGi has a structure selected from the group consisting of -
10 O-(CHzp~, -NHA{CHCH20)5-CHs-, and =N¥(C=0)}CH pC(=0NHCHCH-{OCHCH Js-,
wherein =N* is a ring nifrogen in A
in various erobodiments, AA s a {6,12) cychic pepiide in which the cysteine residues
at positions 6 and 12 in AA form a disulfide bond. in various embodiments, AA is at least
25% homologous to SEQ 1D NO: 1. In various embodiments, AA is an aming acid sequence
15 of SEQIDNG: 1.

1 various embodiments, the compound of Formula 1a has the structure:

in various embodiments, the compound of Formula Ia has the structure:

ASGPR Binding Terminus anti-B,AR Binding Ligand (COR1)
RIN j\%ﬁ }««vﬁY\j\ b(
R:)r: \TfAﬁ < " N “n
R [} O N’
O OH o {sms\l
3 - 3 i et Yol Py
Hg&éa ,33\/\ . HN OEo AmReR=Cm Y =Dk = GG E =y =0
MO Aol Y ]
20 f-MoDE-A

The presence of auto-antibodies against the Bi-AR can be used to identtfy populations

of patients that are particularly at risk after heart failure. In certain erobodirvents, chronic
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activation of the Bi-AR can result in reduced cardiac fimction and weakening of the cardiac
structure. Autoarttibodies that remain functionally active and are directed against {and
stimulate} cardiac P1-AR are often present in patients suffering from DCM, and the continued
presence of these anti Bi-AR antibodies is frequently associated with cardiac disorders such
as veniricular arthyvihmias, sudden cardiac death, and increased cardiovascular mortality. In
various embodiments, and without wishing to be bound by theory, compounds of Formula 1
can bind to these anti $1-AR antibodies through the L® moiety in the compound of Formula L
In various embodiments, and without being bound by theory, by bringing the ASGPR inio
proximity of these antibodies through binding of the L moiety to ASGPR, endocytosis

and/or degradation of these harmful antibodies can be achieved.

Additional Galactose- and Talese-based ASGPR Binding Moieties
in one embodiment, the present disclosure is directed to compounds which are useful
for removing circulating proteins which are associated with a disease state or condition in a

patient or subject according to the general chemical structure of Formuda IT

s CON %M§ LINKER-2]
) :

LCPRM

CRBM| :

Formula 1

The term "Hxtracelhdar Protein Targeting Ligand” as used herein is inlerchangeably
used with the term CPBM (cellular protein binding moiety}. The term "ASGPR Ligand" as
used herein is interchangeably used with an asiaglvcoprotein receptor {ASGPR} binding
motety as defined herein,

in the compound of Formula i, each [CONJ ts av optional connector chemical motety
which, when present, connects directly to {{PEM] or to [CRBM] or connects the [LINKER-
2} to [CPBM] or to JCRBM}.

in the compound of Formuda I

[LINKER-21 is a chemical moiety having a valency from 1 to 15 which covalently
attaches o one or more {CRBMY] and/or [{CPBM] group, optionally through a [CON]|,
including a [MULTICON] group, wherein said [LINKER-2] optionally itself contains one or
more [CONJ or [MULTICON] group(s);

k’ is an integer from 1 to 15;

§is an integer from 1 to 15

hand b’ are each independently an integer from 0 to 15;
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i is an integer from O to 15;

with the proviso that at least one of h, ™ and i 1s at feast 1, or a pharmaceutically
acceptable salt, stereoisomer, solvate or polymaorph thereof.

A MULTICON] group can connect one or more of a [CRBM] or {CFBM] to one or
more of a {LINKER-2]. In various embodiments, [LINKER-2] hag a valency of 1 10 10, In
various embodiments, [LINKER-2] has a valency of 1 t0 8. In various erobodiments,
[LINKER-21 has a valency of 1, 2 or 3. In varnious embodiments, in the compound of
Formula I, the |LINKER-2| includes one or more of Linker®, Linker®, LinkerC, Linker",
and/or combinations thereof as defined herein,

In the compound of Formula 1, xx is independently selected from 0. 1,2, 3,4, 5,6, 7,

8,9, 10,11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, and 25.

B

3,4,56,7,

In the compound of Formuda 11, vy is independently selected from 0, 1,
8.9.10, 11, 12,13, 14, 15,16, 17, 18, 19,20, 21, 22, 23, 24, and 25.

in the compound of Formula 1, zz 15 independently selected from 0, 1,2, 3,4, 5.6, 7,
8,9, 10,11, 12,13, 14, 15,16, 17, 18, 19,20, 21, 22, 23, 24, and 25.

In the compound of Formula 11, X! i5 1 to 5 contiguous atoms independently selected
from O, 8, N(RY), and CRH(RY), wherein if X is 1 atom then X' is O, §, N(R®), or
CRHMRY, if X' is 2 atoms then no more than 1 atomof X' is O, 8, or N{R%, if X' is 3, 4, or
5 atoms then no more than 2 atoms of X! are O, S, or N(R®);

R? at each occurrence is independently selected from hydrogen, alkyl, heteroalkyl,
haloalkyl (including -CF3, -CHF», -CHoF, -CH:CF;3, -CH2CHOF, and -CF2(Fs), arylalkyl,
heteroarvialkyl, alkenvl, alkynyl, and, hetercaryl, heterocycle, -OR3, and -NR®R?:

R* is independently selected at each occurrence from hvdrogen, heteroalkyvl, alkyl,
haloalkyl, arvlalkyl, heteroarylalkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocycle, -ORS, -
NRPR,

R and R7 are independently selected at each occurvence from hydrogen, heteroalkyl,
alkyl, arvlalkyl, heteroaryl alkyl, atkenyl, alkynyl, and, haloalkyl, heteroarvl, heterocycle, -
alkyl-OR®, -alky -NRPR®, COIR?, S{OIRF, C(SHRY, and S(ORR?: and

R® and R” are independently selected at each occurrence from hydrogen, heteroallkyl

alkyl, arvlalkyl, heteroaryiatkyl, atkenyl, alkynyl, arvl, heteroaryl, and heterocycle.

A. Galactose-Based ASGPR-Binding Cellular Receprtor Binding Moieties of Formuila
i

In certain embodiments, the compound of Formula 1 is selecied from:
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in one embodiment, the compound of Formuda I has one of the following structures:

N —— SRR s
Yoot v B Yot ¥ Sedege™ dond SOV § vt
Fornd LR P RIS P 8 QA ARG
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In various embodiments, the ASGPR ligand is linked at either the C!or C* (R} or R
position to form a degrading compound. Tn vartous embodiments, the ASGPR ligand is

linked at C° position to form a degrading compound. For example, when the ASGPR ligand

3 is

Ligang

.
RECNE

S : . . .
) ot the bi- or tri- substituted

10 versions thereof or pharmaceutically acceptable salts thereof, where the i~ or ir1- substitution
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refers 1o the number additional galactose derivatives attached to a linker moiety.

In any of the embodiments herein where an ASGPR ligand is drawn for use in a
degrader the ASGPR higand is typically linked through to the Extracellular Protein Targeting
Ligand in the C° position {e.g., which can refer to the adjacent C° carbon hydroxyl or other
functional moiety that can be used for linking purposes). When the linker and Extracellolar
Protein Targeting Ligand s connected through the C' position, then that carbon is
appropriately functionalized for linking, for example with a hydroxyl, amine, allvl, alkyne or
hydroxvi-allyl group.

In various embodiments, the ASGPR ligand is not linked i the C° or C* position,
because these positions chelate with the calcium for ASGPR binding in the liver. n certain
embodimenis, an ASGPR ligand useful for incorporation into a compound of Formula If is

selecied from:
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In certain embodiments, the compound of Formula 11 is selected from:
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B. Talose-Based ASGPR-Binding Cellular Receptor Binding Moieties of Formula IT
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in one embodiment, the compound of Formula IF 15 an Extraceliular Protein degrading
compound in which the ASGPR ligand is a ligand as described herein

(v

In one embodiment, in the compound of Formula H, the ASGPR ligand s hinked at
gither the C1 or C3 (R} or R%) position to form a degrading compound. In one embodiment,

in the compound of Formula i, the ASGPR higand is linked at C6. In various embodiments,
when the ASGPR ligand is

then non- limiting examples of ASGPR binding compounds of Formila I include:
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or the bi- or tri- substituted versions thereof or pharmaceutically acceptable salts
thereof, where the bi-~ or tri- substitution refers to the number additional galactose derivatives
attached to a lisker moiety. In certain embodiments the compound of Formula i1 is selected

from;
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wherein in certain embodiments R is selected from -NROCOR?, -NR®-(3-membered
heteroaryl), and-NR®-{(6-membered heteroaryl), each of which R* groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3, or 4 substituents independently selected from F, {1, Br, haloalkyl, or alkyl

In certain embodiments, the compound of Formula 11 is selected from:
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wherein in certain embodimernts R? is selected from -NRSCOR®, -NR®-(3-membered
heteroaryl), and-NR®-{6-membered heteroarvl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
5 3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl

In certain embodiments, the compound of Formula 11 is selected from:
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wherein in certain embodiments R? is selected from -NROCOR?, -NR®-(5-membered
heteroarvl), and-NR-(6-membered heteroarvl), each of which R* groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3, or 4 substituents independently selected from F, Ci, By, haloalkvl, or alkyl

In certain embodiments, the compound of Formula s selected from:
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wherein in certain embodiments R? is selected from -NR*COR?, -NR*-(S-membered
heteroaryl}, and-NR -(G-membered heteroaryl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituenis as described herein, for example 1, 2,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl

In certain embodiments, the compound of Formula H is selected from:
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wherein in certain embodiments R? is selected from -NROCOR?, -NR®-(S-membered
heteroarvl), and-NR-(6-membered heteroarvl), each of which R* groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
53, or 4 substituents independently selected from F, Cl, Br, haloalkvi, or alkyl.

in certain embodiments, the coropound of Formula H is selected fronu

-112 -



PCT/US2022/075535

WO 2023/028597

H

H
“errsprorsd




WO 2023/028597 PCT/US2022/075535

:w,,,,,?,,,,,,,l

N e
L™

wherein in ceriain embodiments R? is selected from -NRCOR?, -NR®-(5-membered
heteroaryl), and-NR®-(6-membered heteroaryl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
5 3, or 4 substituents independently selected from F, Cl, Br, haloalkvl, or alkyl

in certain embodiments, the compound of Formula H 1s selected from:
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wherein in certain embodiments R? is selected from -NROCOR?, -NR®-(S-membered
heteroarvl), and-NR-(6-membered heteroarvl), each of which R* groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for exampile 1, 2,
53, or 4 substituents independently selected from F, Cl, Br, haloalkvl, or alkyl.

in certain embodiments, the coropound of Formula H is selected fronu
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wherein in certain embodimentis R? is selected from -NR®*COR!®, -NR®-(5-membered
heteroaryl), and-NR-{G-membered heteroarvl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl

In certain embodiments, the compound of Formula H is selected from:
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wherein in certain embodiments R is sefected from -NRPCOR!C .NRS.¢{5-membered
heteroaryl), and-NR -(6-merobered heteroaryl), each of which R* groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3. or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl

In certain embodiments, the compound of Formula 11 is selected from:
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wherein in ceriain embodimenis R? is selected from -NR*COR®, -NR®-(S-membered
heteroaryl), and-NR -{G-membered heteroaryl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl

In certain embodiments, the compound of Formula H is selected from:
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wherein in certain embodiments R is sefected from -NRSCOR® .NR®¢{5-membered
heteroaryt), and-NR®-(6-mernbered heteroaryl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3. or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyi

in certain embodiments, the compound of Formula i1 is selected from:
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wherein in certain embodiments R? is selected from -NRSCOR ¥ NRS-(3-membered
heteroaryl}, and-NR-{6-membered heteroaryl), each of which R” groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl

In certain embodiments, the compound of Formula 11 is selected from:
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wherein in certain embodiments R? is selected from -NROCOR!®, NR®-(5-membered
heteroaryl), and-NR"-(6-membered heteroarvl), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
53, or 4 substituents independently selected from F, Cl, Br, haloalkvl, or alkyl.

in certain embodiments, the coropound of Formula H is selected fronu
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wherein in certain embodiments R? is selected from -NRSCOR ¥ NRS-(3-membered
heteroaryl). and-NR®-{6-membered heteroary!), each of which R? groups is optionally
substituted with 1, 2, 3, or 4 independent, substituents as described herein, for example 1, 2,
3, or 4 substituents independently selected from F, (1, Br, haloalkyl, or alkyl

In certain embodiments, the compound of Formula 11 is selected from:
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in certain embodiments, in the compound of F
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T certain embodiments, in the compound of Formula If, R' is
In certain embodiments, in the compound of Formula i, R’ is
In certain embodiments, in the compound of Formula H, R' is

In certain embodiments, in the compound of Formula IT, R! is

In certain embodiments, in the compound of Formula If, R! is .

3
Fhiyesy

In certain embodiments, in the compound of Formuta I, R s

in certain embodiments, in the compound of Formula I, R} is Co-Csalkyl-cyano
optionally substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula I1, R' is alkyl optionally
substituted with 1, 2, 3. or 4 substituents.

In certain embodiments, in the compound of Formula i, R' is alkeny! optionally
substituted with 1, 2, 3, or 4 substituents. In certain embodiments, in the compound of
Formula 11, R! is alkynyl optionally substituied with 1, 2. 3. or 4 substituents. In certain
entbodiments, in the compound of Formula 11, R is haloalkyl optionally substituted with 1, 2,
3, or 4 substituents. In certain embodiments, in the compound of Formula [l R* is F.

In certain embodiments, in the compound of Formula 11, R is CL

To certain embodiments, in the compound of Formula H, R is Br.

In certain embodiments, in the compound of Formula i1, R' is arv] optionally
substiiuted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Fornwla I, R is arvlatkyl optionally
substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula I, R is heteroarv! optionally
substituied with 1, 2, 3, or 4 substifuenis.

To certain embodiments, in the compound of Formula 11, R? is heteroarvt alkyl
optionally substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formuta 1, R! is heterocycle optionally
substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula I, R} is heterocycloalkyl

-~

optionally substituted with 1, 2, 3, or 4 substituenis.
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in certain embodiments, in the compound of Formula I, R! is haloalkoxy optionally
substituied with 1, 2, 3, or 4 substifuenis.

In certain embodiments, in the compound of Formula B, R! is -O-alkenyl, -O-alkynyl,
Co-Coalkyl-OR®, Co-Coalkyl-SR®, Co-Csalky-NRR, Co-Coalky-C{OIRY, Co-Coalkyl-S(O)R?,
Co-Coalkyi-CSIR?, Co-Coalkyl-S(O 1R, Co-Coalky -N(R®-C(OIR?, Co-CoalkyI-N(R®)-
S{OIR?, Co-CaalkyI-NR®-C{SIRY, Co-Coalky-N(RP-S(ORR’ Co-Coalkyl-0-C{OIR?, Co-
Cealky-O-S{OMR?, Co-Coalkyl-O-C(SIR, -N=S(UHR Y, Co-CoalkviNz, or Co-Coalkyi-O-
S{ORnR*, each of which is optionally substituted with 1, 2, 3, or 4 substituents.

In ceriain embodiments, in the compound of Formula I, R? is aryl optionally
substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula I, R” is heterocycle optionally
substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Fornwla I, R? is heteroaryl containing 1
or 2 heteroatons independently selected from N, O, and 8 optionally substituted with 1, 2, 3,
or 4 substituents.

In certain embodiments, in the compound of Formula I, R? is selected from

In certain embodiments, in the compound of Formula T, R? is heterocycie optionally
substituted with 1, 2, 3, or 4 substituents,

in certain embodiments, in the compound of Formula I, R? is -NR3-S(O)-R®
optionally substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula 1T, R? is -NR3-C(S)-R?
optionally substituted with 1, 2, 3, or 4 substituents,

In certain embodiments, in the compound of Formula II, R? is -NR:-S(OWNRO)-R?
optionally substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the corapound of Formuia IL, ®% is -N=S(OxR )
optionally substituted with 1, 2, 3, or 4 substituents.

In ceriain embodiments, in the compound of Fornula I, R? is -NREC(OINRS(ORR?
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optionally substituted with 1, 2, 3, or 4 substiuents.

Tn certain embodiments, int the compound of Formula I1, R? is -NR®-8(0)2-RY
optionally substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula I, R? is -NR:-C(NR-R®
optionally substituted with 1, 2, 3, or 4 substituents.

In certain embodirents, in the compound of Formuta ., R? is hydrogen.

in certain embodiments, in the compound of Formula I, R?is RY,

In ceriain embodiments, in the compound of Formula I, R? is alkvi-C{O)-R*.

In certain embodiments, in the compound of Formula I, R? is -C{O)R’,

In certain embodiments, in the compound of Formula I, R” is alkyl.

In certain embodiments, in the compound of Formula 11, R® is haloalkyl.

In certain embodiments, in the corapound of Formula T, R is -OC{ORY

In certain embodiments, in the corapound of Formuta 11, R? is -NR*-C(O)R Y.

in certain embodiments, in the compound of Formula I, R? is alkenyl optionally
substituied with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula I, R? is ally] optionally
substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula 1T, R is alkyny! optionafly
substituted with 1, 2, 3, or 4 substituents,

In certain embodiments, in the cormpound of Fornwila 11, R? is -NR®-atkeny! optionally
substituted with 1, 2, 3, or 4 substituents.

in certain embodiments, in the compound of Formula H, R? is -O-alkenyl optionally
substituted with 1, 2, 3, or 4 substituenis.

Tn certain embodiments, in the compound of Formula T1, R is -NR®-alkyvnyl
optionally substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the corupound of Formula I, R? is -NR® -heteroaryl
optionally substituted with 1, 2, 3, or 4 substituents.

in certain embodiments, in the compound of Formula I, R* is -NR®-aryl optionaily
substituied with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula I1, R? is -O-heteroaryl
optionally substituted with 1, 2, 3, or 4 substituents,

In certain embodiments, in the compound of Formulfa I, R? is -O-arv! optionally
substituted with 1, 2, 3, or 4 substituents.

In certain embodirents, in the compound of Formuta 1, R® is -O-alkyny! optionally
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substituied with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula If, R? is selected from and

W

wherein
R s an optional substituent as defined herein.

10 In certain embodiments, in the compound of Formula I1, R? is selected from
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wherein R
is an optional substituent as defined herein.

In certain embodiments, in the compound of Fornmula T, R* is selected from




PCT/US2022/075535

WO 2023/028597

ronned:

e
N-V\
2 EY

A

Tom

" is selected §

In certain embodiments, in the compound of Formula Il R

g .



W

WO 2023/028597 PCT/US2022/075535

&

PR ¥

By Sdathed

¢ P
PR
§e S

rsdors

in certain embodiments, in the compound of Fornwla H. R? is selected from
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10 In certain embodiments, in the compound of Formula H, R is selected from
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10 T certain embodiments, in the compound of Formula I, R? is selected from
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In certain embodiments, in the compound of Formula [, R?

Ny

- 18 selected from
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In certain embodiments, in the compound of Formuta T, R? is selected from
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in certain embodiments, in the compound of Formula I, R? is selected from

&
TRy

In certain embodiments, in the corapound of Formula 1L R® or R

Nt

- 166 -
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In certain embodiments, in the compound of Formula 1, R is selected from
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in certain embodiments, in the compound of Formula II, R® is a spirocyclic

heterocycle, for example, and withowt fimitation,

Tn certain embodiments, in the compound of Formuala I1, R? is a silicon containing

heterocycle, for example, and without limitation,

3 In certain embodiments, in the compound of Formula £, R? is substituted with SFs,
for example, and without himitation,
in certain embodiments, in the compound of Formula I1, R? is substituted with a
sulfoxime, for example, and without limitation,
10 In certain embodiments, in the compound of Formula 11, R'® is selected from bicyclic

heterocvele.
In certain embodiments, in the compound of Formula i, R is selected from
spirocyclic heteroeycle.
In certain embodiments, in the corpound of Formula I1, RY is selected from -NRS-
15 heterocvcle.

in certain embodiments, in the compound of Formula I, RY is selected from

In certain embodiments, int the compound of Formula i, R' is selected from
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Tn certain embodiments, in the compound of Formula IT, R% is selecied from:
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In ceriain embodime
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Formula I

in the compound of

embodiments
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ain embodiments, in the compound of Formula I, R*™ is

In cert

In certain embodiments, in the compound of Formula I, R is
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In certain embodiments, in the compound of Formula 11, R? 45

Tu certain embodiments, in the compound of Formula 11, R% s

In certain embodiments, in the compound of Formula 11, R* is

In certain embodiments, in the compound of Formuia 11, R* is

s In certain embodiments, in the compound of Formufa 1T, R* is

200 ;L RN

In certain embodiments, in the corapound of Formuda I, R*V 15°

T certain embodiments, in the compound of Formula {1, R%ig

v M
RN
H

In ceriain embodiments, in the compound of Formula I, R%0 5

10 Linkers
In non-limiting embodiments, in the compound of Formula 1, Linker® and Linker®

are independently selected fronu

wherein:

RY R RB R RP R RY RY® RYP and R? are independently at each occurrence
selected from the group consisting of a bond, alkyi, ~C{0O)~, ~-C{OY0-, ~-OC(O)-, -SC2-, -8{0)-,
-C{8)-, “C{OINR -, -NROC{O)-, ~O-, -8-, -NRS-, -CRR™)-, -POHRDO-, -POONR)-, 2
divalent residue of a natural or unnatural amino acid, alkenvl, alkynyl, halgalkvl, alkoxy, and,

heterocycle, heteroary], -CHoCH-[O-(CHz 200, CHzCHR-[O-(CH ] o-NR -, -CHCH-[O-

[o—y
W
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{CH2)2 o=, ~-[-{CH232-OJu-, -[O-(CH2 2o ~fO-CHCH)C(O) o, -[CO-CHCH:)-Olne,
S O-CH2C{O) -, -[C(0)-CH2-Oln -, a divalent residue of a fatty acid, a divalent
residue of an unsaturated or saturated mono- or di-carboxvlic acid; each of which is

optionally substituted with 1, 2, 3, or 4 substituents independently selected from R™;

wn

n 1 independently selected at each instance from 0, 1,2, 3,4, 5,6, 7, 8, 9, or 10,
R*! is independently at each occurrence selected {rom the group consisting of
hydrogen, alkvi, alkenvl, alkynyl, ¥, CL, Br, 1, hydroxvl, alkoxy, azide, amino, cvano, -
NRORT, -NRPSO:R? -NRES(OIR’, hatoalkyl, heteroalkyl, and, heteroarvl, and heterocycle;
and the remaining variables are as defined herein.

10 In one embodiment. in the compound of Formula I, Linker® is bond and Linker® is

In one embodiment, in the compound of Formula I, a divalent residue of an amino

15 acd 1s selected from
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e,
R

ed in either direction and wherein the amino acid

wherein the amino acid can be orient

can be i the L~ or D-form or a muxture thereof

e compound of Formula I, a divalent residue of a

In one embodiment, 1 th

philic addition reaction:

from a nucleo

erated

s gen

dicarboxylic acid 1

&
3

generated from

embodiments of a divalent residue of a dicarboxvlic acid

Non-linuting
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a nucleophilic addition reaction include:

In one embodiment, in the compound of Formula If, a divalent residug of a

dicarboxylic acid is generated from a condensation reaction:

Non-limiting embodiments
a condensation mclude:
& RN
10 Non-limiting embodiments of a divalent residue of a saturated dicarboxylic acid

nclude:

5,355

P
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Non-limiting embodiments of a divalent residue of a saturated dicarboxyiic acid

include:

Non-limiting embodiments of a divalent residue of a saturated monocarboxylic acid is
selected from butvric acid ((OCOHCH2pCHz-), caproic acid (OC{OXCH2CHy-), caprylic
acid (~-OC{OXCH2)sCHa-), capric acid (-OC{O}CH2)sCHz-), lauric acid (-
OC(OHCH2)10CH2-), myristic acid ((OC(OHCH2)CHy-), pentadecanoic acid (-
OC(OXCH2)13CH2-}, palmitic acid (OCONCH)uCHz-), stearic acid (GOC{OXCH2isCH2-),
behenic acid (-OC{O}CH2 poCH2-), and lignoceric acid (~<OC{OXCH2 2 CHe-):

wh

Non-limiting embodiments of a divalent residue of a faity acid include residues
10 selected from linoleic acid, palmitoleic acid, vaccenic acid, paullinic acid, oletc acid, elaidic

acid, gondoic acid, gadoleic acid, nervonic acid, mvristoleic acid, and erucic acid:

JECRIVES

N
N PR oA o
R Y

Non-limiting embodiments of a divalent residue of a faity acid is selecied from
hinoleie acid CCOWCH2{CHRCHA{CH R(CHCH2-), docosahexaenotc acid
15 (-C{OWCHa R(CHCHCH)6CH:-), eicosapentaenoic acid {-
CONCH(CHCHCH)sCHR-), alpha-hinolenic acid (<CONCH2 p{CHCHCH):CH-)
steandonic acid

FCOXCH M CHCHCH24CH2), v-linolemc acd (-
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COXCH){ CHCHCH)3(CUH2)3CH:-), arachidonic acid (-
C{OHCH)s (CHCHCH230(CH2 4 CHz-}, docosatetrasnoic acid

(~COMCH)s(CHCHCH2)4(CH2 uCH2-), palnutoleic acid -
C{ONCH ) CHCH(CH)sCHe-), vaccenic acid (~C{OYCH2pCHCHCH s5CH:-), pauliinic
actd

{-C{OXCH) 1 CHCH{CH)sCH-), olete acid GCIOXCH »CHCH(CHR 1 CHz-),
elaidic acid

C{OMCHyCHCH(CHR 1 CH2), gondoic actd ((C{OHCHzpCHCHCH )7 CH2,
gadoleie acid (- C{O}CH»CHCH(CH2)sCHz-), nervonic acid -
C{O}CH2)1sCHCH(CH» CHa-), mead acid (- C{OYWCH 3{CHCHCH R{CH W CH,-),
myristoleic acid ((C{ONCH: ;CHCH{CH2 3CH2-), and erucic acid (-
CONCHInCHCH(CH 1, CHz-).

n certain embodiments, n the compound of Formula 1, Linker™ is selected from:
In cert bodiments, in th iof F ia 11, Linker® is selected fi

. i
BT
Y
N o
) T =) W "
~ Y N e RES
° ‘4\2'}@ \-,Ye‘
) £
B
\\\"
wherein:

R™ is independently at each occurrence selected from the group consisting of alkvl, -
C{ON-, -NC(O)-, -N-, -C(R™)-, -P(0)YO-, -P(O)-, -P(OHNRR"IN-, alkenyl, haloaikyl, aryl,
heterocvele, and heteroarvl, each of which is optionally substituted with 1, 2, 3, or 4
substituents independently selected from R,

and the remaining variables are as defined herein.

In certain embodiments, in the compound of Formula 11, Linker” is selected from:

§

g
%
Y
¥
~.

wherein:

R* is independently at each occurrence selected from the group consisting of alkyl,



WO 2023/028597 PCT/US2022/075535

N'X-, -~ alkenyl, haloalkyl, aryl, heterocycle, and heteroarvl, each of which is optionally
substituted with 1, 2, 3, or 4 substituents independently selected from R?!;

X~ 15 an anionic group, for example Br- or 17 and

all other variables are as defined herein.

S In certain embodiments, in the compound of Formuda 11, Linker® is selected from:

wherein each heteroaryl, heterocyele, eveloalkyl, and aryl can optionally be
substituted with 1, 2, 3, or 4 of any combination of halogen, alkyl, haloalkyl, and, heterocarvl,
heterocycle, or cveloatkyl, as allowed by valence.

10 In certain embodiments, in the compound of Formuda 11, Linker® is selected from:

wherein each heteroaryl, heterocycle, cycloalkyl, and and can optionally be
substituted with 1, 2, 3, or 4 of anv combination of halogen, alkyl, haloalkyl, arvl, heteroaryl,

heterocycle, or cycloalkyl, as allowed by valence.

15 In certain embodiments, in the compound of Formula H, Linker® is selected from:

v
&
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In certain embodiments, in the compound of Formufa I, Linker®, Linker®, or Linker”

is selected from

).

minus tt (3-

-
3

is

and ss

T3

O

wherein tf is independently selected from 1, 2,

. Linker®, or Linker”

er

Link

In certain embodiments, i the corapound of Formula I,

1s selected {rony
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wherein tt and ss are as defined herein.
In certain embodiments, in the compound of Formula I, Linker®, Linker®, or Linker”

is selected from:
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wherein each heteroaryl, heterocycle, cvcloalkyl, and aryl can optionally be
substituted with 1, 2, 3, or 4 of any combination of halogen, alkvl, haloalkyl, arvl, heteroary],
heterocycle, or cyvcloalkyl, as allowed by valence; and tt and ss are as defined herein.

In certain embodiments, in the compound of Formula I, Linker®, Linker®, or Linker”

1s selected fromy

e

s

st
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wherein each heteroaryl, heterocycle, cvcloalkyl, and arvl can optionally be
substituted with 1, 2 3, or 4 of any combination of halogen, alkvl, haloalkyl, and, heteroarvi,
heterocycle, or cycloalkyl, as allowed by valence: and it and 55 are as defined herein.

In certain embodiments, in the corapound of Formwula 1L, Linker® | Linker®, or Linker”
is selected fromu
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wherein each heteroary] and aryl can optionally be substituted with 1, 2, 3, or 4 of any

combination of halogen, alkyl, haloalkyl, aryi, heteroaryl, heterocycle, or cycloalkyl, as

allowed by valence; and tt and ss are as defined herein.
In certain embodiments, in the compound of Formula I, Linker® is selected from:

s

elecied from:

88

2 is selected from:

#ottgers.

In certain embodiments, in the compound of Formula i, Linke

10
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In certain embodiments,
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To certain embodiments, in the compound of Formula 11, Linker® is selected frony:
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Formutda 1, Linker® is selected from:

In certain embodiments, in the compound of
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In certain embodiments, in the comy
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In certain embodiments, in the compound of Formula 11, Linker" is selected fronu
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In certain embodiments, n the compound of Formula H, LinkerD 1s selected from

Y
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in certain embodiments, in the compound of Formula 11, Linker® is selected from:

.

i
.

andd

Tn certain embodiments, in the compound of Formula I, Linker” is selected from:
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In certain embodiments, in the compound of Formula I, Linker” is selected from:

18 selected fromy:
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In certain embodiments, in the compound of Formula I, the Linker® is selected from

In certain embodiments, in the compound of Formula 11, the Linker” is selected from
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R

in certain embodiments, in the compound of Formula II, the Linker® is selecied from

In certain embodiments, in the compound of Formula H, the Linker® is selected from
wherein each 1s optionally substituted with 1, 2, 3, or 4 substituents substituent selected from
R'},i

In certain embodiments, in the compound of Formula [ Linker® is selected from:

In ceriain embodiments, in the compound of Formula 11, the Linker® is selected from:

- 209 -
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In certain embodiments, in the compound of Formula 1, the Linker® is selected fronu
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In certain smbodiments, int the compound of Formula 11, the Linker” is selected from:
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from;
5 In certain embodiments, in the compound of Formula I, Linker® Linker® is selected
from:
o
In
10 T certain embodiments, in the compound of Formula 11, the Linker® is selected from:
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In certain embodiments, in the compound of Formula I, the Linker® is selected from:

Tu certain embodiments, in the compound of Formula 1, the Linker® is selected from:
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In certain embodiments, in the compound of Formula I, the Linker” is selected from:
wherein each is optionally substituted with 1, 2, 3, or 4 substituents substituent selected from

R7

in certain embodiments, in the compound of Formula 11, the Linker is selected from:

In certain embodiments, in the compound of Formula 11, the Linker” is selected from:

- 217 -
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In certain embodiments, in the compound of Formula 11, the Linker® is selected from:
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In certain embodiments, in the compound of Formula i, the Linker™ is selected from:

In certain embodiments, in the compound of Formula U

selected fromu

5

-219-



WO 2023/028597 PCT/US2022/075535

In certain embodiments, in the compound of Formula I, Linker® -{Linker® ) is

selacted fromu

in certain embodiments, in the compound of Formuta 1, Linker“~(Linker*), is

selected from:

In certain embodiments, in the compound of Formula I, Linker®(Linker®) is

selscted frony
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In certain embodiments, in the compound of Formula I, Linker® is selected from:
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In certain embodiments, in the compound of Formula i, Linker” is selected from:
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In certain embodiments, in the compound of Formula i, Linker® -(Linker®) is

selected from
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In certain embodiments, in the compound of Formula H, Linker“~(Linker®) is selected
from

N

Lt
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In certain embodiments, in the compound of Formula 1, Linker®-(Linker®) is selected

from

fo various embodiments, RY is independently selected at each occurrence from
hydrogen, heteroalkyl, atkyl, haloalkyl, arvialkyl, heteroarylalkyl, alkenvl, alkynyl, aryl.
heteroaryl, heterocvele, -ORS -NRR7, C{OR?, S(OHR?, C{SIR?, and S(ORR>,

In various embodiments, in the compound of Formuala 71, R® is independently selected

- 224 -
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from hydrogen, hetercalkyl, ‘ ', Co-Cealkyl-cvano, alkyl, alkenyl, alkynyl,
haloalkvl, F, CL, Br, L, arvl, arvialkyl, heteroaryl, heteroarvialkyl, heterocycle,
heterocycloalkyl, haloalkoxy, -G-alkenyl, -O-alkynyl, Co-Ceatkyl- OR®, Co-Cealkyl-SR® Co-
Coalkyl-NROR, Co-Cealky-C(OMR, Co-Coalkyl-S{OR?, Co-Coalkyl- C(SIR?, Co-Coalkyl-
S(ORR?, Co-Coalkyl-NER*-COIR?, Co-Cralky-NRH-S(O)R?, Co-Coalkyl- N(RH-C(S)R?,
Co-Coalkyl-N(R®-S(0)R3 Co-Coalkyl-0-C(OIR®, Co-Coalkyvl-0-S(OIR>, Co- Csalkyl-0-
C{SIR?, -N=S{O}R ), Co-CealkyINs, and Co-Coalkyl-0-S{0)R?, each of which is optionally

substituted with 1, 2, 3, or 4 substituents.

W

In various embodiments, in the compound of Formula 11, R® and R are independently
10 selecied at each oceurrence from hydrogen, heteroalkyl, alkyl, arvialkyl, heteroaryl alkyl,
alkenyl, alkynyvl. and, haloalkyl, heteroarvi, heterocvele, -alkyl-OR®, -alkvi-NR*R®, C{(OIR?,
SIOIRT, C{SRY, and S(ORR.
In various embodiments, in the compound of Formuda 11, R® and R’ are independently
selected at each occurrence from hydrogen, heteroalkyl, alkyl, arvlalkyl, heteroarvialkyl,
15 alkenyl, alkynyl, aryl, heteroarvi, and heterocycle.

In various embodiments, the compound of Formula 1f has the structure of Formula H-

A.
In various embodiments, in the compound of Formula 11-A, LP is as defined herein.
A compound of Formula 1-A, having the structure:
NN {CON = LIN = ASGPBM |
h |
20
Formula {I-A
wherein:
; e
1
=N AR
Hog
1.5 15 an anti-P1AR binding moiety with the structure

[ASGPBMI is an asialogiveoprotein receptor binding moiety having the structure

25 selected from

- 225 -



WO 2023/028597

HGO
e
oy @
O N ™y e O /Jl
i O < OH
o

e

e
. o) \
: ’j\. Q Ottsaene O\'\"\\\
%_Z:" O‘/\\/ N’A\/"“ \\//\*(1'/\\/‘ ’
i B .O H "!OH
o ;\j/\\/o\/\o R? An
K‘ QH
O’»": 9] \\E
ey
Rr? 2 H
(6]g]
HO\;

bz

H A
o’m\/L"N”\/O\/\o RE 3w
H
\ OH
e ‘OH
OH
HO\:
O";\\“\OH
" :
PN N
o) R2 HO

Ie \)
Ol

H e —
/N \O/\/)L\NAV,O,\V‘/\\O/\\‘/,QHHHU- \
Zg 0 4

&
H = RZ _",—
O/\\ /J\N/\V,U\,»\O A1
H
H Ot
O’,I‘. O ‘\‘\E
RQ‘\OQ“’OH

- 226 -

io R
i ~
‘;/,\\/L\N/A\/’O\\//\O/A\/O'““““Q
o “OH

PCT/US2022/075535

, O

/)”'OH



10

20

B2
W

WO 2023/028597 PCT/US2022/075535

each [CONJ 1s an optional connector chemical motety which, when present, connects
the [LINT to [CPBM] or to [ASGPBM]:

ILING is [LINKER] or [LINKER-Z], each of which is a chemical moiety having a
valency from 1 to 15, which covalently attaches to one or more [ASGPBM| or {CPBM]
groups, oplionally through a [CON], whergin the [LIN] optionally itself containg one or more
[CON} groups;

Zg s absent, (CHo, CEO-{CH -, o CLO-(CH2n-NRw;

Ruris H or a Ci-Cs alkyl group optionally substituted with one or two hydroxyl
aroups;

Q-\H

%«(Cl-fz.)K—*N"
RAM

wherein R™ ig H, C1-Cy alkyl optionally substituted with up to 3 halo groups and one

or two hydroxyl groups. ~(CH 3 COOH, -(CH ) C(O)YO-(C1-Cq alkyvl) optionally substituted

Rois

with 1-3 halo groups, ~O-C{O-(Ci-Cs alkyvi) optionally substituted with 1-3 halo groups, -
C{O-(C1-Cs alkyl) optionally substituted with 1-3 halo groups, or -{(CH)K-NR™R™ or
(CH,—R™
R is %““{CHZ)K“—N‘;;\‘ .
wherein
R¥A s H, CN, NRMRY, (CHz i OH, ~(CH2)x0(C1-Cs alkyl) optionally
substituted with 1-3 halo groups, C1-Cy alkyl optionally substituted with 1-3 halo groups, -
{CH2x COOH, «(CHxC{O)YO-(C1-Cs alkyl) optionally substituted with 1-3 halo groups, -O-
C{OY{C1-Cs alkyl) optionally subsiituted with 1-3 hale groups, or -C{O(C1-Cy alkyly
optionally substituted with 1-3 halo groups, or
R™ is a C3-Cyo aryl or a three- to ten-membered heternaryl group containing
up to S heteroaryl atoms, each of the aryl or heteroaryl groups being optionally substituted
with up to three CN, NRMR™, (CHz i OH, «(CH2)O(C1-Cs alkyl) optionally substituted
with 1-3 balo groups, C1-Cs alkyl optionally substituted with 1-3 halo groups or 1-2 hydroxy
groups, ~0-{C1-Cs-alkyl} optionally substituted from 1-3 halo groups, ~(CH2xCOOH, -
{CH2C(OYO-{C1-Cy alkyl) optionally subsiituied with 1-3 halo groups, O-CO3-(C1-C4
alkyl) optionally substituted with §-3 halo groups, or -(CHa X C(OW{C1~Cq alky]) optionally
substituted with 1-3 halo groups, or
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e\
AN e e 1 [
/ Ne—RN T { S
RTA is RN , g*'\g:_-_-j , O
%’“(@Hﬁ}x’i\/o A~
JNE:\/;/ E_N/N\ji\\:
e NN . . i ,
R , OF N’ ”//, optionally substituted with up to three C1-Cs alkyl

groups which are optionally substitited with up to three halo groups; or

N
R g
f<\ HO
N o—"
&y(CH?)KMOFO””OH
= '
HO  OH

RY RNORM R R™ are each independently H or €1-Cs alkyl optionally substituted
with one to three halo groups or one or two hydroxyvl groups and each (CHujx group is
optionally substituted with 1-4 C1-Cs alkyl groups which are optionally substituted with 1-3
fluoro groups or 1-2 hydroxyl groups;

IM is ndependently at each occurrence an integer from 0 1o 6;

K 15 independenily at each occurrence an integer from O to 4;

k” is an integer ranging from 1 1o 15;

| is an integer ranging from 1o 15;

hand b’ are cach mdependently an integer ranging from Oto 15;

i is0to 15;

with the proviso that at least one of b, b, and i 13 at least |,
or a salt, stereotsomer, or solvaie thereof,

In various embodiments, in the compound of Formula 1I-A, Ry is -NC(=O)YCHs.

. Other-Based ASGPR-Binding Moieties

In some embodiments, the ASGPR binding moieties can be any of the moieties

described in: Reshitko, G. S, et al., “Synthesis and Evaluation of New Trivalent Ligaods for
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Hepatocyte Targeting via the Asialoglycoprotein Receptor,” Rioconjugate Chem, dot:
10.1021/acs biocorjchem. 0c00202; Magjouga, A. G, et al,, “Tdentification of Novel Small-
Molecule ASGP-R Ligands.” Current Drug Delivery, 2816, 13, 1303-1312, dot:
10.2174/1567201813666160719144651; Olshanova, A. S, et al., “Synthesis of a new
betulinic acid glycoconjugate with N-acetyl-D-galactosamine for the targeted delivery to
hepatocellular carcinoma cells,” Russian Chemical Bulletin, International Edition, Vol. 69,
No. I, pp. 138--163, January 2020; Yamansarov, E. Yu., et al., “New ASGPR-targeted
ligands based on glycoconjugated natural triterpenctds,” Russian Chemical Bulletin,
International Edition, Vol. 68, No. 12, pp. 2331—2338, December 2019, Congdon, M. Db, et
al., “Enhanced Binding and Reduced Immunogerucity of Glycoconjugates Prepared via
Solid-State Photoactivation of Aliphatic Diazirine Carbohydrates,” Bicconjugaie Chem, doi:
10,102 1/acs bioconjchem 0c00555; and Dhawan, V., et al, “Polysaccharide conjugates
surpass monosaccharide ligands in bepatospecific targeting — Synthesis and comparafive in
silico and in vifro assessment,” Carbohvdrate Research 509 (2021} 108417, dot
10.1016/i.carres. 2021.108417. The foliowing ASGPR binding moieties are illustrative and

not intended to be limiting.

1. GalNAc-Tyrosine Based Moteties

In some embodiments, the ASGPR binding moiely can be a motety having the
structure of M1, M2, M3, or M4, or a combination thereof. In the structures of M1, M2, M3,
and M4, X is independently at each occurrence O, NH. or 8. In various embodiments,
compounds of Formula I or Formula I can have one, two, or three ASGPR binding moieties

with the structure of M1, M2, M3, or M4,

HG OH Mo OH
O Q
HO o
HO e ‘
ot N AcHN \!,g’ N
{_ =
>~ o
N X
o
M M2
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HO OH HO OH
0} g,,/O
To
HO - HC \
G
o) _ .
x Y
Y 5
M3 M4,

In various embodiments, ASGPR binding moteties M1 to M4 can be conjugaied to

any suitable [JCON], [Linker], or [Linker-2] as described herein and in Congdon, M. D, et al |

[

“Enhanced Binding and Reduced Immmunogenicity of Glycoconjugates Prepared via Solid-
State Photoactivation of Aliphatic Diazirine Carbohydrates,” Bioconjugate Chem, dot:

10.102 1/acs . bioconjchem. Oc00555.

2. Trivalent Triazole-Based Moieties
10 in some embodiments, the ASGPR binding moiety can be a moiety having the

structure of MS:

%
\,\w\'\\:\e#,.» o w"\\\«{w""v\’ N <

e
3

% R AN

T AR
ES

N G N N ’\"\“\g
‘f-i\ \ ~ 8
M5,

In the structures M3, each R is independently at each occurrence Ry or Ro,

*DH
WG s

Ry b::?i‘“é‘”"\) Q"Q
?’3?‘&%
C‘H

HO
e rol TR0
NH‘{"\"

15 in various embodiments, compounds of Formmla | or Formula H contain an ASGPR

binding moiety with the structure of MS. In various embodiments, each R in MS s Ry, In
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various embodiments, each R in M3 is Ry

In various embodiments, ASGPR binding moiety M35 can be conjugated/bonded to

any suitable [CON], [Linker], or {Linker-2] as described herein and in Reshitko, G. S, et al

wn

“Synthesis and Evaluation of New Trivalent Ligands for Hepatocyie Targeting via the

Asialoglycoprotein Receptor,” Bioconjugate Chem, doi: 10.1021/acs. bioconjchem. (0c00202

3. Galactose- and Agarose-~-derived Behenic Acid Ester Moieties
in various embodiments, the ASGPR binding moiety can be the galactose behenic
acid ester~-derived moiety M7:
o
HO O (CHahCHs

G
HO

-G
10 Y e M7,

In the structure M7, Y is OH or NHAc¢.

In various embodiments, the ASGPR binding moiety can be the agarose behenic acid
ester-derived motety M&:

o \g\
- A \\\\vf““t{x4ﬁ’\?‘ﬂ
s
i,?h-;\n \¥ b zl:)"r“*“
«-i‘ o] é‘”’\ L (
o g AN P TR
; ) g 4 ..»?""'i:}u g\"'{\ O
HO {\ o ‘nwafwfi, el S e
o> W DN
HO e o HO 3
e
it
e b
P!

In various embodiments, ASGPR binding moieties M7 and M8 can be conjugated to
any suitable [CON], [Linker], or [Linker-2] as described herein and in Dhawan, Vet al.,
“Polysaccharide conjugates surpass monosaccharide ligands in hepatospecific targeting —

Syuthesis and comparative in silico and in vifro assessment,” Carbohvdrate Research 509
(2021) 108417, doi: 10,1016/ carres.2021.108417.

4. Other Small Molecule ASGPR Binding Moieties

-231-



W

WO 2023/028597 PCT/US2022/075535

In various embodiments, the ASGPR binding moiety can be any of the compounds 2-

18 below:

17 8.
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In various embodiments, in compounds 15 and 16, R is CHxOAc, COOH, or CH2OH.
Compounds 2-18 can be conjugated/bonded to any suitable [CON], [Linker], or [Linker-2] as
described herein and in Majouga, A. G, et al., “Identification of Novel Small-Molecule
ASGP-R Ligands,” Current Drug Delivery, 2016, 13, 13031312, dot:
F3.2174/1567201813666160719144651; Olshanova, A, S, et al., “Synthesis of a new

betulinic acid glyveoconjugate with N-acetyi-D-galactosamine for the targeted delivery to
hepatocellular carcinoma cells,” Russian Chemical Bulletin, International Edition, Vol. 69,
No. 1, pp. 158163, January 2020; Yamansarov, E. Yu,, et al., “New ASGPR-targeted
higands based on glvcoconjugated natural triterpenotds,” Russian Chemical Bulletin,
International Edition, Vol. 68, No. 12, pp. 2331—2338, December 2019, Compounds 2-18
can be attached through anv suitable reactive group contained therein. Without limitation,
compounds 2-13 can be attached to a CONJ, [Linker], or [Linker-2] through or by reaction
with at least one OH, NH, vinyl, alkynyl, amide, acid, ester, ketone, or aromatic halogen
contained in compounds 2-18. Switable reaction modes for attaching compounds 2-181tc a
[{CONJ, {Linker], or [Linker-2} as describad herein include, but are not limited to, substitution
{e.g. alkylation of OH or NH groups), esterification (forming an ester), amidation {forming an
amide), fransesterification {exchanging one ester for another), fransarnidation {exchanging
one amide for another), azide-alkvne cycloaddition, and other reactions capable of forming
C-C, N-C, or G-C bonds with vinyl and alkynyl groups such as cycloadditions, aminations,
oxidations, alkvlations, rearrangement reactions (e.g. Claisen, Cope, etc.), and the like.

The compounds described herein can possess one or more stereocenters, and each
stereocenter can exist independently in either the (R} or (8 configuration. In certain
embodiments, compounds described herein are present in optically active or racemic forms.
H is to be understood thai the compounds described herem encompass racemic, optically-
active, reginisomeric and stereoisorneric forms, or combinations thereof that possess the
therapeutically useful properties described herein. Preparation of optically active forms is
achieved o any suitable manuer, including by way of nou-lirniting exarople, by resolution of
the racemic form with recrystallization techniques, synthesis from optically-active starting
materials, chiral syvnthesis, or chromatographic separation using a chiral stationarv phase. In
certain embodiments, a mixtare of one or more isomer is atilized as the therapeutic
compound described heretn. In other erubodunents, compounds described berein contain one
or more chiral centers. These compounds are prepared by any means, including
stereoselective synthesis, enantioselective synthesis and/or separation of a mixture of

enantiomers and/ or diastereomers. Resolution of compounds and isomers thereof is
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achieved by any means including, by way of non-limiting example, chemical processes,

enzymatic processes, fractional crvstaliization, distillation, and chromatography.

The methods and formulations described herein include the use of N-oxides (if
appropriate), cryvstalline forms (also known as polvmorphs), solvates, amorphous phases,
and/or pharmaceutically acceplable salts of compounds having the structure of any
compound(s) described herein, as well as metabolites and active metabolites of these
compounds having the same type of activity. Solvates include water, ether {e.z.,
tetrahiydrofuran, methyi tert-butyl ether) or aicohol {e. g, ethanol) solvates, acetates and the
like. In certain ernbodimnents, the compounds described herein exist in solvaied forms with
pharmaceutically accepiable solvents such as water, and ethanol. In other erobodiments, the
compounds described herein exist in unsolvated form.

In certain embodiments, the compound(s) described herein can exist as tautomers. All
tautomers are included within the scope of the compounds presented herein

in certain embodiments, compounds described herein are prepared as prodrugs. A
"prodrug” refers to an agent that is converted into the parent drug in vive. In certain
embodiments, upon iz vive administration, a prodrug is chemically converted to the
hiologically, pharmaceutically or therapeutically active form of the compound. In other
embodiments, a prodrug is enzymatically metabolized by one or more steps or processes to
the biclogically, pharmaceuntically or therapeutically active form of the compound.

In certain embodiments, sites on, for exarnple, the aromatic ring portion of
compound(s) described herein are susceptible to various metabolic reactions. Incorporation
of appropriate substituents on the aromatic ring structures may reduce, minimize or eliminate
this metabolic pathway, In certain embodiments, the appropriate substituent to decrease or
eliminate the susceptibility of the aromatic ring to metabolic reactions 15, by way of example
only, a deuwterium, a halogen, or an alkyl group.

Compounds described herein also include isotopically-labeled compounds wherein
one or more atoms s replaced by an atom having the same atonuc number, but an atomic
mass or mass number different from the atonuc mass or mass number usually found in nature.
Examples of isotopes suitable for inclusion in the compounds described hergin include and
are not limited to 7H, 3H, UC, BC, ¥, %8¢, ¥R, 13, 191, BN, BN, B, 70, 120, PP, and 7S,
In certaim embodiments, sotopically-labeled coropounds are uselul in drug and/or substrate
tissue distribution studies. In other embodiments, substitution with heavier isotopes such as
deuterium affords greater metabolic stability (for example, increased in vive half-hfe or

reduced dosage requitements). In vet other embodiments, substitution with positron emitting
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isotopes, such as 1C, BF, B0 and VN, is useful in Positron Emission Topography (PET)
studies for examining substrate receptor occupancy. Isotopically-labeled compounds are
prepared by any suitable method or by processes using an appropriate isotopically-labeled
reagent in place of the non-labeled reagent otherwise employed.

In certain embodiments, the compounds described herein are labeled by other means,
ncluding, but not limited to, the use of chromophores or fluorescent moieties, bicluminescent
labels, or chemiluminescent labels.

The compounds described herein, and other related compounds having different
substituents are synthesized using techmques and materials described herein and as described,
for example, in Fleser & Fieser's Reagents for Organic Synthesis, Volumes 1-17 (Jobhn Wiley
and Sons, 1991}, Rodd's Chenustry of Carbon Compounds, Volumes 1-5 and Supplementals
{Elsevier Science Publishers, 1989); Organic Reactions, Volumes 1-40 (John Wiley and
Souns, 1991), Larock's Comprehensive Organic Transformations {VCH Publishers Inc., 1989),
March, Advanced Organic Chemistry 4% Ed., (Wiley 1992); Carey & Sundberg, Advanced
Organic Chemistry 4th Bd., Vols. A and B (Plenum 2000,2001 3, and Green & Wuts,
Protective Groups in Organie Synthesis 3rd Ed., (Wiley 1999) (all of which are incorporated
by reference for such disclosure). General methods for the preparation of compound as
described herein are modified by the use of appropriate reagents and conditions, for the
wtroduction of the various moieties found in the formula as provided herein.

Compounds described herein are synthesized using any suitable procedures starting
from compounds that are available from commercial sources, or are prepared using
procedures described herein.

In certain embodiments, reactive functional groups, such as hydroxvl, amino, iming,
thio or carboxy groups. are profected in order to avoid their unwanted participation in
reactions. Protecting groups are used to block some or all of the reactive moieties and
prevent such groups from participating in chemical reactions until the protective group is
removed. In other erobodiments, each protective group 15 removable by a duferent means.
Protective groups that are cleaved under totally disparate reaction conditions fulfill the
requirement of differential removal.

In certain embodiments, protective groups are removed by acid, base, reducing
conditions {such as, for example, hvdrogenolysis), and/or oxidative conditions. Groups such
as trityl, dimethoxytrityl, acetal and t-butyldimethyisilyl are acid labile and are used to
profect carboxy and hydroxy reactive moieties in the presence of amino groups protected

with Cbz groups. which are removable by hydrogenolysis, and Fmoc groups, which are base

- 235 -



wn

10

20

WO 2023/028597 PCT/US2022/075535

tabile. Carboxylic acid and hydroxy reactive moisties are bocked with base labile groups
such as, but not limited to, methyl, ethyl, and acetyl, in the presence of amines that are
blockead with acid labile groups, such as t-butyl carbamate, or with carbamates that are both
acid and base stable but hvdrolytically removable.

In certain embodiments, carboxylic acid and hydroxy reactive moieties are blocked
with hydrolyvtically removable protective groups such as the benzy! group, while amine
groups capable of hydrogen bonding with acids are blocked with base labile groups such as
Fmoc. Carboxylic acid reactive moieties are protected by conversion to simple ester
compounds as exemplified herein, which inchude conversion to alkyl esters, or are blocked
with oxidatively-reraovable protective groups such as 2, 4-dimethoxybenzyl, while co-
existing amino groups are blocked with fluoride labile silyl carbamates.

Allvl blocking groups are useful in the presence of acid- and base~ protecting groups
since the former are stable and are subsequently removed by metal or pi-acid catalysis. For
example, an allvi-blocked carboxylic acid is deprotected with a palladium-catalyzed reaction
in the presence of acid labile t-butyl carbamate or base-labile acetate amine proteciing
groups. Yet another form of protecting group is a resin to which a compound or intermediate
is attached. As long as the residue 15 attached 1o the resim, that functional group 15 blocked
and does not react. Once released from the resin, the functional group is available to react.

Typtecally blocking/protecting groups may be selected from:

H - cal H H
He G 4 @ SN ,[LH H, &
Rsabod Sy C/§ 1 ; H oy ot
Lo N O~ 4 H oM
g HOH TAY Y O I‘]/ $
O
allvd B8n O Me
Cbz Alioe
H3C\,<,/§ HaCol 8 HiCo ‘/(dhﬁ’ s
< G b HaCuo o On_~8
{ me w me s s T
HOH HiG CHy He FL O
HiC CHy G CHs
Et t-butyl
TBDMS Teos
LC-O
o, St Q HJCLT;‘\? a4 \>
BN i i TN -
VARl SN : Q}’\ / HaC H 7 '<\, H
HC 2N N \K ./ ~H
HoH NS H ji = 5 ;
Boc ( H O y
FME 7 acatyl O
rityl FMOC

Other protecting groups, plus a detailed description of techniques applicable to the

creation of protecting groups and their removal are described in Greene & Wuts, Protective

Groups in Organic Synthesis, 3rd Ed., John Wiley & Sons, New York, NY, 1999, and

- 236 -



wn

10

20

30

WO 2023/028597 PCT/US2022/075535

Kocienski, Protective Groups, Thieme Verlag, New York, NY, 1994, which are incorporated

herein by reference for such disclosure.

Compositions

The compositions containing the compound(s) described herein include a
pharmaceutical composition comprising at least one coropound as described herein and at
least one pharmaceutically acceptable carrier. In certain embodiments, the composition is
formulated for an adminstration route such as oral or parenteral, for example, transdermal,
transmucosal (e.g., sublingual, lingual, (transybuccal, (ranspurethral, vaginal {e.g., trans- and
perivaginally ), (intraynasal and (transyrectal, intravesical, infrapuloonary, miraduodenal,
intragastrical, intrathecal, subcutaneous, intramuscular, intradermal, inira-arterial,

intravenous, intrabronchial, inhalation, and topical admunistration.

Mon-Limiting Methods

The disclosure includes a method of preventing

t=2]

treating, and/or ameliorating heart
fatture using the compounds of Formula I Noun-limiting examples of heart failure include
dilated cardiomyopathy, hypertrophic cardiorvopathy, and/or restrictive cardiomyopathy.
Cardiomyopathy can be the result of a vaniety of conditions including, long-term high blood
pressure, heart tissue damage due to heart attack, heast valve malfunction, COVID-19
nfection, hemochromatosis, amyloidosis, sarcoidosis, and/or chemotherapy drugs, and the
like. The method includes adnunistering a composition comprising a therapeutically
effective amount of a compound of Formala 1, and at least one pharmaceutically acceptable
carrier. In various embodiments, the heart failure is dilated cardiomyopathy (DCM).

in various embodiments, the composition is admimstered by a route selected from the
group consisting of oral, transdermal, transmucosal, (intraynasal, (trans)rectal, mtravesical,
intrapudmonary, intraduodenal, intragastrical, infrathecal, subcutaneous, ntramuscular,
wiradermoal, indra~arterial, wtravenous, intrabronchial, inhalation, and topical.

in various embodiments, the subject is a mammal. In various embodiments, the
subject s human.

The methods described herein include administering to the subject a therapeutically
effective amount of at least one corapound described herein, which is optionally formoulated
in a pharmaceutical composition. In various embodiments, a therapeutically effective amount
of at least one compound described herein present in a pharmaceutical composition is the

only therapeutically active compound n a pharmaceutical composition. In ceriain
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embodiments, the method further comprises administering to the subject an additional
therapeutic agent that treats heart failure.

In certain embodiments, admirustering the compound(s) described herein to the
subiect allows for administering a lower dose of the additional therapeutic agent as compared
to the dose of the additional therapeutic agent alone that is required to achieve similar results
in treating a heast failure jo the subject. For example, in certain embodiments, the
compound(s) described herein enhance(s) the activity of the additional therapeutic
compound, thereby allowing for a lower dose of the additional therapeutic compound fo
provide the same effect.

in certain embodiments, the compound(s) described herein and the therapeutic agent
are co-adminisierad to the subject. In other embodiments, the compound{s} described herein
and the therapeutic agent are coformulated and co-administered to the subject.

in certain embodiments, the subject s a roammal. In other embodiments, the manwvuoal

is a human.

Combination Therapies

The coropounds useful within the roethods described herein can be used in
combination with one or more additional therapeutic agents useful for treating heart failure.
These additional therapeuiic agents may comprise compounds that are commercially
avatlable or synthetically accessible to those skilled in the art. These additional therapeutic
agents are known to treat or reduce the symptoms of heart failure.

in various embodiments, compounds of Formula { can be admunistered either
sequentially or concurrently with B1-AR blockers, such as acebutolol, atenolol, betaxolol,
bisoprolol, metoprolol, nadolol, propranolol, sotalol, and/or caredilol, and the like. In some
embodiments, when 31-AR blockers are co-administered with compounds of Formula 1, they
can be administered at a lowered dose than if the Bi-AR blocker was administered as a
monotherapy. In various embodiments, the Bi-AR blocker is administered at 90%, §0%,
70%, 60%, 50%, 40%, 30%, 20%, 10%. or 5% of the minimum approved therapeutic dose for
the particalar Bi-AR blocker used in therapy in combination with a compound of Formuda L
In various embodiments, co-adnunistration of Bi-AR blockers and the compound of Formula
T results o fewer, less severg, or no side effects associated with the use of Bi-AR blockers.

In certain embodiments, the compounds described herein can be used in combination

with radiation therapy. In other ernbodiments, the combmnation of adnunistration of the
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compounds described herein and application of radiation therapy is more effective in freating,
ameliorating, or preventing heart failure than application of radiation therapy by itself. Inve
other embodiments, the combination of adminustration of the compounds described herein
and application of radiation therapy allows for use of lower amount of radiation therapy in
treating the subject.

In various erubodiments, a synergistic effect is observed when a compound as
described herein 1s admirustered with one or more additional therapeutic agents or
compounds. A synergistic effect may be calculated, for example, using suitable methods
such as, for example, the Sigmoid-Ewsax equation (Holford & Scheiver, 1981, Clin.
Pharmacckinet. 6:429-453}, the equation of Loewe additivity (Loewe & Muischnek, 1926,
Arch. Exp. Pathol Pharmacol. 114:313-326) and the median-effect equation {Chou & Talalay,
1984, Adv. Enzyme Regul. 22:27-55). Each equation referred to above may be applied to
experimental data to generate a corresponding graph to aid in assessing the effects of the drug
combination. The corresponding graphs associated with the equations referred to above are

the conceniration-effect curve, isobologram curve and combination index curve, respectively.

Administration/Dosage/Formulations

The regimen of administration may affect what constitutes an effective amount. The
therapeutic formudations may be administered to the subject either prior to or after the onset
of a heart fmlure. Further, several divided dosages, as well as staggered dosages may be
admunistered daily or sequentially, or the dose mayv be continuously infused, or may be a
bolus mjection. Further, the dosages of the therapeutic formulations may be proportionally
increased or decreased as indicated by the exigencies of the therapeutic or prophylactic
sifuation,

Administration of the compositions described herein to a patient, preferably a
mammal, more preferably a human, may be carried out using known procedures, at dosages
and for periods of time effective to treat heart fatlure 1o the patient. An effective amount of
the therapeutic compound necessary to achieve a therapeutic effect may vary according to
factors such as the state of the disease or disorder in the patient; the age, sex, and weight of
the patient; and the ability of the therapeutic compound to treat heart fatlure in the patient.
Dosage regimens may be adjusted to provide the optimum therapeutic response. For
example, several divided doses may be administered datly or the dose may be proportionally
reduced as indicaled by the exigencies of the therapeutic situation. A non-himiting example

of an effective dose range for a therapeutic compound described herein is from about 1 and
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5,000 mg/kg of body weight/per day. One of ordinary skill in the art would be able to study
the relevant factors and make the determunation regarding the effective amount of the
therapeutic compound without undue experimentation.

Actual dosage levels of the active ingredients in the pharmaceutical compositions
described herein may be varied g0 as to obtam an amount of the active ingredient that is
effective to aclueve the desired therapeutic response for a particular patient, composition, and
maode of administration, without being toxic to the patient.

in particular, the selected dosage level depends upon a variety of factors including the
activity of the particular compound employed, the time of admunistration, the rate of
excretion of the compound, the duration of the treatment, other drugs, compounds or
materials used in combination with the compound, the age, sex, weight, condition, general
health and prior medical history of the patient being treated, and like factors well, known in
the medical arts.

A medical doctor, e g.. physician or veterinarian, having ordinary skill in the art may
readify determine and prescribe the effective amount of the pharmaceutical composition
required. For example, the physician or veterinarian could start doses of the compounds
described herein eroployed 1o the pharmaceutical composition at levels lower than that
required in order to achieve the desired therapeutic effect and gradually increase the dosage
until the desired effect is achieved.

In particular embodiments, it 1s especially advantageous to formulaie the compound in
dosage unit form for ease of admirnistration and uniformity of dosage. Dosage unit form as
used herein refers to physically discrete units suited as unitary dosages for the patients to be
treated; each unit containing a predetermined quantity of therapeutic compound calculated to
produce the desired therapeutic effect in association with the required pharmaceutical vehicle.
The dosage unit forms of the compound(s} described herein are dictated by and directly
dependent on (a} the unigue characteristics of the therapeutic compound and the particular
therapeutic effect to be achieved, and (b) the limitations inherent in the art of
compounding/formulating such a therapeutic compound.

in certain embodiments, the compositions described herein are formulated using one
or mwore pharmaceutically acceptable excipients or carriers. In certain embodiments, the
pharmaceutical corppostiions described herein coruprise a therapeutically effective amount of
a compound described herein and a pharmaceutically acceptable carrier.

The carrier may be a solvent or dispersion medium containing, {or example, water,

ethanol, polvol {for example, glycerol, propylene glveol, and hiquid polyethylene glyeol, and
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the like), suitable mixtures thereof, and vegetable cils. The proper fhudity may be
maintained, for example, by the use of a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use of surfactants. Prevention of the
action of microorganisms may be achieved by varigus antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many
cases, it is preferable to include isotonic agents, for exarmple. sugars, sodium chloride, or
polyalcohols such as mannitol and sorbitol, in the composition. Prolonged absorption of the
injectable compositions may be brought about by including in the composition an agent
which delavs absorption, for example, alumimin monosiearate or gelatin.

in certain embodiments, the compositions described herein are adroinistered to the
patient in dosages that range from one to five times per day or more. In other embodiments,
the compositions described hergin are administered to the patient in range of dosages that
nclude, but are not limited to, once every day, every two, days, every three days to once a
week, and once every two weeks. 1t is readily apparent to one skilled in the art that the
frequency of administration of the various combination compositions described herein varies
from individual to individual depending on many factors inchuding, but not himited to, age,
disease or disorder to be treated, gender, overall health, and other factors. Thus,
administration of the compounds and compositions described herein should not be construed
to be limited to any particular dosage regime and the precise dosage and composition {0 be
admunistered to any patient 1§ determuned by the attending physician taking all other factors
about the patient into account.

The compound({s) described herein for administration may be in the range of from
about 1 ug to about 10,000 myg, about 20 ug to abowt 9,500 mg, about 40 pg to about 9,000
mg, about 75 ug to about 8,500 mg, about 150 ug to about 7,500 mg, about 200 pg to about
7,000 mg, about 350 ug to about 6,000 mg, about 5060 ue to about 5,000 mg, about 750 ug to
about 4,000 mg, about 1 mg to about 3,000 mg, aboui 10 mg to about 2,500 mg, about 20 mg
to about 2,000 mg, about 25 mg to about 1,500 mg, about 30 mg to about 1,000 mg, about 40
mg to abowt 900 mg, about 50 mg to about 800 mg, about 60 mg to about 750 mg, about 70

mg to about 600 mg

t=2

about 80 mg to about S00 mg, and any and all whole or partial
increments therebetween. In various ernbodiments, compounds of Formuda T are
administered at a dose of 0.01, 0.02, 0.03, 0.04, 0.05, 0.05, 0.07, 0.08, 0.09, 0.1, 0.2, 0.3, 0.4,
0.5.06,07, 08,09 1.2.3,4.5,6,7,8 9 10,11, 12, 13, 14, 15. 16, 17. 18, 19, or 20

m

[$1e}

:’kg .

in soroe embodiments, the dose of a coropound described herein 1s from about 1 mg
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and about 2,500 mg. In some embodiments, a dose of a compowund described herein used in
compositions described herein s less than about 10,000 mg, or less than about 8,000 mg, or
less than about 6,000 mg, or less than about 5,000 mg, or less than about 3,000 mg, or less
than abowut 2,000 mg, or less than about 1,000 mg, or less than about 500 mg, or fess than
about 200 mg, or less than abowt 50 mg. Similarly, in some embodiments, a dose of a second
compound as described herein is less than about 1,000 rog, or less than about 800 mg, or less
than about 600 mg, or less than about 500 mg, or less than about 400 mg, or less than about
300 mg, or less than about 200 mg, or less than about 100 mg, or less than about 50 mg, or
less than about 40 mg, or less than about 30 mg, or less than abowt 25 mg, or less than about
20 mg, or less than about 15 mg, or less than about 10 mg, or less than about S mg, or less
than abowt 2 mg, or less than about T mg, or less than about 0.5 mg, and any and all whole or
partial increments thereof.

In certain embodiments, a composition as described berewn 1s a packaged
pharmaceutical composition comprising a container holding a therapeutically effective
amount of a compound described herein, alone or in combination with a second
pharmaceutical agent; and mstructions for using the compound to treat, prevent, or reduce
one or more synptoms of heart falure ju a paticot,

Formulations may be emploved in admixtures with conventional excipients, i.e.,
pharmaceutically acceptable organic or inorganic carrier substances sutiable for oral,
parenteral, nasal, intravenous, subcutaneous, enteral, or any other suitable mode of
adnunistration, known to the art. The pharmaceutical preparations may be sterilized and if
desired mixed with auxiliary agents, e.g., lubricants, preservatives, stabilizers, wetting agents,
emulsifiers, salts for influencing osmotic pressure bufters, coloring, flavoring and/or aromatic
substances and the like. Theyv may also be combined where desired with other active agents,
e.g., other analgesic agents.

Routes of administration of any of the compositions described herein include oral,
nasal, rectal, intravaginal, parenteral, buccal, sublingual or topical. The compounds for use in
the compositions described herein can be formulated for administration by any suitable route,
such as for oral or parenteral, for example, transdermal, transmucosal (e.g., sublingual,
lingual, (trans)buccal, (transjurethral, vaginal {e.g, trans- and perivaginally), (intrajnasal and
{transyrectal), intravesical, intrapulmonary, intraduodenal, intragastrical, ntrathecal,
subcutaneous, intramuscular, intradermal, intra-arierial, infravenous, intrabronchial,
inhalation, and topical administration. In vartous embodiments, the compounds of Formula 1

are administered by intravenous adroinistration.
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Suitable compositions and dosage forms include, for example, tablets, capsules,
caplets, pills, gel caps, troches, dispersions, suspensions, solutions, syrups, granules, beads,
transdermal patches, gels, powders, peliets, magmas, lozenges, creams, pasies, plasters,
lotions, discs, suppositories, liguid sprays for nasal or oral administration, drv powder or
aerosolized formulations for inhalation, compositions and formulations for intravesical
administration and the like. it should be understood that the formulations and compositions
described herein are not limited to the particular formulations and compositions that are
described herein.

Oval Administration

For oral application, particularly suitable are tablets, dragees, hquids, drops,
suppositories, or capsules, caplets and gelcaps. The compositions intended for oral use may
be prepared according o any method known in the art and such compositions may contain
one or ruore ageots selected from the group cousisting of mert, non-tosic pharmaceutically
excipients that are suitable for the manufacture of tablets. Such excipients include, for
example an inert diluent such as lactose; granulating and disintegrating agents such as
cornstarch; binding agents such as starch; and lubricating agents such as magnesium stearate.
The tablets may be uncoated or they may be coated by known techmques for elegance or to
delay the release of the active ingredients. Formulations for oral use mav also be presented
as hard gelatin capeules wherein the active ingredient 1s mixed with an inert diluent.

For oral administration, the compound(s) described herein can be in the form of
tablets or capsules prepared by conventional means with pharmaceutically acceptable
excipients such as binding agents {e.g., polyvinylpvrrolidone, hydroxypropyviceilulose or
hydroxypropyl methylceliulose), fillers (e g., comstarch, lactose, microcrystatline cellulose or
calcium phosphate); lubricants (e g, magnesium stearate, tale, or silica); disintegrates {e.g..
sodium starch glycollate); or wetting agents {e.g , sodium lauryl sulphate}. If desired, the
tablets may be coated using suitable methods and coating materials such as OPADRY™ film
coating systems avatlable from Coloreon, West Pourt, Pa. (e g, OPADRY™ OY Type, OYC
Tvpe, Organic Enteric OY-P Type, Aqueous Enteric OY-A Type, OY-PM Type and
OPADRY ™ White, 32K18400). Liquid preparation for oral administration may be in the
form of solutions, syrups or suspensions. The liquid preparations may be prepared by
conventional roeans with pharmaceutically acceptable additives such as suspending agerds
{e.g.. sorbitol syrup, methyl cellulose or hyvdrogenated edible fais); emulsifying agent (e g..
tecithin or acacia); non-aquecus vehicles {e.g., almond oil, aily esters or ethyvl alcchol}; and

preservatives {e.g.. methyl or propyl p-hydroxy benzoates or sorbic acid).
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Compositions as described herein can be prepared, packaged, or sold in a formulation
suitable for oral or buccal administration. A tablet that mcludes a compound as described
herein can, for example, be made by compressing or molding the active ingredient, optionally
with one or more additional ingredients. Compressed tablets may be prepared bv
compressing, in a suttable device, the active ingredient in a free~flowing form such as a
powder or granular preparation, optionally nmixed with one or more of a binder, a lubricant,
an excipient, a surface active agent, and a dispersing agent. Molded tablets may be made by
molding, in a suitable device, a mixture of the active ingredient, a pharmaceutically
acceptable carrier, and at least sufficient hquid {0 moisten the mixtare. Pharmacentically
acceptable excipients used in the manufacture of tablets include, but are not limited to. inert
diluenis, gramilating and disintegrating agents, dispersing agents, surface-active agents,
disintegrating agents, binding agents, and lubricating agents.

Suitable dispersing agents inchude, but are not luruted fo, potato starch, sodium starch
glveollate, poloxamer 407, or poloxamer 188, One or more dispersing agents can each be
individually present in the composition in an amount of about 0.01% w/w to about 90% w/w
relative (o weight of the dosage form. Qne or more dispersing agents can each be
individually present in the composition in an amount of at feast, greater than, or less than
about 0.01%, 0.05%, 0.1%, 0.5%, 1%, 2%, 3%, 4%, 5%, 10%, 13%, 20%, 25%, 30%, 35%,
40%, 45%, S0%, 55%, 60%, 65%, 70%, 75%, &0%, 85%, or 90% w/w relative to weight of
the dosage forma.

Surface-active agents (surfactants) include cationic, anionic, or non-tonic surfactants,
or combinations thereof. Suitable surfactants include, but are not limited to, behentrimonium
chloride, benzalkoniom chloride, benzethoniom chloride, benzododecinium bromide,
carbethopendecinium bromide, cetalkonium chloride, cetrimonium bromide, cetrimonium
chloride, cetvipyridine chlonde, didecyldimethylaramornium chloride,
dimethvidioctadecylammonium bromide, dimethyldioctadecviammonium chlonide, domiphen
bromide, lawryl methyl gluceth~10 hydroxypropy! dimonium chloride, tetramethylammonium
hydroxide, thonzonium bromide. stearalkonium chloride. octenidine dihyydrochioride, olaflur,
N-oleyl-1,3-propanadiamine, 2-acrylamido-2-methylpropane sulfonic acid, alkylbenzens
sulfonates, ammonium lauryl sulfate, ammonium perfluorononanocate, docusate, disodium
cocoamphodiacetate, magnesium laureth sulfate, perfluorobutanesuifonic acid,
perflucrononancic actd, perfluorooctanesuifonic acid, perflucrooctanoic acid, potassium
taurvl solfate, sodiom alkyl sulfate, sodium dodecyvl sulfate, sodium lauwrate, sodiam laoreth

sutfate, sodium lauroy! sarcosinate, sodium myreth sulfate, sodium
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nonanoyloxybenzenesulfonate, sodium pareth sulfate, sodium stearate, sodium sulfosuccinate
esters, cetomacrogol 1000, cetosteary] alcohol, cetyl alcohol, cocamide diethanolamine,
cocamide monoethanolanune, decvl glucoside, decyl polyglucose, glycerol monostearate,
octylphenoxypoly ethoxyethanol CA-630, isoceteth-20, lauryl glucoside,
octviphenoxypolyethoxyethanot P-40, Nonoxynol-9, Nonoxynols, nonyl
phenaxypolyethoxylethanol (NP-40), octasthylene glveol monododecyl ether, N-ociyl beta-
D-thioglucopyranoside, octyl glucoside, oleyl alcohol, PEG-10 sunflower glycerides,
pentaethylene glveol monododecyl ether, polidocansl, poloxamer, poloxamer 407,
polvethoxylated {allow amine, polyglycerol polyricinoleate, polvsorbate, polysorbate 20,
polysorbate 80, sorbitan, sorbitan monolaurate, sorbitan roonostearate, sorbitan tristearate,
stearvl alcohol, surfactin, Triton X-100, and Tween 80. One or more surfactants can each be
individually present in the composition in an amount of about 0.01% w/w to about 90% w/iw
relative to weight of the dosage forro. One or more surfactants can each be individually
present in the composition in an amount of at least, greater than, or less than about 0.01%,
0.03%, 0.1%, 0.5%, 1%6, 2%, 3%, 4%, 5%, 10%, 15%. 20%, 25%, 30%, 35%, 40%, 45%,
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, or 90% w/w relative to weight of the dosage
form.

Suitable difuents include, but are not limited to, calcium carbonate, magnesiom
carbonate, magnesium oxide, sodium carbonaie, lactose, microerysialline cellulose, calcium
phosphate, calciom hydrogen phosphate, and sodium phosphate, Cellactose ® 80 {75 % o~
lactose monohvdrate and 25 % cellulose powder), mannitol, pre-gelatinized starch, starch,
sucrose, sodium chloride, tale, anhydrous lactose, and granulated lactose. One or more
diluents can each be individually present in the composition in an amount of about 0.01%
w/w to about 90% w/w relative to weight of the dosage form. One or more diluenis can each
be mdividually present in the composition in an amount of at least, greater than, or less than
about 0.01%, 0.05%, 0.1%, 0.5%. 1%, 2%, 3%. 4%, 5%, 10%, 15%., 20%. 25%, 30%, 35%.
4%, 43%, 50%, 55%, 60%, 65%. 70%, 75%, 80%. 85%, or 20% w/w relative to weight of
the dosage form.

Suitable granulating and disintegrating agents include, but are not Hmited {0, sucrose,
copovidone, corn starch, microcrystalline cellulose, methyl cellulose, sodium starch
elveoliate, pregelatinized starch, povidone, sodium carboxy methvl cellulose, sodim
alginate, citric acid, croscarmeliose sodium, cellulose, carboxymethylcelludose calcium,

colloidal silicone dioxide, crosspovidone and alginic acid. One or more granulating or
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disintegrating agents can each be individually present in the composition in an amount of
about 0.01% w/w 1o about 20% w/w relative to weight of the dosage form. One or more
granulating or disintegrating agents can each be mdividually present in the composition in an
amouwnt of at feast, greater than, or less than about 0.01%, 0.05%, 0.1%, ¢.5%, 1%, 2%, 3%,
4%, 5%, 10%, 13%, 20%, 25%, 30%, 35%, 40%, 45%, S0%, 553%, 60%, 65%, 70%, 75%,

)

80%. 85%, or 90% w/w relative to weight of the dosage form.

Suitable hinding agents include, but are not limited to, gelatin, acacia, pre-gelatinized
maize starch, polyvinylpyrrolidone, anhydrous lactose, lactose monochydrate, hvdroxypropyt
methvieellulose, methyleellalose, povidone, polyvacryiamdes, sucrose, dextrose, maliose,
gelatin, polvethylene glveol. One or more binding agents can each be individually present in
the composition in an amount of about 0.01% w/w 1o about 90% w/w relative to weight of the
dosage form. One or more binding agents can each be individually present in the
compostition in an aroount of at least, greater than, or less than about 0.01%, 0.05%, 0.1%,
0.5%, 1%, 2%, 3%, 4%, 5%, 10%. 15%, 20%, 25%. 30%. 35%, 40%, 45%. 50%., 55%., 60%.
65%., 70%, 75%, 80%, 85%, or 90% w/w relative to weight of the dosage form.

Suitable lubricating agents include, but are not imited 1o, magnesium siearate,
calcium stearate, hydrogenated castor ail, glycervl monostearate, glveeryl behenate, mineral
oil, polyethylene glycol, poloxamer 407, poloxamer 188, sodium laureth sulfate, sodium
benzoate, stearic acid, sodium stearvl fumarate, silica, and talc. One or more hubricating
agents can each be individually present in the composition in an amount of about 0.01% w/w
to about 90% w/w relative to weight of the dosage form. One or more lubricating agents can
each be individually present in the composition in an amount of at least, greater than, or less
than about 0.01%, 0.05%, 0.1%, 0.5%, 1%, 2%, 3%, 4%, $%. 10%, 13%, 20%, 25%., 30%,
35%, 40%, 45%, 50%, 35%, 60%, 65%, 70%, 75%, 8§0%, 85%, or 90% w/w relative io
weight of the dosage form.

Tablets can be non~coated or they may be coated using known methods to achieve
delaved disintegration in the gastrointestinal tract of a subject, thereby providing sustained
release and absorption of the active ingredient. By way of example, a material such as
alveervi monostearate or glveervl distearate may be used to coat tableis. Further by way of
example, tablets may be coated using methods described 1n U.S. Patent Nos. 4,256,108,
4,160,452, and 4,265,874 to form osrootically controlled release tablets. Tablets may further
comprise a sweetening agent, a flavoring agent, a coloring agent, a preservative, or some
combination of these in order to provide for pharmaceutically elegant and palatable

preparation.
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Tablets can also be enterically coated such that the coating begins to dissolve at a
certain pH, such as at about pH 5.0 to about pH 7.5, thereby releasing a compound as
described herein. The coating can contain, for example, EUDRAGIT® L, 8, FS, and/or B
polymers with acidic or alkaline groups to allow release of a compound as described herein in
a particolar location, including in any desired section{s} of the intestine. The coating can also
contain, for example, BEUDRAGIT® RL and/or RS polymers with cationic or neutral groups
to allow for timne conirolied release of a compound as described hrein by pH-independent
swelling,

Parenteral Adminisiration

For parenteral administration, the compounds as described herein mav be formulaied
for injection or infusion, for example, infravenous, intramuscular or subcutanecus injection or
infusion, or for administration in a bolus dose and/or continuous infusion. Suspensions,
solutions or emwilstons in av oily or aqueous vehicle, optionally contaming other formulatory
agents such as suspending, stabilizing and/or dispersing agents may be used.

Sterile injectable forms of the compositions described herein may be aqueous or
oleaginous suspension. These suspensions may be formulated according to techniques
known in the art using suitable dispersing or wetting agents and suspending agents. The
sterile injectable preparation may also be a sterile injectable sohition or suspension inn a non-
toxic parenterally-acceptable diluent or solvent, for example as a solubion in 1, 3-butanediol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's
solution and isotonic sodium chlornide solution. Sterile, fined oils are conventionally
emploved as a solvent or suspending medium.  For this purpose, any bland fixed oil mav be
ernploved including svnthetic mono- or di-glyeerides. Faity acids, such as oleic acid and s
glycende derivatives are useful in the preparation of injectables, as are natural
pharmaceutically acceptable oils, such as olive otl or castor oil, especially in their
polyoxvethylated versions. These oil solutions or suspensions may also contain a long-chain
alcohol diluent or dispersant, such as such as lauryl, stearvl, or oleyi alcohols, or simular
alcohol.

Additional Administration Forms

Additional dosage forms suniable for use with the compound{s) and compositions
described herein include dosage forms as described in U.S. Patenis Nos. 6,340,475,
6,488,962; 6,451, 808; 5,972.389; 5,582,837, and 5,007,790, Additional dosage forms
surtable for use with the compound(s) and composstions described herein alse include dosage

forms as described in U.S. Patent Applications Nos. 20030147952; 20030104062;

- 247 -



wn

10

20

30

WO 2023/028597 PCT/US2022/075535

20030104053; 20030044466, 20030039688, and 20020051820, Additional dosage forms
suitable for use with the compound(s) and compositions described herein also include dosage
forms as described in PCT Applications Nos. WO 03/35041; WO 03/35040; WO 03/35029;
WO 03/35177;, WO 03/35039; WO 02/96404; WO 02/32416; W 01/97783; WO 01/56544;
WO 01/32217, WO 98/SS107. WO 98/11879, W( 97/4728S, W 93/18755; and WO
S0/11757.

Controlled Release Formulations and Drug Delivery Systems

In certain embodiments, the formudations described herein can be, but are not himited
to, short-term, rapid-offset, as well as conirolled, for example, sustained release, delayed
release and pulsatile release formulations.

The term sustained release is used in 18 conventional sense to refer to a drug
formulation that provides for gradual release of a drug over an extended period of time, and
that may, although not necessarily, result in substantially constant blood levels of a drug over
an extended time period. The period of time may be as long as a month or more and should
be a release which is longer that the same amount of agent administered in bolus form.

For sustained release, the compounds may be formulated with a suitable polymer or
hydrophobic material which provides sustained release properties to the compounds. As
such, the compounds for use with the method(s) described herein may be administered in the
form of ruicroparticies, for exarople, by njection or in the forro of wafers or discs by
implangation.

In some cases, the dosage forms to be used can be provided as slow or controfled-
release of one or more active ingredients therein using, for example, hvdropropylmethvi
cellulose, other polyroer matrices, gels, permeable roembranes, osmotic systems, multilayer
coatings, microparticles, liposomes, or microspheres or a combination thereof to provide the
desired release profile in varving propostions. Suitable controlied-release formulations
known to those of ordinary skill in the art, including those described herein, can be readily
selected for use with the pharmaceutical compositions described herein. Thus, single unit
dosage forms suitable for oral administration, such as tablets, capsules, gelcaps, and caplets,
that are adapted for controlfed-release are encompassed by the compositions and dosage
forms described herein,

Most controlled-release pharmaceutical products have a conumon goal of improving
drug therapy over that achieved by their non-conirolled counterparis. Ideally, the use of an

optimally designed controlled-release preparation in roedical treatment is characlerized by a
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minimum of drug substance being emploved fo cure or controd the condition in a minimum
amount of tirme. Advantages of controlled-release formulations jnclude extended activity of
the drug, reduced dosage frequency, and increased patient compliance. In addition,
controlled-release formulations can be used to affect the time of onset of action or other
characteristics, such as blood level of the drug, and thus can affect the ocawrrence of side
effects.

Most controlled-release formulations are designed to mitially release an amount of
drug that promptly produces the desired therapeutic effect, and gradually and continually
release of other amounts of drug to maintain this level of therapeutic effect over an extended
period of time. 1o order to maintaio this constant level of drug in the body, the drug roust be
released from the dosage form at a rate that will replace the amount of drug being
metabolized and excreted from the body.

Controlled-release of an active ingredient can be stimulated by varous inducers, for
example pH, temperature, enrymes, water, or other physiological conditions or compounds.
The term "controlled-release component”™ is defined herein as a compound or compounds,
including, but not limited to, polymers, polymer matrices, gels, permeable membranes,
liposomes, or microspheres or a combination thereof that facilitates the controlled-release of
the active ingredient. In one embodiment, the compound({s) described herein are
admunistered {o a patient, alone or in combination with another pharmaceutical agent, using a
sustained release formulation. In one embodiment, the compound{(s) described herein are
admunistered to a patient, alone or in combination with another pharmaceutical agent, using a
sustained release formmdation.

The term delayed release is used herein in its conventional sense to refer to a drug
forroulation that provides for an initial release of the drug aflter some delay following drug
administration and that mat, although not necessarily, includes a delay of from about 10
myimites up to about 12 hours.

The terro pulsatile release 1s used herein in its conventional sense {o refer to a drug
formulation that provides release of the drug in such a way as to produce pulsed plasma
profiles of the drug after drug adnunistration.

The term tmmediate release 1s used in its conventional sense o refer to a drug
formulation that provides for release of the drug wnediately after drug admimstration.

As used herein, short-term refers to any period of time up to and including about &
hours, about 7 hours, about 6 hours, about S hours, about 4 hours, about 3 hours, about 2

hours, about 1 hour, about 40 nunutes, about 20 minutes, or about 10 nunuies and any or all
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whole or partial increments thereof after drug administration after drug administration.

As used herein, rapid-offset refers to any period of tme up to and including about 8
hours, about 7 hours, about 6 hours, about 3 hours, about 4 hours, about 3 hours, about 2
howurs, about 1 hour, about 40 minutes, about 20 mimutes, or about 10 minutes, and any and all

whole or partial increments thereof after drug administration.

Bosing

The therapeutically effective amount or dose of a compound described herein depends
on the age, sex and weight of the patient, the current medical condition of the patient and the
progression of heart failure in the patient being treated. The skilled artisan 1s able to
determine appropriate dosages depending on these and other factors.

A suitable dose of a compound described herein can be in the range of from about
(.01 mg to about 5,000 mg per day, such as from about 6.1 yug to about 1,000 mg, for
example, from about 1 mg to about 500 mg, such as about 5 mg to about 250 mg per day.
The dose may be administered in a single dosage or in multiple dosages, for example from 1
10 4 or more times per dayv. When muttiple dosages are used, the amount of each dosage may
be the same or different. For example, a dose of | rug per day ray be administered as two
(0.5 mg doses, with about a 12-hour interval between doses.

1t is understood that the amount of compound dosed per day may be admunisiered, in
non-limiting examples, every day, every other day, every 2 days, every 3 days, every 4 davs,
or every 3 days. For example, with every ather day administration, a 5 mg per day dose may
be initiated on Monday with a first subsequent 5 mg per day dose administered on
Wednesday, a second subsequent S mg per day dose administered on Friday, and s0 on.

In the case wherein the patient's status does improve, upon the doctor's discretion the
admirstration of the compound(s} described herein is optionally given continuously;
alternatively, the dose of drug being administered is temporarily reduced or temporartly
suspended for a certain length of time (i €., a "drug holiday™). The length of the drug holiday
optionally varies between 2 days and 1 vear, including by way of example only, 2 days, 3
davs, 4 davs, S days, 6 days, 7 days, 10 days, 12 days, 15 days, 20 days, 28 days, 35 days, 50
days, 70 davs, 100 davs, 120 davs, 150 davs, 180 days, 200 days, 250 days, 280 days, 300
days, 320 days, 350 days, or 365 days. The dose reduction durnng a drug hohiday includes
from 10%-100%, including, by way of example ordy, 10%, 15%, 20%, 25%, 30%, 35%,
4095, 45%, 50%, 55%, 60%, 65%, T0%, 75%, 80%, 85%, 9%, 95%, or 100%,.

Once imnprovement of the patient's conditions has occurred, a mamtenance dose is
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administered if necessary. Subsequently, the dosage or the frequency of adminisiration, or
bath, 1s reduced fo a level at whuch the improved disease is retained. In certain embodiments,
patients require intermittent treatment on a long-term basis upon any recurrence of symptoms
and/or infection.

The compounds described herein can be formndated in unit dosage form. The term
"unit dosage form” refers to physically discrete units suitable as unitary dosage for patients
undergoing freatment, with each unit containing a predeternuned quantity of aciive material
calculated to produce the desired therapeutic effect, optionally in association with a suitable
pharmaceutical carrier. The unit dosage form may be for a single daily dose or one of
muliiple daily doses {e. g, about 1 1o 4 or more times per dayv). When multiple daily doses are
used, the unit dosage form may be the same or different for each dose.

Toxicity and therapeutic efficacy of such therapeutic regimens are optionally
deternuned in cell cultures or experimental anumals, including, but not limited to, the
determination of the LDse (the dose lethal to 50% of the population) and the EDso (the dose
therapeutically effective in 50% of the population}. The dose ratio between the toxic and
therapeutic effects is the therapeutic index, which is expressed as the ratio between LDso and
EDso. The data obtained from cell culture assavs and animal studies are optionally used in
formulating a range of dosage for use in human. The dosage of such compounds lies
preferably within a range of circulating concentrations that include the EDso with minimal
toxicity. The dosage optionally varies within this range depending upon the dosage form

emploved and the route of adnunistration utilized.

Examples

Various embodiments of the present application can be better undersiood by reference
to the following Examples which are offered by way of illustration. The scope of the present
application is not Himited to the Examples given herein,

Materials and Methods

Biological materials and methods

Diata was analvzed and visualized using GraphPad Prism 7.0a softweare. Al
statistical tests were two-sided and significance was assessed at p<€.05.

Cell culture

HepG2 cells were purchased from ATCC. Cells were cultured in Dulbecco's Modified
Eagle Medium (DMEM} ((ibeo, Ref 11995-065) supplermented with 109% FBS (Millipore

Sigma, TMS-013-B) and penicillin/streptomycin (ThermoFisher, 10378016). Assays were
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carried out in sterde-filiered opti-MEM {Gibco 31985-070) supplemented with 0.1% BSA
{Sigma, A9418} and peniciliin/streptomycin. Cells were grown to greater than 90%
confluency before beginning all experiments. Celis were passaged by first aspirating the
media, followed by treatment with trypsin {0.25%, Gibco ref 25200) and incubation at 37 °C
until cells began to detach from the plate (approximately 5 minutes). Cell aggregates were
dispersed by passing the cell solution through a 200 ul. pipette tip several times.

Flow cytomeiry

Flow experiments were performed using an Accurt C6 flow cytometer using BD
Accuri €6 software. Data was analyzed using Flowlo version 10.6.1 for Windows. Each cell
population from which MFI was calculated contained at least 1,000 hive cells. A
representative flow cytometry gating strategy is shown in FIG. 9.

Riological reagents

Asialofetuin (Sigma, A4781), fetwin (Sigma, F2379), and ORM (Sigma, GY883) were
each resuspended at a concentration of 1 mg/mb in assay media (opti-MEM + 0.1% BSA).
ASOR was prepared from ORM using a solid-phase neuwraminidase kit (Sigma, N5254). 15
mg of ORM was treated with immobilized neuraminidase corresponding to 0.5 units. The kit
defines | umt as the amount of enzyme necessary to remove 1.0 umol of sialic acid from
bovine submaxiliary mucin in 1 minute at pH S and 37 °C. Desialylation was carried cut in a
buffer of 100 mM sodium acetate and 2 mM caleium chloride (pH Sy aceording to
manufacturer instructions. Briefly, the shurry of neuraminidase beads was placed on filier
paper, then dried over vacuum. The filtrate was washed with DI water 10 times before the
beads were added to the ORM solution. The neuraminidase beads were then incubated with
ORM on a rotator for | hour at 37 °C, followed by filtration to remove the neuraminidase and
dialysis against PBS overnight at 4 °C. Removal of sialic acid was confirmed using a sialic
acid assay kit {Sigma, MAK314). In vitro experimentation with afy1-MoDE-A was performed
using monoclonal anti-P1AR antibody 23-6-7, gracicusly provided by Martin Ungerer and
colleagues. The antibody was fluorescently labeled using an AF488 antibody labeling kat
{Thermo, A20181). A single tube of dyve was used to label 100 pg of antibody at a time.
Unreacted dve was removed by using size exclusion zebra spin columns with a 7Tk MWL O
filter (Thermgo, 89878).

Endocyvtosis assavs

HepG2 cells were grown to confluency inn a 96 well plate and washed with PBS. Celis
were treated with premixed afi-MoDE-A {R-5000 nM final concentration) and AF488-

labeled anti-P1AR (100 oM final concentration) at 37 °C i an ncubator for twelve hours. In
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assays including competitive binders of ASGPR or anti-f1AR, a 200 nM {inal concentration
of afii-MoD¥E-A was used in all cases, and inhibitors were added to the antibody/compound
mixture before adding the mixture to cells. After the twelve hour incubation, cells were
washed once with PBS and then incubated with trypsin at 37°C for 5 minutes. Celis were then
suspended in cold DMEM + 10% FBS with 1 ug/ml propidium 1odine and analyzed by flow
cytometry.

Ternary complex assays

Hep(2 cells were grown to greater than 90% confluency in a T75 plate. Cells were
then washed with PBS and then removed {rom the culture plate by treatment with T M
EDTA/EGTA solution in PBS for 20 minutes at 37 °C. The cells were then pelleted (7
mimites, 300 x g}, and resuspended in ice-cold assay medium (opti-MEM + 0.1% BSA} to
replenish calcium. The cells were pelleted and resuspended an additional 3 times. Cells were
then aliquoted into a 96-well U bottom plate at approximately 35,000 cells per well. Pre-
mixed solutions of ¢fi-MoDE-A or COR1-0OH3 with anti-BiAR were then added to cells (8-
5000 nM final concentrations of ¢ffi-MoDE-A or CORI-OHS with 100 nM final
concentration of anti-B1AR) and incubated on ice for 30 minutes. The samples were then
gently nuxed via pipette and incubated on ice for an additional 30 nunuwes. Cells were then
pelted {5 minutes, 300 x g} and resuspended in assav media. This was repeated twice more,
and cells were finally resuspended in assay media with 1 ug/ml propidium iodide. The cells
were then analyzed by flow cvtometry.

fnvitro assay

Cells were grown in 24-well plates, and washed gently with PBS before adding
antibody and D-MoDE-A. Compound {at 40 nM final concentration} and antibody (at 100
nM final concentration) where applicable were premixed and added to cells. At the given
time point, cell culture media was collected and cells were washed 4x with PBS for 5 minutes
each. Cells were then treated with PBS with 1x RIPA buffer (Millipore-Sigma, 20-188) with
protease inhibitor tablets containing EDTA (Sigma, 11697498001 (50 pL per well). Cells
were incubated on ice for 5 nunutes, after which each well was thoroughly washed with
pipette and collected. Lysates were briefly cenirifuged before taking supernatant samples for
gel analysis to avoid aspirating the celf pellet. S uL of each cell lysate was added per lane.
For supematants, 0.2 ul. of the supernatant was added for each lane.

For western blots, samples were diluted into Laemeli buffer containing SDS but not
B~-mercaptoethanol. Samples were botled for 2 minutes in PCR tubes using an $1000 thermal

cycler. Sarmples were then loaded onto anvKd gels (Bio-rad, 4569033) and run at 120V using
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a BIORAD mini-protean tefra sysiem with a BIORAD power pack. Gels were then
transterred to

0.45 um Immobilon-F PVDF membranes (Immobilon, Cat. No. IPVHO0010) using
300 mA for 1 hour at 4 °C in transfer buffer {20% MeOH, 25 mM tris base, 192 mM
glycine). Membranes were then blocked with 0.2 prm-{filtered 5% BSA in PBS for 1 howr.
Anti-AF488 polyclonal antibody {Thermo, A-11094) diluted 1:10,000 into PBS containing
5% BSA was then added and the blots rocked gently for 1 hour. The membranes were then
washed three times with PBS containing 0.2% Tween 20 { AmericanBio, Ref AB020338-
005003 for 5 minutes each, then probed with HRP- conjugated goat g-rabbit antibody
(1:10,000 in PBS containing 5% BSA, Abcam, ab205718). The roembranes were gently
rocked for 1 hour at room temperature, then washed 3 times with PBST for 5 minutes each
and imaged. Tn the case of actin, we utilized an «-actin mouse antibody (Abcam, ab8226)
followed by goat a-mouse HRP conjugate {Abcam, ab2035719). Gels were imnaged using a
BIG-RAD ChemibDoc touch imaging system.

In vivo assay

In vivo experiments were performed under Yale University TACUC supervision
following protocol entitled "pre-clinical evaluation of small molecule immunomodulators”
(Protocol number 2017-11445). Experiments were performed in male nude mice purchased
from Jackson Laboratory (NU/J, Stock No. 002019). Compounds were adminisiersd i.p. in a
volume of 100 ul. PBS. Approximately 25 ul. of blood was collected at each time point by
saphenous bleed. Antibody was administered as 40 pg in 100 ub i.p. Compounds were
adnunistered daily at the specified dose throughout the course of experiments. For data
analysis, antibody levels were normalized to the recorded concentration of antibody observed
in each mouse 24 hours after the 1.p. admimistration.

ELISA to measure serum levels of anti-B1AR antibody

ELISA analysis of serum samples was performed using MaxiSorp 96 well plates
{Thermo, 44-2404-21}. For ELISAs to measure anfi-B1AR antibody in serurm, plates were
coated with 30 pL of ufi-MoDE-A at 0.6 uM in PBS and incubated at 4 °C overnight.
Coating solution was then removed, and the plates were blocked with 200 uL 2% BSA in
PBS for 2 howrs at room temperature, followed by washing three times with PBST (¢.2%
Tween). Serum samples were diluted 1:400 11 2% BSA o PBS. 100 ubL of the diluted
samples were added to the plate for 1 hour at RT. Plates were then washed with PBST (3
times), followed by addition of 100 uL goat anti-rat IgG-HRP conjugate {Ab 97057} diluted

in 2% BSA in PBS (1:10,000). The plates were incubated for 1 hour at RT, then washed four
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times with PBST. The plates were then treated with 100 pL. TMB (Thermo 34028) for 30
minutes in the dark followed by 50 pl 2 M sulfuric acid and analyzed for 0D at 450 nmon a
plate reader (BioTek Synergy 2} Sample concentrations were determined against a standard
curve.

Microscopy studies

Cells were grown in 8-well microscope cell culture contatners (Thermo, 177402)
treated with polylysine (Fisher Scientific, 343810001). For all experiments, D-MoDE-A was
used at a final concentration of 40 nM, and antibody was used at a final concentration of 100
nM. At 12 hours, cell culture media was removed and cells were washed with PBS once
hefore fixation with 3.5% formaldehyde PBS solution for 13 munutes. Cells were then
washed with PBS, and permeabilized for 5 mimues with 0.5% triton X-100 in PBS. Cells
were blocked with 0.2% tween tn TBS (Tween 20, AmericanBio, Ref ABOZO38-00500) and
3% BSA (Sigma, A9418) for one hour at room temperaiure. Primary anfibodies (EEAL
Abcam ab70521; Lamp?2, Abcam ab25631) were diluted as suggested by the manufacturer
into 0.2% TBST + 3% BSA. After incubation for 1 how in a humidified chamber protected
from hight, cells were washed 3x with PBST for S minutes each. Cells were then treated with
Alexa Fluor 568-labeled secondary antibody {Abcam, abl75473) at 1:500 dilution. Cells
were washed 3x with PBST for 5 minutes each, then treated with PBS containing Hoechst
stain {final concentration 1ug/ml), incabated at room temperature for at least 10 minates,
and imaged. Cells were visualized using a Zeiss Axio Observer 1 inverted microscope using
63x magnification under oil. Image analysis was performed on ZENZ (blue edition} version
2.0.0.0

Mouse monoclonal o~-DNF production

Antibodies were produced in U7.6 hybridoma cell hines donated by the Eshhar Lab at
the Weizmann Institute. Purification and cell culture were carried out according to published
methods {47). Cells were thawed and colture in 75 cm2 flasks (Coming, 353136) using high
glucose DMEM contatning pyruvate and L-glutanmine (fovitrogen, 11993-065} supplemented
with 15% Horse

Serum {Invitrogen, 16050-114) and Pen strep (Inviirogen, 10378-016}. Cells were
passaged every 3 days until greater than 90% of the cells were viable. They were then
transterred to CELLinel1000 Bioreactors (VWR, 37003-008) through inoculation with
approximately 75x106 cells. They were grown in the cell compartment in DMEM containing
15% 1gG Depleted FBS (Invitrogen, 16230~ (78) and Pew/Strep. Nutrient compariment

contained compartment media (DMEM supplemented with 5% horse serum and Pen/Strep).

- 255 -



wn

10

20

30

WO 2023/028597 PCT/US2022/075535

Cells were incubated for 5 days at 37 °C in a 5% CO2 atmosphere.

When cells reached 20-30x106 cells/ml., they were pelleted (300 x g for 10 minutes)
and the superatant collected. Supernatant containing «-DNP Ip(G2a was clarified by
filtration through a .22 micron sterile filter, then stored at -80 °C. IgG was purified using 5
mL protein G spin columns {Thermo, 89961 ). Parity was confirmed using SDS-PAGE.
Activity and isotype were confirmed using sandwich ELISA performed with DNP-modified
BSA and an g-mouse 1gG2a antibody (Novus Biologicals, 7511).

Mouse polyclonal a-DNP production

Mouse polvclonal serum was prepared by mmunization of male CS7BL/6 muce
{Jackson Laboratory, stock no. 000664). Appropriately aged male mice (>6 weeks old) were
chosen. DNP- KLH was suspended in sterile PBS to 2 me/mL {2x solution}. This was diluted
11 with Complete Freund's Adjuvant (from EMD Millipore} and vortexed to achieve a
srooth suspension. For booster doses, Freund's incomplete adjuvant (iCFA) (from EMD
Miullipore) was used. For all doses, 100 yl. was injected 1 p. into mice. Two weeks post-
immunization, mice were boosted by another injection of antigen. Following that, mice were
boosied every week {up to five times} until the concertation of u~-DNP was between 0.5 and
1.0 rag/mi., at which time serum was collected. Serum was pooled and injected into mice at a
volume of 200 pL.

ELISA t0 measure serum levels of o-DNP

ELISA analysis of seruro saroples was performed using MaxiSorp 96 well plates
{Thermo, 44-2404-21}. Plates were coated with 50 uL of BSA-DNP (Invitrogen, A23018) at
100 ug/mlb. in PBS and incubated at 4 °C overnight. Coating solution was then removed, and
the plates were blocked with 2% BSA in PBS for 2 hours at room temperature, followed by
washing twice with PBST (2% Tween). Serum samples were diuted in 2% BSA in PBS. For
samples collected on days 1-4, serum was diluted 1:5,000. For day 5 and after, serum was
diluted 1:1,000 to account for fower levels of circulating antibody present in serum. Diloted
samples were added 1o the plate for 1 hour at RT. Plates were then washed with PBST (3
times}, followed by addition of goat g-mouse IgG-HRP conjugate {Ab 97265) diluted in 2%
BSA in PBS (1:10,000). The plates were incubated for 1 hour at RT, then washed three times
with PBST. The plates were then treated with TMB (Thermo 34028) followed by 2 M
H2804 and analyzed for OD at 450 wm on a plate reader (BioTek Synergy 2). Sample
concentrations were determined against a standard curve.

AST/ALT measurement

AST and ALT levels were deternined using pooled serum from nuce from the study
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in Figure 4C. Samples were submiited to the Mouse Metabolic Phenotyping Center at the
Yale Diabetes Research Center,

Half-life determination

Half life, AUC, and bioavailability were measured by Aurigene Discovery
Technologtes Lid. Male nude mice were injected with Tmpk dose 1.p. in 200 uL 5% DMSQ,
30% PEG300, and 65% water. Blood samples were collected (sub-mandibular) and the
concentration of D-MoDE-A was measured by LC-MS/MS. Time points were 0, 3, 15, and

30 minutes, and 1, 2, 3, 6, 12, and 24 howrs.

Synthetic Methods
General Chemistry Methods

Flash chromatography was performed on a CombiFlash NEXTGEN 300+ system by
Teledyne ISCO running software version 5.0.62. Separation was accomplished on RediSep
Rf High performance gold C18 columns (reverse phase) and RediSep Rf flash colurons
{normal phase). HPLC purification of compounds was performed using a Shimadzu
chromatography systermn using a Waters SunFire C18 OBD Prep Colunm (10 mim x 150 mmy)
and the LabSolutions Software Version 592 NMR analvsis was performed on Agilent DD2
400 MHz and Agilent D2 600 MHz NMR spectrometers. The 600 MHr mnstrument was
equipped with a C{H] cold probe. HRMS analysis was performed on a Shimadzu 9030
Quadrupole Time-~of-Flight LC-MS systern following separation oun a Shim-pack Scepter
CI8-120 1.9 wm (2.1 x 50 mum) reverse phase chromatography column. Separation was
performed using a gradient of water to acetomtrile with the addition of 0.1% formic acid.
Infrared (IR) specira were collected using neatsamples and recorded using a Thermo Nicolet
6700 equipped with a diamond ATR cell. Select Vama are reported in cm™. Optical rotation was
recorded on a Rudolph Autopol IV polarimeter. Chemicals were purchased from Sigma

Aldrich, Fisher, and Carbosvath. Solvents were purchased from Fisher and Macron.
Svnthetic Examples

Compound 1 (43)
2-(2-(2-hydroxyethoxy jethoxy Jethyl 4-methyibenzenesulfonate

B N \Q\ N \\3 Nt \.‘{:3“gég

Triethylene glveol (17.5 mi., 19.7 g, 131 numol, 5 eq) was dissolved in
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dichloromethane (150 mL} and {ricthviamine {5.48 mL, 3.9 g, 1.5 eq} and cooled to { °C. p-
Toluenesulfonyl chloride (5.00 g, 26.2 mmol, 1.00 eq) was then added and the reaction
mixture stirred at room temperature for 18hours. The reaction was then diluted mto
dichloromethane and washed with water {3x} and brine (1x). The organic laver was dried over
sodium sulfate and concentrated in vacuo to give compound 1 {6.89 g, 22.6 yumol) as a pale
yellow oil 1n 85% yield, which was used without further purification. Specira matched

previously reported characterization data.

Compound 2 (48)
2-(2-(2-azidoethoxy)ethoxyjethan-1-o}
B oo B

Tosylate 1 (2.00 g, 6.57 ramol) and sodium azide (0.470 g, 7.23 mmol, 1.1 eq) were
dissolved in dimethylformamude (40 ml) and stirred overnight at 60 °C. Volume was
reduced by approx. halfby rotary evaporation at 70 °C, and the resulting mixture was diluted
into waler and extracted withethyl acetate (2x}. The combined organic layers were washed
with brine (3x), dried over sodium sulfate, and evaporated to give azide 2 as a colorless ot

(932 mg, 5.32 mmol) in 81% vield, whichwas used without further purification.

Compound 3 (49)

(5R.6K TR TaR)-3-(acetoxymethyD)-2-methyi-3a,6,7 Ta-tetrahydro-5H-pyranof 3, 2~djoxazole-
6,7~ divl diacetate

n-Galactosamine pentaacetate (100 mg, 0.257 mmol) was dissolved in dichloroethane
(1.0 mL} and stirred at room temperature under nitrogen atmosphere before the addition of
trimethylsilyl tifluoromethanesulfonate (70.0 gL, 86.0 mg, 0.387 mmol, 1.50 eq). The
reaction was stirred at 54 °C {or 90 minutes, then allowed {0 cool to room temperature and
stirred for a further 12 hours. Thereaction was then poured into e cold saturated agueous
sodium bicarbonate and extracted into dichloromethane. The organic laver was washed with
water {2x} then dried over sodium sulfate and evaporated to give compound 3 (236 mg, 77.7

mmol, 92%) as a dark gurmn, which was used without further purification.
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Coempound 4 (54)
(2R 3R 4R 5R aR)-5-acetamido-2-(acetoxymethy i }-6-(2-(2-(2-
azidoethoxy)ethoxy Jethoxy tetrahy dro-2H-pyran-3,4-diyl

diacetaie

Compound 3 (200 mg, 0.607 mmol} and compound 2 {160 mg, 6.913 omol, 1.50 eg)
were dissolved in 1.2-dichloroethane {5 mL}. 4 A molecular sieves were then added, and the
reaction stirred for 30 minutes. Trimethyisilyl trifluoromethanesulfonate (55.0 uL, 67.5 mg,
0.304 yomol, 0.5 eq) was then added to the muxture, and the reaction stirred overnight. The
reaction was then diluted into dichloromethane, washed with 1 M sodium bicarbonate (1x) and
water (1%}, then driedover magnesium sulfate and concentrated. The crude o1l was pwified on
silica gel (80-100% ethy! acetate 1n dichloromethane) to give compound 4 (245 mg, 0.486
mmol} as a white solid in 80.1%yvield. Specira matched previously reported characterization

data.

Compound S (30)
(2R 3R 4R 5R aR)-3-acetamudo-2-(acetoxy methy 1 }-6-(2-(2-(2-
aminoethoxy jethoxy jethoxy)tetrahy dro-2H-pyran-3 4-diyl

diacetaie

Triphenylphosphine(1.40 g, 535 mmol, 1.5 eq) and waler (257 uL, 14.28 nunol, 4 eq) were
then added and the reactionstitred at room temperature under nitrogen for 36 hours. The
solvent was removed and the crude product, a colorless oil, was used in the next step without

further purification.

Compound 6 (51}

3,3'-{(2-amino-2-({2-cyanoethoxy ymethyypropane-1,3-divibis{oxy ydipropansnitrile
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Tristhydroxymethyllaminomethane {1.00 g, 8.25 mmol, 1.00 eq) was dissolved in
dioxane {50 mL) and agueocus KOH (40% w/v, I mL) was added dropwise. Acrvlonitrile
(6.45 mb, 5.22 g, 25.2 mmol, 3.05 eq) was then added dropwise, and the reaction stirred
overnight. Dioxane was removed in vacuo and the resulting aqueous solution was exiracted
with dichloromethane (3x). The combined organic layers were then washed with brine {1k},
dried over sodiur sulfate, and evaporated to give compound 6 as a colorless il {112 g, 4.04
mmol) in 48.5% vield, which was used n further steps without purification. Specira matched

previously reported characterization data.

Compound 7 (32)
Damethyl 3,3'-({Z-anuno-2~{{3-methoxy-3-oxopropoxy jmethyjpropane-1,3-
diylbis(oxy)ydipropionate
MeBOE, PR
K R

AR i e
ST RGO

Compound 6 (710 mg, 2.50 muyool} was dissolved in methanol (30 mL) and sulfuric
acid (2.8 mb)and heated at reflux for 24 hours. The solution was then cooled to 0 °C, then
neutralized with saturated sodium bicarbonate solution, and extracted into dichioromethane
(3x). The organic layerwas washed with brine, then dried over sodium sulfate and
concentrated. The residue was purifiedon silica gel (0-10% methanol in dichloromethane) to
give compound 7 as a colorless 01l (656 mg, 1.73 mmol} in 69.0% yield. Spectra matched

previously reporied characierization data.
Compound 3

Methyl 8,8-bis((3-methoxy-3-oxopropoxy ymethyl)-3,6-dioxo-1-phenyi-2, 1 0-dioxa-4,7-

diazatndecan-13-cals
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Compound 7 (723 mg, 1 90 mmol) was dissolved i acetonitrile (25 mb). 1-
hydroxybenzotriazole hvdrate (291 mg, 1.90 mmol, 1 eq), N-carbobenzyloxyglycine (397
mg, 1.90 mmol, 1.00 eq), and N, N'-dicyclohexylcarbodiimide {392 mg, 1.90 mmol, 1.00 eqg)
were then added, and the reaction stirred overnight. Acetonitrile was then evaporated, and
the residue adsorbed onio silica and purified using a gradient of 0-75% ethyl acetate in

hexanes. Compound 8 (866 mg, 1.52 mmolywas recovered as a colorless ol in 809% vield.

Compound 9
8,8-bis({(2-carboxy ethoxy ymethv1}-3,6-dioxo~-phenyl-2,10-dioxa-4, 7-diazatridecan-~13-oi¢
acid

TRON

HOGE.

Compound 8 (100 mg, 6,175 mmeol) was dissolved in dioxane {2 mL) and aquecus
WNaQOH (2 M, ZmL}. The reaction was stirred for 3 hours, then acidified (o approximately pH 3
with 6 M hydrochioric acid and extracted twice into ethyl acetate. The orgamc fraction was
washed with 1 M HCL then dried over sodium sulfate and evaporated to give compound % as a

white solid, whichwas used in further steps without purification.

Compound 16
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Compound 9 (372 yug. 0.704 muool, 1 eq) was dissolved in dimethylformamide
{40 mLl) and diisopropviethylamine (981 pb, 728 mg, 5.63 mmol, 8.00 eq). NN N' N'-

ERRAEY

tetramethyl-O-(1H- benzotriazol-1-viyuronium hexafluorophosphate (HBTU) (1.01 g, 2.67

Ly

mmol, 3.8 eq) was then added, and the reaction stirred for 10 manutes at rooro teraperature
before the addition of compound 5 (1.28 g, 2.67 nunol, 3.8 eq). The reaction was stirred for
two hours, then diluted into dichloromethane and washed with aqueous solutions of
phosphoric acid {1 M, 1k}, sodium bicarbonate (1 M, I1x}, and brine (1x}. The organic layer
was dried over sodium sulfate and evaporated onto silica. The residue was purified (0-20%
10 methanol in dichloromethane} to give compound 16 (831 mg, 0.436 mmol} as a light brown

solid in 62% vield.

Compound 11
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Compound 18 (710 mg, 0.372 mmol} was dissolved in dry methanol {90 mL} and

cooled to 0 °C under nitrogen. Palladiurg ou carbor (71.0 rog, 10% w/w) was then added, and
¢ reaction stirredunder hvdrogen atmosphere (1 atm) at 0 °C for 16 howrs. Upon

completion, the reaction was filtered through Celite and methanol was evaporated to give the
intermediate amine (657 mg, 0.370mmol} in 99.5% yield, which was used without further
purification. The amune (441 mg, 6.248 romol) was dissolved in methanol (15 b} and
cooled to 0 °C. Sodium methoxide solution (400 uL, 5.4M in MeQOH) was then added {o effect
removal of the O-acetvl groups, and the reaction wasstirred for 30 minutes. Dowex SOWXE
was then added until the solution was weakly acidic. The resin was filtered and washed
thoroughly with methanol. The combined methanol fractions were evaporated under reduced
pressure to give compound 11 (274 mg, (.196 mmol} as a colorless otfin 79.0% vield.

Compound 11 was used in further steps without purification.
Compound §2

benzyl {1-hydroxy-15,15-bis(14-hydroxy-S-ox0-2,9, 1 2-trioxa-G-azatetradecyl}- 10,17-dioxo~

3,6,13-trioxa-9, 1 6-diazaoctadecan- | 8~vijcarbamate
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Compound 9 (302 mg, 0.572 nuvol, | eg) was dissolved in dichloromethane
(25 wl) and triethylanmune (480 ul, 3.431 mmol, 6.00 eq). |-Hydroxvbenzotriazole
hydrate (350 mg, 2.28 mmol, 4 eq) and 1-ethyi-3-(3-dimethylaminopropylicarbodiimide

S (417 vog, 2.17 romol, 3.80 eq) were then added, followed by 2-[2-(2-

Aminoethoxy)ethoxviethanol {300 mg. 2.01 mmol. 3.80 eg}). The reaction was then stirred
overnnight. The solvent was evaporated and the crude material was purified by reverse phase
chromatography without workup using a gradient of 3-35% acetowtrilein water with the
addition of 0.1% formic acid. Compound 12 was recovered in 65% yield as a colorless oil

10 (345 mg, 0.372 mmol}.

Compound 13
3.3'-{{2-(2-amincacetamido}-2-{ 1 4-hvdroxy-5-0x0-2,9. 1 2-trioxa-6-azatetradecyDpropane-

1,3~ diyhibis{oxy Pbis{N-{2-(2-2-hvdroxyethoxy)ethoxyyethyilpropanamide)

B
&
\
e
A

‘\"\,.\' Mo .
¢ ¢

OH Facs
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Compound 12 (345 mg

=21

0.374 mmol, 1.00 eq) was dissolved in methanol {15 mL).
The solution was purged under a stream of nitrogen for five minutes. 10% Pd/C (§% wiw,
17.3 mg) was then added under a stream of mitrogen. The mixture was purged with hydrogen
gas for 5 minutes and then stirred for 2 howrs under a hydrogen atmosphere. The mixtwre was
then filiered through a bedof Celile and the filirate concentrated in vacuo to give compound 13
as a colorless oil in 96% vield{282 mg, 0.339 mmol). Compound 13 was used in further steps

without purification.

Cempound 14 (33)

ethyvl 4~({2-chloroquinolin-6-vljoxy }butanoate

2-Chioroquinolin-g-of (1.00 g, 5.57 mmol} and potassium carbonate (1.53 g, 11.1
mmol, 2.0 eq) were dissolved in dimethyiformamide (20 mL). Ethvl bromobutyrate (1.63 g,
1.2mi, 8.35 mmol, 1.5 eq) was then added and the mixture stirred at 80 °C for 12 hours. The
reaction was diluted intoethyl acetate and washed with water (2x) and brine (3x}. The organic
laver was dried over sodiumsulfate and evaporated to give compound 14 as a pale vellow
solid, which was used in the next step without further purification. Spectra matched

previously reported characterization data.

Compound 15 (53)
ethyvt 4-((2-({trimethylsilyDethynyDqunolin-6-yBoxy)butanocate

TN

&

AN e

Compound 14 (1,52 g 517 nunol) was dissolved in tetrahydrofuran (20 mL) and
tricthylamine (2.88 mbL, 20.7 mmol, 4 eq). Copper (I} iodide {49.0 mg, 0.258 mmol,
(.050 eq}, Bis(triphenylphosphine)palladium(Il} dichloride (181 mg, 0.258 mmol, 0.050 eq),
and trimethvisilylacetyvlene (1.07 mL, 762 mg, 7.75 nmunol, 1.30 eq) were then added and the
reaction was stirred in a pressurized vessel at 65 °C for 16 hours. The reaction mixture was

then cooled andfiltered through Celite. The Celite was washed extensively with ethyl acetale,
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and the combined organic fractions were evaporated. The residue was purified on silica (-
50% ethyl acetate in hexanes) to give compound I8in 1% vield (149 ¢, 4 19 mmolyas a

pale vellow solid. Spectra matched previously reported characterization data.

Compound 16 (33)

ethyl 4-({(2-ethynylquinolin-6-yijoxybutanoate

Compound 15 {1.57 g, 442 munol) was dissolved in dichloromethane {45 mL) and
tetrabutylammonium fluoride (5.30 mi., 1.00 Min THF, 3.30 mmol, 1.20 ¢q) was added
dropwise. After T minute of stirring, 10% citric acid {50 mL) was added and the reaction
stirred for 30 minutes. The organic phase was washed with water {1x}, dried, and evaporated
1o give compowundi6 as a pale vellow solid, which was used in the next step without further

purification. Spectra matched previously reported characterization data.

Compound 17 (53)

ethyt 4-((2-(1-(3-fluoro~-4-hydroxypheny - 17-1 2, 3-triazol-d-y Hqunolin-6-yBoxy ybutancate

}\%‘ﬁ

2-Fluoro-4-iodophenol (126 mg, 0.529 ramol) and sodium azide (38 mg, 0.528 mmol,
1.0 eq} were dissolved in DMSQ (2.5 mL} and stirred for 2 hours at 70 *C. Compound 32 (150
mg, 0.529 mmol, 1 eq), trans-N, N'-dimethvicyclohexane-1,2-diamine (11 mg, 0.079 mmgol,
0.15 eq), sodium ascorbate (10 mg, 0.053 mmol, 0.1 eq), copper (I} iodide (15 mg, 0.079
mmol, 0.15 eq), and H20(2.5 ml) were then added, and the mixture stirred at 70 °C
overnight. The reaction was diluted with ethyl acetate and washed with water {1x) and brine
{1x). The organic laver was dried over sodium sulfate, evaporated, and purified on silica {0-
100% ethyl acetate in dichloromethane) to give compound 17 as an off-white solid. Specira

matched previously reported characterization data.

Compouand 18 (53)
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4-{{2-(1-(3-fluoro-4-hydroxyphenvi)-1#H-1,2 3-triazol-4-y Dgunolin-6-yhoxyybutanoic acid

el

Compound 17 (90.0 mg, 0.206 mumol) was dissolved in dioxane (6.00 mlyand 2 M

MNaOH (3.00 mL). The reaction was stirred for 2.5 hours at room temperature, at which time

wh

the reaction was diluted with water and the pH adjusted to 3 with 1 M HCL The mixture was
cooled to 4 °C and filtered to give compound 18 as a brown powder, which was used without

further purification.

Compound 19 (54

10 2-(2-(2-(Z-hydroxyethoxyJethoxy Jethoxy Jethyl 4-methyibenzenesulfonate

Tetracthylene glycol (50.0 g, 258 yomol) was dissolved in tetrahydrofuran (10 mb),
cooled to 0 °C, and stirred. Sodium hydroxide {1.68 g 41.3 mmol, .60 eq) in water (10 mL)
was then added, followed by the dropwise addition of p-toluenesulfonyl! chloride (5.00 g, 25.8
15 mmol, 1.00 eq} in tetrahydrofiran (3 mb). The reaction mixture was stirred at 0 *C for 4
hours, then diluted into dichloromethane. The organic laver was washed with ice-cold water
(2x) and brine (Ix), then driedover sodium sulfate to give compound 12 (8.84 ¢, 25.4 mmol,

99.0% yield} as a pale yellow o1}, which was used in further steps without purification.

]
<

Compound 26 (54)

2-{2~(2~{2-azidoethoxy ethoxy yethoxy)ethan-1-ol

Compound 19 (8.84 g, 25 4 mmol) was dissolved in 100% ethanol (200 mL) and
sodium azide {4.128 g, 63.5 mumol, 2.50 eq) was added. The reaction was heated to reflux for
25 16 hours, then cooled to room ternperature before the addition of water (150 mL). Ethanol
was then evaporated under reduced pressure and the aqueous laver exiracted into ethyl
acetate (2x}. The organic layer was washed with water (1x) and brine (1x), dried over sodium

sulfate, and evaporated 1o give compound 28 (4.82 g, 22.1 mmotl} as a vellow oil in 87.0%
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vield. Specira matched previously reported characterization data.

Compound 21 (55)

2-{2~{2~{2-azidoethoxy Jethoxy jethoxyjacetic acid

ice-cold Jones reagent was prepared separately by mixing chromium trioxide (1.37 g,
13.68 mumol, 3.00 eq), H:804(2.38 mL), and water {26.2 mL) at 0 °C. Jones reagent was
then added dropwiseto an ice-cold solution of compound 28 (1. 00 g, 4.56 mmol, T eg)in
acetone (20 ml). The reactionwas then warmed to room temperature and stitred for 16 hours.
Excess Jones reagent was quenchedby the addition of isopropanol (30 mL} and the reaction
concentrated. The aqueocus residue was then extracted with dichloromethane (4x}. The
organic lavers were combined, dried over sodium sulfate, and concentrated 1o give compound
21 (831 mg, 3.65 mmol) as a colorless oil in 80% vield, which was used in further steps

without purification.

Compound 22 (36}

2-{2-(2-{2-aminoethoxy jethoxy jethoxy jacetic acid

Compound 21 (2.4 g, 10.3 mmol) was dissolved in methanol and the atmosphere
flushed with Na.Palladiom on carbon (240 mg, 10% w/w) was added, and the flask purged
again with nitrogen. The flask was then purged with Hz gas and stirred under Ha atmosphere
for 16 hours. The reactionthen filtered through celite and concentrated to give compound 22
{2.13 g, 10.3 mmol) as a colorless oil in quantitative yield. Compound 22 was used in further

steps without purification.

Compound 23
2-{2-(2-(2-({2 4-dinitrophenyDaminojethoxy Jethoxy Jethoxy Jacetic acid

1-Chioro-2 4-dinitrobenzene (52.8 mg, 0.261 mmol, 1.00 eq), compound 22 (75.5 mg,
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0.365 mmol, 1.40 eq), and sodium bicarbonate (65.7 mg, 0.782 mmol, 3.00 eq) were
dissolved in water {2 mL} in a round bottom flask. The flask was then equipped with a reflux
condenser and the mixture stirred at 95 °C for 16 hours. The reaction was then cooled and
dituted into satwwrated sodium bicarbonate solution (10 mL), then washed with
dichloromethane. The aqueous solution was thentreated with concentrated hydrochloric acid
until the pH of the solution was below 2. The agueouslayer was then extracied twice with
dichloromethane. The combined organic layers were dried over sodium sulfate and
concentrated to give compound 23 (36.8 mg, 0.232 numol) as a bright yellow o1l in 89%

vield, which was used without further purification.

Compound 24 (3-MeDE-A)

Compound 23 {75 1mg, 0.201 mmol, 1.5 eq) was dissolved in dichloromethane (7
mL} and ditsopropylethylamine (26 mg, 0.201 vunol, 1.5 eq). 1-hydroxybenzotriazole
bydrate (34.9 mg, 0.2278 nuuvol, 1.7 eq) and 1-Ethyi-3-(3-
dimethylaminopropylicarbodiimide {(41.0 mg, 0.214 mmol, 1.6 eq} were then added and
stirred for 10 minutes. Chz-deprotected amine 9-0Ac {(238mg, .134 mmol, 1 eq) was added,

then the reaction mixture stirred ovemight. Mixture was diluted intodichloromethane (50 miL)
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and washed with water {21} and brine {(1x}. The organic layer was driedover sodium sulfate
and concentrated. The residue was dissolved in methano! (3.5 mL) and chilledto ¢ *C. Sodium
methoxide solution (5.4 M in methanol, 292 pl) was then added, and the reactionstirred at 0
°C for 30 minutes. It was then neutralized with Dowex S0WXE. The reaction was filtered and
concenirated. The residue was directly purified on HPLC {0-30% acetonitrile in water, + 0.1%
formic acid) to give compound 24 as a bright vellow powder in 18.6% yield (0.0249 munol,

43 7 mg).

Compound 28 (M-MoDE-A)

Compound 18 (23 5 mg, 0.0575 mmol, 1.1 eq) and (1-
[Bis{dimethylanunoiymethylene|-1H-1,2, 3-triazolof4. 5-bipvridimum 3-oxide
hexafluorophosphate (HATU) {20.0 mg, 0.0522 mumol, 1 eq) were dissolved in dry
dimethyiformamide (§ mL) and dissopropylethylamine (23.3 L, 16.9 mg, 0.131 mmol, 2.5
eqy and stirred for 10 minutes at room temperature. Compound 11 (73.0 mg, 0.0522 munol}
was then added, and the reaction stirred for 30 minutes. The mixture was loaded directly onto
HPLC and purified {20-30% acetonitrile in water, +0.3% irifleoroacetic acid) to give

compound 25 (12 mg, 0.0067 mmol) as an of-white powder in 12.8% vield.
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Compound 26 (DNP-OH3)
3.3-{(2-(14-((2 4-dinttrophenyDamino }-4-0x0-6,9,12-trioxa-3-azatetradecanamido}-2-(14-
hydroxy-5-0x0-2,9,12-trioxa-6-azatetradecy Dpropane- 1, 3-divi dbis(oxy  his{ N-{2-(2-(2~

hydroxyethoxy)ethoxyethyDpropananude)

8
H
e,
;
N i
N
ﬁ;,\} g}\

Compound 13 (234 mg, 0.297 mmol, 1 eq) was dissolved in dimethviformamide
{§ mL) and tricthylamine (83 ul., 0.594 mynol, 2 eq). Corapound 23 (110.9 mg, 0.297 amol,
1 eq) and |- Hydroxybenzotriazole hydrate (59 mg, 0.386 mmol, 1.3 eq) were then added,
followed by 1-ethyl-3-(3-dimethylaminopropyhcarbodiimide (68.3 mg, 0.356 mmol, 1.2 eg).
The reaction was stirredovernight, then evaporated under a stream of nitrogen. Product was
purified directly via reverse phase HPLC (0-30% acetomtrile yo water +0.1% fornuc acid)

to give compound 26 {178 mg, 0.155 numol} as a bright vellow powder in 52.3% vield.

General Synthetic POrocedures for CORI-GN3 Compounds

The backbone of NosCORI ((Azidohomoahining}-DEARRCYNDPKCSDBEV() was

svnthesized following standard Fmoc-based SPPS conditions. The peptide was cleaved from
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resin using 20% HFIP in DCM (1 x 1h, 1 x 30min} and the solvent was evaporated under Na
gas. The crude material was dissolved in DMF containing HATU (3 eq), HOAL (4 eq), and
DIEA (6 eq) and stirred overrught at RT. The DMF was then removed by rotevap and the
material was further dried under high vac for 1 h. The peptide was then deblocked with TFA /
TIPS / thioanisole / water {89:3:3:5 v/v) for 2 h and the solvent was evaporated under No. The
peptide was then ether precipitated {2x50 mi) using ice cold ether and centrifuged (2500 ref x
2 Smin}. The ether was removed and the resulting peliet was dissolved in H:O / MeUN/
DMSO (1:1:1 v/v) and stirred at RT for 4% howrs. The crude peptide was then punfied by
HPLC (MeCN/ HoO + 0.1% TFA, 0-80% MeCN), vielding axido-COR1 188,

O

o wa“%_“\‘ [N ONO\/\ i~ o OH
O (0] AcHN
A w N
4 1 N o o .
o o N N e Ny o OH
AcHN
m\.—? o

OH

HN \AOWOV‘:E{N o OH
Cl
G

O
Compound 13 (NH2GN3} was dissolved in DMF, followed by addition of DBLO-
PEGe-NHS ester (CAS# 1427004-19-0) (1.5 eq) and DIEA (S eq). The reaction was stisred
overnight at RT, diduted in HoO + 0.1% TFA, and purified by HPLC (MeCUN/HaO + 0.1%
TFA, 0-80% MeCN), yielding 161,

O
Ve
8

HN"“S"\ONQWOH

N % s n\m_%’
H .
HN oo O™
Compound 12 (NFH2OH3} was dissolved in DMF, followed by addition of DBCO-

PEGs-NHS ester (CAS# 1427004-19-0) (1.5 eq) and DIEA (5 eq). The reaction was stured
overnight at RT, diluted in HaO + 0.1% TFA, and purified by HPLC (MeCUN/ H20 +0.1%
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TFA, 0-80% Me{CN), vielding 102.

N 0}"\’ N
R;t}f:» \H‘/\H 4
R' © O
OH OH o \ 4 (Swsﬁ
%ﬂé - ) _ SR
- HN D~E~A~R~R~C~Y ~N~D~P =K~ 5~D~F~V -0
HG. NH;\,/‘}%)L\(AD/}’:_R: i—_ i 3, Y _]

Compound 188 (1 eq} and compound 181 (1.5 eq) were dissolved in HaO/MeCN (111

v/v} and stirred ovemight at room teraperature. The crude mixture was then purified by

HPLC (MeUN /HoO + 0.1% TFA, 0-80% MeCN), to vield B-MoDE-A.

Q

. O/\JCC\”’/\}‘ZE )L\v’”\o ’”‘é{ . [—— HN T D“E-A—R'-R*é:‘r'*N-D*P“K*C“-S*D—F-V*Q T

Compound 198 (1 eq) and compound 102 (1.5 eq) were dissolved 10 HoO/MeCN (1:1

v/v} and stirred overnight at room temperature. The cride muxture was then purified by
HPLC (MeCN / HO + 0.1% TFA, 6-80% MeCN), to yield CORI-OH3.

The terms and expressions employed herein are used as terms of description and not
of Iimitation, and there 1s no intention 1o the use of such terros and expressions of excluding
any equivalents of the features shown and described or portions thereof, but it is recognized
that various modifications are possible within the scope of the embodiments of the present
application. Thus, it should be understood that although the present application describes
specific embodiments and optional features, modification and variation of the compositions.
methods, and concepts herein disclosed may be resorted to by those of ordinary skill in the
art, and that such modifications and variations are considered to be within the scope of

embodiments of the present application

Eswmerated Embodiments

The following enumerated embodiments are provided, the numbering of which is not
to be consirued as designating levels of importance:

Enmbodiment 1 provides a compound of Formula Ia, or a pharmaceutically acceptable

salt thereof, having the siructure:
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Formula fa,

whereut

~~~~~~ is a carbon-carbon single or double bond;

Ats a Ce-1s arvl, Tsas heterocyclyl, Ceaas biarvl, or Ces heterobiaryl, each of which is
optionally substituted by 1-6 substituents selected from the group consisting of F, Ci, By, |,
ORG, OC(OINRGY, CN, NGO, NO2, ONGO», CF;, OCF3, RG, N(RG), SRG, SORG, SO:RG,
SOCNRG)e, and SOsREG;

o RGL,

ey, B G

\{( }n’“N\/h\g’kRG‘
N

>

£4 is an ASGPR binding moiety with the structure

LB is an anti-B1AR binding moiety with the siructure ]ﬁ

AA is an amino acid sequence at least 80% homologous to SEQ ID NG: 1

O ZG o
Ralis AT

N (SN ACI N O/\};

each occurrence of R! is independently hydrogen or
A is an aminosaccharide;

each occurrence of RG s independently H, optionally substitited Ci-io alkyl, optionally
substituted Cs.10 cvcloalkyl, optionally substituted Ce.is arvl, or optionally substituted Cs-13
heteroaryl;

gach occurrence of XG is independently selected from the group consisting of -CHoa-, -C{=(0)-
, ~NH-, and -0-;

each occurrence of ZG is independently selected from the group consisting of -CHp-, -C(=0)-
, -MNH-, and -(-;

mis an integer from 2 to 10,

nis an mteger from i to 100; and



10

WO 2023/028597 PCT/US2022/075535

p is an integer from 1 to 50.
Embodiment 2 provides the corapound of embodiment }, wherein AG has the
structure:

oH  JOH

NRGRG?

wherein RG® and RG’ are each mdependently selected from the group consisting of
hydrogen and -C(=0)R, which is optionally substituted by 1-5 groups selected from the
group consisting of halogen, optionally substituted Ci-10 alkyvl, optionally substituted Cio

atkoxy, optionally substituted Ci-10 aminoalkvl, and combimations thereof, or

RG® and RG’ taken together with the nitrogen atom to which they are attached, form a C3
heterocyele that is optionally substituied by 1-5 substituents selected from the group
consisting of optionally substituted Ci-10 alkvl, optionally substituted Ci.0 alkoxy, optionally
substituted Ci.10 anunoalkyl, optionally substituted Ce.i0 arvl, optionally substituted Cs.io
heteroaryl, halogen, and combinations thereof.

Embodiment 3 provides the compound of any one of ernbodiments 1-2, wherein RG?
is hydrogen and RG 1s C(=OYCH3,

Embodiment 4 provides the compound of any one of embodiments 1-3, wherein each

occurrence of {ZG)p independently has the stracture:

‘g\ ch‘(f Q\/%\ v

Embodiment 5 provides the compound of any one of embodiments 1-4, wherein
{X G 1s selected from the group consisting of ~O(CH2)5~, ~-NH-(CH:CH:0)3-CHe-, and
=N¥C=0CHpCEOINHCH2CH~(OCHCH2 -, wherein =N* 18 a ring nitrogen in A,

Embodiment 6 provides the compound of any one of embodiments 1-5, wherein AA
is a (6,12} ¢yclic peptide.

Embodiment 7 provides the compound of any one of embodiments 1-6, wherein AA
1s at least 95% homologous to SEQ ID NO: 1.

Embodiment 8 provides the compound of any one of embodiments 1-7, wherein AA
i3 an amino acid sequence of SEQ IDNG: 1.

Embodiment 9 provides the coropound of any one of erobodirnents 1-8, having the

structure



WO 2023/028597 PCT/US2022/075535

Embodiment 10 provides the compound of any one of embodiments 1-9, having one
of the following formudae;
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Embodiment 11 provides a method of preventing, freating, and/or ameliorating heart
failure in a subject, the method comprising administering to the subject a composition

comprising at least one pharmaceutically acceptable carrier and a therapeutically effective

(4]

amount of the compound of any one of embodiments 1-10.

Embodiment 12 provides the method of embodiment 11, wherein the heart failore i3
dilated cardiomvopathy (DCM}.

Embodiment 13 provides the method of any one of embodiments 11-12, wherein the
composition 1s administered by a route selected from the group consisting of oral,
10 transdermal, transmucosal, (ntrajnasal, {{ransirectal, intravesical, mirapulmonary,
intraduodenal, iniragastrical, intrathecal, subcutaneous, mtramuscular, intradermal, intra-
arterial, intravenous, intrabronchial, inhalation, and topical.

Embodiment 14 provides the method of any one of embodunents 11-13, wherein the

composition is administered intravenously,

o
W

Embodiment 15 provides the method of any one of embodiments 11-14, wherein the
composition is administered in a dose of about 0.01 mg/kg {0 about 20 mg/kg,

Embodiment 16 provides the method of any oue of embodiments 11-15, wherein the
subject is a mammal.

Embodiment 17 provides the method of any one of embodiments 11-16, wherein the

20 subject is haman.
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CLAIMS
What is claimed 15
1. A compound of Formula fa, or a pharmaceutically acceptable salt thereof, having the
structure:
N

N \N 1B

Formula fa,
wherein:

===t gs g carbon-carbon single or double bond;

Ats a Csas arvl, Ce-18 heterocvelyl, Coas biaryl, or Ce-1s heterobiaryl, each of which is
optionally substituted by 1-6 substituents selected from the group consisting of F, {1, Br, [,
ORG, OC{OIN(RG)z, CN, NG, NG, ONGO», CF3, OCFs, RG, N(RGY, SRG, SORG, SORG,
SON(RGY, and SO:RG;

QR
xay, § G
e A

L™ is an ASGPR binding moiety with the structure 'O
Fo
0
%
----- —
O
L5 is an anti-P1AR binding moiety with the structure

AA is an aming acid sequence at least 80% homologous to SEQ IB NG 1

each occurrence of R’ is independently hvdrogen or AG}O\’ (ZG}D\Q/\’; ;

AG is an aminosaccharide;

each occurrence of RG is independently H, optionally substituted Ciae alkyl, optionally
substituted Cs.i0 cycloalkyl. optionally substitited Cs.is aryl, or optionally substituted Cs-ig
heteroaryl,
each occurrence of X is independently selected from the group consisting of -CHa-, -C(=0)-

, ~NH-, and -0~;
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each occurrence of ZG is independently selected from the group consisting of -CHo-, -C{=0}-
, ~MNH-, and ~0O~;

mis an integer from 2 to 10;

1 1s an integer from 1 to 100; and

pis an integer from 1 to 5¢.

2. The compound of claim 1, wherein AG has the structure:

OH

HO o

NRGIRG? |

wherein RG? and R(GY are each independently selected from the group consisting of
hydrogen and ~-C(=0)R, which is optionally substituted by 1-5 groups selected from the
group consisting of halogen, optionally substituted Ci-i0 alkyl, optionally substituted Ciac
alkoxy, optionally substituted Cr1¢ aminoalkyl, and combinations thereof, or

R(? and RGY taken together with the nitrogen atom to which they are attached, form a
CS heterocvele that s optionally substituied by 1-5 substituenis selected from the group
consisting of optionally substituted Ci.10 alkyl, optionally substituted Ci10 alkoxy, optionally
substituted Ci.j0 aminoalkyl, optionally substituted Cs.ic aryl, optionally substituted Cs.io

heteroarvl, halogen, and combinations thereof.

3. The compound of claim 2, wherein RG? 1s hydrogen and RG’ is C{(=0)CH:.
4. The compound of claim 1, wherein gach occurrence of (ZG)p independently has the
structure:

&Hzc‘é O\V/'};\E - .

5. The compound of claim 1, wherein {(XGhn is selected from the group consisting of -
O{CHa)ps-, -NH-(CH:CH:03-CHz-, and =N*{C=0}CH2 nC(EOINHCHCH-{OCH2CH Ja-,

wherein =N* is a ring nifrogen in A,

6. The compound of clarm |, wherein AA is a (6,12} cyclic pepiide.
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7.

9.

16

The compound of claim 6, wherein AA is at least 95% homologous to SEQ ID NO: 1.

The compound of claim 6, wherein AA is an amino acid sequence of SEQ ID NG: 1.

The compound of claim 1, having the structure

7N
LA AT NN
N 4
LN
N
\LB

The compound of claim 1, having one of the following formulae:
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1. A method of preventing, {reating, and/or amehiorating heart failure in a subject, the
method comprising administering to the subject a composition comprising at least one
pharmaceutically acceptable carrier and a therapeutically effective amount of the compound

ol any of clairas 1-10.

12. The method of claim 11, wherein the heart failure is dilated cardiomyopathy (DCM}.
13. The method of claim 11, wherein the composition is adminustered by a route selected
from the group consisting of oral, transdermal, transmucosal, (intraynasal, {iransjrectal,
intravesical, intrapuimonary, intraducdenal, intragastrical, intrathecal, subcutaneous,
mtramuscular, intradermal, intra-arterial, intravenous, mirabronchial, inhalation, and topical.

14, The method of claim 13, wherein the composition is administered intravenously.

15. The method of claim 11, wherein the compaosition is administered in a dose of about

(.01 mg/kg to about 20 mg/kg.

16 The method of claim 11, wherein the subject 18 a mammal.

17. The method of claim 16, wherein the subject is human.



