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TITLE OF THE INVENTION
Targeted Bifunctional Degraders and Methods Using Same

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of priority to U.S. Provisional Patent Application
Serial No. 63/152,110 entitled "TARGETED BIFUNCTIONAL DEGRADERS," filed

February 22, 2021, the disclosure of which is incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT
This invention was made with government support under GM067543 awarded by

National Institutes of Health. The government has certain rights in the invention.

BACKGROUND OF THE DISCLOSURE

Several neurological diseases arise from the accumulation and aggregation of
pathogenic proteins in the brain. However, current treatment options, particularly for
Alzheimer’s disease, aim to improve symptoms without addressing the underlying pathogenic
protein causation or slowing disease progression. For example, potential Alzheimer’s disease
treatment could involve modulation of various brain-located pathogenic proteins, such as but
not limited to inflammatory cytokines, extracellular tau, and beta-amyloid.

There is a need in the art for novel compounds and methods that allow for inhibition,
removal, and/or degradation of certain extracellular or cell surface proteins that mediate a

disease and/or disorder in a subject. The present disclosure addresses this need.

BRIEF SUMMARY OF THE DISCLOSURE

In one aspect, a compound of formula (I), or a salt, geometric isomer, stereoisomer, or

solvate thereof is provided. The compound of formula (I) has the structure :
[TBM]n—]Linker]m—[LRP1BM]o (1),

wherein

m is an integer from 0 to 15;

n and o are each independently an integer from 1 to 15;

[TBM] represents a Target binding motif comprising or consisting of:

€)) a compound selected from:
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OH | ,or | , or a derivative or prodrug thereof,

5  wherein

% indicates possible points of covalent attachment to a [Linker] or a [LRP1BM];

(b) a compound of formula (I):

2.
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, or a derivative or prodrug thereof,
wherein:

Ais Nor CR?;

Bis N or CR;

Eis N or CR’;

1 is g substituted or unsubstituted alkylene, substituted or vnsubstituted alkenyiensg,
substituted or unsobstituted altkvoviens, substitited or unsubstitoted carbocyclyiens,
substituted or unsubstitated beterooyclvlene, sebstituied or unsubstitided arviene, substituted
or unsubstitited heteroaryiens, substituted or unsubstituted hetercalkviene, a bond. -0~ -
NRA, Be, CEQ) -CE00-, -CEOINR A, -NRACEO -, -NRA=0RA -CE0RA, -
MRACEON-, NRACEOINRY-, -OCED)-, ~00=N0-, ~OU=0NRY)-, -S((eNR ., -
MEAR(ON-, or a combination thereof

X is a bond or substituted or unsubstituted Ci-12 alkylene, wherein one or more carbon
is optionally replaced with C(=0), O, S, SOz, NH, or NCi-s alkyl optionally substituted with
halogen, OH, or Ci+alkyl,

R? is hydrogen, -N3, alkynyl, OH, halogen, NH>, N(C1.6 alkyl), aryl, heteroaryl, or a
protecting group, wherein the aryl and heteroaryl are optionally substituted with halogen,
SOz, NHa, or Ci-s alkyl optionally substituted with halogen or Cs-s cycloalkyl;

2735 {CH e, A CH2 3 CE=0), ACH-CEG 0, {CH -0, ~A-{CH -0, -

(CH 280, = A-O-{CHD)p-{C=0NRA - A0 H 38, ~A-(CH 8-, -{CH2h-A-8-, - A8
(CHeA C=OINR - (CH e NRA - A(CH 1 NR - {CH) - ANR A {CH)-{C=0)NRA
A CH - (C=0MRA, ([CTH A C=0INRA- - A DRA(CT - {C=OINRA-, (-

SO RNRA, ~A-{CH - S{ORNEA -, or (CH2 A SIORNRS-

each occurrence of R* is independently selected from hydrogen, substituted or
unsubstituted acyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted heterocyclyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, or a nitrogen protecting group
when attached to a nitrogen atom, or two R groups are joined to form a substituted or

unsubstituted heterocyclic ring;
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each occurrence of A is independently selected from substituted or unsubstituted
heterocyclylene, substituted or unsubstituted arylene, or substituted or unsubstituted
heteroarylene;

R! R? and R*R® are each independently hvdrogen, OH, halogen, MH,, CHs, S{.
WOz, a leaving group, & profecting group, aryl, heteroaryl, NHRY | MRY b Cs-s cvcloalkyl,
N{R % heterooyelyl, or -{CH R

RY is hydrogen, -{UHs, aryl, or heteroarvi; anid

nis (12;

wherein one or more carbon of R'-R7 is optioually replaced with C{=0). 0. §, 802,

WH, NH-{ve alkyl NCis alkyl, NHy, or N{Cws alkvih; and

% indicates the point of covalent attachment to a [Linker| or a [LRP1BM];

(¢} a compound of formmula (1)

Nos

wherein

RE, or a derivative or prodrug thereof,

R1 and R are each independently selected from hydrogen, N3, alkynyl, OH, halogen,
NHa, N(C1s alkyl)2, Ci6 alkyl, aryl, heteroaryl, MHE 2 MR %% Cs- cycloatkyl, MRy
heterocyelvl, or -{{H R,

wherein the aryl and heteroaryl are optionally substituted with halogen, -SO2, NO2, -
NHz, or Ci1 alkyl optionally substituted with halogen or Cs-s cycloalkyl;

27 is hvdrogen, -CHz, arvl, or heteroarvl; and

nis G-12;

wherein one of more carbon of B! or K2 is optionally replaced with C6=03, O, 8, SO0,

NH, NH-Cis glkvl, NCro alkyl NHz, or M{Crsalkyly; and

8
2 indicates the point of covalent attachment to a [Linker] or a [LRP1BM];
(d) a compound of formula (IIT):

prodrug thereof,

IO

, or a derivative or
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wherein
Ruis selected from benzene, phenyl, cyclohexyl, hydrogen, and CFs;
R is selected from hydrogen and CFs3; and

g indicates the point of covalent attachment to a [Linker] or a [LRP1BM];

(e) a compound of formula (IV):

S

, or a derivative or prodrug thereof,

E//\[N\v N ARy
v S/”\\/
wherein

Ri is selected from hydrogen, Cl, OMe, SMe, and CFs, and

g indicates the point of covalent attachment to a [Linker| or a [LRP1BM];
(f) a compound of formula (V):

A
seos
P

S , or a derivative or prodrug thereof,

wherein

R1 is selected from hydrogen, Cl, OMe, SMe, and CF3, and

§ indicates the point of covalent attachment to a [Linker] or a [LRP1BM]; or
(2) an amino acid sequence selected from:

SVWIWYE,
DVWIINKKLK,
MLRTKDLIWTLFFLGTAVS-NHz,
MLRTKDLIWTLFFLGTAVS-KKRPKP-NH2, and
MLRTKDLIWTLFFLGTAVS-KKLVFF-NHz;

[LRP1BM] represents a low density lipoprotein receptor-related protein 1 (LRP1)
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receptor binding motif comprising one of the following amino acid sequences:

TFFYGGSRGKRNNFKTEEYC-OH (or -NH2),

TWPKHFDKHTFY SILKLGKH-OH,

EAKIEKHNHY QKK/C-NHa,

EAKIEKHNHY QKQLEIAHEKLRK/C-NHa,

RsAKIEKHSsHY QKK/C-NHz, wherein Rs represents (R)-2-(7-octenyl)Ala-OH, Ss
represents (S)-2-(4-pentenyl)Ala-OH, and there is a hydrocarbon bridge between position 1
and 8,

LRKLRKRLLRDADDLLRKLRKRLLRDADDL-NH2,

TEELRVRLASHLRKLRKRLL-NH2,

Ac-VKFNKPFVFLNIeIEQNTK-NH>, wherein Nle represents norleucine,
VKFNKPFVFLMIEQNTK,

TFFYGGCRGKRNNFKTEEYC-OH (or -NH>»),

TFFYGGSRGKRNNFRTEEYC-OH (or -NH2),

TFFYGGSRGRRNNFRTEEYC-OH (or -NH3),

cyeetkfnnrkGrs GGy fft-OH (or-NH2),

TFFYGGCRAKRNNFKRAKY,

TFFYGGCRGKKNNFKRAKY,

PFFYGGCRGKRNNFKTEEY,

TFFYGGKRGKRNNFKTKEY,

TFFYGGCRGKRNNFKTKRY,

TFFYGGKRGKRNNFKTAEY,

TFFYGGKRGKRNNFKREKY,

RFKYGGCLGNKNNFLRLKY, and

RFKYGGCLGNKNNYLRLKY,

wherein the underlined amino acids in the above sequences indicate that the amino
acids may be present or absent and underlined K/C indicates that either K or C may be
present; and

[Linker] represents a polyethylene glycol containing linker having 1-12 ethylene
glycol residues, or [Linker] represents a Linking group comprising:

(a) -CH2CH2(OCH2CH2)mOCH2-, -(CH2)mCHz2-, or -[N(R?)-
CH(R*)(C=0)]n-,
or a polypropylene glycol or polypropylene-co-polyethylene glycol
group containing 1-100 alkylene glycol units;

-6-
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(b)

©

(d)

©)

PCT/US2022/017334

wherein each R? is independently H, C1-Cs alkyl, or C1-Cs alkanol, or
combines with R® to form a pyrrolidine or hydroxypyrroline
group;

wherein each R? is independently selected from the group consisting of
hydrogen, methyl, isopropyl, -CH(CH3)CH2CH3, -
CH2CH(CH3)2, -(CH2)s-guanidine, -CH2C(=0O)NH2, -
CH2C(=0)OH, -CH2SH, -(CH2).C(=0)NH2, -(CH2)C(=0)OH,
-(CH2)imidazole, -(CH2)sNH>, -CH2CH2SCH3, benzyl, -
CH20H, -CH(OH)CHs, -(CHz)imidazole, or -(CHz2)phenol; and

wherein m is an integer ranging from 1 to 15;

-[N(R'-(CH2)1-15-C(=0)]m-, wherein R' is H or a C1-C3 alkyl optionally

substituted with 1-2 hydroxyl groups, and m is an integer ranging from

1 to 100;

-Z-D-Z'-, wherein:

Z and Z' are each independently a bond, -(CH2)i-O-, -(CH2);-S-, -

N |
(CH2)-N(R)-, ° et " | -(CH2)i-C(R?)=C(R?)- (cis or
trans), -(CHz)i-=-, or -Y-C(=0)-Y-,

each R is independently H, C1-Cs alkyl, or Ci-Cs alkanol,

each R? is independently H or C1-Cs alkyl,

each Y is independently a bond, O, S, or N(R),

each i is independently O to 100,

D is a bond, -(CH2)i-Y-C(=0)-Y-(CH2)i-, -(CH2)m-, or -[(CH2)a-X1)];-,
with the proviso that Z, Z', and D are not each simultaneously
bonds;

X1is O, S, or N(R),

] is an integer ranging from 1 to 100,

m' is an integer ranging from 1 to 100,

n is an integer ranging from 1 to 100;

-CH2-(OCH2CH2)n-CH2-, -(CH2CH20)wCH2CH2-, or -

(CH2CH2CH20)n-, wherein each n and n' is independently an integer

ranging from 1 to 25;

-PEG-CON-PEG-, wherein each PEG is independently a polyethylene

glycol group containing from 1-12 ethylene glycol residues and CON

-7-
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A N |
pr— P
Y /__( % _____ r:“k_ éh‘N/k:Si '
. _gnN\ ':;N B _N\ ,;,N ; \. i. '}f}(z:ég
is selected from N F N . HoH RS

, wherein R' and R" are each independently H, methyl,
5 or a bond;
® -PEG-CON-PEG-, wherein each PEG is independently a polyethylene
glycol group containing from 1-12 ethylene glycol residues and CON
comprises a diamide structure selected from -C(=0)-N(R!)-(CH2)a"-
NRYHC(=0)-, -N(RY-C(=0)(CH2)n-C(=0)N(R')-, or -N(R')-
10 C(=0)(CH2)x-N(RH)C(=0) -, wherein each R! is independently H or
C1-Cs alkyl, and n" is independently an integer from 0 to §;
(g -PEG-CON-PEG-, wherein each PEG is independently a polyethylene
glycol group containing from 1-12 ethylene glycol residues and CON
comprises a structure

R1a
—N 238
R
15 H R

wherein:
R!2 R and R3? are each independently H, -(CH2)m1-, -
(CH)M2C(=0)M3(NR)m3-(CH2)me-, -(CH2)ve(NRHYM3C(O)n3-
(CH2)Mm2-, or -(CH2)Mm20-(CH2)m1-C(O)NR*-, with the proviso
20 that R'3, R?® and R are not simultaneously H;

-8-
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each M1 is independently 1, 2, 3, or 4; in certain embodiments, 1 or 2;

each M2 is independently 0, 1, 2, 3, or 4; in certain embodiments, 0, 1
or2;

each M3 is independently O or 1; and

each R* is independently H, C1-Cs alkyl, C1-Cs alkanol, or -C(=0)(C1-
Cs alkyl), with the proviso that M2, and M3 within the same
R!2 R?2 and R cannot all be simultaneously 0;

(h) -PEG-CON-PEG-, wherein each PEG is independently a polyethylene
glycol group containing from 1-12 ethylene glycol residues and CON

comprises a structure:

® anatural or an unnatural amino acid,

1)) [Gly-Gly-Gly-Gly-Ser]n, wherenis 1, 2, 3, 4, 5 or 6;
k) [Ser-Ser-Ser-Ser-Gly|y, where y is 21; or

()] Ser-Gly-Ser-Ser-Ser-Ser-Gly-Ser-Ser-Ser-Ser-Gly-Ser.

In one aspect, the compounds of formula (I) are useful in methods of treating,
ameliorating, and/or preventing a disease or disorder in a subject. Such methods include
administering a therapeutically effective amount of at least one compound of formula (I), or a
salt, geometric isomer, stereoisomer, or solvate thereof. In one aspect, the disease or disorder
comprises a neurological disease or disorder.

Diseases or disorders that are treated, ameliorated, or prevented by compounds of
formula (I) include Huntington's Disease (HD), Parkinson's Disease (PD), Amyotropic
Lateral Sclerosis (ALS), multiple system atrophy (MSA), Alzheimer's Disease, Lewy body
dementia, Multiple System Atrophy, spinal and bulbar muscular atrophy (Kennedy's disease),
Tourette Syndrome, spinocerebellar ataxia (SCA), schizophrenia, age associated memory
impairment, autism, migraines, Rett syndrome, complex regional pain syndrome (CRPS),
obsessive-compulsive disorder (OCD), attention-deficit disorder, bipolar disorder, hereditary

cerebral angiopathy, ATTR amyloidosis, or depression.

-9-
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BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of exemplary embodiments of the invention will be
better understood when read in conjunction with the appended drawings. For the purpose of
illustrating the invention, non-limiting embodiments are shown in the drawings. It should be
understood, however, that the invention is not limited to the precise arrangements and
instrumentalities of the embodiments shown in the drawings.

FIG. 1 is a scheme depicting how illustrative disclosed bifunctional molecules remove
target neurological pathogenic proteins.

FIG. 2 depicts low density lipoprotein receptor related protein 1 (LRP1) binding
motifs.

FIG. 3 depicts non-limiting Target binding motifs.

FIG. 4 depicts structure of Angiopep-2, with non-limiting sites for possible
modifications.

FIG. 5 depicts non-limiting Target binding motifs used for proof of concept studies.

FIG. 6 depicts saturable delivery of streptavidin AF647 by Angiopep-2.

FIG. 7 depicts non-limiting results of ELISA studies demonstrating that biotinylated
Angiopep-2 binds streptavidin.

FIG. 8 depicts that biotinylated Angiopep-2 delivers streptavidin AF647 to murine
brain endothelial cells.

FIG. 9 depicts illustrative Angiopep-2 mediated endocytosis of the noncovalent cargo
protein streptavidin.

FIG. 10 depicts illustrative results of ELISA studies demonstrating that DNP-
modified Angiopep-2 binds anti-DNP antibody.

FIG. 11 depicts that non-limiting biotinylated LRP1 targeting peptides (RAP
Mimetics) bind streptavidin protein.

FIG. 12 depicts the Ac.Ac.Biotin Angiopep-2 mediated degradation of streptavidin
AF4388.

DETAILED DESCRIPTION OF THE DISCLOSURE
The present disclosure provides, in one aspect, bifunctional compounds that can be
used to promote or enhance degradation of an extracellular protein or cell surface protein. In
certain embodiments, the extracellular or cell surface protein mediates a disease and/or

disorder in a subject, and treatment or management of the disease and/or disorder requires

-10 -
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degradation, removal, or reduction in concentration of the extracellular or cell surface protein
in the subject. Thus, in certain embodiments, administration of a compound of the disclosure
to the subject removes the extracellular or cell surface protein and/or reduces the circulation
concentration of the extracellular or cell surface protein, thus treating, ameliorating, or
preventing the disease and/or disorder in the subject. In some embodiments, the extracellular
or cell surface protein is a neurological protein. In certain embodiments, the extracellular or
cell surface protein mediates a neurological disease and/or disorder in a subject. In some
embodiments, the extracellular or cell surface protein comprises a pathological protein which
accumulates or aggregates in the brain of a subject suffering from a neurological disease or
disorder. In some embodiments, the extracellular or cell surface protein comprises a
pathological protein which accumulates or aggregates at the blood-brain barrier (BBB) of a
subject suffering from a neurological disease or disorder. In certain embodiments, the cell
surface protein comprises a pathological protein which accumulates or aggregates on
endothelial cells at the BBB of a subject suffering from a neurological disease or disorder. In
another embodiment, the bifunctional compounds of the disclosure induce the trafficking of a
protein into and/or out of the central nervous system (CNS). In some embodiments, the
bifunctional compounds can induce trafficking of a protein into and/or out of the CNS
without degrading the protein.

In certain embodiments, the compound of the disclosure comprises a LRP1 binding
motif which targets the low-density lipoprotein receptor-related protein 1 (LRP1). In certain
embodiments, the LRP1 is found in the brain. In some embodiments, the LRP1 binding motif
is covalently bonded, through an optional Linker group, to a Target binding motif. In some
embodiments, the Target binding motif comprises a protein binding moiety. In some
embodiments, the protein binding moiety binds noncovalently to a pathological protein. In
some embodiments, the pathological protein comprises an extracellular protein. In other
embodiments, the pathological protein comprises a cell surface protein. In certain
embodiments, the pathological protein is found in the brain or at the BBB. In some
embodiments, the disclosed bifunctional compound bonded to the extracellular or cell surface
protein undergoes endocytosis, the extracellular or cell surface protein is eventually
degraded, and the bifunctional compound can be degraded or recycled to the outside of the
cell. The structure and function of LRP1 is described in, for example, Potere N., et al., “Low
Density Lipoprotein Receptor-Related Protein-1 in Cardiac Inflammation and Infarct
Healing,” Frontiers in Cardiovascular Medicine, vol. 6, 2019.

In accordance with the present disclosure, conventional chemical synthetic and

-11 -
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pharmaceutical formulation methods, as well as pharmacology, molecular biology,
microbiology, and recombinant DNA techniques within the skill of the art may be employed.
Such techniques are well-known and are otherwise explained fully in the literature.

Reference will now be made in detail to certain embodiments of the disclosed subject
matter, 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 include not only the numerical values explicitly 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,
a range of "about 0.1% to about 5%" or "about 0.1% to 5%" should be interpreted 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% t0 0.5%, 1.1% to 2.2%, 3.3% to 4.4%) within the indicated
range. The statement "about X to Y" has the same meaning as "about X to about Y," unless
indicated otherwise. Likewise, the statement "about X, Y, or about Z" has the same meaning
as "about X, about Y, or about Z," unless indicated otherwise.

In the methods described herein, the acts can be carried out in any order, except when
a temporal or operational sequence is explicitly recited. Furthermore, specified acts can be
carried out concurrently unless explicit claim language recites that they be carried 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 will fall within

the literal scope of the claimed process.

Definitions

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 limit
of arange, and includes the exact stated value or range.

"n

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 to refer to a
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 A and B." In addition, it is to be

understood that the phraseology or terminology employed herein, and not otherwise defined,

-12 -
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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 is not to be interpreted as limiting; information
that is 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.

The term "heteroatkyl” refers to an alkyl group, which further includes at teast one
hetercatom {e.g., 1, 2, 3. or 4 hetercatoms) selected from oxveen, nitrogen, or sulfur within
{i.e., inzerted between adjacent carbon aloms of) and/or placed at one or more terminal
pasition{s) of the parent chain. In some ersbodimuents, the heteroalkyi group defined herein is
g partially unsaturated group having | or more heteroatoms within the parent chain and at
feast one unsaturated carbon, such as a carbony! group. For example, a hateroalkyl group
miay cornprise an amide or esier functionality in Us parent chain such that one or more carbon
atoros are unsaturated carbonyl groups. Unldess otherwise specified, cach iostance of 8
heteroalky! group is independently unsubstitited {an "unsubstitwied heteroalky!™) or
substitided {a "substituted beteroathvi™) with one or more substituenis, In cartain
emboditoents, the hetercalkyl group is an unsuhsutuied beteroCrop alkvl In certain
embodiments, the heternatky! group 15 an unsubstitined heteroCiie alkvl In certain
embodiments, the hetercatkvl group is a substituted heteroCi20 abkyl In ceriain
embodiments, the hetercalkyt group is an unsubstitisted heteroCraze atkyl

The term "heteroatkenyt” refers to an alkeny! group, which further includes at least
one heteroatom {e.g., 1, 2. 3, or 4 heternatoms) selected from oxygen, mitrogen, or sulfur
within (1.2, inserted betwesn adjacent carbon atoms of) and/or placed at one or more terminal
pasition{s) of the parent chain. Unless otherwise specified, each mstance of 3 heteroatkenyl
aroup is ndependently unsubstituted (an "unsubstituted heteroalkenyl™) or substituted {a
“substituted heteroalkenyl™) with one or more substituends. In certain embodiments. the
heteroatbeny] group is an unsubstituted heteroCz-1c alkenyl In certain embodiments, the
heteroaikeny] group i3 a subsiituted heteroCo-1o alkenyl

The ferm "heteroalkynvl”™ refers to an alkynyl group, which further includes at lzast
one heteroaiom {e.g., 1, 2, 3, or 4 heleroatoms) selected from oxygen, nitrogen, or sulfur
within {(Le., mserted between adjacent carbon atoms ofy and/or placed at one or more termunal
postion(s) of the parent chain. In certain embodiments, a hetercaikynvl group refers to a
group having from 2 to 10 carbon atoms, at least one triple bond, and 1 or more heteroatoms
within the parent chatn (CheteroCzo alkvoyl™). Uniess otherwise specified, each instance of a

heteroallonyl group 15 independently unsubstiiuted (an "unsubsiituted heteroalkvoyl™} or

-13-



10

15

20

25

30

WO 2022/178428 PCT/US2022/017334

substitided (a "substituted hetaroatiivnyl™} with one or more substituenis. In certain
emboditoends, the hetercalkynv] group 15 an uosubstituted heteroCo~e alkyvoyl In certain
embodiments, the heternatkvnvl group is a substitited heteroCama ablvnyl,

The term "carboeyclvl™ or "carbocyclic” refers {o a radical of a non-aromatic eyclic
bydrocarbon group having from 3 to 14 ring carbon atorns ("Cs-14 carboceyelvl™) and zero
heteroaioms in the pon-arotoatic ring system. Exemplary Ca-e carbooyclyt groups include,
withoast Timutation, eyclopropyl {Cs), cyclopropenvl (s}, eyclobutyl (Ca}, cyclobutanyl ({4},
evelopantyl (Csl, cvclopentenyl {Tsh, evclohexyl {Te}, cvelohexenvl (Ce}, oy clohexadienyl
{Ce), and the Hike. Exarnplary Ca-¢ carboeyely! groups include, withowt hoitation, the
aforementioned Ci-¢ carboeyelyl groups as well as cycloheptyvi (Cr), oycloheptenyl {Co)
gy cloheptadienyl {07}, cveloheptatrienyl {07}, cveloooivl {(Ce), cyclooctanyl {Cs},
bicvelol2 2. Hbeptanyl {C7), bicveto[2. 2. 2 octanvt (Cs), and the hke. Exemplary €~
w carbocvelvl groups include, without inntation, the aforementioned Ca-s carboovely! groups
as well as cyclononyi (CY, cyclononenyi (U9}, oyclodecyi (Cho), cvelodecenv {(Che),
octahy dro-1H-indenvl (€9}, decabydronaphthalenvt (Cio}, spirof4.3{decanyi (), and the
Like. As the foregomg esamples iHustrate, in certamn embodiments, the carbocyely! group i3
gither monocvelic {"monocvelic carbocvelvl™) or polyvevelic {e g, contaming a fused, hridged
37 Spiro ring system such as a bievclic sysiem ("bicyclic carboovelyl”) or tricycelic system
(Mrievelic carbooyelvi™) and can be saturated or can contain one or more carbon-carbon
double or triple bonds. "Carbocyelyl® also mncludes ring systems wherein the carbocyelvl
ring, as defined ahove, 15 fused with one or more arvi or hetercary! groups wherein the point
of attachment is on the carbocvely! ring, and n such instances, the number of carbons
continnie to designate the number of carbons in the carbooyclic ring system. Unless otherwise
specified, each instance of a carbocyelyl group is independently unsubstituted {an
"gnsubstituted carbocyelvl”) or substituted (3 "substituied carbocyelvi™) with one or more
substituents. In certain embodiments, the carbooyelyl group 8 an unsubstituted Ca-

1 carhoovelvl o certain emboduments, the carbocyclvl group 18 a substituted Cs-
u carbooyelyl

in some embodiments, "carbocvelvi™ 15 a monocyelic, saturated carbocyelvl group
having from 3 1o 14 ring carbon atorns {"Cs~is cveloatkvl™y. Examples of Cs-¢ eycloalkyl
groupe nclude cvelopentvl (Cs) and cvclohexy {Cs). Examples of Us-e cveloalkod groups
include the aforementioned {s-s cycloalhvl groups as well as cyclopropyl (Cs) and cvelobutyl
{C4). Exaroples of Cas eveloalkyl groups include the aforementioned Us-s cycloalbvl groups

as well as cyvclobepiyt (Cr) and evcloocty! {Cs). Unless otherwise specified, each instance of
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a cveloalkyl group 18 independently unsubstibuted {an "unsubstifoted cycloalbvi™) or
substituied {8 "substituted cycloatks1"y with one or more substiiuents. In certain
embodiments, the cvoloatkyl group 15 an unsubsttined Ca-1 cyvcloalkyl. In cerfain
embodiments, the cyvcloatkyl group s @ substituted O5-14 cycloatbvl

"Heteroaralkyl™ i1e a subeet of "alkvl” and refers to an alkyl group substituted by a
heteroaryt group, wherein the point of attachment 15 on the alkvl morety,

Affixing the suffix "-ene" to & group indicates the group is a divalent moiety, e.g.,
allcylene 15 the divalent moiety of atkvl, alkenyiens ts the divalent moiety of alkenyl,
alkvnylene is the divalent moiety of alkyny], beteroalkvlens s the divalent motety of
heteroalkyl. heteroatkenylene is the divalent moiety of heteroalkenyl, hetercalkynylene is the
divalent moiety of heteroalkynvi, carbooyclviene is the divalent motety of carbooveiyi,
heterocvelylene is the divalent woiety of heterocyclvl, arviene s the divatent motety of arvl,
and heteroarviene is the divalent moiety of beteroaryi

A group is optionally substtuted unless expressly provided otherwise. The term
"opiionally substituted” refers to being substituted or unsubstituted. In certain embodiments,
atkvl, alkenyl, alkvnyl, beteroalkyl, hetercalkenyl, hetercalkyuvl, carbocyelyl, heterocvelyl,
arvl, and heteroaryl groups are optionally substituted. "Optionally substituted” refers to a
groun which may be substitiied or unsubstitited (e.g., "substituted” or "unsubstituted” atkyi,
"substituied” or "onsubstitiged” alkenyl, "substituted” or "unsubstituded” alkyoyi,
"substituied"” or "onsubstituied” hetercalkyl, "substituied” or "unsubstituted” heteroatkenyl,
"substituted” or "wnsubstituted” hetercalkynvl, "substituted” or "unsubstituted” carbocyelvi,
"substituted” or "unsubstituted” hetersoy clvl, “substited” or "unsubstituted” aryl or
“substituted” or "unsubstituted” hetercaryl groupy In general, the term "substituted” means
that at least one hvdrogen present on a group is replaced with a pernussible substituent, e g a
substituent which upon substitotion results in a stable compinund, e g, a compound which
does not spordanecusty undergo transformation such as by rearvangerment, cyclization,
shiminaton, or other reaction. Undess otherwise indicated, a "substituted” group has a
substituent at ong or more substitutable positions of the group, and when more thap one
position in any given siructure i3 substituted, the substituent i3 either the same or different at

i

each position. The ferm "substituted” 16 contesnplated (o include substittion with all
permigsible substituents of organic compounds, and includes any of the substituents described
heretn that resulis in the formation of a stable compound. The present discloswe
contemmplates aoy and all such combinations wn order to arive at a stable compound, For

purposes of this invention. heterogtons such as mitrogen may have hydrogen substituenis
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and/or any sutlable substitient as describad heretn which satisfy the valencies of the
heteroatoms and results in the formation of a stable motety. The mvention s not intended to
be linutad in any manner by the exemplary substituents described herein.

Exemplary carbon atom substituents include, bt are not Hmited {o, halogen, ~IN, -
NGz, -Na, -SO0H, -50:H, -0, -OR®, -ON(RY®Y, NERP), -NERP): X -NORERY, 8H, -
SRY® SR LCEOWRT, OO, -CHO, -CIOR ), -CORY -QC(=0RY -QCOR™, -
CEOINRPE Y, -OCEOINEM Y, - RPCEOIRY, - RPCORM NRWO(=0NERY (=
RPIR® = ROOR®, 00 (= RPR® 00 RPOR®, O RPPERY L, -0CE
RIN(RY ), - RBCENRPONGP Y, -C=0) RPE0oR®, NRASOZRY, -SORM , -8R,
SCRORM, -OS0M S=0IRM, OS(=0W S8I0RN, -OSICR s -CEDNERY Y, -CE=0I8RY,
L{ERISRY SCERSRY GSREGRY LGCEOISRY SSCEOORY, SSOEDIRY, .
PEOYR™ . -PEOHORY b, -OPE=0YRS ), -OP(=0HOR Yy, -PEOHMNR 1,
OPEOUNRD L., - RPPEOWRE:, -NRPPEOWORS ), - RPPEHINR 1y, PR, -
PEORS ., -PRS ) 0 -PORS ) "X, PR, -PORS Yy, ORRS ), -OPRSR X, -
OP(OR™ Y, -OP(OR™ ) "X, ~OP(R® Y}, -OP{OR™h, -B(R™), -B(OR®), -BR{OR™}, (o,

a¢ alkyl, Crao perhaloalkyl, Comio alkenyl, Co-w alkyrvl, heteroC 10 alkvl, beteroCo-
1o alkenvl, heteroCa-o abkvovl, Cs-w carbocvelyvl, 3-14 membered heterneyclyl, Comia arvl,
and 5-14 membeared heteroarvl, wheram each alkyvl, alkenvi albkyvnyi, heteroalkyl,
heteroalkenyl, heteroalbynyl, carbocyelvl, heterocyelvl, arvl, and heteroaryl s mdependently
substituted with 0. 1, 2, 3, 4, or 3 BY groups; wherein X 15 a counterion; or two geminal
hydrogens on a carbon atom are replaced with the group =0, =8, =NN{R™),,
“NNRPCEQIR®, =NNRPCEOH0RS, =NNRPSEORRE =NR™, or =NOR™,

each instance of R® g, independently, selected from Cro alkyl, Ciao perhaloalkyl,
Crmo alkenvl, Co-io alkyrwl, heteroC oo ablyl, heteroCo-wo atkenyl, heteroCome alkynyi, (s-
1 carboovelvl, 3-14 membered hetercoyclvl, Co-ig arvi, and 5-14 membered heteroaryvl, or
two RN groups are jorned (o form a 3-14 membered heterocyclvl or S-14 membered
heteroaryt nng. wherein each alkyl, alkenyl, alkyrwl. heterogtkyl, hetercalkenvl,
heteroatkynvl, carboeyclyl, haterocyelyl, arvl, and heteroary! is independently substitined
with 0, 1,2, 3.4, or 8 R™ groups:

sach jnstance of R™ s, independently, selected from hydrogen, -OH, -ORY, 2Ry,
AN, SCEOIRR CEOINERT ), -CORY, SRR, (= RORY, -Of= RGN, -
SOMR Y, -8R, -S{0R™, -SORY, -CESINRS Y, -CEOISRY, -CEESRY -
PEOYRY,, ~PEQHOR™ 2, -PEOUNE 1), Crow alkvl crae perhadoalkyl, Co-io alkenyl,

Co-po alkyrvl, heteroChao alkyl, heteroCr-w alkenyl heteroCz.p0 alkynyl, T carbooyelyvl, 3-
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14 membered haterocyclyl, Ce-is aryl, and 5-14 memberad heteroarvl, or two RY® groups are

jomned to form a 3-14 merchered heterocvelyl or 5-14 membered heteroarvl ting, wherein

each alkyl, alkenvl, alkynvl, heteroalkvl, heteroalkenvyl, hetercalkviyl, carbocvelsd,
heterocvelyl, arvl. and heteroary] is independently substituted with 0, 1. 2,3, 4, or SR®
groups; wherein X7 i3 a counferion;

each wstance of R™ 15, independently, selected fror hvdrogen, Crae alkyl, Cu.
i perhaloalkyl. Coio alkenvl, Ca-10 alkvnyl, heteroCioio alkyl, heteroCome alkenvl, heteroCa-
16 atkvayl, Caeo carboeyelyl, 3-14 membered heterocyclvl, Co-1v arvl, and 5-14 membered
heteroaryh, of two R™ groups are joined to form a 3-14 mwembered heterocyelvt or 5-14
membered heteroaryl ring, wherein each alkyl. alkenvi, alkvnyl, heteroalkyl, heteroalkenvi,
heteroaibynyl, carbocyelvl, heterocyelvl, arvi, and hetercary! is independently substituted
with €, 1, 2, 3, 4, or 3 R aroups;

each instance of R g, independerily, selected from halogen, -CN, -NG2, -MNs., -SO2H,
SSO5H, -OH, OB ONIRT,, NERT, NS - NORIRY, CSH, -SR®, -SSR, -
CEOIRY, -COH, -COR™, -OCEQIR™, -OCR™, CEONR Y, -0CEOMNR,, -
RIC(=0R™, - RECOuR™T - RIC(=0mR T, -C= ROHOR™ -00(= ROR® -00(=RHOR™, -
Ci= RN, -0 = BONED,, - RICENRONED . - BESOR -80MNED:, -80R™, -
BO0R™, -OSR™, -SEOIRY, -BiR% ), -OSUR™), -CESINRYy, -CHEOISRE, -
C=838RT, -SCESISRE, SPEOHOR™Y,, -PU=0iRZ, -OPCOHR™y, -OPEOHOR™ n, O
o alkvl, Cre perhaloalkyl, Cove alkenyl, Cu-s alkyovl, heteroCiw alkyl, beteroCor-s alkenyl,
heteroCrm¢ alkvnyl, Ui~ carbocyelyl, 3-10 membered heterocyelvl, Co1o arvl, 5-10
membered hetercarvl, wherein each alkyl, atkenvl, alkyavi, heteroalkyl, heteroalkenyl,
heteroaltkynvl, carbooyelyl, heterooyelyl, arvl, and heteroaryl is independently substinsed
with €1, 1, 2. 3, 4. or 3 R*® groups. or two geminal R* substitaants can be joined to form = or
=8 wherein X7 1S a countenon;

each instance of B™ i3, independenily, selected from Cre alkyvl, Cis pethaloallvl, Co-
« alkervl, Come alkyoyl heteroCrs alkyl, heteroCr-e glkernyl, heternCz-s allvnyi, Ca-
w carboeyelyl, Ce-io arvl, 3-10 membergd haterocyelyl, and 3-10 membered heteroaryl
wherein each alkyi alkenyl, alkyavi, heteroalkyl, heteroalbenyl, heteroalbvnyl, carbocyelvl,
heterocyelvl, arvl, and heteroaryl is independently substitated with 0,1, 2,3, 4, or 8
R22 proups;

each instance of RY is, independenily, selected from hvdrogen, Cis alkyl, T
« perhaloalkyvl, Co-s alkenyl, Cowe allvnvl, heteroCic alkyl, heteroCr-s alkenvi, heteroCo-

o atkvnyl, Cs-io carbocyelvl, 3-10 membered heterocyelvl, Ce-p arvl and 5-10 membered

o
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heteroaryl, or two R {1 groups are joined to form a 3-10 membered heterocyelvl or 5-10
membered heteroarvl ring, wherein each alkyl. alkenvl, alkvroel, heteraalkyl, beteroalkenyl,
heteroalkynyl. carbocyelvl, heterocyelvl, arvi, and hetercary! is independently substituted
with (4, 1, 2, 3, 4, or 3 R® groups; and

each instance of B 19, independently, halogen, ~ON, -NGg, -Ns, -8(0H, -SG:H, -0,
-OC e alkyl, -OMN{C s alkyh, ~N{C s alky i, -N{Ci-s alkylhz "X, - H(Cis alkyll X, -

MNa{ e atky 20, -Ma T30 N{C s alioy D s alkvly, -N{OHYC -6 alkyly, -NH(OH), -8H, -
SCe atkyl, «85{Crc alkyl), ~C=OKCr alkyvh), ~-COH, ~CO{Crealhvl), ~O0{=0Ci-e
alkvhy, -OCOHC -6 alky D), ~C=0pNHo, ~-CE=OWNICr-a alkvlh, ~0CEG) NHC 1 alkyvly, -
MHCEO R s ally ]y, -M{C i alkyDCECHC e alkvl), -NHCOACrcalky ]y, -
WHCEOIN( - alkvi), - NHOEO) H{Ciee alkyl), -NHCEOINH:, -CEGHO{T e alkyly, -
GCEQRC e albvl), ~-OCEOHD Crs alky], Ol O s alkyvhh, ~Ce=00G{Cr-a alkyl), -
CEOINHD, -OCEOINC e alkyly, -OCENEINHC alky ), -OCENHMND, -
NHCOEMNHN - alkyi), - NHO(=NHNH,, -NHESOH{C-¢ alkvl), -SONEC -6 alkyl)y, -
SONFCee alkyly, -BONH2, -802{C1-¢ alkvl), -S5020{C e alkyly, -OB02{C 1 alkoyly, -
SO(C -6 alkyl), ~Su{Ci-s alkviy, -O81{C e alkylys -CESNIC s alkvlbn, CESINH{C - alkyl)
CEBINH, -C=08{Chrealkyly, -0{(=835C10 alkyvl, -SCERY g alkyl, -P=0Y0 Co-
6 alloylyz, “PEOK e atkyly, ~-OPEOHCisalky e, ~OPEOROC s alkvil, Cre alkyvl, T
« perhaloalkyvl, Co-s alkenyl, Coe allvnyl, heteroCi-s alkyl, heteroCz-6 alkenyl, hetero{z-
o alkynwl, Cs-w carbacyelvl, Comio aryl, 3-10 membered heterocyelyl, 5-10 membered
hetercarvi; or two geminal R# substituents can be joined to form =0 or =8; wherein X' 15 3
comterion.

Witrogen atoms can be substitted or unsubstituted as valeney permats, and tnclude
primary, secondary, tertiary, and gusternary mitrogen atons. Exemplary niirogen atom
substitnents inchade, but are not limited to, hydrogen, -DH, -OR* N{R "y, N,
LEGR® LC{=0NNRS Y, -CO2R¥ -SOR® LC{=NR®R® CENREORS -
CENRIGPRY D, -SON{RS Y, -S0:RY -S00RY -SORA, -CESINRY Y, -C=08RY -
CESSRY -PEOROR Y, -PEOHR™,, -PEONNE ), Ciae dkyl, T perhaloalkyl,
Ca-10 alkenyl, Co-o atkynvl, heteroCiaw abkyi, heteroCra-10 alkenyl, heteroCree abkvayd, Ca-
¢ carbooyelvl, 3-14 membered heterooyelvl, Cs-wn aryl, and 5-14 ywembered heteroarvl, or
two B groups attached to an N atom are joined to form a 3-14 memberad heterocyelyl or 5-
14 membered hetercaryl ring, wherain each alkvi, alkenyl, alkvayl heteroatkyl,
heteroalkenyl, heteroalbynyl, carbocvelvl, heterocyelvl, arvl, and heteroaryl s mdependently

substituted with 0. 1, 2, 3, 4, or 3 BY groups, and wherein R BP R and R are as defined

> >
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heramn,

o ceriain embodiments, the substituent present on the nifrogen atom 15 an mtrogen
profecting group {also referred to herein as an "anuno protecting group”). Mitrogen
protecting groups include, but are not limited to, -OH, -OR¥, -N{R" ), -CEORA, -
Cl=GR™ ), ~COR™, SORE, (C{=NROR®E (C{=NREOOR™ CENRINE Y, -
SOMIRT Y, -S00R™. -SOOR™ -SORY CESINR Y, -CEOIRRY . JOE=88R,

Crso alkyl {e.g , aralkyl, hetercaralkyly, Come alkenyl, Co-io alkyiwl heteroCio alkvl
heteroCr1o alkenvi, heteroCa-io alkiynyl, Coeio carbocyelyi, 3-14 membered heterocyclvl, Ce-
w aryl, and 5-14 mernbered heteroaryl groups, wherein sach alkyl, abkenyl, alkynyl
heteroalkyl, heteroatkenyl, heternalivnvl, carbocyelyl, heteroeyelyl, aratkvl, aryl and
heteroarvi is independenily substituted with 0, 1.2, 3.4, or 5 R groups, and wherein R,
RE B and R™ are as defined herein. Nitrogen protecting groups are well known in the art
and include those described in detail m Protecting Groups in Organic Synthesis, T. W,
Greene and P. G M. Wauts, 3© edition, John Wilev & Sons, 1999, incorporated herein by
reference.

For example, nitrogen protecting groups such as anude groups {e.g.. ~-C{=01R")
include, but are not linuted to, formamide, acetanude, chloroacetanude, trichiorcacetanude,
triftuoroacetamde, phenviacetamide, 3-phenylpropanamides, picolinamide, 3-
pyudylearboxanude, N-benzoylphenylalanyl derivative, benzamide, p-phenvibenzande, o-
niophenviacetamide, o-nitrophenoxyacetaride, aceicacetamide, (N'-
dithiobensyioxyacyianunciacetanude, 3 ~{p-hvdroxyphenyDpropanamide, 3 -{o-
nitrophenvi}propanamide, Z-methyl-2-{o-nitrophenoxy ypropanamide, Z-methyl-2-(o-
phenvlazophenoxypropanamide, 4-chlorebotanamide, 3-methyl-3-nitrobutananude, o-
nitrocinnamide, N-acetyimethionine derivative, o~-nitrobenzamide, and o-
(benzovionymethvbbenzamide.

MNirogen protectiog groups such as carbamate groups {e.g., ~CEU0RY) inchude, but
are not hoted o, mothyl carbamate, sthyl carbamate, 9-fluorenyimethyl carbamate (Fmoc),
O-{ 2-sulfo fleorenyimethyi carbamate, 9-(2,7-dibromoMluorcenyimethyl carbamate, 2,7-di-t-
butvi- {9410, 1-dioxo- 10,10,10, 10-tetrahv drothioxanthyv ] methyl carbamale {DBD-Tmoc),
4emethoxyphenacy] carbamate (Phenoc), 2.2, 2-trichloreethy] carbarnate (Troc), 2-
wrimethvisiiviethyl carbamate (Teoc), 2-phenyiethyl carbamate (h#), 1-{1-adamantvi}-1-
methyvlethyl carbamate (Adpoc), 1, I-dimethyi-2-haloethyl carbamate, 1.1-dimethyi-2.2-
dibromoethyl carbamate (DB--BOC), 1 -dimethyvl-2,2 2-trichloroethyl carbamaie

(YCBOC), | -methyvl-1-(d-biphenylyDethyl carbamate (Bpoo), 13 5-di-t-butyiphenvi}-i-
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methviethvl carbamate (-Bumeoc), 2-(2°- and 4-pyridy Dethvl carbamate (Pyoe}, Z-(N N~
dicvciohesyicarboxamidoethyl carbamaie, t-butyl carbamate (BOC or Boo), T-adamantyl
carbamate {Adoc), vinyi carbamate (Voc), allyl carbamate {Alloc), I-isopropvialivi
carbamate {Ipace), cinnamyl carbamaie {Coc), 4-nitrocinnamy! carbamate (Noe), 8-quinoly!
carbamate, N-hvdroxy pipendinyl carbamate, alkylditheo carbamate, benzy] carbarnate (Chz),
p-methoxkyhenzyl carbamate (Maox). p-nitobensyl carbamate, p-bromobenzyvl carbaroate, p-
chiorobenzyl carbamate, 2 4-dichiorobenzyl carbamate, 4-methylsulfinylbensvi carbamate
{Msz}, -anthrylmethv] carbamate, diphenvimethvi carbamate, Z-methvithioethyl carbamate,
Z-msthvisulfonylethyt carbamate, Z-{p-toluenesulfony Uethy carbamate, [2-(1,3-
dithianvi}jmethyl carbamate (Dmoc), 4-methylhthiophenyi carbamate (Mipc). 2.4~
dimethyvithiopheny] carbamate (Bmpc), Z-phosphonioethyl carbamate (Peoc), 2-
triphenylphosphomoisopropy! carbamate (Ppoc), 1, I-dumethyvi-2-cvanoethyl carbamale, w-
chloro-p-acyloxyhenzy] carbamate, p-tdibvdroxyborvhbenzyt carbamate, 5-
benzisoxazolvimethyl carbamate, 2-(trifluoromethy }-6-chromonvimethyl carbamate {Feroc),
menifrophenyl carbamate, 3,5-dimethoxvbenzyi carbamate, o-nitrobenzy! carbamate, 3,4+
dimethoxy-G-nitrobeneyl carbamate, pheryl{o-nitropheryDimethyl carbamate. t-amy]
carbamate, 8-benzyl thiocarbamate, p-cvanobenzyi carbamate, cyclobutyl carbamate,
cyclohexyt carbamate, cvelopentyl carbamate, cvelopropylimethyt carbamate, p-
decyloxvbenzyl carbamate, 2,2-dumethoxyacylvinyl carbarsate, o~{P,N-
dimethvicarboxanudophenzy] carbamate, 1, 1 ~dimethy-3-04 N-
dimethyicarboxanudojpropyi carbamate, 1,1 -dimethvlpropyny! carbamate, di2-
pyridyimethyvi carbamate, 2-furanvimethyl carbamate, 2-1odoethyl carbamate, 1soborynl
carbamate, isobutyl carbamate, isonicotinyl carbamate, p-{p'-moethoxyphenviazoibensyl
carbamate, 1-methyleyclobuiyl carbamate, 1- methyicvelohexyl carbamate, 1 -metlwl- 1 -
cyclopropylmethy] carbamate, L-methyi-1-03,5- dimethoxy phenybethyl carbamaie, 1 -methvi-
i-{p~phenviarophenyhethvl carbamate, - methvi-bphenviethyl carbamate, 1 woethyl-1-{4-
pyadyhethyvl carbamate, phenvl carbamate. p-{phenviaroiberryl carbamate, 2.4,6-11-t
butviphenvl carbamate, 4- (trimethylarmmoriumybenzyl carbamate, and 2.4 6-trimethyibensyv]
carbamats.

Nitrogen protecting groups such as sulfonamide groups (e.g, -3{=00nR™} include, bt
are not Hmited to, p-toluenesulfonamide {Ts), benzenesulfonamide, 2,3 6-trimethyi-4-
methonybenzensaudfonanude (Miry, 2.4 6-irimethoxybenzenesidfonamide (Mtb), 2,6+
dimethvi-4-methoxybenzenssulfonamide (Prue), 2,3 )3 Getramethyi-4-

methoxybenzenesul fonamide (Mie), 4-methosybenzenesulfonanude (Mbs), 2,4,6-
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trimethy tbenrenesulfonamide (Mis), 2,6-dimethoxy-4-methyibenzensaid fonamide (ibida),
2,2.5,7. -pemamethylchroman-6-sulfonamide (Proc), methanesulfonanude (Ms), B-
nimethyisiiviethanesulfonamide (SES), 2-anthracenesulfonanude, 4-{4'8'-
dimethoxynaphthyimsthy Dbenrenesulfonamde (BNMBS), benzvlzolfonamide,
trifluoromethyisutfonarnide, and phenacylanifonamade.

Other nitrogen profecting groups mclude, but are not linated 1o, phenothiaziny (103
acyi derivative, N-p-toluenssulfonviaminoacyl derivative, N'-phenviaminothicacyt
dertvative, N-benzoyiphenvialanyl derivative, N-acetyimethionine dentvative, 4,5-dipheny!-3-
oxazohn-2-one, N-phthalinade, N-dithiasuccminude (Dits), N-2 3-dipherwlmalermide, N-2.5-
dimethvipyrrole, N-1, L4 d-tetramethyidisilviazacyclopentane adduct (STABASE), 5-
substiigted 1,3-dimethyl-1.3,3-iriazacyclohexan-2-one, S-substituted 1, 3-dibenzyi-1.3 5+
triazacy clohexan-2-one, I-substituted 3,S-dinitro-d~pyridone, MN-methylamine, MN-allylamine,
N-f2-{trirpethy Isilvhethoxy Imethy lanane (SEM). M-3-acetoxyvpropylamine, M-{i-izopropyl-
4-nitro-2-oxo-3-pyrochin-3-viaming, guaternary ammaorium salis, N-benzylamine, N-di(4-
methoxyvphenyimethylamine, N-3-dibsnrzosuberviamine, N-triphenyvimethyviamine {Tr), N-
[{4-roethoxy pheny Ddiphenyvimethy Hamine (MM 1), N-S-pheoylflucrenylanune (FhF), N-

2. 7-dichloro-9-fluorenvimethviensamine, N-ferrocenvimethviamine (Fem), N-2-
picolvliaming N-oxnide, N-Li-dimethyithiomethyleneamine, N-benzyiideneamine, M-p-
methoxybenzy lideneaine, N-diphenylmethvleneamine, N-{(2-
pyadyDmesitvibroethyvlenearnine, N-(N, N'-dimethy lanunomethvleneiamine, MNN-
isopropyhidenediamine, M-pr-nitrobenzvlidencamine. M-salicvhidensanune, N-5-
chlorosalicylideneamine, N-(S-chloro-2-hvdroxy phenyiiphenyimethvieneamine, N-
evelohexyhdensamine, N-{5,5-dimethyi-3-oxo-l-cyclohesenyhamine, M-borane derivative,
M-diphenvibormic acid dertvative, N-{phenvi{pentaacyiclromumm- or tungstenjacyi] anune,
N-copper chelate, N-zinc chelate, N-nitroamine, N-mitroscaming, amine N-oxide,
diphenviphosphinanude (Dpp), dimethyvithiophosphinarmide (Mpt),
diphenvithiophosphinamide (Ppi). dislky! phosphoraraidates, dibensvl phosphoranudate,
diphenyl phosphoranudate, benzenesulfenanude, o-nitrobenzanesulfonanude (Mlps), 2,4~
dimitrobenrenesuifenanude, pentachlorobenzenesaifenanude, 2-nitro-4-
methoxyvbenrenesulfenamide, triphenvimethvisidfenamude, and 3-miropyndinesutfenanude
{(Npvst In certain embodiments, a nifrogen protecting group 15 bensyi (Bnj, tert-
butyloxycarbonyl (BOC), earbobensvioxy (e, O-ftarenvimethyloxycarbonyl (Fmoc),
triftuoroacetvl, inphervimethyl, acetyl {Ac), benzov] (Ba), p-methosybenzyl (PMB), 3,4~

dimethoxyvbenayt (DMPM), p-oethoxyphenyl (BMPY, 2.2 2-tnichloroethvlosyearbonyt
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{Troc), triphenvimethyl {Tr), tosyl {Tx), brosyl {85}, nosyl (N}, mesyl (Ma), trfhvi (T, or
dansyi (s}

in certain embodiments, the substituent present on an oxXygen atom is an oxygen
protecting group {also referred to heraim as an "hydroxyl protecting group”). Oxvgen
protecting groups include, but are not himited to, -R®, DR™), -CEOSRE, -CEOQR®, -
CORM CEMNRPY, CE=NRPR® CERRIORY CENRPINR Y, -S(=0R™, -
SORY -SHRaak, -PR . PRS0 -PIORT ), -PORS R "X, -PEOKR™ Y, -
P{=(H(OR®Y, and -PE=GHNIR™Y o), wherein X0, R% BY and R are as defined hersin.
Oxygen protecting groups are well known n the art and include those deseribed in detall in
Protecting Groups in Organic Svathesis, T W. Groene and P. G M. Wuts, 3% edition, John
Wiley & Sons, 1999, incorporated herein by reference.

Exemplary oxveen protecting groups include, but are not Brted 1o, methyl,
methoxylroethyvl (MOM), methythiomethy! MTM), t-buty ithiomethy L
{phenyidimethy sty Dmethoxvmethy] (SMOM), benzyloxyvmethyl (BOM}, p-
methoxyvbensyvionymethyl (PMBM), (4-methoxyphenony ymethvi (p-AOM), guaiacolmethyl
(GUWM), t-butoxymethy ], 4-pentenyviosymethyl (POM), sloxvmathvi, 2-
methoxvethoxvmethy (MEM), 2.2, 2-trichioroethoxymethvl, bis(2-chloroethoxy imethyi, 2-
(trimethyisiiviethonymethy! (SEMOR), tefrabivdropyranyt (FHP, 3-
bromotetrabvdropyranyl, tetrahydrothiopyranyl, T-methoxyveyclohesyl, 4-
methoxyietraby dropyranyt (MTHP), 4-oethoxyietraby drothiopyrany, 4-
methoxvietrshy drothiopyranyi 8 S-dioxide, I-[{Z-chloro-d-methvliphenvi]-4-
methoxypipertdin-d-vi {CTMP}. 1, 4-dioxan-2-vE, fetrabvdrofuranyl, tetrabvdrothiohwanyl,
2,3,3a,4,5,6,7 Ta~octahydro-7.8, 8~trimethyl-4,7-methanobenzofuran-2-vi, 1 ~ethoxvethvl 1 -
(Z-chloroethoxy jethvl, 1 ~methyl- Lmethoxyvethvl, 1 -methyl- I-benzyloxyethyl, 1 -methvl-
1~ berwyloxy-2-fluoroethyl, 2,2 2-richioroethyl, 2-tnimethyistiylsthvi, 2-
{phenyiselenviethvl, + butyl, allvi, p-chlorophenvl, p-methoxyvphenyl, 2. 4-dinitrophenyl,
benzyl (B}, p- woethoxyberuyl, 34-diroethoxyberwyl, a-mitrobenzyl, p-ourobenavl, p-
halobenzyl, 2,6- dichlorobenzyl. p-ovanobenryl, p-phenvibenzyl, 2-picolyl, 4-picolvi, 3-
methyvi-2-picolyi N- oxido, diphenylmethyl, p.p'-dimirobenzhydryi, 5-dibenzosubervl,
triphenvimethyl, a~ vaphthyvidiphenvhmethyl, pomethoxyphenyidiphenvimethyl, didp-
methoxvphenviphenvimethyl, tni{p-methonyphenymethyl, 4-{4'-
bromophenacvioxyphenvidiphenyimethyl, 4,47 4"-tris(4,5-
dichlorophthalinidopheny Dmethvl, 4.4 4" -ins(levulimovioxyphenvlmethyl, 4,4'.4"

tris{henzovioxyphenvDmethvl, 3-(inudasol- 1 -v1ibi {4 "4 "-dimethoxyphenyDimethvl, 1,1-
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bis{4d-methoxyphenvi}-1-pyrenvimethyl, S-anthryvl 9-(S-phenylxanthenyl, 9-(S-phenyi-10-
oxajanttuyl 1.3-benzodithiolan-2-v1, henasothiarolyl 8.8-dioxide, trimethyinlvl {TMS),
triethyisilyl {TES), tritsopropvisiiyl (TIPS), dimethylisopropyisiivl (IPDME),
diethyhisopropyisiivl (DEIP S}, dimethvlthexyisilyl, t-butvidimethvisilvl (TBDMS}, ¢~
butyldiphenvisiyt (TBDPS), tnbenevisilvl, tri-p-xylvisilvl, inphenyisdyl,
diphenvimethyisdvl (EMS), t-butylmethoxyphenyisidyvl (TBMPS), foraate, henzoviformate,
acetate, chioroacetate, dichloroacetate, trichloroacetate, triflucroaceiate. methoxyvacetats,
triphenvimethoxyacetats, phenoxyacetale, p-chlorophenoxyacetate, 3-phenyipropionate, 4-
oxopenianoate {evulinate}, 4,4-(ethvienedithiopenianoate (evulinovidithicacetal), mvaloate.
adamantoate, crotonate, 4-methoxverotonate, benzoate, p-phenyibenzoate, 2.4,6-
trimethvibenzoate {mesitoate}, methvl carbonate, 9-flucrenyimethvl carbonaie (Fmoc), ethyl
carbonate, 2,2 2-nchioroethy! carbonate (Trocy, 2-(rimethvisibvDethyl carbonate (TMSEC),
2-{pherrvisuliony) ethyvl carbonate (Psec). 2-(iniphenyiphosphonio) ethyl carbonate (Peoc),
isobuty! carbonate, vinyl carbonate, aliyl carbonate, t-buty! carbonate (BOC or Bog), p-
nitrophenyvi carbonaie, benry! carbonate, p-methoxybenzyi carbonate, 3 4-dimethonybenzy}
carbonate, o-mtrobenzy carbonate, p-onitrobenzyt carbonate, S-benzvl thiocarbonate, 4-
ethoxv-l-napththvi carbonate, methyi dithiocarbonate, 2-iodobenzoate, 4-azidobutyrate, 4-
nitro-d-methyipentancate, o-{dibromomaethyvibenzoate, 2-formyibenzenssulfonate, 2-
{methvithiomethoxy ethvl, 4-{methyithiomethoxy Yhutvrate, 2-
{methvithiomethoxyvmethyDibenzoate, 2.6-dichloro-d-methvipbenoxvacetate, 2, 6-dichloro-4-
(1.1 .3, 3-tetramethyibutyDphenoxvacetate, 2.4-bis{ 1 | | -dimethvipropylphenoxvacetate,
chiorodiphenylacetate, isobutyrate, monosuccinoate, {Ep-Z-methyl-2-nenoate, o
{ruethoxyvacy Dbenzoate, a-naphihoate, nifrate, alkvl NN DN
tetramethviphosphorodiamidate, alkyvl N-phenyicarbamate. borate, dimsthviphosphinotiuoyl,
alkvi 2 4-dintirophenyisulfenate, sulfale, methanesulfonate (mesyiate), benzyisulfonaie, and
tosviate (Ts). In certain embodiments, an oxygen profecting group s sibvl In certain
emibodiments, an oxygen protecting group 8 bulyldiphenyisivl (TBDPS), +-
butyvidimethyisilvl (TBDMS ). trusoprovisilyl {T1PS), nphenylsidyl (TPS), tnisthvisilyl (TES),
trimethylsilyl {TME), triisopropy Istfoxymethvl (TOMY, acetyl {Ac), benvovi (B, allvl
carhonate, 2.2, 2-trichioroethyl carbonate (Troc), 2-irimethyisilviethy] carbonate,
methoxvmethy] (MOM), T-ethoxvethvl (FE). 2-methvory-2-propyvl (MOP), 2,2.2-
trichlorosthoxyethyi, Z-methoxyethoxy methvl (MEM), Z-trimethvisiiviethonymesthyl (8EM),
methyithiomethyt (MTM), tetrahy dropyrany (THP), ietrabv drofuranyt (THF}, p-
methoxyphenyl (PMPYL tnphenyimethyl (1), methoxyinty] (MMT), dimethoxyinty] {DMT),
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allyl, p-methoxybenzyl (PMB), t-butyl, benzyl {Bn}, allvl, or pivaloyl (Piv).
o ceniain embodiments, the substituent present on a sulfur atom is a sulfur protecting
group {also referred to as a "thiof protecting group™). Sulfur protecting groups inchude, but

are not Hmited o, -R¥ -N(RYY, -CEOISRE, -CEORY, -CORS, -OEOINERY Y, -

PRy "X, -PIORS ), -PIORT Y P30, -PE=0MRY ), -PEOWORSY, and -PE=0YNRYY 1),
wherein R™, B* and R are as defined herein. Suifur protecting groups are well known i
the art and include those described in detail in Protecting Groups in Organic Synthesis, T. W,
Greene and PG, M. Wuts, ¥ edition. John Wiley & Sons, 1999, incorporated herein by
reference. fnn certain embodiments. a sulfur protecting group is acetamidomethyi, -8By, 3-
mitro-2-pyridine suifenyl, 2-pyridine-sulfenyl, or friphenvimethyl

A “counterion” or "amonic counierion” i¢ a negatively charged group associated with
a positively charged group n order to maniain olectronic neutralily. An anioric comterion
may be monovalent (i.e., including one formal negative charge} An anionic counterion may
also be mudtivalent {i.e., including more than one formal negative charge), such as divalent or
wvalent. Exemplary countenons include halide ons {e.g., Fr, CF, B, Ty, WOs™, Cios, OF T,
HoPOW, HCGy, HSO, sulfonate 1ons {e.g.. methansulfonate. rifluoromethanesulfonate, 7-
toluenesulfonate, benzenesulfonate, 10-camphor sulfonate, naphthalene-Z-sulfonate,
naphthalene- | -anlfonic acid-S-sulfonate, ethan-1 ~sulfonic acid- 2-sulfonate, and the hike),
carboxylate 1ons {e.g., scetale, propanoaie, benzoate. ghvoerate, lactate, tarirate, glveolats,
gluconate, and the like), BFs, PFy, PFe, AsFe, SbFe, B{3.5-{CFnCeHale]", B{CeFsi, BPhy-
, AHOC{CFakw, and carborane anions {e.g., CBaHi or (HUBaMesBreit. Exemplary
counterions which roay be multivalent include CO:% HPOYY, PO BGr™, SOu%, 52057
carboxvlate anions {e.g., tartrate, citrate. fumarate. maleate, malate, malonate, gliconate,
suceinate, elutarate, adipate, pimelate, suberale, arelate, sebacate, salicylate, phthalates,
aspastate, glotamate, and the hkeld, and carboranes,

The torm "leaving group” 18 given s ordinary meaning 1o the ant of synthehc orgamc
chemistry and refers 1o an atom or a group capable of being displaced by a nucleoplule. Seg,
for example, Smith, March s Advanced Organic Chemustry 6th ed. {501- 502). Examples of
suttable feaving groups includs, bul are not limited to, balogen Guch as F, CL By, o'}
(iodine)), alkonycarbonyloxy, arviexyearbonvioxy, atkanesulfonviony, arenesulfonvioxy.,
alkvi-carbonyloxy {e.g., aceioxy}, arvlicarbonyioxy, arviony, methoxy, KO-
dimethvthydrosylamuno, pisyl, and haloformates. In some cases, the leaving group is a

sulfonic acid ester, such as toluenesulfonate (losylate, ~OTs). methanesulfonate (mesviate, -
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OMgh, >-bromobenzenesuifonyioxy {brosylate, -OBa}, -OS¢=01{CF1CF; (nonafiate, ~ONT,
or irifluoromethanesulfonate {riflate, 0T, To some cases. the leaving group i1s a brosylate,
such as 7-bromobenzenesuifonvioxy. In some cases, the leaving eroup is a nosvlate, such as
Z-nitrobenzenesulfonyioxy. The leaving group may alzo be a phosphineoxide {e.g., formed
during a Mitsunobu reaction) or an internal leaving group such as an epoxade or cyelic
sutfate. Other non-linuting examples of leaving groups are water, amynonig, alcohols, ether
maienies, thiosther moieties, zine halides, magnesium mwoteties, diazomum salis, and copper
moteties. Further exempdary leaving groups include, bt are not lunited {0, halo (e g.. chloro,
bromo. 1odo) and activated substituied hvdroxyl groups {e.g.. ~QCEOISR®, -OCE=OIRY, -
QCOR™, OO0, -OCENRMES OOENEPYORY LGOENEDINRYY, -
OS{=0NR™, -O8RY, QPR -OPR ), -OPEORRY, OPEDHRY Y, - OPEOHOR ),
OPEORNER®YL, and ~OPEOHNR™ Y, wherein BY R™, and R are as defived herein).

The term "acyl" as used herein refers to a group containing a carbonyl moiety wherein
the group is bonded via the carbonyl carbon atom. The carbonyl carbon atom is bonded to a
hydrogen forming a "formyl" group or is bonded to another carbon atom, which can be part
of an alkyl, aryl, aralkyl cycloalkyl, cycloalkylalkyl, heterocyclyl, heterocyclylalkyl,
heteroaryl, heteroarylalkyl group or the like. An acyl group can include 0 to about 12, 0 to
about 20, or 0 to about 40 additional carbon atoms bonded to the carbonyl group. An acyl
group can include double or triple bonds within the meaning herein. An acryloyl group is an
example of an acyl group. An acyl group can also include heteroatoms within the meaning
herein. A nicotinoyl group (pyridyl-3-carbonyl) is an example of an acyl group within the
meaning herein. Other examples include acetyl, benzoyl, phenylacetyl, pyridylacetyl,
cinnamoyl, and acryloyl groups and the like. When the group containing the carbon atom
that is bonded to the carbonyl carbon atom contains a halogen, the group is termed a
"haloacyl" group. An example is a trifluoroacetyl group.

The term "alkyl" as used herein refers to straight chain and branched alkyl groups and
cycloalkyl groups having from 1 to 40 carbon atoms, 1 to about 20 carbon atoms, 1 to 12
carbons or, in some embodiments, from 1 to 8 carbon atoms. Examples of straight chain
alkyl groups include 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 limited to, isopropyl, iso-butyl, sec-butyl, t-butyl, neopentyl, isopenty],
and 2,2-dimethylpropyl groups. As used herein, the term "alkyl" encompasses n-alkyl,
isoalkyl, and anteisoalkyl groups as well as other branched chain forms of alkyl.

Representative substituted alkyl groups can be substituted one or more times with any of the
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groups listed herein, for example, amino, hydroxy, cyano, carboxy, nitro, thio, alkoxy, and
halogen groups.

The term "alkenyl" as used herein refers to straight and branched chain and cyclic
alkyl groups as defined herein, except that at least one double bond exists between two
carbon atoms. Thus, alkenyl groups have from 2 to 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.
Examples include, but are not limited to vinyl, -CH=C=CCH», -CH=CH(CH3), -
CH=C(CH5)2, -C(CH3)=CHz, -C(CH3)=CH(CH3), -C(CH2CH3)=CH2, cyclohexenyl,
cyclopentenyl, cyclohexadienyl, butadienyl, pentadienyl, and hexadienyl among others.

The term "alkoxy" as used herein refers to an oxygen atom connected to 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, pentyloxy, hexyloxy, and
the like. Examples of branched alkoxy include but are not limited to isopropoxy, sec-butoxy,
tert-butoxy, isopentyloxy, isohexyloxy, and the like. Examples of cyclic alkoxy include but
are not limited to cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy, and the
like. An alkoxy group can include about 1 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 heteroatoms. For example, an allyloxy group or a
methoxyethoxy group is also an alkoxy group within the meaning herein, as is a
methylenedioxy group in a context where two adjacent atoms of a structure are substituted
therewith.

The term "alkynyl" as used herein refers to straight and branched chain alkyl groups,
except that at least one triple bond exists between two carbon atoms. Thus, alkynyl groups
have from 2 to 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 limited to —
C=CH, -C=C(CH35), -C=C(CH2CH3), -CH2C=CH, -CH2C=C(CH3), and -CH2C=C(CH2CH3)
among others.

The term "amine" as used herein refers to primary, secondary, and tertiary amines
having, e.g., the formula N(group)s; wherein each group can independently be H or non-H,
such as alkyl, aryl, and the like. Amines include but are not limited to R-NHa, for example,
alkylamines, arylamines, alkylarylamines; R2NH wherein each R is independently selected,
such as dialkylamines, diarylamines, aralkylamines, heterocyclylamines and the like; and

R3N wherein each R is independently selected, such as trialkylamines, dialkylarylamines,
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alkyldiarylamines, triarylamines, 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 -NHa, -
NHR, -NR2, -NR3*, wherein each R is independently selected, and protonated forms of each,
except for -NRs*, which cannot be protonated. Accordingly, any compound substituted with
an amino group can be viewed as an amine. An "amino group" within the meaning herein
can be a primary, secondary, tertiary, or quaternary amino group. An "alkylamino" group
includes a monoalkylamino, dialkylamino, and trialkylamino group.

The term "aminoalkyl" as used herein refers to amine connected to an alkyl group, as
defined herein. The amine group can appear at any suitable position in the alkyl chain, such
as at the terminus of the alkyl chain or anywhere within the alkyl chain.

The term "aralkyl" as used herein refers to alkyl 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. Representative aralkyl groups include benzyl and phenylethyl groups and
fused (cycloalkylaryl)alkyl groups such as 4-ethyl-indanyl. Aralkenyl 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 "aryl" as used herein refers to cyclic aromatic hydrocarbon groups that do
not contain heteroatoms in the ring. Thus aryl groups include, but are not limited to, phenyl,
azulenyl, heptalenyl, biphenyl, indacenyl, fluorenyl, phenanthrenyl, triphenylenyl, pyrenyl,
naphthacenyl, chrysenyl, biphenylenyl, anthracenyl, and naphthyl groups. In some
embodiments, aryl groups contain about 6 to about 14 carbons in the ring portions of the
groups. Aryl groups can be unsubstituted or substituted, as defined herein. Representative
substituted aryl groups can be mono-substituted or substituted more than once, such as, but
not limited to, a phenyl group substituted at any one or more of 2-, 3-, 4-, 5-, or 6-positions of
the phenyl ring, or a naphthyl group substituted at any one or more of 2- to 8-positions
thereof.

As used herein, the term "Ce-10- Ce-10 biaryl" means a Ce-10 aryl moiety covalently
bonded through a single bond to another Ce-10 aryl moiety. The Ce-10 aryl moiety can be any
of the suitable aryl groups described herein. Non-limiting example of a Ce-10- Ce-10 biaryl
include biphenyl and binaphthyl.

As used herein, the term "composition" or "pharmaceutical composition" refers to a
mixture of at least one compound described herein with a pharmaceutically acceptable

carrier. The pharmaceutical composition facilitates administration of the compound to a
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patient or subject. Multiple techniques of administering a compound exist in the art
including, but not limited to, intravenous, oral, aerosol, parenteral, ophthalmic, pulmonary
and topical administration.

The term "cycloalkyl" as used herein refers to cyclic alkyl groups such as, but not
limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and cyclooctyl
groups. In some embodiments, the cycloalkyl group can have 3 to about 8-12 ring members,
whereas in other embodiments the number of ring carbon atoms range from 3to 4, 5,6, or 7.
Cycloalkyl groups further include polycyclic cycloalkyl groups such as, but not limited to,
norbornyl, adamantyl, bornyl, camphenyl, isocamphenyl, and carenyl groups, and fused rings
such as, but not limited to, decalinyl, and the like. Cycloalkyl groups also include rings that
are substituted with straight or branched chain alkyl groups as defined herein. Representative
substituted cycloalkyl groups can be mono-substituted or substituted 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 norbornyl or cycloheptyl groups, which can be substituted with, for example,
amino, hydroxy, cyano, carboxy, nitro, thio, alkoxy, and halogen groups. The term
"cycloalkenyl" alone or in combination denotes a cyclic alkenyl group.

A "disease" is a state of health of an animal wherein the animal cannot maintain
homeostasis, and wherein 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 animal is able to
maintain homeostasis, but in which the animal's state of health is less favorable than it would
be in the absence of the disorder. Left untreated, a disorder does not necessarily cause a
further decrease in the animal's state of health.

A disease or disorder is "alleviated" if the severity of a symptom of the disease or
disorder, the frequency with which such a symptom is experienced by a patient, or both, is
reduced.

As used herein, the terms "effective amount," "pharmaceutically effective amount”
and "therapeutically effective amount" refer to a nontoxic but sufficient amount 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
ordinary skill in the art using routine experimentation.

As used herein, the term "efficacy" refers to the maximal effect (Emax) achieved

within an assay.
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The terms "halo," "halogen," or "halide" group, as used herein, by themselves or as
part of another substituent, mean, unless otherwise stated, a fluorine, chlorine, bromine, or
iodine atom.

The term "haloalkyl" group, as used herein, includes mono-halo alkyl groups, poly-
halo alkyl groups wherein all halo atoms can be the same or different, and per-halo alkyl
groups, wherein all hydrogen atoms are replaced by halogen atoms, such as fluoro. Examples
of haloalkyl include trifluoromethyl, 1,1-dichloroethyl, 1,2-dichloroethyl, 1,3-dibromo-3,3-
difluoropropyl, perfluorobutyl, and the like.

The term "heteroaryl" as used herein refers to aromatic ring compounds containing 5
or more ring members, of which, one or more is a heteroatom such as, but not limited to, N,
O, and S; for instance, heteroaryl rings can have 5 to about 8-12 ring members. A heteroaryl
group is a variety of a heterocyclyl group that possesses an aromatic electronic structure. A
heteroaryl group designated as a Cz-heteroaryl can be a 5-ring with two carbon atoms and
three heteroatoms, a 6-ring with two carbon atoms and four heteroatoms and so forth.
Likewise a Cs-heteroaryl can be a 5-ring with one heteroatom, a 6-ring with two heteroatoms,
and so forth. The number of carbon atoms plus the number of heteroatoms sums up to equal
the total number of ring atoms. Heteroaryl groups include, but are not limited to, groups such
as pyrrolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl, pyridinyl,
thiophenyl, benzothiophenyl, benzofuranyl, indolyl, azaindolyl, indazolyl, benzimidazolyl,
azabenzimidazolyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl, imidazopyridinyl,
isoxazolopyridinyl, thianaphthalenyl, purinyl, xanthinyl, adeninyl, guaninyl, quinolinyl,
isoquinolinyl, tetrahydroquinolinyl, quinoxalinyl, and quinazolinyl groups. Heteroaryl
groups can be unsubstituted, or can be substituted with groups as is discussed herein.
Representative substituted heteroaryl groups can be substituted one or more times with
groups such as those listed herein.

Additional examples of aryl and heteroaryl groups include but are not limited to
phenyl, biphenyl, indenyl, naphthyl (1-naphthyl, 2-naphthyl), N-hydroxytetrazolyl, N-
hydroxytriazolyl, N-hydroxyimidazolyl, anthracenyl (1-anthracenyl, 2-anthracenyl, 3-
anthracenyl), thiophenyl (2-thienyl, 3-thienyl), furyl (2-furyl, 3-furyl) , indolyl, oxadiazolyl,
isoxazolyl, quinazolinyl, fluorenyl, xanthenyl, isoindanyl, benzhydryl, acridinyl, thiazolyl,
pyrrolyl (2-pyrrolyl), pyrazolyl (3-pyrazolyl), imidazolyl (1-imidazolyl, 2-imidazolyl,
4-imidazolyl, S5-imidazolyl), triazolyl (1,2,3-triazol-1-yl, 1,2,3-triazol-2-yl 1,2,3-triazol-4-yl,
1,2,4-triazol-3-yl), oxazolyl (2-oxazolyl, 4-oxazolyl, 5-oxazolyl), thiazolyl (2-thiazolyl, 4-
thiazolyl, 5-thiazolyl), pyridyl (2-pyridyl, 3-pyridyl, 4-pyridyl), pyrimidinyl (2-pyrimidinyl,
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4-pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl), pyrazinyl, pyridazinyl (3- pyridazinyl, 4-
pyridazinyl, S-pyridazinyl), quinolyl (2-quinolyl, 3-quinolyl, 4-quinolyl, 5-quinolyl, 6-
quinolyl, 7-quinolyl, 8-quinolyl), isoquinolyl (1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl, 5-
isoquinolyl, 6-isoquinolyl, 7-isoquinolyl, 8-isoquinolyl), benzo[b]furanyl (2-benzo[b]furanyl,
3-benzo[b]furanyl, 4-benzo[b]furanyl, 5-benzo[b]furanyl, 6-benzo[b]furanyl, 7-
benzo[b]furanyl), 2,3-dihydro-benzo[b]furanyl (2-(2,3-dihydro-benzo[b]furanyl), 3-(2,3-
dihydro-benzo[b]furanyl), 4-(2,3-dihydro-benzo[b]furanyl), 5-(2,3-dihydro-benzo[b]furanyl),
6-(2,3-dihydro-benzo[b|furanyl), 7-(2,3-dihydro-benzo[b]|furanyl), benzo[b]thiophenyl (2-
benzo[b]thiophenyl, 3-benzo|b]thiophenyl, 4-benzo[b]thiophenyl, 5-benzo[b]thiophenyl, 6-
benzo[b]thiophenyl, 7-benzo[b]thiophenyl), 2,3-dihydro-benzo[b]thiophenyl, (2-(2,3-
dihydro-benzo[b]thiophenyl), 3-(2,3-dihydro-benzo| b]thiophenyl), 4-(2,3-dihydro-
benzo[b]thiophenyl), 5-(2,3-dihydro-benzo[b]thiophenyl), 6-(2,3-dihydro-
benzo[b]thiophenyl), 7-(2,3-dihydro-benzo[b]thiophenyl), indolyl (1-indolyl, 2-indolyl,
3-indolyl, 4-indolyl, 5-indolyl, 6-indolyl, 7-indolyl), indazole (1-indazolyl, 3-indazolyl,
4-indazolyl, 5-indazolyl, 6-indazolyl, 7-indazolyl), benzimidazolyl (1-benzimidazolyl,
2-benzimidazolyl, 4-benzimidazolyl, S-benzimidazolyl, 6-benzimidazolyl, 7-benzimidazolyl,
8-benzimidazolyl), benzoxazolyl (1-benzoxazolyl, 2-benzoxazolyl), benzothiazolyl (1-
benzothiazolyl, 2-benzothiazolyl, 4-benzothiazolyl, 5-benzothiazolyl, 6-benzothiazolyl,
7-benzothiazolyl), carbazolyl (1-carbazolyl, 2-carbazolyl, 3-carbazolyl, 4-carbazolyl),
SH-dibenz[b,f]azepine (SH-dibenz[b,flazepin-1-yl, SH-dibenz[b,flazepine-2-yl,
SH-dibenz[b.f]azepine-3-yl, SH-dibenz[b.f]lazepine-4-y1, SH-dibenz[b,flazepine-5-y1),
10,11-dihydro-5H-dibenz[b,f]azepine (10,11-dihydro-5H-dibenz[b,f]azepine-1-yl,
10,11-dihydro-5H-dibenz[b.f]azepine-2-yl, 10,11-dihydro-5H-dibenz|b,f]|azepine-3-yl,
10,11-dihydro-5H-dibenz[b.f]azepine-4-yl, 10,11-dihydro-5H-dibenz|b,f]azepine-5-y1), and
the like.

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

As used herein, the term "Ce-10-5-6 membered heterobiaryl" means a Ce-10 aryl moiety
covalently bonded through a single bond to a 5- or 6-membered heteroaryl moiety. The Cs-10
aryl moiety and the 5-6-membered heteroaryl moiety can be any of the suitable aryl and
heteroaryl groups described herein. Non-limiting examples of a Cs-10-5-6 membered

heterobiaryl include:
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When the Ce-10-5-6 membered heterobiaryl is listed as a substituent (e.g., as an "R" group),
the Ce-10-5-6 membered heterobiaryl is bonded to the rest of the molecule through the Ce-10
moiety.

As used herein, the term "5-6 membered- Ce-10 heterobiaryl " is the same as a Ce-10-5-
6 membered heterobiaryl, except that when the 5-6 membered- Cs-10 heterobiaryl is listed as a
substituent (e.g., as an "R" group), the 5-6 membered- Cs-10 heterobiaryl is bonded to the rest
of the molecule through the 5-6-membered heteroaryl moiety.

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, O, and S. Thus, a heterocyclyl can be a cycloheteroalkyl, or a
heteroaryl, or if polycyclic, any combination thereof. In some embodiments, heterocyclyl
groups include 3 to about 20 ring members, whereas other such groups have 3 to about 15
ring members. A heterocyclyl group designated as a Cz-heterocyclyl can be a 5-ring with two
carbon atoms and three heteroatoms, a 6-ring with two carbon atoms and four heteroatoms
and so forth. Likewise a C4-heterocyclyl can be a 5-ring with one heteroatom, a 6-ring with
two heteroatoms, and so forth. The number of carbon atoms plus the number of heteroatoms
equals the total number of ring atoms. A heterocyclyl ring can also include one or more
double bonds. A heteroaryl ring is an embodiment of a heterocyclyl group. The phrase
"heterocyclyl group" includes fused ring species including those that include fused aromatic
and non-aromatic groups. For example, a dioxolanyl ring and a benzdioxolanyl ring system
(methylenedioxyphenyl ring system) are both heterocyclyl groups within the meaning herein.
The phrase also includes polycyclic ring systems containing a heteroatom such as, but not
limited to, quinuclidyl. Heterocyclyl groups can be unsubstituted, or can be substituted as
discussed herein. Heterocyclyl groups include, but are not limited to, pyrrolidinyl,
piperidinyl, piperazinyl, morpholinyl, pyrrolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl,
isoxazolyl, thiazolyl, pyridinyl, thiophenyl, benzothiophenyl, benzofuranyl,
dihydrobenzofuranyl, indolyl, dihydroindolyl, azaindolyl, indazolyl, benzimidazolyl,
azabenzimidazolyl, benzoxazolyl, benzothiazolyl, benzothiadiazolyl, imidazopyridinyl,
isoxazolopyridinyl, thianaphthalenyl, purinyl, xanthinyl, adeninyl, guaninyl, quinolinyl,

isoquinolinyl, tetrahydroquinolinyl, quinoxalinyl, and quinazolinyl groups. Representative
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substituted heterocyclyl groups can be mono-substituted or substituted more than once, such
as, but not limited to, piperidinyl or quinolinyl groups, which are 2-, 3-, 4-, 5-, or 6-
substituted, or disubstituted with groups such as those listed herein.

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 heterocyclyl group as defined herein. Representative heterocyclyl alkyl groups include,
but are not limited to, furan-2-yl methyl, furan-3-yl methyl, pyridine-3-yl methyl,
tetrahydrofuran-2-yl ethyl, and indol-2-yl propyl.

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

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

The term "organic group" as used herein refers to any carbon-containing functional
group. Examples can include an oxygen-containing group such as an alkoxy group, aryloxy
group, aralkyloxy group, oxo(carbonyl) group; a carboxyl group including a carboxylic acid,
carboxylate, and a carboxylate ester; a sulfur-containing group such as an alkyl and aryl
sulfide group; and other heteroatom-containing groups. Non-limiting examples of organic
groups include OR, OOR, OC(O)N(R)2, CN, CF3, OCF3, R, C(0O), methylenedioxy,
ethylenedioxy, N(R)2, SR, SOR, SO2R, SO:N(R)2, SO3R, C(O)R, C(O)C(O)R,
C(O)CH2C(O)R, C(S)R, C(O)OR, OC(O)R, C(O)N(R)2, OC(O)N(R)2, C(S)N(R)2, (CH2)o-
2N(R)C(O)R, (CH2)02N(R)N(R)2, N(R)N(R)C(O)R, N(R)N(R)C(O)OR, N(R)N(R)CON(R)z2,
N(R)SOz2R, N(R)SO:2N(R)2, N(R)C(O)OR, N(R)C(O)R, N(R)C(S)R, N(R)C(O)N(R)2,
NR)C(S)N(R)2, N(COR)COR, N(OR)R, C(=NH)N(R)2, C(O)N(OR)R, C(=NOR)R, and
substituted or unsubstituted (C1-Cio0)hydrocarbyl, wherein R can be hydrogen (in examples
that include other carbon atoms) or a carbon-based moiety, and wherein the carbon-based
moiety can be substituted or unsubstituted.

The terms "patient,” "subject," or "individual" are used interchangeably herein, and
refer to any animal, or cells thereof whether in vitro or in situ, amenable to the methods

described herein. In a non-limiting embodiment, the patient, subject or individual is a human.

-32-



10

15

20

25

30

WO 2022/178428 PCT/US2022/017334

As used herein, the term "pharmaceutically acceptable" refers to a material, such as a
carrier or diluent, which does not abrogate the biological activity or properties of the
compound, and is relatively non-toxic, i.e., the material may be administered to an individual
without causing undesirable biological effects or interacting in a deleterious manner with any
of the components of the composition in which it is contained.

As used herein, the language "pharmaceutically acceptable salt" refers to a salt of the
administered compounds prepared from pharmaceutically acceptable non-toxic acids or
bases, including inorganic acids or bases, organic acids or bases, solvates, hydrates, or
clathrates thereof.

Suitable pharmaceutically acceptable acid addition salts may be prepared from an
inorganic acid or from an organic acid. Examples of inorganic acids include hydrochloric,
hydrobromic, hydriodic, nitric, carbonic, sulfuric (including sulfate and hydrogen sulfate),
and phosphoric acids (including hydrogen phosphate and dihydrogen phosphate).
Appropriate organic acids may be selected from aliphatic, cycloaliphatic, aromatic,
araliphatic, heterocyclic, carboxylic and sulfonic classes of organic acids, examples of which
include formic, acetic, propionic, succinic, glycolic, gluconic, lactic, malic, tartaric, citric,
ascorbic, glucuronic, maleic, malonic, saccharin, fumaric, pyruvic, aspartic, glutamic,
benzoic, anthranilic, 4-hydroxybenzoic, phenylacetic, mandelic, embonic (pamoic),
methanesulfonic, ethanesulfonic, benzenesulfonic, pantothenic, trifluoromethanesulfonic, 2-
hydroxyethanesulfonic, p-toluenesulfonic, sulfanilic, cyclohexylaminosulfonic, stearic,
alginic, B-hydroxybutyric, salicylic, galactaric and galacturonic acid.

Suitable pharmaceutically acceptable base addition salts of compounds described
herein include, for example, ammonium salts, metallic salts including alkali metal, alkaline
earth metal and transition metal salts such as, for example, calcium, magnesium, potassium,
sodium and zinc salts. Pharmaceutically acceptable base addition salts also include organic
salts made from basic amines such as, for example, N.N'-dibenzylethylene-diamine,
chloroprocaine, choline, diethanolamine, ethylenediamine, meglumine (N-methylglucamine)
and procaine. All of these salts may be prepared from the corresponding compound 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 aliquid 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
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intended function. Typically, such compounds 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 formulation,
including 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 carboxymethyl cellulose, ethyl cellulose and cellulose acetate;
powdered tragacanth; malt; gelatin; talc; excipients, such as cocoa butter and suppository
waxes; oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and
soybean oil; glycols, such as propylene glycol; polyols, such as glycerin, sorbitol, mannitol
and polyethylene glycol; esters, such as ethyl oleate and ethyl laurate; agar; buffering agents,
such as magnesium hydroxide and aluminum hydroxide; surface active agents; alginic acid;
pyrogen-free water; isotonic saline; Ringer's solution; ethyl alcohol; phosphate buffer
solutions; and other non-toxic compatible substances employed in pharmaceutical
formulations. As used herein, "pharmaceutically acceptable carrier" also includes any and all
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 carrier" may further include a
pharmaceutically acceptable salt of the compound(s) described herein. Other additional
ingredients that may be included in 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.

The term "solvent" as used herein refers to a liquid that can dissolve a solid, liquid, or
gas. Non-limiting examples of solvents are silicones, organic compounds, water, alcohols,
ionic liquids, and supercritical fluids.

The term "substantially" as used herein refers to a majority of, or mostly, as in at least
about 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 material properties of the composition including the material, such that the
composition is about 0 wt% to about 5 wt% of the material, or about 0 wt% to about 1 wt%,

or about 5 wt% or less, or less than, equal to, or greater than about 4.5 wt%, 4, 3.5, 3, 2.5, 2,
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1.5,1,09,0.38,0.7,0.6,0.5,0.4, 0.3,0.2, 0.1, 0.01, or about 0.001 wt% or less. The term
"substantially free of" can mean having a trivial amount of, such that a composition is about 0
wt% to about 5 wt% of the material, or about 0 wt% to about 1 wt%, or about 5 wt% or less,
or less than, equal to, or greater than about 4.5 wt%, 4, 3.5, 3,2.5,2,1.5,1,0.9, 0.8, 0.7, 0.6,
0.5,0.4,0.3,0.2, 0.1, 0.01, or about 0.001 wt% or less, or about 0 wt%.

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 atoms contained
therein are replaced by one or more non-hydrogen atoms. The term "functional group" or
"substituent" as used herein refers to a group that can be or is substituted onto a molecule or
onto an organic group. Examples of substituents or functional groups include, but are not
limited to, a halogen (e.g., F, Cl, Br, and I); an oxygen atom in groups such as hydroxy
groups, alkoxy groups, aryloxy groups, aralkyloxy groups, oxo(carbonyl) groups, carboxyl
groups including carboxylic acids, carboxylates, and carboxylate esters; a sulfur atom in
groups such as thiol groups, alkyl and aryl sulfide groups, sulfoxide groups, sulfone groups,
sulfonyl groups, and sulfonamide groups; a nitrogen atom in groups such as amines,
hydroxyamines, nitriles, nitro groups, N-oxides, hydrazides, azides, and enamines; and other
heteroatoms in various other groups. Non-limiting examples of substituents that can be
bonded to a substituted carbon (or other) atom include F, CI, Br, I, OR, OC(O)N(R)z2, CN,
NO, NO2, ONOz, azido, CF3, OCF3, R, O (0x0), S (thiono), C(0O), S(O), methylenedioxy,
ethylenedioxy, N(R)2, SR, SOR, SO2R, SO2N(R)2, SO3R, C(O)R, C(O)C(O)R,
C(O)CH2C(O)R, C(S)R, C(O)OR, OC(O)R, C(O)N(R)2, OC(O)N(R)2, C(S)N(R)z2, (CH2)o-
2N(R)C(O)R, (CH2)02N(R)N(R)2, N(R)N(R)C(O)R, N(R)N(R)C(O)OR, N(R)N(R)CON(R)z2,
N(R)SOz2R, N(R)SO:2N(R)2, N(R)C(O)OR, N(R)C(O)R, N(R)C(S)R, N(R)C(O)N(R)2,
N(R)C(S)N(R)2, N(COR)COR, N(OR)R, C(=NH)N(R)2, C(O)N(OR)R, and C(=NOR)R,
wherein R can be hydrogen or a carbon-based moiety; for example, R can be hydrogen, (Ci-
Cioo)hydrocarbyl, alkyl, acyl, cycloalkyl, aryl, aralkyl, heterocyclyl, heteroaryl, or
heteroarylalkyl; or wherein two R groups bonded to a nitrogen atom or to adjacent nitrogen
atoms can together with the nitrogen atom or atoms form a heterocyclyl.

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

The term "thioalkyl" as used herein refers to a sulfur atom connected to an alkyl
group, as defined herein. The alkyl group in the thioalkyl can be straight chained or
branched. Examples of linear thioalkyl groups include but are not limited to thiomethyl,

thioethyl, thiopropyl, thiobutyl, thiopentyl, thiohexyl, and the like. Examples of branched
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alkoxy include but are not limited to iso-thiopropyl, sec-thiobutyl, tert-thiobutyl, iso-
thiopentyl, iso-thiohexyl, and the like. The sulfur atom can appear at any suitable position in
the alkyl chain, such as at the terminus of the alkyl chain or anywhere within the alkyl chain.

The terms "treat," "treating" and "treatment," as used herein, means reducing the
frequency or severity with which symptoms of a disease or condition are experienced by a
subject by virtue of administering an agent or compound to the subject.

Throughout this disclosure, various aspects of the disclosure can be presented in a
range format. It should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope
of the disclosure. Accordingly, the description of a range should be considered to have
specifically disclosed all the possible subranges as well as individual numerical values within
that range. For example, description of a range such as from 1 to 6 should be considered to
have specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to
4, from 2 to 6, from 3 to 6 etc., as well as individual numbers within that range, for example,

1,2,2.7,3,4,5,5.3, and 6. This applies regardless of the breadth of the range.

Compounds
In one aspect, the present disclosure relates to a bifunctional molecule of formula (I),
or a salt, geometric isomer, stereoisomer, or solvate thereof:
[TBM]s—[Linker]m—[LRP1BM], (1),
wherein
[TBM] represents a Target binding motif,
[LRP1BM] represents a LRP1 binding motif,
m is an integer from 0 to 15, and
n and o are each independently an integer from 1 to 15.
In some embodiments, the Linker is a group having a valence ranging from 1 to 15.
In certain embodiments, the valence of the Linker is 1 to 10. In certain embodiments, the
valence of the Linkeris 1 to 5. In certain embodiments, the valence of the Linker is 1, 2, or
3. In certain embodiments, the Linker covalently links one or more Target binding motifs to
one or more LRP1 binding motifs.
In some embodiments, m an integer ranging from 0 to 15. In certain embodiments, m
is an integer ranging from 1 to 15. In certain embodiments, m is an integer ranging from 1 to
10. In certain embodiments, m is an integer ranging from 1 to 5. In certain embodiments, m

is an integer ranging from 1 to 3. In certain embodiments, mis 1, 2, or 3.
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In some embodiments, n and o are each independently an integer ranging from 1 to
15. In certain embodiments, n and o are each independently an integer ranging from 1 to 10.
In certain embodiments, n and o are each independently an integer ranging from 1 to 5. In
certain embodiments, n and o are each independently an integer ranging from 1 to 3. In

certain embodiments, each of n and o is independently 1, 2 or 3.

LRPI1 binding motif

In some embodiments, the LRP1 binding motif comprises a peptide that targets the
low-density lipoprotein receptor-related protein 1 (LRP1). In certain embodiments, the LRP1
binding motif targets LRP1 in the brain and/or at the BBB. While not wishing to be limited
by theory, it is believed that LRP1 is involved in endolysosomal trafficking, as well as
receptor-mediated transcytosis across the blood brain barrier, indicating that peptides
targeting this receptor can be capable of both transport and degradation of target neurological
proteins.

In some embodiments, the LRP1 binding motif comprises one of the following amino
acid sequences:

Angiopep-2: TFFYGGSRGKRNNFKTEEYC-OH (or -NH») (SEQ ID NO:1), Demeule, et
al., J. Pharmacol. Exp. Ther. 324(3):1064-1072;

L57: TWPKHFDKHTFYSILKLGKH-OH (SEQ ID NO:2), Sakamoto, ef al., 2017,
Biochemistry and biophysics reports 12:135-139;

Rapl12: EAKIEKHNHYQKK/C-NH> (SEQ ID NO:3), Ruan, ef al., 2018, Journal of
Controlled Release 279:306-315;

Rap22: EAKIEKHNHYQKQLEIAHEKLRK/C-NH2(SEQ ID NO:4), Ruan, ef al., 2018,
Journal of Controlled Release 279:306-315;

Stapled (ST)-RAP12: RsAKIEKHS;HY QKK/C-NH2 (SEQ ID NO:5), wherein Rs represents
(R)-2-(7-octenyl)Ala-OH, Ss represents (S)-2-(4-pentenyl)Ala-OH, and there is a
hydrocarbon bridge between position 1 and 8, Ruan et a/., Chemical Engineering Journal,
2021, 403:126296,

ApoE (141-155): LRKLRKRLLRDADDLLRKLRKRLLRDADDL-NH: (SEQ ID NO:6),
Croy, et al., 2004, Biochemistry 43.23:7328-7335;

ApoE (130-149): TEELRVRLASHLRKLRKRLL-NH2 (SEQ ID NO:7), Croy, et al., 2004,
Biochemistry 43.23:7328-7335;

Ac-VKFNKPFVFLNIeIEQNTK-NH: (SEQ ID NO:8), wherein Nle represents norleucine,

Toldo et al., 2017, JACC: Basic to Translational Science 2.5:561-574;
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VKFNKPFVFLMIEQNTK (SEQ ID NO:9), Toldo ef al., 2017, JACC: Basic to Translational
Science 2.5:561-574;

Angiopep-1: TFFY GGCRGKRNNFKTEEYC-OH (or -NH») (SEQ ID NO:10), Demeule,
et al., Journal Pharmacology and Experimental Therapeutics, 2008, 324(3):1064,

Angiopep-5: TFFY GGSRGKRNNFRTEEYC-OH (or -NH2) (SEQ ID NO:11), Demeule,
et al., Journal Pharmacology and Experimental Therapeutics, 2008, 324(3):1064,

Angiopep-7: TFFY GGSRGRRNNFRTEEYC-OH (or -NH2) (SEQ ID NO:12), Demeule, et
al., Journal Pharmacology and Experimental Therapeutics, 2008, 324(3):1064;

Retroinverso Angiopep-2: cyeetkfnnrkGrsGGyfft-OH (or-NH2) (SEQ ID NO:13), Wei et
al., Molecular Pharmaceutics, 2014, 11(10): 3261;

sequences derived from the C-terminal sequence of aprotinin including but not limited to:

TFFY GGCRAKRNNFKRAKY (SEQ ID NO:14);

TFFY GGCRGKKNNFKRAKY (SEQ ID NO:15);

PFFYGGCRGKRNNFKTEEY (SEQ ID NO:16);

TFFYGGKRGKRNNFKTKEY (SEQ ID NO:17);

TFFYGGCRGKRNNFKTKRY (SEQ ID NO:18);

TFFY GGKRGKRNNFKTAEY (SEQ ID NO:19);

TFFY GGKRGKRNNFKREKY (SEQ ID NO:20);

RFKYGGCLGNKNNFLRLKY (SEQ ID NO:21); and

RFKYGGCLGNKNNYLRLKY (SEQ ID NO:22), (Demeule et al., Journal Pharmacology

and Experimental Therapeutics, 2008, 324(3):1064);

wherein the underlined amino acids in the above sequences indicate that the amino acids

may be present or absent and underlined K/C indicates that either K or C may be present.

In certain embodiments, the amino end of any of SEQ ID NOs 1-22 binds to the

Linker group or the Target binding motif. In other embodiments, the carboxylic acid end of

any of SEQ ID NOs 1-22 binds to the Linker group or the Target binding motif. In yet other

embodiments, the carboxylic acid terminus of any of SEQ ID NOs 1-22 is a non-reactive

carboxamide group and the amine terminus is covalently linked to the Linker group or the

Target binding motif.

Target binding motif
In some embodiments, the Target binding motif comprises a protein binding moiety.
In certain embodiments, the protein binding moiety binds to a pathological protein. In one

embodiment, the protein binding moiety binds to an exosome comprising the pathological
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protein. In some embodiments, the pathological protein is found in the brain. In some
embodiments, the protein binding moiety binds noncovalently to the pathological protein. In
some embodiments, the pathological protein is an extracellular protein. In other
embodiments, the pathological protein is a cell surface protein. In other embodiments, the
pathological protein is a CNS protein. In some embodiments, the protein binding moiety
binds a protein which is accumulates and/or aggregates in a subject suffering from a
neurological disease or disorder. In some embodiments, the protein binding moiety binds a
protein which is accumulates and/or aggregates in the brain of a subject suffering from a
neurological disease or disorder.

The pathological protein can be any pathological protein known to a person of skill in
the art. Exemplary pathological proteins include, but are not limited to, Complement Factor
B, Complement Factor D, DPP4, Complement component C3b, IgG, TNF alpha, Lysyl
Oxidase 2 (LOXL2), IL-17, Amyloid beta, Tau, Hormone-sensitive lipase, Lipoprotein-
associated Phospholipase A2, Factor Xa, Matrix metalloproteinase IX (MMP-9), Thrombin,
Elastase, Factor XI, PKK (pre-kallikrein), BLyS, B cell activating factor (BAFF), FGF23
(fibroblast growth factor 23), Anti-DNA antibodies, extracellular Myeloperoxidase (MPO),
IL-18, Transthyretin (misfolded), Myostatin, CD40 (soluble), CXCL12, CD40 Ligand
(soluble), Plasminogen activator inhibitor type 1 (PAI-1), PABA (protective antigen of
Bacillus anthracis); edema factor, suPAR (soluble urokinase plasminogen activator receptor),
PF4, Tetanus toxin, IL-6, VEGF, Beta2-m, IgA, SAA (serum amyloid A), Soluble PSMA,
MIF, ApoB-100, Protein arginine deiminase (PAD, PAD4), C. difficile toxin B, CJD-
associated prion, Hemolysin, IL-2, Botulinum toxin Antibodies to citrullinated protein
antibody (ACPA), HTT, Anti-ganglioside IgG, Antibodies to Klebsiella dipeptidase protein,
Antibodies to anionic phospholipids, beta-2-glycoprotein-1, IgM, Anticardiolipin antibodies,
lupus anticoagulant, IgG autoantibodies, Anti-vWF antibodies, Amyloid light chains, IgA,
IgE, IgG autoantibodies to thyroid peroxidase, thyroglobulin, TSH receptors, sFlt1, IL-21,
IL-13, IL-5, Serum amyloid P component, amyloid precursor protein, C reactive protein
(CRP), an inflammatory cytokine, a calcitonin gene-related peptide (CGRP), a CGRP
receptor, an N-methyl-D-aspartate (NMDA) receptor, a-synuclein, IAPP, transthyretin, and
combinations thereof. In some embodiments, the pathological protein is selected from an
inflammatory cytokine, a calcitonin gene-related peptide (CGRP), a CGRP receptor, an N-
methyl-D-aspartate (NMDA) receptor, myeloperoxidase (MPO), IAPP, transthyretin,
extracellular tau, beta-amyloid, amyloid precursor protein, prion protein, and oa-synuclein. In

some embodiments, the Target binding motif binds to extracellular tau, beta-amyloid,
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amyloid precursor protein, prion protein, a-synuclein, or a combination thereof.

In some embodiments, the Target binding motif comprises formula (I):

=N , or a derivative or prodrug thereof,
wherein:

AisNor CRY;

Bis N or CR;

Eis N or CR’;

L i3 a substiteted or onsubstituied alkylene, substituted or unsubstituied alkenviens,
substituted or unsubsiituted alkyvoviene, substituted or unsubstituted carbocvelviene,
substituted or unsubstited heterocyelviene, substitited or unsubstituted arylene, substituted
or unsubstifuted heteroarviens, substitited or unsubstituted hetercalkvlene, a bond, -O-, -
PRA, 8-, CEO, O, -CEONRS-, -NRACED-, -NRACEDRA- -C=0RA- -
NRAC{E=GIO-, -NRACEINR-, 000, -O0EGO-, -O0=0INER -, -S{01NRA -, -
NRAS(Gh-, or a combination thereof,

X is a bond or substituted or unsubstituted Ci-12 alkylene, wherein one or more carbon
is optionally replaced with C(=0), O, S, SO2, NH, or NCi.¢ alkyl optionally substituted with
halogen, OH, or Ci+alkyl,

R? is hydrogen, N3, alkynyl, OH, halogen, NH2, N(C1-¢ alkyl)2, aryl, heteroaryl, or a
protecting group, wherein the aryl and heteroaryl are optionally substituted with halogen,
SO2, NHa, or C1- alkyl optionally substituted with halogen or Cs-s cycloalkyl;

R is -(CHabe-, (CH - CEOY-, (CHD - CEORO-, AU H 0 -A-(CH2 300, -
(CHu- A0, -A-O-{CH)w COINRA . ACH 18-, -A-(CHz o8-, «(CHzho- A8, ~A-S-
(CH2 A C=0 RN -(CH2 - NRAN - A-(CH23-NRA, - {CH - A-NEA - {CH e C=0INRA-,
~A{CHDp-{ C=0INRA {CH e A-(C=OINR S A NRACH e C=OINRA - (CH b
SEORNRA CA-(CH - S(ORNRY, or {CH)e-A- S{ORMNRA-

each occurrence of R? is independently selected from hydrogen, substituted or
unsubstituted acyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted heterocyclyl, substituted or

unsubstituted aryl, substituted or unsubstituted heteroaryl, or a nitrogen protecting group
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when attached to a nitrogen atom, or two R* groups are joined to form a substituted or
unsubstituted heterocyclic ring;

each occurrence of A is independently selected from substituted or unsubstituted
heterocyclylene, substituted or unsubstituted arylene, or substituted or unsubstituted
heteroarylene;

R RY, and R*RY are each mdependently hydrogen, OH. halogen, NHz, CHs. 8Oz,
N, a leaving group, a protecting group, arvl, heteroaryl, NHR | N(RY ¥ (-2 evcloalkyl
MR Py heterooyeivl, or «(CH-RY;

R'% s hydrogen, -CHz, arvl, or heteroarvi; and

g 9-12;

wherein one or more carbon of R1-R7 is optionally replaced with {(=0), G, §, SO,

WH, MNH-Cre abhvl, NCis alkyt, NFz, or N(C e alkvil.

In one embodiment, wherein % in formula (I) indicates possible points of covalent
attachment to a Linker group or a LRP1 binding motif.

in one embodiment, A is CR, Bis CR® and Fis CR7 Inoancther embodiment, each
of A,B and Eare N

In one embodiment, the Target binding motif of formula (I) or a derivative or
prodrug thereof binds extracellular tau.

In one embodiment, the Target binding motif of formula (I) is

T

N or a derivative or prodrug thereof, wherein p is an integer from 1-6.

In certain embodiments, p is 2. In some embodiments,

derivatives or prodrugs thereof bind extracellular tau. In another embodiment, the Target

binding motif of formula (I) is "N or a derivative or prodrug thereof,

wherein p is an integer from 1-6. In certain embodiments, p is 2. In some embodiments,
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e o .
=N and derivatives or prodrugs thereof bind extracellular tau.

In other embodiments, the Target binding motif comprises the following structure:

SO, VUOT
~ NN m CF;

O
OH | , or a derivative or prodrug thereof,

§
wherein # indicates possible points of covalent attachment to a Linker group or a LRP1

A s
wf NN

binding motif. In some embodiments, or
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|
OH I , or a derivative or prodrug thereof, acts to target and/or bind a prion

5  protein. In other embodiments, the Target binding motif comprises the following structure:
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)

or a derivative or prodrug thereof, wherein : indicates possible points of covalent attachment

or

to a Linker group or a LRP1 binding motif. In some embodiments,

@ NH

3 O
N
§

e
N / MU

N
N N
N or ., or

5  aderivative or prodrug thereof, binds CGRP or a CGRP receptor.

In yet other embodiments, the Target binding motif comprises formula (II):

"
° —
5
o=
Q.

R- or a derivative or prodrug thereof,
wherein
Ri and Rz are each independently selected from hydrogen, -Ns, alkynyl, -OH,
10 halogen, -NHz, -N(C1.6 alkyl)2, C1-6 alkyl, aryl, heteroaryl, NHR** | M{R'*%{ -5 eycloalkyl,
N{R Ppheterocvelyl, or (CH p-RY
wherein the aryl and heteroaryl are optionally substituted with halogen, -SO2, NO2, -
NHa, or Ci1-¢ alkyl optionally substituted with halogen or Cs.s cycloalkyl;
2% is hvdrogen, -CHz, arvl, or heteroarvi; and
15 nis 0-12;
wherein one or more carbon of R or R s optionally replaced with O(=03, G, 5, §0n,

NH, NH-Cie glivl, NCrs alkvl, MM, or MN(Crealkyli,
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In one embodiment, § in formula (IT) indicates possible points of covalent attachment
to a Linker group or a LRP1 binding motif.

In one embodiment, the Target binding motif of formula (II) or a derivative or
prodrug thereof binds transthyretin.

In one embodiment, each of R1 and Rz of formula (IT) are independently F, CI, Br,
or I. In certain embodiments, R1 and Ra of formula (I) are each Cl.

In other embodiments, the Target binding motif comprises formula (III):

R R;
. = e ¢
A OO0
| N \ N -~

H , or a derivative or prodrug
wherein

1

thereof,

Ruis selected from benzene, phenyl, cyclohexyl, hydrogen, and CFs,
Rz is selected from hydrogen and CF3, and

% indicates the point of covalent attachment to a Linker group or a LRP1 binding
motif.

In one embodiment, the Target binding motif of formula (III), or a derivative or
prodrug thereof, acts to target and/or bind a prion protein.

In other embodiments, the Target binding motif comprises formula (IV):
;.‘\
\I}i/\
[ /ﬁ:N : Ny Ry
K/// o : = #
L)

wherein

Ri is selected from hydrogen, Cl, OMe, SMe, and CF3, and

, or a derivative or prodrug thereof,

% indicates the point of covalent attachment to a Linker group or a LRP1 binding
motif.
In one embodiment, the Target binding motif of formula (IV), or a derivative or

prodrug thereof, acts to target and/or bind a prion protein.
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In other embodiments, the Target binding motif comprises formula (V):

AN
S N’/ R,
AN o
S , or a derivative or prodrug thereof,
wherein

Ri is selected from hydrogen, Cl, OMe, SMe, and CF3, and

§ indicates the point of covalent attachment to a Linker group or a LRP1 binding
motif.

In one embodiment, the Target binding motif of formula (V), or a derivative or
prodrug thereof, acts to target and/or bind a prion protein.

In certain embodiments, a derivative of the above structures comprises one or more
functional groups described elsewhere herein.

In other embodiments, the Target binding motif comprises one of the following amino

acid sequences that targets extracellular tau:

VY-WIW: SVWIWYE (SEQ ID NO:23), (Seidler, P. M. ef al., Journal of
Biological Chemistry, 2019, 29:16451-16464); or
IN-M4: DVWIINKKLK (SEQ ID NO:24), (Seidler, P. M. et al.,

Journal of Biological Chemistry, 2019, 29:16451-16464), wherein SEQ ID NOs 23 and 24
can be attached to the Linker or LPR1 binding motif through the C or N terminus.

In other embodiments, the Target binding motif comprises one of the following amino
acid sequences that targets amyloid beta:

NCAMI (N): MLRTKDLIWTLFFLGTAVS-NH: (SEQ ID NO:25), (Henning-
Knechtel, A. et al., Cell Reports Physical Science, 2020, 26:100014);

N-Pr:. MLRTKDLIWTLFFLGTAVS-KKRPKP-NH: (SEQ ID NO:26), (Henning-
Knechtel, A. et al., Cell Reports Physical Science, 2020, 26:100014); or

N-AB: MLRTKDLIWTLFFLGTAVS-KKLVFF-NH> (SEQ ID NO:27), (Henning-
Knechtel, A. et al., Cell Reports Physical Science, 2020, 26:100014),
wherein SEQ ID NOs 25-27 can be attached to the Linker or LPR1 binding motif through the
C or N terminus. In some embodiments, the bolded portion of the N-Pr or N-Af} sequence

comprises the amino acids that target amyloid beta.
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In certain embodiments, the amino end of any of SEQ ID NOs: 23-27 binds to the
Linker group or the LPR1 binding motif. In other embodiments, the carboxylic acid end of
any of SEQ ID NOs: 23-27 binds to the Linker group or the LPR1 binding motif. In yet other
embodiments, the carboxylic acid terminus of any of SEQ ID NOs: 23-27 is a non-reactive
carboxamide group and the amine terminus is covalently linked to the Linker group or the
LPR1 binding motif.

In some embodiments, the TBM (Target binding motif) can be any of the ASGPR
binding moieties described in: Reshitko, G. S., et al., “Synthesis and Evaluation of New
Trivalent Ligands for Hepatocyte Targeting via the Asialoglycoprotein Receptor,”
Bioconjugate Chem, doi: 10.1021/acs.bioconjchem.0c00202; Majouga, A. G, et al.,
“Identification of Novel Small-Molecule ASGP-R Ligands,” Current Drug Delivery, 2016,
13,1303-1312, doi: 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. 1, pp. 158—163, January 2020; Yamansarov, E. Yu,, et al., “New
ASGPR-targeted ligands based on glycoconjugated natural triterpenoids,” Russian Chemical
Bulletin, International Edition, Vol. 68, No. 12, pp. 2331—2338, December 2019; Congdon,
M. D, et al., “Enhanced Binding and Reduced Immunogenicity of Glycoconjugates Prepared
via Solid-State Photoactivation of Aliphatic Diazirine Carbohydrates,” Bioconjugate Chem,
doi: 10.1021/acs.bioconjchem.0c00555; and Dhawan, V., et al., “Polysaccharide conjugates
surpass monosaccharide ligands in hepatospecific targeting — Synthesis and comparative in
silico and in vifro assessment,” Carbohydrate Research 509 (2021) 108417, doi:
10.1016/j.carres.2021.108417.

Linker

In certain embodiments, m of formula (I) is 0, the Linker is absent, and the Target
binding motif is covalently bonded to the LRP1 binding motif.

In certain embodiments, the Linker is an amino acid, wherein the amino acid is any
natural or unnatural amino acid. In one embodiment, the amino acid is selected from alanine,
arginine, asparagine, aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine,
isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan,
tyrosine, and valine. In one embodiment, the unnatural amino acid is selected from
hydroxyproline, beta-alanine, citrulline, ornithine, norleucine, 3-nitrotyrosine, nitroarginine,

naphthylalanine, aminobutyric acid, 2,4-diaminobutyric acid, methionine sulfoxide,
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methionine sulfone, and pyroglutamic acid. In one embodiment where the Linker is lysine,
glutamic acid, or aspartic acid, the side chain forms an amide bond with the Target binding
motif or the LRP1 binding motif.

In certain embodiments, the Linker is a glycine rich peptide. In one embodiment, the
Linker is a glycine rich peptide comprising the sequence [Gly-Gly-Gly-Gly-Ser]a (SEQ ID
NO:28), wherenis 1,2, 3,4, 5or6.

In certain embodiments, the Linker is a serine rich peptide. In one embodiment, the
Linker is a serine rich peptide comprising the sequence [Ser-Ser-Ser-Ser-Gly|y (SEQ ID
NO:29) wherey is 21. In one embodiment, y is 1, 2, 3, 4, 5, or 6. In one embodiment, the
Linker is a serine rich peptide having the sequence Ser-Gly-Ser-Ser-Ser-Ser-Gly-Ser-Ser-Ser-
Ser-Gly-Ser (SEQ ID NO:30).

In certain embodiments, the Linker is a polyethylene glycol containing linker having
1-12 ethylene glycol residues.

In certain embodiments, the Linker comprises the structure:
-CH2CH2(OCH2CH2)mOCH>-, -(CH2)mCHa-, -[N(R?)-CH(R®)(C=0)]m-, or a polypropylene
glycol or polypropylene-co-polyethylene glycol group containing 1-100 alkylene glycol
units;

wherein each R? is independently H, Ci1-Cs alkyl, or C1-Cs alkanol, or
combines with R® to form a pyrrolidine or hydroxypyrroline group:;

wherein each R® is independently selected from the group consisting of
hydrogen, methyl, isopropyl, -CH(CH3)CH2CH3, -CH2CH(CH3)2, -
(CH2)s-guanidine, -CH2C(=0)NH>, -CH2C(=0)OH, -CH>SH, -
(CH2)2C(=0)NHa, -(CH2)2C(=0)OH, -(CHz)imidazole, -(CHz2)sNHz, -
CH2CH2SCH3, benzyl, -CH20H, -CH(OH)CH3, -(CHz)imidazole, or -
(CH2)phenol; and

wherein m is an integer ranging from 1 to 15.

In certain embodiments, the Linker comprises the structure -[N(R'-(CH2)1-15-C(=0)|m-
, wherein R' is H or a Ci-Cs alkyl optionally substituted with 1-2 hydroxyl groups, and m is
an integer ranging from 1 to 100.

In certain embodiments, the Linker comprises the structure

Z-D-7-,
wherein:

Z and Z' are each independently a bond, -(CH2)i-O-, -(CH2)i-S-, -(CH2)i-N(R)-,
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SN
'; N\ ------ s NW%, -(CH2)i-C(R?)=C(R?)- (cis or trans), -(CHz)i-=-, or -Y-
C(=0)-Y-:

each R is independently H, C1-Cs alkyl, or C1-Cs alkanol;

each R? is independently H or C1-C3 alkyl;

each Y is independently a bond, O, S, or N(R);

each iis independently O to 100; in certain embodiments O to 75; in certain
embodiments 1 to 60; in certain embodiments 1 to 55; in certain
embodiments 1 to 50; in certain embodiments 1 to 45; in certain
embodiments 1 to 40; in certain embodiments 2 to 35; in certain
embodiments 3 to 30; in certain embodiments 1 to 15; in certain
embodiments 1 to 10; in certain embodiments 1 to 8; in certain
embodiments 1 to 6; in certain embodiments 0, 1, 2, 3, 4 or 5;

D is a bond, -(CH2)i-Y-C(=0)-Y-(CH2)i-, (CH2)m-, or -[(CH2)x-X1)]j-, with
the proviso that Z, Z', and D are not each simultaneously bonds;

X1is O, S, or N(R);

] is an integer ranging from 1 to 100; in certain embodiments 1 to 75; in
certain embodiments 1 to 60; in certain embodiments 1 to 55; in certain
embodiments 1 to 50; in certain embodiments 1 to 45; in certain
embodiments 1 to 40; in certain embodiments 2 to 35; in certain
embodiments 3 to 30; in certain embodiments 1 to 15; in certain
embodiments 1 to 10; in certain embodiments 1 to 8; in certain
embodiments 1 to 6; in certain embodiments 1, 2, 3, 4 or 5;

m' is an integer ranging from 1 to 100; in certain embodiments 1 to 75; in
certain embodiments 1 to 60; in certain embodiments 1 to 55; in certain
embodiments 1 to 50; in certain embodiments 1 to 45; in certain
embodiments 1 to 40; in certain embodiments 2 to 35; in certain
embodiments 3 to 30; in certain embodiments 1 to 15; in certain
embodiments 1 to 10; in certain embodiments 1 to 8; in certain
embodiments 1 to 6; in certain embodiments 1, 2, 3, 4 or 5;

n is an integer ranging from 1 to 100; in certain embodiments 1 to 75; in
certain embodiments 1 to 60; in certain embodiments 1 to 55; in certain
embodiments 1 to 50; in certain embodiments 1 to 45; in certain

embodiments 1 to 40; in certain embodiments 2 to 35; in certain
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embodiments 3 to 30; in certain embodiments 1 to 15; in certain
embodiments 1 to 10; in certain embodiments 1 to 8; in certain
embodiments 1 to 6; in certain embodiments 1, 2, 3, 4 or 5.
In certain embodiments, the Linker comprises a structure:
5 -CH2-(OCH2CH2)»-CH2-, -(CH2CH20)nCH2CH2-, or (CH2CH2CH20)n-,
wherein each n and n' is independently an integer ranging from 1 to 25; in certain
embodiments 1 to 15; in certain embodiments 1 to 12; in certain embodiments 2 to 11; in
certain embodiments 2 to 10; in certain embodiments 2 to 8; in certain embodiments 2 to 6; in
certain embodiments 2 to 5; in certain embodiments 2 to 4; in certain embodiments 2 or 3; in
10 certain embodiments 1,2, 3,4,5,6,7, or 8.
In certain embodiments, the Linker comprises a structure:
-PEG-CON-PEG-

wherein each PEG is independently a polyethylene glycol group containing from 1-12

N, 2N
ethylene glycol residues and CON is a triazole group F N

15 In certain embodiments, the CON comprises a structure:

wherein R' and R" are each independently H, methyl, or a bond.
20 In certain embodiments, the CON comprises a diamide structure:
-C(=0)-N(RYH-(CH2)w-N(RHC(=0)-,
-N(R")-C(=0)(CH2)x"-C(=0)N(RY)-, or
-N(RY-C(=0)(CH2)w-N(R")C(=0) -;
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wherein each R! is independently H or C1-Cs alkyl, and n" is independently an integer from 0
to 8, in certain embodiments 1 to 7, in certain embodiments 1,2, 3, 4, 5 or 6.
In certain embodiments, the CON comprises a structure:
la
mi}im:?:a
wherein:
R!2 R and R3? are each independently H, -(CH2)mi-, -
(CH2)M2C(=Ois(NRH)m3-(CH2)M2-, -(CH2)M2(NRHM3C(O)Miz-(CH2)m2-
, or -(CH2)m20-(CH2)mi-C(O)NR*-, with the proviso that R'*, R* and
R are not simultaneously H;
each M1 is independently 1, 2, 3, or 4; in certain embodiments, 1 or 2;
each M2 is independently 0, 1, 2, 3, or 4; in certain embodiments, 0, 1 or 2;
each M3 is independently O or 1; and
each R* is independently H, C1-C3 alkyl, C1-Cs alkanol, or -C(=0)(C1-C3
alkyl), with the proviso that M2, and M3 within the same R!?, R?* and
R cannot all be simultaneously 0.

In certain embodiments, the CON comprises a structure:
o N
0
H &
N O”A\f’tl\m}“
o H

nf\/liNj\
H

~

In other embodiments, the CON comprises a structure:
§—0> /0
b0 N

Additional Galactose- and Talose-based ASGPR Binding Moieties
In one embodiment, the present invention 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 Formula II:

o CON W CRBMIJ“
ll

creME

| LINKER-2]
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Formula IT

The term "Extracellular Protein Targeting Ligand" as used herein is interchangeably
used with the term CPBM (cellular protein binding moiety). The term "ASGPR Ligand" as
used herein is interchangeably used with an asiaglycoprotein receptor (ASGPR) binding
moiety as defined herein.

In the compound of Formula II, each [CON] is an optional connector chemical moiety
which, when present, connects directly to [CPBM] or to [CRBM] or connects the [LINKER-
2] to [CPBM] or to [CRBM].

In the compound of Formula II:

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

k’ is an integer from 1 to 15;

j’ is an integer from 1 to 15;

h and h’ are each independently an integer from O to 15;

iL is an integer from O to 15;

with the proviso that at least one of h, h* and iv is at least 1, or a pharmaceutically
acceptable salt, stereoisomer, solvate or polymorph thereof.

A [MULTICON] group can connect one or more of a [CRBM] or [CPBM] to one or
more of a [LINKER-2]. In various embodiments, [LINKER-2] has a valency of 1 to 10. In
various embodiments, [LINKER-2] has a valency of 1 to 5. In various embodiments,
[LINKER-2] has a valency of 1, 2 or 3. In various embodiments, in the compound of
Formula II, the [LINKER-2] includes one or more of Linker®, Linker®, Linker®, Linker®,
and/or combinations thereof as defined herein.

In the compound of Formula II, 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.

In the compound of Formula I, yy 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.

In the compound of Formula II, zz is independently selected from O, 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 I, X' is 1 to 5 contiguous atoms independently selected
from O, S, N(R), and C(R*)(R*), wherein if X' is 1 atom then X' is O, S, N(R®), or
CRY(RY, if X! is 2 atoms then no more than 1 atom of X'is O, S, or N(R®), if X'is 3, 4, or
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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 -CFs, -CHF», -CH2F, -CH2CF5, -CH2CH>F, and -CF2CF3), arylalkyl,
heteroarylalkyl, alkenyl, alkynyl, and, heteroaryl, heterocycle, -OR8, and -NR®R’;

R*is independently selected at each occurrence from hydrogen, heteroalkyl, alkyl,
haloalkyl, arylalkyl, heteroarylalkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocycle, -OR®, -
NRCR,

R® and R’ are independently selected at each occurrence from hydrogen, heteroalkyl,
alkyl, arylalkyl, heteroaryl alkyl, alkenyl, alkynyl, and, haloalkyl, heteroaryl, heterocycle, -
alkyl-OR®, -alkyl-NR®R®, C(O)R?, S(O)R?, C(S)R®, and S(0):2R?;

R® and R? are independently selected at each occurrence from hydrogen, heteroalkyl,

alkyl, arylalkyl, heteroarylalkyl, alkenyl, alkynyl, aryl, heteroaryl, and heterocycle.

A. Galactose-Based ASGPR-Binding Cellular Receptor Binding Moieties of Formula
i

In certain embodiments, the compound of Formula II is selected from:
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In one embodiment, the compound of Formula IT has one of the following structures:
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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. In various embodiments, the ASGPR ligand is
linked at C® position to form a degrading compound. For example, when the ASGPR ligand

5 1s

R

or the bi- or tri- substituted

10  versions thereof or pharmaceutically acceptable salts thereof, where the bi- or tri- substitution

-170 -
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refers to 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 ligand 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 Extracellular
Protein Targeting Ligand is connected through the C' position, then that carbon is
appropriately functionalized for linking, for example with a hydroxyl, amino, allyl, alkyne or
hydroxyl-allyl group.

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

selected from:
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In certain embodiments, the compound of Formula II is selected from:
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B. Talose-Based ASGPR-Binding Cellular Receptor Binding Moieties of Formula I1

In certain embodiments, the compound of Formula II is selected from:
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In one embodiment, the compound of Formula II is an Extracellular Protein degrading

compound in which the ASGPR ligand is a ligand as described herein

In one embodiment, in the compound of Formula II, the ASGPR ligand is linked at
either the C1 or C5 (R! or R%) position to form a degrading compound. In one embodiment,
in the compound of Formula II, the ASGPR ligand is linked at C6. In various embodiments,
when the ASGPR ligand is

. o
s e
Voo

™ e

RSN

then non- limiting examples of ASGPR binding compounds of Formula II include:
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R

or the bi- or tri- substituted versions thereof or pharmaceutically acceptable salts
from:

thereof, where the bi- or tri- substitution refers to the number additional galactose derivatives

attached to a linker moiety. In certain embodiments the compound of Formula II is selected
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wherein in certain embodiments R? is selected from -NR°COR?, -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,
3, or 4 substituents independently selected from F, CI, Br, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula II is selected from:
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R

-(5-membered

, -NR®

wherein in certain embodiments R is selected from -NR°COR?

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

, or alkyl.

Cl, Br, haloalkyl

independently selected from F,

5

the compound of Formula II is selected from:

>

In certain embodiments
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wherein in certain embodiments R? is selected from -NR®COR?, -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,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula I is selected from:
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wherein in certain embodiments R? is selected from -NR®COR?, -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,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula II is selected from:
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e
H

wherein in certain embodiments R? is selected from -NR®COR?, -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,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula II is selected from:
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wherein in certain embodiments R? is selected from -NR®COR?, -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,

3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula Il is selected from:
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wherein in certain embodiments R? is selected from -NR®COR?, -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,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula II is selected from:
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wherein in certain embodiments R? is selected from -NR®COR!°, -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,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula I is selected from:
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wherein in certain embodiments R? is selected from -NR?COR'’, -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,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula II is selected from:
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HL

wherein in certain embodiments R? is selected from -NR®COR'°, -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,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula I is selected from:
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wherein in certain embodiments R? is selected from -NR®COR'°, -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, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula II is selected from:
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wherein in certain embodiments R? is selected from -NR°COR'°, -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,

3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula I is selected from:
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Targsting Uigang

wherein in certain embodiments R? is selected from -NR®COR'°, -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,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula II is selected from:
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wherein in certain embodiments R? is selected from -NR°COR'’ -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,
3, or 4 substituents independently selected from F, Cl, Br, haloalkyl, or alkyl.

In certain embodiments, the compound of Formula I is selected from:
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In certain embodiments, an ASGPR ligand useful for incorporation into a compound

of Formula II is selected from:
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C. The ASGPR Ligand/Binding Moiety in Compounds of Formula IT
In certain embodiments, in the compound of Formula II, R! is hydrogen.
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In certain embodiments, in the compound of Formula II, R is

{
#hed
In certain embodiments, in the compound of Formula I, R is ’

mew{

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

3
e
In certain embodiments, in the compound of Formula II, R! is -

nm‘
In certain embodiments, in the compound of Formula II, R! is )

3
Fhilesy

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

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

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

In certain embodiments, in the compound of Formula II, R is alkenyl optionally
substituted with 1, 2, 3, or 4 substituents. In certain embodiments, in the compound of
Formula II, R! is alkynyl optionally substituted with 1, 2, 3, or 4 substituents. In certain
embodiments, in the compound of Formula II, R! is haloalkyl optionally substituted with 1, 2,
3, or 4 substituents. In certain embodiments, in the compound of Formula I, R is F.

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

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

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

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

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

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

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

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

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

In certain embodiments, in the compound of Formula I, R! is -O-alkenyl, -O-alkynyl,
Co-Cealkyl-OR®, Co-Csalkyl-SR®, Co-Csalkyl-NRR”, Co-Csalkyl-C(O)R3, Co-Csalkyl-S(O)R?,
Co-Csalkyl-C(S)R?, Co-Csalkyl-S(O)2R?, Co-Csalkyl-N(R®)-C(O)R?, Co-Csalkyl-N(R®)-
S(O)R?, Co-Cealkyl-N(R®)-C(S)R?, Co-Cesalkyl-N(R®)-S(0)2R? Co-Csalkyl-0-C(O)R?, Co-
Csalkyl-O-S(O)R?, Co-Cesalkyl-O-C(S)R?, -N=S(0)(R*)2, Co-CsalkyINs3, or Co-Csalkyl-O-
S(0)2R?, each of which is optionally substituted with 1, 2, 3, or 4 substituents.

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

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

In certain embodiments, in the compound of Formula II, R? is heteroaryl containing 1
or 2 heteroatoms independently selected from N, O, and S optionally substituted with 1, 2, 3,
or 4 substituents.

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

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

In certain embodiments, in the compound of Formula II, R? is -NR?-S(0)-R?
optionally substituted with 1, 2, 3, or 4 substituents.

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

In certain embodiments, in the compound of Formula II, R? is -N=S(0)(R*)
optionally substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula II, R? is -NR!C(O)NR’S(0)2R?
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optionally substituted with 1, 2, 3, or 4 substituents.

In certain embodiments, in the compound of Formula II, R? is -NR?-S(0)2-R*°
optionally substituted with 1, 2, 3, or 4 substituents.

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

In certain embodiments, in the compound of Formula II, R? is hydrogen.

In certain embodiments, in the compound of Formula IT, R? is R1°,

In certain embodiments, in the compound of Formula II, R? is alkyl-C(O)-R?.

In certain embodiments, in the compound of Formula II, R? is -C(0)-R>.

In certain embodiments, in the compound of Formula II, R* is alkyl.

In certain embodiments, in the compound of Formula II, R? is haloalkyl.

In certain embodiments, in the compound of Formula IT, R? is -OC(O)R?.

In certain embodiments, in the compound of Formula II, R? is -NR®-C(O)R .

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

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

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

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

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

In certain embodiments, in the compound of Formula II, R* is -NR®-alkynyl
optionally substituted with 1, 2, 3, or 4 substituents.

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

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

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

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

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

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

¥

wherein
R is an optional substituent as defined herein.

10 In certain embodiments, in the compound of Formula IT, R? is selected from
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In certain embodiments, in the compound of Formula II, R>* is selected from

wherein R
is an optional substituent as defined herein.

In certain embodiments, in the compound of Formula II, R>* is selected from

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

- 185 -



WO 2022/178428 PCT/US2022/017334

In certain embodiments, in the compound of Formula II, R? is selected from
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In certain embodiments, in the compound of Formula II, R? is selected from
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10 In certain embodiments, in the compound of Formula II, 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 without limitation,

In certain embodiments, in the compound of Formula II, R? is a silicon containing

heterocycle, for example, and without limitation,

5 In certain embodiments, in the compound of Formula II, R? is substituted with SFs,

for example, and without limitation,
In certain embodiments, in the compound of Formula II, R? is substituted with a

sulfoxime, for example, and without limitation,

10 In certain embodiments, in the compound of Formula IT, R'° is selected from bicyclic
heterocycle.
In certain embodiments, in the compound of Formula II, R is selected from
spirocyclic heterocycle.
In certain embodiments, in the compound of Formula II, R'° is selected from -NR®-
15 heterocycle.

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

In certain embodiments, in the compound of Formula II, R is selected from
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In certain embodiments, in the compound of Formula II, R' is selected from

1s selected from

RlO

in the compound of Formula IT,

In certain embodiments,

In certain embodiments, in the compound of Formula II, Cycle is selected from
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In certain embodiments, in the compound of Formula II, R* is selected from:

o

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

in the compound of Formula I, R*® is

>

In certain embodiments

e

in the compound of Formula II, R* is

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

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

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

In certain embodiments, in the compound of Formula IT, R2% is

5 In certain embodiments, in the compound of Formula II, R** js

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

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

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

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

10
Linkers
In non-limiting embodiments, in the compound of Formula II, Linker” and Linker®
are independently selected from:
15 wherein:

R!! R12 RP RM R’ R!® R! R RY, and R? are independently at each occurrence
selected from the group consisting of a bond, alkyl, -C(O)-, -C(0)O-, -OC(0)-, -SO2-, -S(0)-,
-C(S)-, -C(O)NR®-, -NR°C(0O)-, -O-, -S-, -NR®-, -C(R>'R?})-, -P(O)R})O-, -P(0)(R?)-, a
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divalent residue of a natural or unnatural amino acid, alkenyl, alkynyl, haloalkyl, alkoxy, and,
heterocycle, heteroaryl, -CH2CH2-[O-(CH2)2]u-O-, CH2CH2-[O-(CH2)2]a-NR®-, -CH2CH2-[O-
(CH2)2]n-, -[-(CH2)2-O-]n-, -[O-(CH2)2]n-,-[O-CH(CH3)C(O)]a-, -[C(O)-CH(CH3)-Oln-,
-[0-CH2C(O)]n-, -[C(0)-CH2-O]n -, a divalent residue of a fatty acid, a divalent
5  residue of an unsaturated or saturated mono- or di-carboxylic acid; each of which is
optionally substituted with 1, 2, 3, or 4 substituents independently selected from R*';
n is 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 from the group consisting of
hydrogen, alkyl, alkenyl, alkynyl, F, Cl, Br, I, hydroxyl, alkoxy, azide, amino, cyano, -
10  NR°R’ -NR®S0:R?, -NR8S(O)R?, haloalkyl, heteroalkyl, and, heteroaryl, and heterocycle;

and the remaining variables are as defined herein.

In one embodiment, in the compound of Formula II, Linker” is bond and Linker® is

15 In one embodiment, in the compound of Formula II, Linker® is bond and Linker? is

%,

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

acid is selected from
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wherein the amino acid can be oriented in either direction and wherein the amino acid

In one embodiment
dicarboxylic acid is generated from a nucleophilic addition reaction:

can be in the L-
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Non-limiting embodiments of a divalent residue of a dicarboxylic acid generated from

anucleophilic addition reaction include:

In one embodiment, in the compound of Formula II, a divalent residue of a

5  dicarboxylic acid is generated from a condensation reaction:

B2

Non-limiting embodiments of a divalent residue of a dicarboxylic acid generated from

a condensation include:

7

10
Non-limiting embodiments of a divalent residue of a saturated dicarboxylic acid

include:
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Non-limiting embodiments of a divalent residue of a saturated dicarboxylic acid

include:

i
Y ke

& g
B O &

5 Non-limiting embodiments of a divalent residue of a saturated monocarboxylic acid is
selected from butyric acid (-OC(O)(CH2)2CHz-), caproic acid (-OC(O)(CH2)sCHz-), caprylic
acid (<OC(O)(CH2)sCHz-), capric acid (-OC(O)(CH2)sCHz-), lauric acid (-
OC(0)(CH2)10CH2-), myristic acid (-OC(O)(CH2)12CHz-), pentadecanoic acid (-
OC(0)(CH2)13CHz2-), palmitic acid (-OC(O)(CHz2)14CH>-), stearic acid (-OC(O)(CH2)1sCH2-),

10 behenic acid (-OC(O)(CH2)20CHz-), and lignoceric acid (-OC(O)(CHz)22CHz-);
Non-limiting embodiments of a divalent residue of a fatty acid include residues
selected from linoleic acid, palmitoleic acid, vaccenic acid, paullinic acid, oleic acid, elaidic

acid, gondoic acid, gadoleic acid, nervonic acid, myristoleic acid, and erucic acid:
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Non-limiting embodiments of a divalent residue of a fatty acid is selected from
linoleic acid (-C(O)(CH2)7(CH)>CH2(CH)2(CH2)4+CH2-), docosahexaenoic acid

(-C(O)(CH2)2(CHCHCH2)sCH2-), eicosapentaenoic acid (-
C(O)(CH2)3(CHCHCH2)sCHz-), alpha-linolenic acid (-C(O)(CHz2)7(CHCHCH2);CHz-)
stearidonic acid

(-C(O)(CH2)s(CHCHCH2)4CHz2-), y-linolenic acid (-
C(O)(CH2)4(CHCHCH?2)3(CH2)3CH2-), arachidonic acid (-
C(O)(CH2)3,(CHCHCH2)4(CH2)sCH2-), docosatetraenoic acid

(-C(0O)(CH2)s(CHCHCH?2)4(CH2)+CH>-), palmitoleic acid (-
C(O)(CH2);CHCH(CH?2)sCH2-), vaccenic acid (-C(O)(CH2)sCHCH(CH2)sCH2-), paullinic
acid

(-C(O)(CH2)1:CHCH(CH2)sCH2-), oleic acid (-C(O)(CH2)7CHCH(CH2)7CHz-),
elaidic acid

(-C(0)(CH2);CHCH(CH?2)7CH2-), gondoic acid (-C(O)(CH2)s>CHCH(CH:)7CH2-),
gadoleic acid (- C(O)(CH2)7CHCH(CH2)9CH2-), nervonic acid (-
C(0O)(CH2)13CHCH(CH2)3:CH2-), mead acid (- C(O)(CH2)3(CHCHCH2)3(CH2)sCH2>-),
myristoleic acid (-C(O)(CHz)7?CHCH(CH2);CH:-), and erucic acid (-
C(O)(CH2)11CHCH(CH2)7CH2-).

In certain embodiments, in the compound of Formula II, LinkerC is selected from:

- 198 -



WO 2022/178428 PCT/US2022/017334

wherein:
R?2is independently at each occurrence selected from the group consisting of alkyl, -
C(O)N-, -NC(0)-, -N-, -C(R%)-, -P(0)O-, -P(0)-, -P(O)(NR°R")N-, alkenyl, haloalkyl, aryl,
5  heterocycle, and heteroaryl, 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 II, Linker® is selected from:

10 wherein:
R32 is independently at each occurrence selected from the group consisting of alkyl,
N*X-, -C-, alkenyl, haloalkyl, aryl, heterocycle, and heteroaryl, each of which is optionally
substituted with 1, 2, 3, or 4 substituents independently selected from R>!;
X- is an anionic group, for example Br- or CI” and
15 all other variables are as defined herein.

In certain embodiments, in the compound of Formula II, Linker? is selected from:

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

In certain embodiments, in the compound of Formula II, Linker” is selected from:
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wherein each heteroaryl, heterocycle, cycloalkyl, and and can optionally be
substituted with 1, 2, 3, or 4 of any combination of halogen, alkyl, haloalkyl, aryl, heteroaryl,
heterocycle, or cycloalkyl, as allowed by valence.

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

§ SR, o
$ oy o S e TR S
- iRy S f N ‘g‘

S I

<

~ it

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

is selected from:
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wherein tt is independently selected from 1, 2, or 3 and ss is 3 minus tt (3-tt).

or Linker®

Linker®, Linker®,

>
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wherein each heteroaryl, heterocycle, cycloalkyl, and aryl can optionally be
substituted with 1, 2, 3, or 4 of any combination of halogen, alkyl, haloalkyl, aryl, heteroaryl,
heterocycle, or cycloalkyl, as allowed by valence; and tt and ss are as defined herein.

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

5  1s selected from:
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wherein each heteroaryl, heterocycle, cycloalkyl, and aryl can optionally be

heterocycle, or cycloalkyl, as allowed by valence: and tt and ss are as defined herein.
In certain embodiments, in the compound of Formula II, Linker®

substituted with 1, 2 3, or 4 of any combination of halogen

is selected from:
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wherein each heteroaryl and aryl can optionally be substituted with 1, 2, 3, or 4 of any
combination of halogen, alkyl, haloalkyl, aryl, heteroaryl, heterocycle, or cycloalkyl, as

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

#o0cpi.

10 In certain embodiments, in the compound of Formula II, Linker® is selected from
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In certain embodiments, in the compound of Formula II, LinkerC is selected from:

In certain embodiments, in the compound of Formula II, LinkerC is selected from:
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In certain embodiments, in the compound of Formula IT, LinkerC is selected from:
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In certain embodiments, in the compound of Formula II, LinkerC is selected from:
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In certain embodiments, in the compound of Formula IL, Linker® is selected from:

i,

g

In certain embodiments, in the compound of Formula IL, Linker® is selected from:
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In certain embodiments, in the compound of Formula II, LinkerP is selected from:

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

selected from R2.

In certain embodiments, in the compound of Formula II, Linker? is selected from:

In certain embodiments, in the compound of Formula II, the Linker” is selected from
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in the compound of Formula IT

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

In certain embodiments, in the compound of Formula II, the Linker” is selected from
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In certain embodiments, in the compound of Formula II, the Linker® is selected from

5
In certain embodiments, in the compound of Formula II, the Linker® is selected from
wherein each is optionally substituted with 1, 2, 3, or 4 substituents substituent selected from
R
10 In certain embodiments, in the compound of Formula II Linker® is selected from:

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

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

In certain embodiments, in the compound of Formula II, the Linker® is selected from:
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In certain embodiments, in the compound of Formula II, the Linker® is selected from:
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In certain embodiments, in the compound of Formula II, the LinkerC is selected from:
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In certain embodiments, in the compound of Formula II, the Linker® is selected from:
wherein each is optionally substituted with 1, 2, 3, or 4 substituents substituent selected from
5 R

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

10 In certain embodiments, in the compound of Formula II, the Linker is selected from:
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In certain embodiments, in the compound of Formula II, Linker® -(Linker?): is
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In certain embodiments, in the compound of Formula II, Linker®-(Linker?), is
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wherein each is optionally substituted with 1, 2, 3, or 4 substituents are selected from
5 R
In certain embodiments, in the compound of Formula II, Linker® -(Linker®) is
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In certain embodiments, in the compound of Formula II, Linker®~(Linker®) is selected

from

- 246 -



WO 2022/178428 PCT/US2022/017334

In certain embodiments, in the compound of Formula II, Linker°-(Linker?) is selected

from

X
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In various embodiments, R* is independenily selected at each occurrence from
hydrogen, heteroalkyl, alkyl, haloalkyl, arylalkyl, heteroarylalkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocycle, -OR®, -NR°R’, C(O)R?, S(O)R?, C(S)R3, and S(O)2R>.

In various embodiments, in the compound of Formula II, R? is independently selected

- 247 -



10

15

20

25

WO 2022/178428 PCT/US2022/017334

from hydrogen, heteroalkyl, - Co-Csalkyl-cyano, alkyl, alkenyl, alkynyl,
haloalkyl, F, Cl, Br, I, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocycle,
heterocycloalkyl, haloalkoxy, -O-alkenyl, -O-alkynyl, Co-Csalkyl- OR®, Co-Csalkyl-SR®, Co-
Csalkyl-NR°R7, Co-Csalkyl-C(O)R?, Co-Csalkyl-S(O)R?, Co-Csalkyl- C(S)R?, Co-Csalkyl-
S(0)2R?, Co-Csalkyl-N(R®)-C(O)R?, Co-Csalkyl-N(R®)-S(O)R?, Co-Csalkyl- N(R®)-C(S)R?,
Co-Csalkyl-N(R®)-S(0)2R* Co-Csalkyl-O-C(O)R?, Co-Csalkyl-O-S(O)R?, Co- Csalkyl-O-
C(S)R3, -N=S(0)(R?)2, Co-CsalkylINs, and Co-Csalkyl-O-S(0)2R>, each of which is optionally
substituted with 1, 2. 3, or 4 substituents.

In various embodiments, in the compound of Formula IT, R® and R are independently
selected at each occurrence from hydrogen, heteroalkyl, alkyl, arylalkyl, heteroaryl alkyl,
alkenyl, alkynyl, and, haloalkyl, heteroaryl, heterocycle, -alkyl-OR®, -alkyl-NR®*R®, C(O)R?,
S(O)R?, C(S)R?, and S(O)R’.

In various embodiments, in the compound of Formula I, R® and R® are independently
selected at each occurrence from hydrogen, heteroalkyl, alkyl, arylalkyl, heteroarylalkyl,
alkenyl, alkynyl, aryl, heteroaryl, and heterocycle.

In various embodiments, the compound of Formula II has the structure of Formula II-
A. In various embodiments, in the compound of Formula II-A, [TBM] and [LRP1BM] are as
defined herein.

A compound of Formula II-A, having the structure:

Iﬂ’k‘—kONlh—l LIN |—|CON|H—|LRP1BM )
i j

Formula II-A
wherein:
[TBM] represents a Target binding motif comprising or consisting of’

(a) a compound selected from:

CF;
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1

OH

, or a derivative or prodrug thereof,

wherein

g indicates possible points of covalent attachment to a [Linker] or a [LRP1BM];

(b) a compound of formula (I):
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, or a derivative or prodrug thereof,
wherein:

Ais Nor CR?;

Bis N or CR;

Eis N or CR’;

1 is g substituted or unsubstituted alkylene, substituted or vnsubstituted alkenyiensg,
substituted or unsobstituted altkvoviens, substitited or unsubstitoted carbocyclyiene,
substituted or unsubstitated beterooyclvlene, sebstituied or unsubstitided arviene, substituted
or unsubstitited heteroaryiens, substituted or unsubstituted hetercalkviene, a bond. -0~ -
NRA, Be, CEQ) -CE00-, -CEOINR A, -NRACEO -, -NRA=0RA -CE0RA, -
MRACEON-, NRACEOINRY-, -OCED)-, ~00=N0-, ~OU=0NRY)-, -S((eNR ., -
MEAR(ON-, or a combination thereof

X is a bond or substituted or unsubstituted Ci-12 alkylene, wherein one or more carbon
is optionally replaced with C(=0), O, S, SOz, NH, or NCi-s alkyl optionally substituted with
halogen, OH, or Ci+alkyl,

R? is hydrogen, -N3, alkynyl, OH, halogen, NH>, N(C1.6 alkyl), aryl, heteroaryl, or a
protecting group, wherein the aryl and heteroaryl are optionally substituted with halogen,
SOz, NHa, or Ci-s alkyl optionally substituted with halogen or Cs-s cycloalkyl;

2735 {CH e, A CH2 3 CE=0), ACH-CEG 0, {CH -0, ~A-{CH -0, -

(CH 280, = A-O-{CHD)p-{C=0NRA - A0 H 38, ~A-(CH 8-, -{CH2h-A-8-, - A8
(CHeA C=OINR - (CH e NRA - A(CH 1 NR - {CH) - ANR A {CH)-{C=0)NRA
A CH - (C=0MRA, ([CTH A C=0INRA- - A DRA(CT - {C=OINRA-, (-

SO RNRA, ~A-{CH - S{ORNEA -, or (CH2 A SIORNRS-

each occurrence of R* is independently selected from hydrogen, substituted or
unsubstituted acyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted heterocyclyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, or a nitrogen protecting group
when attached to a nitrogen atom, or two R groups are joined to form a substituted or

unsubstituted heterocyclic ring;
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each occurrence of A is independently selected from substituted or unsubstituted
heterocyclylene, substituted or unsubstituted arylene, or substituted or unsubstituted
heteroarylene;

R! R? and R*R® are each independently hvdrogen, OH, halogen, MH,, CHs, S{.
WOz, a leaving group, & profecting group, aryl, heteroaryl, NHRY | MRY b Cs-s cvcloalkyl,
N{R % heterooyelyl, or -{CH R

RY is hydrogen, -{UHs, aryl, or heteroarvi; anid

nis (12;

wherein one or more carbon of R'-R7 is optioually replaced with C{=0). 0. §, 802,

WH, NH-{ve alkyl NCis alkyl, NHy, or N{Cws alkvih; and

% indicates the point of covalent attachment to a [Linker| or a [LRP1BM];

(¢} a compound of formmula (1)

Nos

wherein

RE, or a derivative or prodrug thereof,

R1 and R are each independently selected from hydrogen, N3, alkynyl, OH, halogen,
NHa, N(C1s alkyl)2, Ci6 alkyl, aryl, heteroaryl, MHE 2 MR %% Cs- cycloatkyl, MRy
heterocyelvl, or -{{H R,

wherein the aryl and heteroaryl are optionally substituted with halogen, -SO2, NO2, -
NHz, or Ci1 alkyl optionally substituted with halogen or Cs-s cycloalkyl;

27 is hvdrogen, -CHz, arvl, or heteroarvl; and

nis G-12;

wherein one of more carbon of B! or K2 is optionally replaced with C6=03, O, 8, SO0,

NH, NH-Cis glkvl, NCro alkyl NHz, or M{Crsalkyly; and

8
2 indicates the point of covalent attachment to a [Linker] or a [LRP1BM];
(d) a compound of formula (IIT):

prodrug thereof,

IO

, or a derivative or
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wherein
Ruis selected from benzene, phenyl, cyclohexyl, hydrogen, and CFs;
R is selected from hydrogen and CFs3; and

g indicates the point of covalent attachment to a [Linker] or a [LRP1BM];

(e) a compound of formula (IV):

S

, or a derivative or prodrug thereof,

E//\[N\v N ARy
v S/”\\/
wherein

Ri is selected from hydrogen, Cl, OMe, SMe, and CFs, and

g indicates the point of covalent attachment to a [Linker] or a [LRP1BM];
(f) a compound of formula (V):

A
seos
P

S , or a derivative or prodrug thereof,

wherein

R1 is selected from hydrogen, Cl, OMe, SMe, and CF3, and

§ indicates the point of covalent attachment to a [Linker] or a [LRP1BM]; or
(2) an amino acid sequence selected from:

SVWIWYE,
DVWIINKKLK,
MLRTKDLIWTLFFLGTAVS-NHz,
MLRTKDLIWTLFFLGTAVS-KKRPKP-NH2, and
MLRTKDLIWTLFFLGTAVS-KKLVFF-NHz;

[LRP1BM] represents a low density lipoprotein receptor-related protein 1 (LRP1)
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receptor binding motif comprising one of the following amino acid sequences:

TFFYGGSRGKRNNFKTEEYC-OH (or -NH2),

TWPKHFDKHTFY SILKLGKH-OH,

EAKIEKHNHY QKK/C-NHa,

EAKIEKHNHY QKQLEIAHEKLRK/C-NHa,

RsAKIEKHSsHY QKK/C-NHz, wherein Rs represents (R)-2-(7-octenyl)Ala-OH, Ss
represents (S)-2-(4-pentenyl)Ala-OH, and there is a hydrocarbon bridge between position 1
and 8,

LRKLRKRLLRDADDLLRKLRKRLLRDADDL-NH2,

TEELRVRLASHLRKLRKRLL-NH2,

Ac-VKFNKPFVFLNIeIEQNTK-NH>, wherein Nle represents norleucine,
VKFNKPFVFLMIEQNTK,

TFFYGGCRGKRNNFKTEEYC-OH (or -NH>»),

TFFYGGSRGKRNNFRTEEYC-OH (or -NH2),

TFFYGGSRGRRNNFRTEEYC-OH (or -NH3),

cyeetkfnnrkGrs GGy fft-OH (or-NH2),

TFFYGGCRAKRNNFKRAKY,

TFFYGGCRGKKNNFKRAKY,

PFFYGGCRGKRNNFKTEEY,

TFFYGGKRGKRNNFKTKEY,

TFFYGGCRGKRNNFKTKRY,

TFFYGGKRGKRNNFKTAEY,

TFFYGGKRGKRNNFKREKY,

RFKYGGCLGNKNNFLRLKY, and

RFKYGGCLGNKNNYLRLKY,

wherein the underlined amino acids in the above sequences indicate that the amino
acids may be present or absent and underlined K/C indicates that either K or C may be
present; and

[LIN] is [LINKER] or [LINKER-2], each of which is a chemical moiety having a valency
from 1 to 15, which covalently attaches to one or more [TBM] or [LRP1BM] groups, optionally
through a [CON], wherein the [LIN] optionally itself contains one or more [CON] groups;

k’ is an integer ranging from 1 to 15;

J’ is an integer ranging from 1 to 15;
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h and h’ are each independently an integer ranging from 0 to 15;

iLis 0 to 15;

with the proviso that at least one of h, h’, and i is at least 1,
or a salt, stereoisomer, or solvate thereof.

The compounds described herein can possess one or more stereocenters, and each
stereocenter can exist independently in either the (R) or (S) configuration. In certain
embodiments, compounds described herein are present in optically active or racemic forms.
It is to be understood that the compounds described herein encompass racemic, optically-
active, regioisomeric and stereoisomeric forms, or combinations thereof that possess the
therapeutically useful properties described herein. Preparation of optically active forms is
achieved in any suitable manner, including by way of non-limiting example, by resolution of
the racemic form with recrystallization techniques, synthesis from optically-active starting
materials, chiral synthesis, or chromatographic separation using a chiral stationary phase. In
certain embodiments, a mixture of one or more isomer is utilized as the therapeutic
compound described herein. In other embodiments, compounds described herein 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
achieved by any means including, by way of non-limiting example, chemical processes,
enzymatic processes, fractional crystallization, distillation, and chromatography.

The methods and formulations described herein include the use of N-oxides (if
appropriate), crystalline forms (also known as polymorphs), solvates, amorphous phases,
and/or pharmaceutically acceptable 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.g.,
tetrahydrofuran, methyl tert-butyl ether) or alcohol (e.g., ethanol) solvates, acetates and the
like. In certain embodiments, the compounds described herein exist in solvated forms with
pharmaceutically acceptable solvents such as water, and ethanol. In other embodiments, 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 vivo. In certain

embodiments, upon iz vivo administration, a prodrug is chemically converted to the
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biologically, 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 biologically, pharmaceutically or therapeutically active form of the compound.

In certain embodiments, sites on, for example, 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 is, by way of example
only, a deuterium, a halogen, or an alkyl group.

Compounds described herein also include isotopically-labeled compounds wherein
one or more atoms is replaced by an atom having the same atomic number, but an atomic
mass or mass number different from the atomic mass or mass number usually found in nature.
Examples of isotopes suitable for inclusion in the compounds described herein include and
are not limited to 2H, *H, 1'C, 13C, 1C, 3¢CI, BF, 1231, 12°1, 13N, PN, 10, 170, 130, 2P, and **S.
In certain embodiments, isotopically-labeled compounds are useful 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 vivo half-life or
reduced dosage requirements). In yet other embodiments, substitution with positron emitting
isotopes, such as ''C, ®*F, 1°0 and "N, 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,
including, but not limited to, the use of chromophores or fluorescent moieties, bioluminescent
labels, or chemiluminescent labels.

The compounds described herein, and other related compounds having different
substituents are synthesized using techniques and materials described herein and as described,
for example, in Fieser & Fieser's Reagents for Organic Synthesis, Volumes 1-17 (John Wiley
and Sons, 1991); Rodd's Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals
(Elsevier Science Publishers, 1989); Organic Reactions, Volumes 1-40 (John Wiley and
Sons, 1991), Larock's Comprehensive Organic Transformations (VCH Publishers Inc., 1989),
March, Advanced Organic Chemistry 4% Ed., (Wiley 1992); Carey & Sundberg, Advanced
Organic Chemistry 4th Ed., Vols. A and B (Plenum 2000,2001), and Green & Wuts,
Protective Groups in Organic Synthesis 3rd Ed., (Wiley 1999) (all of which are incorporated
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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
introduction 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 hydroxyl, amino, imino,
thio or carboxy groups, are protected 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 embodiments, each protective group is removable by a different 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, hydrogenolysis), and/or oxidative conditions. Groups such
as trityl, dimethoxytrityl, acetal and t-butyldimethylsilyl are acid labile and are used to
protect 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
labile. Carboxylic acid and hydroxy reactive moieties are blocked with base labile groups
such as, but not limited to, methyl, ethyl, and acetyl, in the presence of amines that are
blocked with acid labile groups, such as t-butyl carbamate, or with carbamates that are both
acid and base stable but hydrolytically removable.

In certain embodiments, carboxylic acid and hydroxy reactive moieties are blocked
with hydrolytically removable protective groups such as the benzyl 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 include conversion to alkyl esters, or are blocked
with oxidatively-removable protective groups such as 2,4-dimethoxybenzyl, while co-
existing amino groups are blocked with fluoride labile silyl carbamates.

Allyl 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 catalysts. For
example, an allyl-blocked carboxylic acid is deprotected with a palladium-catalyzed reaction
in the presence of acid labile t-butyl carbamate or base-labile acetate amine protecting

groups. Yet another form of protecting group is a resin to which a compound or intermediate
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is attached. As long as the residue is attached to the resin, that functional group is blocked

and does not react. Once released from the resin, the functional group is available to react.

Typically blocking/protecting groups may be selected from:

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
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 compound as described herein and at
least one pharmaceutically acceptable carrier. In certain embodiments, the composition is
formulated for an administration route such as oral or parenteral, for example, transdermal,
transmucosal (e.g., sublingual, lingual, (trans)buccal, (trans)urethral, vaginal (e.g., trans- and
perivaginally), (intra)nasal and (trans)rectal, intravesical, intrapulmonary, intraduodenal,
intragastrical, intrathecal, subcutaneous, intramuscular, intradermal, intra-arterial,

intravenous, intrabronchial, inhalation, and topical administration.

Methods of Treatment
In another aspect, the present disclosure relates to a method of treating, ameliorating,

and/or preventing a disease or disorder in a subject, the method comprising administering to
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the subject a therapeutically effective amount of a compound of formula ().

The disease or disorder can be any disease or disorder known to a person of skill in
the art. Exemplary diseases or disorders include, but are not limited to, Addison’s Disease,
Autoimmune polyendodrine syndrome (APS) types 1, 2 and 3, autoimmune pancreatitis
(AIP), diabetes mellitus type 1, autoimmune thyroiditis, Ord’s thyroiditis, Grave’s disease,
autoimmune oophoritis, endometriosis, autoimmune orchitis, Sjogren’s syndrome,
autoimmune enteropathy, coeliac disease, Crohn's disease, microscopic colitis, ulcerative
colitis, autophospholipid syndrome (APIS), aplastic anemia, autoimmune hemolytica anemia,
autoimmune lymphoproliferative syndrome, autoimmune neutropenia, autoimmune
thrombocytopenic purpura, cold agglutinin disease, essential mixed cryoglulinemia, Evans
syndrome, pernicious anemia, pure red cell aplasia, thrombocytopenia, adiposis dolorosa,
adult-onset Still’s disease, ankylosing spondylitis, CREST syndrome, drug-induced lupus,
enthesitis-related arthritis, eosinophilic fasciitis, Felty syndrome, AgG4-related disease,
juvenile arthritis, Lyme disease (chronic), mixed connective tissue disease (MCTD),
palindromic rheumatism, Parry Romberg syndrome, Parsonage-Turner syndrome, psoriatic
arthritis, reactive arthritis, relapsing polychondritis, retroperitoneal fibrosis, rheumatic fever,
rheumatoid arthritis, sarcoidosis, Schnitzler syndrome, systemic lupus erythematosus,
undifferentiated connective tissue disease (UCTD), dermatomyositis, fibromyalgia, myositis,
inclusion body myositis, myasthenia gravis, neuromyotonia, paraneoplastic cerebellar
degeneration, polymyositis, acute disseminated encephalomyelitis (ADEM), acute motor
axonic neuropathy, anti-NMDA receptor encephalitis, Balo concentric sclerosis, Bickerstaff’s
encephalitis, chronic inflammatory demyelinating polyneuropathy, Guillain-Barré syndrome,
Hashimoto’s encephalopathy, idiopathic inflammatory demyelinating diseases, Lambert-
Eaton myasthenic syndrome, multiple sclerosis, pattern II, Oshtoran Syndrome, Pediatric
Autoimmune Neuropsy chiatric Disorder Associated with Streptococcus (PANDAS),
progressive inflammatory neuropathy, restless leg syndrome, stiff person syndrome,
Syndenham chorea, transverse myelitis, autoimmune retinopathy, autoimmune uveitis, Cogan
syndrome, Graves ophthalmopathy, intermediate uveitis, ligneous conjunctivitis, Mooren’s
ulcer, neuromyelitis optica, opsoclonus myoclonus syndrome, optic neuritis, scleritis, Susac’s
syndrome, sympathetic ophthalmia, Tolosa-Hunt syndrome, autoimmune inner ear disease
(AIED), Méniére’s disease, Bechet's disease, Eosinophilic granulomatosis with polyangiitis
(EGPA), giant cell arteritis, granulomatosis with polyangiitis (GPA), IgA vasculitis (IgAV),
IgA nephropathy, Kawasaki’s disease, leukocytoclastic vasculitis, lupus vasculitis,

rheumatoid vasculitis, microscopic polyangiitis (MPA), polyarteritis nodosa (PAN),
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polymyalgia rheumatica, urticarial vasculitis, vasculitis, primary immune deficiency, chronic
fatigue syndrome, complex regional pain syndrome, eosinophilic esophagitis, gastritis,
interstitial lung disease, POEMS syndrome, Raynaud’s syndrome, primary
immunodeficiency, pyoderma gangrenosum, prostate cancer, metastatic prostate cancer,
stomach cancer, colon cancer, rectal cancer, liver cancer, pancreatic cancer, lung cancer,
breast cancer, cervix uteri cancer, corpus uteri cancer, ovary cancer, testis cancer, bladder
cancer, renal cancer, brain/CNS cancer, head and neck cancer, throat cancer, Hodgkin’s
disease, non-Hodgkin’s lymphoma, multiple myeloma, leukemia, melanoma, non-melanoma
skin cancer, acute lymphocytic leukemia, acute myelogenous leukemia, Ewing’s sarcoma,
small cell lung cancer, choriocarcinoma, rhabdomyosarcoma, Wilms’ tumor, neuroblastoma,
hairy cell leukemia, mouth/pharynx, esophagus, larynx, kidney cancer, lymphoma,
inflammatory diseases of neurodegeneration, diseases of compromised immune response
causing inflammation, chronic inflammatory diseases, hyperglycemic disorders, diabetes (I
and II), pancreatic B-cell death and related hyperglycemic disorders, liver disease, renal
disease, cardiovascular disease, muscle degeneration and atrophy, low grade inflammation,
gout, silicosis, atherosclerosis and associated conditions, stroke and spinal cord injury,
arteriosclerosis, Huntington's Disease (HD), Parkinson's Disease (PD), Amyotropic Lateral
Sclerosis (ALS), multiple system atrophy (MSA), Alzheimer's Disease, Lewy body dementia,
Multiple System Atrophy, spinal and bulbar muscular atrophy (Kennedy's disease), Tourette
Syndrome, spinocerebellar ataxia (SCA) (e.g., Type 1 SCA1, Type 2 SCA2, Type 3
(Machado-Joseph disease) SCA3/MID, Type 6 SCA6, Type 7 SCA7, Type 8 SCAS,
Friedreich's Ataxia and Dentatorubral pallidoluysian atrophy DRPLA/Haw-River syndrome),
schizophrenia, age associated memory impairment, autism, migraines, Rett syndrome,
complex regional pain syndrome (CRPS), obsessive-compulsive disorder (OCD), attention-
deficit disorder, bipolar disorder, depression, migraine via degradation of CGRP or CGRP
receptor, ATTR amyloidosis, hereditary cerebral angiopathy, and combinations thereof.

In some embodiments, the disease or disorder is a neurological disease or disorder.
Exemplary neurological diseases or disorders include, but are not limited to, Huntington's
Disease (HD), Parkinson's Disease (PD), Amyotropic Lateral Sclerosis (ALS), multiple
system atrophy (MSA), Alzheimer's Disease, Lewy body dementia, Multiple System
Atrophy, spinal and bulbar muscular atrophy (Kennedy's disease), Tourette Syndrome,
spinocerebellar ataxia (SCA) (e.g., Type 1 SCA1, Type 2 SCA2, Type 3 (Machado-Joseph
disease) SCA3/MID, Type 6 SCA6, Type 7 SCA7, Type 8 SCAS, Friedreich's Ataxia and
Dentatorubral pallidoluysian atrophy DRPLA/Haw-River syndrome), schizophrenia, age
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associated memory impairment, autism, migraines, Rett syndrome, complex regional pain
syndrome (CRPS), obsessive-compulsive disorder (OCD), attention-deficit disorder, bipolar
disorder, depression, hereditary cerebral angiopathy, ATTR amyloidosis, and combinations
thereof. In some embodiments, the neurological disease or disorder is Alzheimer’s disease,
migraine, hereditary cerebral angiopathy, or ATTR amyloidosis.

In some embodiments, the compound of formula (I) comprises any amyloid beta or
extracellular tau binding motif disclosed elsewhere herein and the method treats, ameliorates,
and/or prevents Alzheimer’s disease in the subject. In other embodiments, the compound of
formula (I) comprises any amyloid beta binding motif described elsewhere herein and the
method treats, ameliorates, and/or prevents hereditary cerebral angiopathy in the subject. In
other embodiments, the compound of formula (I) comprises any glutamate modulator
described elsewhere herein and the method treats, ameliorates, and/or prevents Alzheimer’s
disease, OCD, SCA, CRPS, Rett syndrome, or a combination thereof in the subject. In other
embodiments, the compound of formula (I) comprises any CGRP or CGRP receptor binding
motif described elsewhere herein and the method treats, ameliorates, and/or prevents
migraines in the subject. In other embodiments, the compound of formula (I) comprises any
transthyretin binding motif described elsewhere herein and the method treats, ameliorates,
and/or prevents ATTR amyloidosis in the subject. The methods described herein include
administering to the subject a therapeutically effective amount of at least one compound
described herein, which is optionally formulated 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 in a
pharmaceutical composition. In certain embodiments, the method further comprises
administering to the subject an additional therapeutic agent that treats the disease or disorder.

The additional therapeutic agent can be any therapeutic agent known to a person of
skill in the art to treat, ameliorate, or prevent a disease or disorder. In some embodiments
wherein the method comprises treating, ameliorating, and/or preventing Alzheimer’s disease,
the additional therapeutic agent is selected from the group consisting of Aricept (donepezil),
Exelon (rivastigmine), Namenda (memantine), Namzaric (memantine and donepezil),
Razadyne (galantamine), and combinations thereof.

In certain embodiments, administering the compound(s) described herein to the
subject 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 the disease or disorder in the subject. For example, in certain embodiments, the
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compound(s) described herein enhance(s) the activity of the additional therapeutic
compound, thereby allowing for a lower dose of the additional therapeutic compound to
provide the same effect.

In certain embodiments, the compound(s) described herein and the therapeutic agent
are co-administered 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 is a mammal. In other embodiments, the mammal

is a human.

Combination Therapies

The compounds useful within the methods described herein can be used in
combination with one or more additional therapeutic agents useful for treating the disease or
disorder, and/or with an additional therapeutic agents that reduce or ameliorate the symptoms
and/or side-effects of therapeutic agent used in the treatment of the disease or disorder.

These additional therapeutic agents may comprise compounds that are commercially
available or synthetically accessible to those skilled in the art. When the additional
therapeutic agents useful for treating the disease or disorder are used, these additional
therapeutic agents are known to treat, or reduce the symptoms of the disease or disorder.

In various embodiments, a synergistic effect is observed when a compound as
described herein is administered 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-Emax equation (Holford & Scheiner, 1981, Clin.
Pharmacokinet. 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 concentration-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 formulations may be administered to the subject either prior to or after the onset
of the disease or disorder. Further, several divided dosages, as well as staggered dosages may

be administered daily or sequentially, or the dose may be continuously infused, or may be a
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bolus injection. Further, the dosages of the therapeutic formulations may be proportionally
increased or decreased as indicated by the exigencies of the therapeutic or prophylactic
situation.

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 the disease or disorder in 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 the disease or
disorder in the patient. Dosage regimens may be adjusted to provide the optimum therapeutic
response. For example, several divided doses may be administered daily or the dose may be
proportionally reduced as indicated by the exigencies of the therapeutic situation. A non-
limiting example of an effective dose range for a therapeutic compound described herein is
from about 1 and 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 determination 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 so as to obtain an amount of the active ingredient that is
effective to achieve the desired therapeutic response for a particular patient, composition, and
mode 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 administration, 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
readily 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 employed in 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 is especially advantageous to formulate the compound in

dosage unit form for ease of administration and uniformity of dosage. Dosage unit form as
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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 unique 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 more pharmaceutically acceptable excipients or carriers. In certain embodiments, the
pharmaceutical compositions described herein comprise a therapeutically effective amount of
a compound described herein and a pharmaceutically acceptable carrier.

The carrier may be a solvent or dispersion medium containing, for example, water,
ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, and
the like), suitable mixtures thereof, and vegetable oils. The proper fluidity 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 various 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 example, 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 delays absorption, for example, aluminum monostearate or gelatin.

In certain embodiments, the compositions described herein are administered to the
patient in dosages that range from one to five times per day or more. In other embodiments,
the compositions described herein are administered to the patient in range of dosages that
include, but are not limited to, once every day, every two, days, every three days to once a
week, and once every two weeks. It 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 including, but not limited 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 to be
administered to any patient is determined by the attending physician taking all other factors

about the patient into account.
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The compound(s) described herein for administration may be in the range of from
about 1 pg to about 10,000 mg, about 20 pg to about 9,500 mg, about 40 ug to about 9,000
mg, about 75 pg to about 8,500 mg, about 150 pg to about 7,500 mg, about 200 ug to about
7,000 mg, about 350 pg to about 6,000 mg, about 500 pg to about 5,000 mg, about 750 pg to
about 4,000 mg, about 1 mg to about 3,000 mg, about 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 about 900 mg, about 50 mg to about 800 mg, about 60 mg to about 750 mg, about 70
mg to about 600 mg, about 80 mg to about 500 mg, and any and all whole or partial
increments therebetween.

In some embodiments, the dose of a compound described herein is from about 1 mg
and about 2,500 mg. In some embodiments, a dose of a compound described herein used in
compositions described herein is 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 about 2,000 mg, or less than about 1,000 mg, or less than about 500 mg, or less than
about 200 mg, or less than about 50 mg. Similarly, in some embodiments, a dose of a second
compound as described herein is less than about 1,000 mg, 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 about 25 mg, or less than about
20 mg, or less than about 15 mg, or less than about 10 mg, or less than about 5 mg, or less
than about 2 mg, or less than about 1 mg, or less than about 0.5 mg, and any and all whole or
partial increments thereof.

In certain embodiments, a composition as described herein is 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 instructions for using the compound to treat, or reduce one or more
symptoms of a disease or disorder in a patient.

Formulations may be employed in admixtures with conventional excipients, i.e.,
pharmaceutically acceptable organic or inorganic carrier substances suitable for oral,
parenteral, nasal, intravenous, subcutaneous, enteral, or any other suitable mode of
administration, 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 buffers, coloring, flavoring and/or aromatic

substances and the like. They may also be combined where desired with other active agents,
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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, (trans)urethral, vaginal (e.g., trans- and perivaginally), (intra)nasal and
(trans)rectal), intravesical, intrapulmonary, intraduodenal, intragastrical, intrathecal,
subcutaneous, intramuscular, intradermal, intra-arterial, intravenous, intrabronchial,
inhalation, and topical administration.

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, pellets, magmas, lozenges, creams, pastes, plasters,
lotions, discs, suppositories, liquid sprays for nasal or oral administration, dry 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.

Oral Administration

For oral application, particularly suitable are tablets, dragees, liquids, drops,
suppositories, or capsules, caplets and gelcaps. The compositions intended for oral use may
be prepared according to any method known in the art and such compositions may contain
one or more agents selected from the group consisting of inert, non-toxic 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 techniques for elegance or to
delay the release of the active ingredients. Formulations for oral use may also be presented
as hard gelatin capsules wherein the active ingredient is 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., polyvinylpyrrolidone, hydroxypropylcellulose or
hydroxypropyl methylcellulose); fillers (e.g., cornstarch, lactose, microcrystalline cellulose or
calcium phosphate); lubricants (e.g., magnesium stearate, talc, or silica); disintegrates (e.g.,

sodium starch glycollate); or wetting agents (e.g., sodium lauryl sulphate). If desired, the
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tablets may be coated using suitable methods and coating materials such as OPADRY™ film
coating systems available from Colorcon, West Point, Pa. (e.g., OPADRY™ QY Type, OYC
Type, 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 means with pharmaceutically acceptable additives such as suspending agents
(e.g., sorbitol syrup, methyl cellulose or hydrogenated edible fats); emulsifying agent (e.g.,
lecithin or acacia); non-aqueous vehicles (e.g., almond oil, oily esters or ethyl alcohol); and
preservatives (e.g., methyl or propyl p-hydroxy benzoates or sorbic acid).

Parenteral Administration

For parenteral administration, the compounds as described herein may be formulated
for injection or infusion, for example, intravenous, intramuscular or subcutaneous injection or
infusion, or for administration in a bolus dose and/or continuous infusion. Suspensions,
solutions or emulsions in an oily or aqueous vehicle, optionally containing 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 solution or suspension in a non-
toxic parenterally-acceptable diluent or solvent, for example as a solution in 1, 3-butanediol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. Sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this purpose, any bland fixed oil may be
employed including synthetic mono- or di-glycerides. Fatty acids, such as oleic acid and its
glyceride derivatives are useful in the preparation of injectables, as are natural
pharmaceutically acceptable oils, such as olive oil or castor oil, especially in their
polyoxyethylated versions. These oil solutions or suspensions may also contain a long-chain
alcohol diluent or dispersant, such as Ph. Helv or similar alcohol.

Additional Administration Forms

Additional dosage forms suitable for use with the compound(s) and compositions
described herein include dosage forms as described in U.S. Patents Nos. 6,340,475;
6,488,962; 6,451,808; 5,972,389; 5,582,837, and 5,007,790. Additional dosage forms
suitable for use with the compound(s) and compositions described herein also include dosage

forms as described in U.S. Patent Applications Nos. 20030147952; 20030104062;
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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; WO 01/97783; WO 01/56544;
WO 01/32217; WO 98/55107; WO 98/11879; WO 97/47285; WO 93/18755; and WO
90/11757.

Controlled Release Formulations and Drug Delivery Systems

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

The term sustained release is used in its 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 microparticles, for example, by injection or in the form of wafers or discs by
implantation.

In some cases, the dosage forms to be used can be provided as slow or controlled-
release of one or more active ingredients therein using, for example, hydropropylmethyl
cellulose, other polymer matrices, gels, permeable membranes, osmotic systems, multilayer
coatings, microparticles, liposomes, or microspheres or a combination thereof to provide the
desired release profile in varying proportions. Suitable controlled-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 controlled-release are encompassed by the compositions and dosage
forms described herein.

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

optimally designed controlled-release preparation in medical treatment is characterized by a
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minimum of drug substance being employed to cure or control the condition in a minimum
amount of time. Advantages of controlled-release formulations include 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 occurrence of side
effects.

Most controlled-release formulations are designed to initially 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. In order to maintain this constant level of drug in the body, the drug must 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 various inducers, for
example pH, temperature, enzymes, 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 some embodiments, the compound(s) described herein are
administered to a patient, alone or in combination with another pharmaceutical agent, using a
sustained release formulation. In some embodiments, the compound(s) described herein are
administered to a patient, alone or in combination with another pharmaceutical agent, using a
sustained release formulation.

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

The term pulsatile release is used herein in its conventional sense to 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 administration.

The term immediate release is used in its conventional sense to refer to a drug
formulation that provides for release of the drug immediately after drug administration.

As used herein, short-term refers to any period of time up to and including about 8
hours, about 7 hours, about 6 hours, about 5 hours, about 4 hours, about 3 hours, about 2

hours, about 1 hour, about 40 minutes, about 20 minutes, or about 10 minutes and any or all

- 268 -



10

15

20

25

30

WO 2022/178428 PCT/US2022/017334

whole or partial increments thereof after drug administration after drug administration.

As used herein, rapid-offset refers to any period of time up to and including about 8
hours, about 7 hours, about 6 hours, about 5 hours, about 4 hours, about 3 hours, about 2
hours, about 1 hour, about 40 minutes, about 20 minutes, or about 10 minutes, and any and all

whole or partial increments thereof after drug administration.

Dosing

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 the disease or disorder in the patient being treated. The skilled artisan is 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
0.01 mg to about 5,000 mg per day, such as from about 0.1 mg 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
to 4 or more times per day. When multiple dosages are used, the amount of each dosage may
be the same or different. For example, a dose of 1 mg per day may be administered as two
0.5 mg doses, with about a 12-hour interval between doses.

It is understood that the amount of compound dosed per day may be administered, in
non-limiting examples, every day, every other day, every 2 days, every 3 days, every 4 days,
or every 5 days. For example, with every other 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 5 mg per day dose administered on Friday, and so on.

In the case wherein the patient's status does improve, upon the doctor's discretion the
administration of the compound(s) described herein is optionally given continuously;
alternatively, the dose of drug being administered is temporarily reduced or temporarily
suspended for a certain length of time (i.e., a "drug holiday"). The length of the drug holiday
optionally varies between 2 days and 1 year, including by way of example only, 2 days, 3
days, 4 days, 5 days, 6 days, 7 days, 10 days, 12 days, 15 days, 20 days, 28 days, 35 days, 50
days, 70 days, 100 days, 120 days, 150 days, 180 days, 200 days, 250 days, 280 days, 300
days, 320 days, 350 days, or 365 days. The dose reduction during a drug holiday includes
from 10%-100%, including, by way of example only, 10%, 15%, 20%, 25%, 30%, 35%,
40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%., 90%, 95%, or 100%.

Once improvement of the patient's conditions has occurred, a maintenance dose is
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administered if necessary. Subsequently, the dosage or the frequency of administration, or
both, is reduced to a level at which 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 formulated in unit dosage form. The term
"unit dosage form" refers to physically discrete units suitable as unitary dosage for patients
undergoing treatment, with each unit containing a predetermined quantity of active 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
multiple daily doses (e.g., about 1 to 4 or more times per day). 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
determined in cell cultures or experimental animals, including, but not limited to, the
determination of the LDso (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 assays 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
employed and the route of administration utilized.

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, numerous equivalents to the specific procedures, embodiments,
claims, and examples described herein. Such equivalents are considered to be within the
scope of this disclosure and covered by the claims appended hereto. For example, it should
be understood, that modifications in reaction conditions, including but not limited to reaction
times, reaction size/volume, and experimental reagents, such as solvents, catalysts, pressures,
atmospheric conditions, e.g., nitrogen atmosphere, and reducing/oxidizing agents, with art-
recognized alternatives and using no more than routine experimentation, are within the scope
of the present application.

It is to be understood that wherever values and ranges are provided herein, all values
and ranges encompassed by these values and ranges, are meant to be encompassed within the
scope of the present disclosure. Moreover, all values that fall within these ranges, as well as

the upper or lower limits of a range of values, are also contemplated by the present
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application.
The following examples further illustrate aspects of the present disclosure. However,
they are in no way a limitation of the teachings or disclosure of the present disclosure as set

forth herein.

EXPERIMENTAL EXAMPLES

The invention is further described in detail by reference to the following experimental
examples. These examples are provided for purposes of illustration only, and are not
intended to be limiting unless so specified. Thus, the invention should in no way be
construed as being limited to the following examples, but rather, should be construed to
encompass any and all variations which become evident as a result of the teaching provided
herein.

Without further description, it is believed that one of ordinary skill in the art can,
using the preceding description and the following illustrative examples, make and utilize the
compounds of the present invention and practice the claimed methods. The following
working examples therefore, specifically point out the preferred embodiments of the present

invention, and are not to be construed as limiting in any way the remainder of the disclosure.

Example 1: Bifunctional molecules for targeted removal of neurological proteins
Materials and Methods
Synthetic overview

Peptides are synthesized using standard Fmoc-based solid phase peptide synthesis,
wherein Wang resin or CTC resin is used as the C-terminal carboxylic acid linker and Rink
amide resin is used as the C-terminal amide linker. The terminal amino acid is deprotected
using 20% piperidine in DMF and an coupled with a mixture of Fmoc-Amino Acid-OH,
Oxyma, and diisopropylcarbdiimide in DMF. The peptide is capped in a solution of 9:1

pyridine: acetic anhydride.

Results and Discussion

The present invention aims to treat neurological diseases by removing pathogenic
proteins from the brain. Established protein degradation technologies target intracellular or
extracellular circulating proteins whereas the present disclosure expands targeted protein
degradation to extracellular neurological targets. As several neurological diseases arise from

the accumulation and aggregation of pathogenic proteins, there are many opportunities to
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apply this protein degradation platform. Current treatment options, particularly for
Alzheimer’s disease, aim to improve symptoms without addressing the underlying cause or
slowing disease progression.

The present disclosure provides a bifunctional molecule comprised of a protein
binding moiety coupled with the brain targeting peptide. Brain targeting is achieved via the
low density lipoprotein receptor related protein 1 (LRP1). LRP1 is involved in
endolysosomal trafficking, as well as receptor-mediated transcytosis across the blood brain
barrier, suggesting that peptides targeting this receptor will be capable of both transport and
degradation of target neurological proteins. Current efforts utilize the asialoglycoprotein
receptor (ASGPr) in the liver for targeted degradation of extracellular proteins. However,
since ASGPr is predominantly expressed on hepatocytes, it is effective for systemic
extracellular targets, but inaccessible for selective degradation of neurological proteins.
Alternatively, LRP1 is expressed in many tissues and implicated in both degradation and
transcytosis across the blood-brain barrier. Ligands designed to target this receptor have
facilitated receptor-mediated transcytosis across the blood-brain barrier of cargo ranging from
small molecules to nanoparticles. Therefore, a ligand targeting LRP1 will expand targeted
degradation to neurological protein targets (FIG. 1).

The bifunctional molecule uses an LRP1 binding motif to transport noncovalently
bound cargo and has the general structure shown below, wherein the LRP1-binding motif is
depicted in FIG. 2 and the Target binding motif is depicted in FIG. 3. The noncovalent
nature the transport system allows for targeting endogenous proteins, thus redirecting protein
trafficking. The bifunctional molecule expands protein degradation to extracellular
neurological targets compared to current technologies that either target systemic proteins or
intracellular targets. Additionally, this innovation expands targeted extracellular protein
degradation to LRP1, which would be useful in disease states where ASGPr is

downregulated.

Targst . Cinfear
§ T . Frr—] tia) €
‘.. Binding Motif ./
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e

Furthermore, the novel bifunctional molecule allows for both transport and
degradation of target neurological proteins instead of inhibiting these proteins. This allows
for targeting the undruggable proteome through the use of any protein ligand instead of
exclusively inhibitors. This approach also uses the cellular machinery for degrading

extracellular proteins, resulting in permanent removal of the pathogenic species instead of
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temporary inhibition. The present disclosure also allows for a platform approach to the
degradation and removal of pathogenic species from the brain. This synthetic peptide/small
molecule combination involves a modular approach, which permits easy modification and
optimization during platform development.

It has been demonstrated that Angiopep-2 is capable of transporting a noncovalently
bound protein cargo into murine brain endothelial cells and astrocytes, allowing use of this
peptide to target and redirect the trafficking of endogenous proteins. Therefore, it was
decided to form a bifunctional molecule comprising a modified Angiopep-2 as the LRP1
binding motif, wherein Angiopep-2 was modified via acetylation and/or substitution with a
rhodamine fluorescent label (FIG. 4). The modified Angiopep-2 was bonded to a biotin or
ethoxylated dinitrophenyl Target binding motif for the use in the current proof of concept
studies (FIG. 5).

These studies demonstrated that the bifunctional molecule derived from Angiopep-2
can noncovalently transport streptavidin into murine brain endothelial cells and astrocytes.
Specifically, the data herein show that biotinylated Angiopep-2 is capable of triggering
endocytosis of streptavidin, displaying the capability of this peptide to facilitate transport of
noncovalently bound cargo (FIGs. 6-9). FIG. 6 depicts the saturable level of target
(streptavidin) uptake with increasing concentration of bifunctional molecule. FIG. 7 depicts
ELISA studies demonstrating the interaction of LRP1BM-TBM (Angiopep-2-Biotin) with
target protein Streptavidin. Cellular assay demonstrate LRP1BM-TBM (Angiopep-2-Biotin)
mediated internalization of target protein Streptavidin in mouse brain endothelial cells (FIG.
8 and FIG. 9) as well as astrocytes (FIG. 9).

The trend seen in FIG. 8§ correlates with the FIG. 7 binding results. FIG. 10 depicts
ELISA studies demonstrating the interaction of LRP1BM-DNP(TBM) Angiopep-2 with
target protein anti-DNP antibody. This data of the bifunctional molecule formed from
Angiopep-2 and ethoxylated DNP molecule further demonstrates that DNP-modified
Angiopep-2 binds anti-DNP antibody (FIG. 10). These findings represent a significant
improvement over all previous uses of this peptide, which required covalent modification of
the cargo with Angiopep-2.

While the data herein demonstrate the potential of Angiopep 2 to facilitate both
transcytosis and endolysosomal targeting, future work entails applying this platform to
therapeutically relevant targets to evaluate the contribution of cargo size, valency, and
mechanism of transport. Some studies have been done on other bifunctional molecules

comprising an LRP1 binding motif depicted in FIG. 2 and a biotin Target binding motif,
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wherein these bifunctional molecules also noncovalently bind streptavidin (FIG. 11).
Specifically, FIG. 11 depicts ELISA studies demonstrating the interaction of LRP1BM-
Biotin(TBM) with target protein Streptavidin. FIG. 12 demonstrates the degradation of a
target protein using an LRP1 binding motif.

5 The disclosures of each and every patent, patent application, and publication cited
herein are hereby incorporated herein by reference in their entirety. While this disclosure has
been disclosed with reference to specific embodiments, it is apparent that other embodiments
and variations of this disclosure may be devised by others skilled in the art without departing
from the true spirit and scope of the disclosure. The appended claims are intended to be

10  construed to include all such embodiments and equivalent variations.
Enumerated Embodiments
The following enumerated embodiments are provided, the numbering of which is not
to be construed as designating levels of importance:
Embodiment 1 provides a compound of formula (I), or a salt, geometric isomer,
15  stereoisomer, or solvate thereof:
[TBM]n—[Linker]m—[LRP1BM]o (1),
wherein
m is an integer from 0 to 15;
n and o are each independently an integer from 1 to 15;
20 [TBM] represents a target binding motif comprising or consisting of:
(a) a compound selected from:

H

g
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CH i , or i , or a derivative or prodrug thereof,

wherein

§ indicates possible points of covalent attachment to a [Linker| or a [LRP1BM];
5 (b) a compound of formula (I):

, or a derivative or prodrug thereof,
wherein:
Ais Nor CR?;
Bis N or CR;
10 EisN or CR’;
L i3 a substiteted or unsubstituted alkylene, substituted or onsubstituied alkenviens,

substituted or unsubstituted alkvoviene, substituted or unsubstituted carbocvelvlene,
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substitiied or unsubstitiged heterocyelviene, substitited or unsubstiiuted arylene, substituted
or unsubstituted heteroarviene, substituted oy unsubstituted hetercalkvlene, a bond, -O-, -
NRM, 8-, CEQ, OO0, -UEGINRA - NRACEQY, -NRACEOIRA- -C=0RA -
NRAC(G=OY0-, -NROCEOINERMN-, -O0(=0 -, -0CED-, -OCEQINRY)-, -B{ORNRA, -
NRAS(G-, o a combination thareof,

X is a bond or substituted or unsubstituted Ci-12 alkylene, wherein one or more carbon
is optionally replaced with C(=0), O, S, SO2, NH, or NCi.s alkyl optionally substituted with
halogen, OH, or Ci<alkyl,

R8 is hydrogen, -Ns, alkynyl, OH, halogen, NH>, N(C1- alkyl)2, aryl, heteroaryl, or a
protecting group, wherein the aryl and heteroaryl are optionally substituted with halogen,
SO2, NHa, or C1- alkyl optionally substituted with halogen or Cs-s cycloalkyl;

R s (CHz b, (CHzie-CE0), S CH2 - CEOR0-, {CH )0 -A(CHz -0, -
(CH2 A0, ~A-O-{CH 3t C=OINRS -, (CH 8, ~A-{CH2)0-8-, «{(CHn-A-8-, ~A-S-
{CHD{C=0NRA, {CH - NRS, - A{CH - NRY - (CH o A-NR -, {CH - {C=OMNRA -
A CH - O NR A U H e AU =CINEA ) <A WRA{CH ) C=OMR ., (CHz b
S(ORNRA- -A-(CH W-S{ONRA, or {CH A S{ORNRA-

each occurrence of R* is independently selected from hydrogen, substituted or
unsubstituted acyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted heterocyclyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, or a nitrogen protecting group
when attached to a nitrogen atom, or two R* groups are joined to form a substituted or
unsubstituted heterocyclic ring;

each occurrence of A is independently selected from substituted or unsubstituted
heterocyclylene, substituted or unsubstituted arylene, or substituted or unsubstituted
heteroarylene;

&Y R and R*R® are each mdependently hydrogen, OH. halogen, NH», CHs. 802,
NC», a leaving group, a protecting group, arvi, heteroaryl, NHRM  N(RY Y2 (s-3 cvcloatkyl,
MR heterooyelyl, or -(CHRW-RY;

R% iz hydrogen, -CHa, aryl, or heteroarvl; and

nis §-12;

wherein one or more carbon of RLR s optionally replaced with C(=0}, O, 5, S,
WNH, MH-Cre allyl, NCos alkyl, NHz, or PeCrealkyvl); and
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:

indicates the point of covalent attachment to a [Linker] or a [LRP1BM];
{c}) a compound of fornwla ()
SN <
- 0
o Rz, or a derivative or prodrug thereof,
wherein
5 Ri and Rz are each independently selected from hydrogen, N3, alkynyl, OH, halogen,
NH2, N(C1-s alkyl)2, C1-6 alkyl, aryl, heteroaryl, NHR*?, }{R ")z Ca-x cvcloalkyl, N(Rp
heterocyelyl, or -(CHz kR
wherein the aryl and heteroaryl are optionally substituted with halogen, -SO2, NO2, -
NHa, or Ci-¢ alkyl optionally substituted with halogen or Cs-s cycloalkyl;
10 R is hydrogen, ~UH3, arvl, or heteroarvi; and
nis (12;
wherain one or more casbon of RY or R? is optionally replaced with €0}, Q. 8, 502,

WH, NH-{ve alkyl NCis alkyl, NHo, or N{C s alkvl; and

: indicates the point of covalent attachment to a [Linker] or a [LRP1BM];
15 (d) a compound of formula (IIT):

Py

PP
G

prodrug thereof,

r__‘—f

T

P
N
H

, or a derivative or

wherein
Riis selected from benzene, phenyl, cyclohexyl, hydrogen, and CF3;
20 R2 is selected from hydrogen and CFs; and

§ indicates the point of covalent attachment to a [Linker] or a [LRP1BM];

(e) a compound of formula (IV):
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BN

N \//\;\j// R1
wherein

Ri is selected from hydrogen, Cl, OMe, SMe, and CF3, and

, or a derivative or prodrug thereof,

§ indicates the point of covalent attachment to a [Linker]| or a [LRP1BM];
(f) a compound of formula (V):

MANS

N

l/\iN \:l/j,/&
wherein

R is selected from hydrogen, Cl, OMe, SMe, and CF3, and

, or a derivative or prodrug thereof,

% indicates the point of covalent attachment to a [Linker] or a [LRP1BM]; or
(@ an amino acid sequence selected from:

SVWIWYE,
DVWIINKKLK,
MLRTKDLIWTLFFLGTAVS-NHz,
MLRTKDLIWTLFFLGTAVS-KKRPKP-NH:, and
MLRTKDLIWTLFFLGTAVS-KKLVFF-NH2;

[LRP1BM] represents a low density lipoprotein receptor-related protein 1 (LRP1)

receptor binding motif comprising one of the following amino acid sequences:

TFFY GGSRGKRNNFKTEEYC-OH (or -NH2),

TWPKHFDKHTFY SILKLGKH-OH,

EAKIEKHNHY QKK/C-NHa,

EAKIEKHNHY QKQLEIAHEKLRK/C-NHa,

RsAKIEKHSsHY QKK/C-NHz, wherein Rs represents (R)-2-(7-octenyl)Ala-OH, Ss

-278 -



10

15

20

25

30

WO 2022/178428 PCT/US2022/017334

represents (S)-2-(4-pentenyl)Ala-OH, and there is a hydrocarbon bridge between position 1
and 8,
LRKLRKRLLRDADDLLRKLRKRLLRDADDL-NH?2,
TEELRVRLASHLRKLRKRLL-NH>,
Ac-VKFNKPFVFLNIeIEQNTK-NH2, wherein Nle represents norleucine,
VKFNKPFVFLMIEQNTK,
TFFYGGCRGKRNNFKTEEYC-OH (or -NHb»),
TFFYGGSRGKRNNFRTEEYC-OH (or -NH3),
TFFYGGSRGRRNNFRTEEYC-OH (or -NH2),
cyeetkfnnrkGrsGGyfft-OH (or-NHz),
TFFYGGCRAKRNNFKRAKY,
TFFYGGCRGKKNNFKRAKY
PFFY GGCRGKRNNFKTEEY,
TFFYGGKRGKRNNFKTKEY,
TFFYGGCRGKRNNFKTKRY,
TFFYGGKRGKRNNFKTAEY,
TFFYGGKRGKRNNFKREKY,
RFKYGGCLGNKNNFLRLKY, and
RFKYGGCLGNKNNYLRLKY,

>

wherein the underlined amino acids in the above sequences indicate that the amino
acids may be present or absent and underlined K/C indicates that either K or C may be
present; and
[Linker] represents a polyethylene glycol containing linker having 1-12 ethylene
glycol residues, or [Linker]| represents a Linking group comprising:
(a) -CH2CH2(OCH2CH2)mOCH2-, -(CH2)mCH2-, or -[N(R?)-
CH(R*)(C=0)]n-,
or a polypropylene glycol or polypropylene-co-polyethylene glycol
group containing 1-100 alkylene glycol units;
wherein each R? is independently H, C1-Cs alkyl, or C1-Cs alkanol, or
combines with R® to form a pyrrolidine or hydroxypyrroline
group;
wherein each R® is independently selected from the group consisting of
hydrogen, methyl, isopropyl, -CH(CH3)CH2CH3, -
CH2CH(CH3)2, -(CH2)s-guanidine, -CH2C(=0)NH2, -
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(b)

©

(d)

©
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CH2C(=0)OH, -CH2SH, -(CH2)2C(=0)NH2, -(CH2)C(=0)OH,
-(CHz2)imidazole, -(CH2)sNH2, -CH2CH2SCH3, benzyl, -
CH:0H, -CH(OH)CH3, -(CH2)imidazole, or -(CH2)phenol; and

wherein m is an integer ranging from 1 to 15;

-[N(R'-(CH2)1-15-C(=0)]m-, wherein R' is H or a C1-C3 alkyl optionally

substituted with 1-2 hydroxyl groups, and m is an integer ranging from

1 to 100;

-Z-D-7Z'-, wherein:

Z and Z' are each independently a bond, -(CH2)i-O-, -(CH2)i-S-, -

N N |
(CH2)i-NR)-, ° — " -(CH2)i-C(RH)=C(R?)- (cis or
trans), -(CH2)i=-, or -Y-C(=0)-Y-,

each R is independently H, C1-Cs alkyl, or C1-Cs alkanol,

each R? is independently H or C1-Cs alkyl,

each Y is independently a bond, O, S, or N(R),

each i is independently O to 100,

D is a bond, -(CH2)i-Y-C(=0)-Y-(CH2)i-, -(CH2)m-, or -[(CH2)a-X1)];-,
with the proviso that Z, Z', and D are not each simultaneously
bonds;

X1is O, S, or N(R),

] 1s an integer ranging from 1 to 100,

m' is an integer ranging from 1 to 100,

n is an integer ranging from 1 to 100;

-CHz2-(OCH2CH2)n-CHz2-, -(CH2CH20)wCH2CHz-, or -

(CH2CH2CH20)n-, wherein each n and n' is independently an integer

ranging from 1 to 25,

-PEG-CON-PEG-, wherein each PEG is independently a polyethylene

glycol group containing from 1-12 ethylene glycol residues and CON

O
D /":;%‘1 A% Jie
ENFi{N ,?,\{\ (j\; ?\}’—N\‘_i 3 j i~ kxz“

is selected from © N | N , . =

> >

L%
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N-NH
R" 6?
, wherein R' and R" are each independently H, methyl,

or a bond;

5 ® -PEG-CON-PEG-, wherein each PEG is independently a polyethylene
glycol group containing from 1-12 ethylene glycol residues and CON
comprises a diamide structure selected from -C(=0)-N(RY)-(CH2)a"-
NRYHC(=0)-, -N(RYH-C(=0)(CH2)x-C(=0)N(RY)-, or -N(R')-
C(=0)(CH2)x-N(RYHC(=0) -, wherein each R! is independently H or

10 C1-Cs alkyl, and n" is independently an integer from O to 8;
(2) -PEG-CON-PEG-, wherein each PEG is independently a polyethylene
glycol group containing from 1-12 ethylene glycol residues and CON
comprises a structure

Ria
i e
Mzuﬁéga
15 wherein:
R'% R?* and R are each independently H, -(CH2)m1-, -
(CH2)M2C (=03 (NRHM3-(CH2)mz-, -(CH2)m2(NRHM3 C(O)mi3-
(CH2)me2-, or -(CH2)M20-(CH2)M1-C(O)NR*-, with the proviso
that R'3, R* and R* are not simultaneously H;
20 each M1 is independently 1, 2, 3, or 4; in certain embodiments, 1 or 2;
each M2 is independently O, 1, 2, 3, or 4; in certain embodiments, 0, 1

or2;
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(h)

()
@
(k)
O
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each M3 is independently O or 1; and

each R* is independently H, C1-C3 alkyl, C1-Cs alkanol, or -C(=0)(C1-
Cs alkyl), with the proviso that M2, and M3 within the same
R'3 R? and R¥ cannot all be simultaneously 0;

-PEG-CON-PEG-, wherein each PEG is independently a polyethylene

glycol group containing from 1-12 ethylene glycol residues and CON

comprises a structure:

Ofﬁr\swgw
W

anatural or an unnatural amino acid;
[Gly-Gly-Gly-Gly-Ser]n, wherenis 1, 2, 3, 4, 5 or 6;
[Ser-Ser-Ser-Ser-Gly|y, where y is 21; or

Ser-Gly-Ser-Ser-Ser-Ser-Gly-Ser-Ser-Ser-Ser-Gly-Ser.

Embodiment 2 provides the compound of embodiment 1, wherein the valence of the

Linkeris 1, 2, or 3.

Embodiment 3 provides the compound of any one of embodiments 1-2, wherein m is

1,2, or 3.

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

o are each independently 1, 2, or 3.

Embodiment 5 provides the compound of any one of embodiments 1-4, wherein the

target binding motif binds noncovalently to an extracellular protein or a cell surface protein.

Embodiment 6 provides the compound of any one of embodiments 1-5, wherein the

extracellular or cell surface protein comprises a calcitonin gene-related peptide (CGRP), a

CGRP receptor, an N-methyl-D-aspartate (NMDA) receptor, myeloperoxidase (MPO), a-

synuclein, IAPP, transthyretin, extracellular tau, amyloid precursor protein, a prion protein,

or amyloid beta.

Embodiment 7 provides the compound of any one of embodiments 1-6, wherein the

extracellular or cell surface protein comprises extracellular tau or amyloid beta.
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Embodiment 8 provides the compound of any one of embodiments 1-7, wherein the
extracellular or cell surface protein is found in the brain or the central nervous system.

Embodiment 9 provides the compound of any one of embodiments 1-8, wherein

O R

2 wherein R1 and Ra are each independently selected from F, Cl,
Br,and I.

Embodiment 10 provides the compound of any one of embodiments 1-9, wherein the
LRP1BM comprises the peptide of SEQ ID NO: 1.

Embodiment 11 provides the compound of any one of embodiments 1-10, wherein the
C-terminal cysteine residue is absent from the peptide of SEQ ID NO: 1.

Embodiment 12 provides the compound of any one of embodiments 1-11, wherein the
peptide of SEQ ID NO: 1 is attached to the Linker through its N-terminal tyrosine (Tyr1),
Lysl10, or Lys15.

Embodiment 13 provides a pharmaceutical composition comprising at least one
pharmaceutically acceptable excipient and at least one compound of any one of embodiments
1-12.

Embodiment 14 provides the pharmaceutical composition of embodiment 13, further
comprising another therapeutically active compound.

Embodiment 15 provides a method of treating, ameliorating, or preventing a disease
or disorder in a subject, the method comprising:

administering a therapeutically effective amount of a composition comprising at least
one compound of claim 1, or a salt, geometric isomer, stereoisomer, or solvate thereof.

Embodiment 16 provides the method of embodiment 15, wherein the disease or
disorder is a neurological disease or disorder.

Embodiment 17 provides the method of embodiment 16, wherein the neurological
disease or disorder is at least one of Huntington's Disease (HD), Parkinson's Disease (PD),
Amyotropic Lateral Sclerosis (ALS), multiple system atrophy (MSA), Alzheimer's Disease,
Lewy body dementia, Multiple System Atrophy, spinal and bulbar muscular atrophy

(Kennedy's disease), Tourette Syndrome, spinocerebellar ataxia (SCA), schizophrenia, age
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associated memory impairment, autism, migraines, Rett syndrome, complex regional pain
syndrome (CRPS), obsessive-compulsive disorder (OCD), attention-deficit disorder, bipolar
disorder, hereditary cerebral angiopathy, ATTR amyloidosis, or depression.

Embodiment 18 provides the method of embodiment 16, wherein the neurological
disease or disorder is Alzheimer’s Disease.

Embodiment 19 provides the method of any one of embodiments 15-18, wherein the
subject is further administered at least one additional therapeutic agent that treats,
ameliorates, or prevents the disease or disorder.

Embodiment 20 provides the method of any one of embodiments 15-19, wherein the
subject is a mammal.

Embodiment 21 provides the method of any one of embodiments 15-20, wherein the
subject is a human.

Embodiment 22 provides the method of any one of embodiments 15-21, wherein the

composition comprises at least one pharmaceutically acceptable carrier or excipient.

-284 -



WO 2022/178428 PCT/US2022/017334

CLAIMS
What is claimed is:
1. A compound of formula (I), or a salt, geometric isomer, stereoisomer, or solvate
thereof:
[TBM|n—[Linker]m—[LRP1BM]o (1),
wherein

mis an integer from 0 to 15;
n and o are each independently an integer from 1 to 15;
[TBM] represents a target binding motif comprising or consisting of:

(a) a compound selected from:

e

f i H
‘;\’iﬂ//\\[{N\’)LNA N.__.8
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Br
[ ’§"§% [

0
g\ Z-..
Z/

on |

, or a derivative or prodrug thereof,

wherein

E indicates possible points of covalent attachment to a [Linker] or a [LRP1BM];

(b) a compound of formula (I):

, or a derivative or prodrug thereof,
wherein:

Ais Nor CR%;

B is N or CR®;

Eis N or CR;

1. 15 a substituted or unsubstituted alkylene, substituted or unsubstituted alkenviens,
substituted or unsubstitated alkvoviene, substituted or unsubstitoted carbocyclylene,
substituted or unsubsiituied beterocyclviene, substituied or unsubstituted arviene, substituted
or unsubstituted heteroarylens, substituted or unsubstituted hetercalkvlene. a bond. -0-_ -
NRA wBe, wCEO), =00, -CEOINR A, NROCED ) NRAC =R (=R, -
NRACEOO-, NRAC(=GINRN -, -OCES)-, -OC(=0I0-, ~-OCHEOINRM)-, -S(GRNR, -
MRAR(OR-, or a combination thergof;

X is a bond or substituted or unsubstituted Ci-12 alkylene, wherein one or more carbon
is optionally replaced with C(=0), O, S, SO2, NH, or NCi.s alkyl optionally substituted with
halogen, OH, or Cialkyl;

R® is hydrogen, -N3, alkynyl, OH, halogen, NHz, N(C1- alkyl)2, aryl, heteroaryl, or a
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protecting group, wherein the aryl and heteroaryl are optionally substituted with halogen,
SOz, NHa, or Ci-s alkyl optionally substituted with halogen or Cs-s cycloalkyl;

27 is {CHYar, {CH230-C=0), A{CHD-CEO 0, AU H om0, -A-(CH 300, -
(CHe A0, = A-O-{CH ) COINRA - U H 38, ~A-(CH b8, «(CHho- A8, ~A-S-
(CHA O ONRA) (CHz - NRA - A-(CHz - NRA - - {CH- ANRA- {CH - C=0INRA-
~A-{CH2 - {C=0RA, {CH g A-{U=0INRA- A NRACH -{C=0INRA- (CH -
SEONRA, A-(CH e R(ORNR - or (CHDu-A- S{ORNRS -

each occurrence of R* is independently selected from hydrogen, substituted or
unsubstituted acyl, substituted or unsubstituted alkyl, substituted or unsubstituted alkenyl,
substituted or unsubstituted alkynyl, substituted or unsubstituted heteroalkyl, substituted or
unsubstituted carbocyclyl, substituted or unsubstituted heterocyclyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, or a nitrogen protecting group
when attached to a nitrogen atom, or two R* groups are joined to form a substituted or
unsubstituted heterocyclic ring;

each occurrence of A is independently selected from substituted or unsubstituted
heterocyclylene, substituted or unsubstituted arylene, or substituted or unsubstituted
heteroarylene;

R! R? and R*R® are each independently hvdrogen, OH, halogen, MH,, CHs, S{.
Nk, a leaving group. & prolecting group, arvl, heteroaryh NHRYZ NRE b Ci-s oveloalkyl,
N{R ' heterocvelyl or -{CHu R

RY i5 hydrogen, ~-UHs, arvl, or heteroarvi: and

nis (12;

whersin one or more catbon of R-R7 is optionally replaced with C(=0), Q. 8, 502,

WH, NH-{ve alkyl NCie alkyl, NHo, or N{C s alkvly; and

¢ indicates the point of covalent attachment to a [Linker| or a [LRP1BM];

(¢} a compound of formula (i)

R
N .
- | I N
A e
e RE, or a derivative or prodrug thereof,

wherein
Ri1 and R are each independently selected from hydrogen, N3, alkynyl, OH, halogen,
NHa, N(C1s alkyl)2, Ci alkyl, aryl, heteroaryl, MHE 2 MR %% Cs- cyeloatkyl, MRy

heterocyelvl, or -{{UH R
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wherein the aryl and heteroaryl are optionally substituted with halogen, -SO2, NO2, -
NHa, or Ci-¢ alkyl optionally substituted with halogen or Cs-s cycloalkyl;

27 is hvdrogen, -CHz, arvl, or heteroarvl; and

nis G-12;

wherein one of more carbon of B! or K2 is optionally replaced with C¢=0, O, 8, SOn,

NH, WNH-Cie glikyl, NCro alkvl, NHz, or M(Crealkyly: and

g . .
2 indicates the point of covalent attachment to a [Linker] or a [LRP1BM];
(d) a compound of formula (III):

<
o
QI

prodrug thereof,

IVe

, or a derivative or

wherein
Ruis selected from benzene, phenyl, cyclohexyl, hydrogen, and CF3;
R: is selected from hydrogen and CF3; and

§ indicates the point of covalent attachment to a [Linker] or a [LRP1BM];

(e) a compound of formula (IV):
SSSS\N/’\\\[

N

R /N\\,’;//\ /R1

i P
/ S/ P

, or aderivative or prodrug thereof,
wherein

R is selected from hydrogen, Cl, OMe, SMe, and CF3, and

;3

: indicates the point of covalent attachment to a [Linker] or a [LRP1BM];
(f) a compound of formula (V):
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s

P
Ny N SN Ry
(T 1
A , or a derivative or prodrug thereof,

wherein

R1 is selected from hydrogen, Cl, OMe, SMe, and CF3, and

§ indicates the point of covalent attachment to a [Linker] or a [LRP1BM]; or
(2) an amino acid sequence selected from:
SVWIWYE,
DVWIINKKLK,
MLRTKDLIWTLFFLGTAVS-NH>,
MLRTKDLIWTLFFLGTAVS-KKRPKP-NH:, and
MLRTKDLIWTLFFLGTAVS-KKLVFF-NHz;

[LRP1BM] represents a low density lipoprotein receptor-related protein 1 (LRP1)
receptor binding motif comprising one of the following amino acid sequences:

TFFYGGSRGKRNNFKTEEYC-OH (or -NH2),

TWPKHFDKHTFYSILKLGKH-OH,

EAKIEKHNHY QKK/C-NHa,

EAKIEKHNHY QKQLETAHEKLRK/C-NHz,

RsAKIEKHSsHY QKK/C-NHz, wherein Rs represents (R)-2-(7-octenyl)Ala-OH, Ss
represents (S)-2-(4-pentenyl)Ala-OH, and there is a hydrocarbon bridge between position 1
and 8,

LRKLRKRLLRDADDLLRKLRKRLLRDADDL-NHz,

TEELRVRLASHLRKLRKRLL-NH2,

Ac-VKFNKPFVFLNIeIEQNTK-NH2, wherein Nle represents norleucine,
VKFNKPFVFLMIEQNTK,

TFFYGGCRGKRNNFKTEEYC-OH (or -NH?»),

TFFYGGSRGKRNNFRTEEYC-OH (or -NHz),

TFFYGGSRGRRNNFRTEEYC-OH (or -NH3),

cyeetkfnnrkGrsGGyfft-OH (or-NHz),

TFFYGGCRAKRNNFKRAKY,
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TFFYGGCRGKKNNFKRAKY,
PFFYGGCRGKRNNFKTEEY,
TFFYGGKRGKRNNFKTKEY,
TFFYGGCRGKRNNFKTKRY,
TFFYGGKRGKRNNFKTAEY,
TFFYGGKRGKRNNFKREKY,
RFKYGGCLGNKNNFLRLKY, and
RFKYGGCLGNKNNYLRLKY,

wherein the underlined amino acids in the above sequences indicate that the amino

acids may be present or absent and underlined K/C indicates that either K or C may be

present; and

[Linker] represents a polyethylene glycol containing linker having 1-12 ethylene

glycol residues, or [Linker]| represents a Linking group comprising:

(@

(b)

(©)

-CH2CH2(OCH2CH2)mOCH2-, -(CH2)mCHz2-, or -[N(R?)-

CH(R*)(C=0)]n-,

or a polypropylene glycol or polypropylene-co-polyethylene glycol
group containing 1-100 alkylene glycol units;

wherein each R? is independently H, C1-Cs alkyl, or Ci-Cs alkanol, or
combines with RP to form a pyrrolidine or hydroxypyrroline
group;

wherein each RP is independently selected from the group consisting of
hydrogen, methyl, isopropyl, -CH(CH3)CH2CH3, -
CH2CH(CH3)2, -(CH2)s-guanidine, -CH2C(=0)NHz, -
CH2C(=0)OH, -CH2SH, -(CH2)2C(=0)NH2, -(CH2)2C(=0)OH,
-(CHz)imidazole, -(CH2)4sNHz, -CH2CH2SCH3, benzyl, -
CH:0H, -CH(OH)CH3, -(CH2)imidazole, or -(CH2)phenol; and

wherein m is an integer ranging from 1 to 15;

-[N(R'-(CH2)1-15-C(=0)]m-, wherein R' is H or a C1-C3 alkyl optionally

substituted with 1-2 hydroxyl groups, and m is an integer ranging from

1 to 100;

-Z-D-7'-, wherein:

Z and Z' are each independently a bond, -(CH2)i-O-, -(CH2);-S-, -

&N

2.
(CH2)i-N(R)-, * ‘e A , -(CH2)i-C(R?)=C(R?)- (cis or
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(d)

©

PCT/US2022/017334

trans), -(CHz)i-=-, or -Y-C(=0)-Y-,

each R is independently H, C1-Cs alkyl, or Ci-Ce alkanol,

each R? is independently H or C1-Cs alkyl,

each Y is independently a bond, O, S, or N(R),

each 1 is independently O to 100,

D is a bond, -(CH2)i-Y-C(=0)-Y-(CH2)i-, -(CH2)m-, or -[(CH2)a-X1)];-,
with the proviso that Z, Z', and D are not each simultaneously
bonds;

X1is O, S, or N(R),

] 1s an integer ranging from 1 to 100,

m' is an integer ranging from 1 to 100,

n is an integer ranging from 1 to 100;

-CHz2-(OCH2CH2)a-CHz-, -(CH2CH20)xCH2CHz-, or -

(CH2CH2CH20)n-, wherein each n and n' is independently an integer

ranging from 1 to 25,

-PEG-CON-PEG-, wherein each PEG is independently a polyethylene

glycol group containing from 1-12 ethylene glycol residues and CON

is selected from © N

, wherein R' and R" are each independently H, methyl,
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or a bond;

® -PEG-CON-PEG-, wherein each PEG is independently a polyethylene
glycol group containing from 1-12 ethylene glycol residues and CON
comprises a diamide structure selected from -C(=0)-N(R')-(CH2)u"-
NRHC(=0)-, -N(RH-C(=0)(CH2)a-C(=0)N(R})-, or -N(R})-
C(=0)(CH2)x-N(RY)C(=0) -, wherein each R! is independently H or
C1-Cs alkyl, and n" is independently an integer from O to 8;

(@ -PEG-CON-PEG-, wherein each PEG is independently a polyethylene
glycol group containing from 1-12 ethylene glycol residues and CON

comprises a structure

wherein:
R!2 R?@ and R>? are each independently H, -(CH2)m1-, -
(CHOM2C(=0)M3(NRvis-(CH2)nz-, -(CH2)M(NRHM3C(Onis-
(CH2)Mm2-, or -(CH2)M20-(CH2)M1-C(O)NR*-, with the proviso
that R'3, R? and R¥ are not simultaneously H;
each M1 is independently 1, 2, 3, or 4; in certain embodiments, 1 or 2;
each M2 is independently O, 1, 2, 3, or 4; in certain embodiments, 0, 1
or2;
each M3 is independently O or 1; and
each R* is independently H, C1-Cs alkyl, C1-Cs alkanol, or -C(=0)(C1-
C; alkyl), with the proviso that M2, and M3 within the same
R R and R* cannot all be simultaneously 0;
(h) -PEG-CON-PEG-, wherein each PEG is independently a polyethylene
glycol group containing from 1-12 ethylene glycol residues and CON

comprises a structure:
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o
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>

) anatural or an unnatural amino acid;

) [Gly-Gly-Gly-Gly-Ser]n, wherenis 1, 2, 3, 4, 5 or 6;
k) [Ser-Ser-Ser-Ser-Gly |y, where y is 21; or

O Ser-Gly-Ser-Ser-Ser-Ser-Gly-Ser-Ser-Ser-Ser-Gly-Ser.

2. The compound of claim 1, wherein the valence of the Linker is 1, 2, or 3.

3. The compound of claim 1, wherein m is 1, 2, or 3.

4. The compound of claim 1, wherein n and o are each independently 1, 2, or 3.

5. The compound of claim 1, wherein the target binding motif binds noncovalently to an

extracellular protein or a cell surface protein.

6. The compound of claim 5, wherein the extracellular or cell surface protein comprises
a calcitonin gene-related peptide (CGRP), a CGRP receptor, an N-methyl-D-aspartate
(NMDA) receptor, myeloperoxidase (MPO), a-synuclein, IAPP, transthyretin, extracellular

tau, amyloid precursor protein, a prion protein, or amyloid beta.

7. The compound of claim 5 or 6, wherein the extracellular or cell surface protein

comprises extracellular tau or amyloid beta.

8. The compound of any one of claims 5-7, wherein the extracellular or cell surface

protein is found in the brain or the central nervous system.
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9. The compound of claim 1, wherein [TBM] is selected from ,
Ry
. N\
wherein p is an integer from 1-6; and ~ © RZ, wherein R1 and Rz are

each independently selected from F, CI, Br, and 1.

10.  The compound of claim 1, wherein the LRP1BM comprises the peptide of SEQ ID
NO: 1.

11. The compound of claim 10, wherein the C-terminal cysteine residue is absent from
the peptide of SEQ ID NO: 1.

12. The compound of claim 11, wherein the peptide of SEQ ID NO: 1 is attached to the
Linker through its N-terminal tyrosine (Tyr1), Lys10, or Lys15.

13. A pharmaceutical composition comprising at least one pharmaceutically acceptable

excipient and at least one compound of claim 1.

14, The pharmaceutical composition of claim 13, further comprising another

therapeutically active compound.

15. A method of treating, ameliorating, or preventing a disease or disorder in a subject,
the method comprising:
administering a therapeutically effective amount of a composition comprising at least

one compound of claim 1, or a salt, geometric isomer, stereoisomer, or solvate thereof.

16. The method of claim 15, wherein the disease or disorder is a neurological disease or
disorder.
17. The method of claim 16, wherein the neurological disease or disorder is at least one of

Huntington's Disease (HD), Parkinson's Disease (PD), Amyotropic Lateral Sclerosis (ALS),
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multiple system atrophy (MSA), Alzheimer's Disease, Lewy body dementia, Multiple System
Atrophy, spinal and bulbar muscular atrophy (Kennedy's disease), Tourette Syndrome,
spinocerebellar ataxia (SCA), schizophrenia, age associated memory impairment, autism,
migraines, Rett syndrome, complex regional pain syndrome (CRPS), obsessive-compulsive
disorder (OCD), attention-deficit disorder, bipolar disorder, hereditary cerebral angiopathy,

ATTR amyloidosis, or depression.

18.  The method of claim 16, wherein the neurological disease or disorder is Alzheimer’s

Disease.

19. The method of claim 15, wherein the subject is further administered at least one

additional therapeutic agent that treats, ameliorates, or prevents the disease or disorder.

20. The method of claim 15, wherein the subject is a mammal.
21. The method of claim 15, wherein the subject is a human.
22. The method of claim 15, wherein the composition comprises at least one

pharmaceutically acceptable carrier or excipient.
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