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N-Acetylgalactesamine {GalNAc)kDerived Compounds and Oligonucieotides

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application U.S.S.N. 63/251,580, filed
October 1, 2021, U8 Provisional Application U.S SN 63/141,300, filed January 25, 2021, U S
Provisional Application 1.8 8.N. 63/131,317, filed December 29, 2020, and 1.8, Provisional
Application U 8.8 N. 63/089,93¢, filed October &, 2020, as well as to U.8. Provisional
Application U.S. SN, 63/146,276, filed February 5, 2021 and U S, Provisional Application
U.S.SN.63/113,801, filed November 13, 2020, each of which is incorporated herein by

reference,

BACKGROUND

in the use of compounds in therapeutic, prophylactic, or diagnostic applications, it ts often
desirable that the compounds be delivered to a specific location (for example, to desired cell{s)) to
enhance the therapeutic or prophylactic effect or to be advantageous for diagnostic purposes. This
is frequently the case when attempting to deliver a therapeutic compound in vivo. Further, being
able to efficiently deliver a compound to a specific location can limit or potentially elimivate
unintended consequences (such as off-target effects) that may be caused by administration of the
compound. One strategy to facilitate delivery of a compound, such as a therapeutic, prophylactic,
or diagnostic compound, to a desired location in vivo, is by linking or attaching the compound to
a targeting ligand.

One class of compounds that can be targeted using targeting ligands are cligomeric
compounds. Oligomeric compounds that include nucleotide sequences at least partially
complementary to a target nucleic acid have been shown to alter the function and activity of the
target both in vitro and in vivo. When delivered to a cell containing a target nucleic acid (such as
mRNA}, oligoretic compounds have been shown to modulate the expression of the target
resulting in altered transcription or translation of the target nucleic acid. In certain instances, the
oligomeric compound can reduce the expression of the gene by inhibiting the nucleic acid target

and/or triggering the degradation of the target nucleic acid.
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If the target nucleic acid is mRNA, one mechanism by which an expression-inhibiting
cligomeric compound can modulate the expression of the mRNA target is through RNA
interference. RNA interference is a biological process by which RNA or RNA-like molecules
(such as chemically modified RNA molecules) are able to silence gene expression through
degradation. Additionally, single-stranded RNA and RMNA-like molecules, which can also include
modified nucleotides and have one or more non-phosphodiester linkages, can also alter the
expression of a target nucleic acid, such as a target mRNA.

Another class of compounds that can be targeted using targeting ligands are small
molecule compounds. The small molecule compounds {e.g., an organic compound having a
molecular weight of ca. 1000 daltons or less) are typically shown to alter the function and/or
activity of the target such that disease and/or disease symptoms are modulated or ameliorated, or
are typically useful as a diagnostic marker when localized to the target. More efficient delivery of
a compound to a specific location can limit or potentially eliminate unintended consequences
{such as off-target effects) that may be caused by administration of the compound and provide

improved localization of a diagnostic compound.

BRIEF SUMMARY OF THE INVENTION

The invention is directed towards compounds (e.g. any of those delineated herein),
modified oligonucleotides, and methods of modulating protein function and treating diseases,
disorders, and symptoms in a subject. The methods can comprise the compounds and modified
oligonucleotides disclosed herein.

It ts understood that the embodiments of the invention discussed below with respect to the
preferved variable selections can be taken alone or in combination with one or more embodiments,
or preferred variable selections of the invention, as if each combination were explicitly listed

herein.
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In one aspect, provided are compounds of Formula (I-a), (I-b), (I-¢c}, and (I-d), and salts,

solvates, and hydrates thereof:

e R o

Rz Rs Rz R3
Formula (I-a) Formula (I-b)

Formula {(I-c} Formula {I-d)

wherein:

A\
Qis Ring A, wherein each Ring A is independently optionally substituted

carboceyclyl or optionally substituted heterocyclvi;

,\\

(?/is Ring B, wherein each Ring B is independently optionally substituted aryl or
optionally substituted heteroaryl;

each vis independently 0, 1, 2, 3, or 4,

each Y is independently O, CH», §, 8(=0), S(=0);, NH, substituted amino , NHC{=(0),
C(=ONH, PEOXOI-0-, P(=0)SH)-O, P(E8)(SH)-0, ~-0-P(=0)YOH)-O-, -O-P(=0){(SH)-0-, -
O-P(=SHSHRO-, -O-P(=0}OH)-, ~-0-P(=0}SH)-, -O-P(=8)(SH)-:

each 7 is independently an optionally substituted alkyl group, an optionally substituted
alkenyl group, an optionally substituted alkynyl group, or ethylene glycol;

each R; is independently alkyl-O-phosphoramidite, alkyl phosphoramidite, optionally
substituted alkenyl phosphoramidite, or optionally substituted alkynyl phosphoramidite;

Rz and Rs are each independently optionally substituted alkyl-O-GalNAc, polyethylene
glycol~-0-GalNAc, optionally substituted alkenyl-O-GalNAc, optionally substituted alkynyl-O-
GalNAg, alkyi-S(=0})-alkyi-GalNAc, alkyi-S{(=0)z-alkvi-GalNAc, alkyl-S{(=0)-NH-alkyl, alkyl-
3
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S{=0}-NH-alkyl-GalNAc, alkyl-P PEON-0-)-NH-alkyl-GalNA¢, alkyl-G-PEOX-0-)-O-alkyl-
GalNAg, alkyl-O-P(-O-¥=8)-0-alkyl-GalNAc, or alkyl-O-P{-8-}{=8}-0-alkyi-GalNAc;

R and Re are each independently optionally substituted alkyl-O-GalNAc, opticnally
substituted alkenyl-O-GalNAc, optionally substituted altkynyl-O-GalNAg, alkyl-8{(=0}-alkyi-
GalNAc, alkyl-S(=0h-alkyl-GalNAc, alkyl-83(=0)-NH-alkyi, alkyl-8{=0)-NH-alkyl-GalNAc,
alkyl-P B(=0}-0-)-NH-alkvl-GalNAc, alkyl-O-P(=0)-0-)-0-alkyl-GalNAc, alkyl-O-P(-0-
3(=8)-0-alkyl-GalNAc, or alkyl-0-P(-8-)}=8)-0-alkyl-GalNAc; and

each Ry is independently optionally substituted alkyl-O-GalNAc, optionally substituted
alkenyl-O-GalNAc, optionally substituted altkynyl-O-GalNAc, alkyl-S(=0})-alkyl-GalNAg¢, alkyi-
S{(=0p-alkyl-GalNAc, alkyl-S(=0-NH-alkyl, alkyl-S(=0}-NH-alkyl-GalNAc, alkyl-P P(=0)-
O-3NH-alkyl-GalNA¢, alkyl-O-PEOH-0-)-0-alkyl-GalNA¢, alkyl-O-P(-0-}=8)-0-alkyl-
GalNAc, or alkyl-O-P(-S-}=8)-0-allyl-GalNAc,

In certain embodiments, the compound is of Formula (I-a).

In certain embodiments, the compound is of Formula (I-b).

In certain embodiments, the compound is of Formula (I-c).

In certain embodiments, the compound is of Formula (I-d).

fn certain embodiments, Ry and R; are the same.

In certain embodiments, Ring A is optionally substituted carbocyclyl. In certain
embodiments, Ring A is optionally substituted heterocyclyl.

In certain embodiments, Ring B 15 optionally substituted aryl. In certain ermbodiments,

Ring B is optionally substituted beteroaryl.
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In another aspect, provided herein are compounds of Formula (R-a}, (II-b}, and {ii-c), and

salts, solvates, and hydrates thereof:

O Z (0]
O ey
R \’TSb Y R e
5 7 Ry Y Ry
A, B (25
Rg Rg Re
Formula (II-a) Formula (II-b)
Rﬁ\((z}ﬁ\ Fn O e R
Y
Re g
Y, R
7).
Ry
Ra

Formula (I1-c)
wherein:
S each n is independently 0, 1, 2, 3, or 4;
cach Y is independently O, CHy, S, S(=0), 85{(=0), NH, substituted N group , NHC(=(0),
C(=0NH, P(=0¥0OH)-O-, B(=0)}SH)-G, P(=S)}(SH}-0, -O-P(=0)}0H}-0-, -O-P(=0YSH)-0-, -
O-PESHSHY-O- |, -O-P(E=0Y0OH)-, ~-O-PECHSH)-, -O-PE=8)SH)-
each 7 is independently an optionally substituted alky! group, an optionally substituted
10 alkenyl group, an optionally substituted alkyny! group, or ethylene glycol;
each Ry 15 independently alkyl-O-phosphoramidite, optionally substituted alkenyl
phosphoramidite, or optionally substituted alkynyl phospboramidite;
Rs, Rs, Ry, and Rg are each independently optionally substituted alkyl-O-GalNAc,
polyethylene glycol-O-GalNAc, optionally substituted alkenyl-O-GalNAc, optionally substituted
15 alkynyl-G-GalNAc, alkyl-S(=0alkyl-GalNAg, alkyl-S(=0-alkyl-GalNAc, alkyl-S{=0}-NH-
alkyl, alkyl-S(=0)-NH-alkyl-GalNAc, alkyl-P P(=0}-0-)-NH-alkyl-GalNAc, alkyl-O-P(=0}-
O-30-alkyt-GalNAc, alkvl-O-P-O-)(=8)-O-alkyl-GalNAc, or alkyl-O-P(-8-1=8)-0-alkyl-
GalNAc,; and

Ry is H, adenine, guanine, thymine, cytosine, uracil, inosine (1), or a nucleobase variant.

(4
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In certain embodiments, the compound is of Formula {11-a}.
In certain embodiments, the compound ts of Formula (H-b).
In certain embodiments, the compound is of Formula (II-¢).
In certain embodiments, three of Rs, Re, Ry, and Ry are each independently optionally
S substituted alkyl-0-GalNAc, polyethylene glveol-O-GalNAc, optionally substituted alkenyl-0O-
GalNAc, optionally substituted alkyny! -O-GalNAc, alkyi-S(=0)-alkyl-GalNAc, alkyl-S{(=0}z-
alkyl-GalNAc, alkyl-S(=0})-NH-alkyl, alky]-S(=0)-NH-alkyl-GalNAc, alkyl-P P{=0)-0-)-NH-
alkyl-GalNAc, alkyl-O-PEOY-0-)-C-alkyl-GalNAc, alkyl-O-P(-O-}=8)-C-alkyl-GalNAc, or
alkyl-O-P-8-3=S)-0-alkyl-GalNAc, and the remaining one of Rs, Rs, Ry, or Re is independently
10 H, alkyl, alkenyl, alkynyl, halogen, substituted amine, thiol, or amide. In certain embodiments,
two of Rs, Re, Ry, and Rap are each the same. In certain embodiments, three of Rs, Re, Ry, and Ry
are each the same. In certain embodiments, three of Rs, Re, Ry, and Rx are each the same, and the
remaining one of Bs, Re, Ry, or Rs 15 independently H, alkyl, alkenyi, alkynyl, halogen,
substituted amine, thiol, or amide.
15 In certain embodiments, Rs is H In certain embodiments, Ro is adenine, guanine,
thymine, cytosine, ot uracil.
In another aspect, provided herein are compounds of Formula (Hi-a) and (HI-b), and salts,

solvates, and hydrates thereol:

Formula (IIi-a} Formula (IH-b)

wherein:
each Ry is independently alkyl-O-phosphoramidite, alkyl phosphoramidite, optionally
substituted alkenyl phosphoranudite, or optionally substituted alkynyl phosphoramidite;
cach Rz 18 independently optionally substituted alkyl-0O-GalNAc, polyethylene glycol-O-
25 GalNAc, optionally substituted alkenyl-O-GallNAc, optionally substituted alkyoyl-O-GalNAc,

6
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alkyl-S(=0O}-alkyl-GaiNAc, alkyl-8(=O)-alkyl-GalNAc, alkyl-8{(=0}-NH-alkyl, alky-8{(=0)~
NH-alkyl-GalNAc, alkyl-P P(=0}-0-)-NH-alkyl-GalNAc¢, alkyl-G-P(=0)-0-)-0-alkyl-
GalNAc, alkvl-O-P-O-Y=8)3O-alkyl-GalNAc, or alkyl-O-P(-S-1=8}-0C-alkyi-GalNAc;

each R; is independently optionally substituted alkyl-O-GalNAc, polyethylene glyeoi-O-
GalNAc, optionally substituted alkenyi-O-GalNAc, optionally substituted alkynyl-0O-GalNAc,
alkyl-S(=0)-alkyl-GalNAc, alkyl-S(=0),-alky}-GalNAc, alkyl-S(=0)-NH-alkyl, alkyl-S{(=0)-
NH-alkyl-GalNAc, alkyl-P P(=0)}-0-)-NH-alkyl-GalNAc, alkyl-O-P(=0}-0-)-O-alkyl-
GalNAc, alkyl-O-PEO-)=8)-0alkyl-GalNAC, or alkyl-0-P(-5-¥=8}-C-alkyl-GalNAc; and

each Ry is independently optionally substituted alkyl-O-GalNAc, polyethylene glyeoi-O-
GallNAc, optionally substituted alkenvl-(-GalNAc, optionally substituted alkynyl-G-GalNAc,
alkyl-S(=0-alkyl-GalNAc; alkyl-S&=0h-alkyl-GalNAc, alkyl-S(=03-NH-alkyl, alkyl-S{(=C}-
NH-alkyl-GalNAg, alkyl-P P(=0)-0-}-NH-alkyl-GalNAc, alkyl-O-P(=0){(~-(-}-0-alkvl-GalNAc,
alkyl-O-P-0-)(=8)-0-alkyl-GalNAc¢, or alkyl-0-P(-8-¥=8)-C-alkyl-GalNAc.

In certain embodiments, the compound is of Formula (IH-a).

In certain embodiments, the compound is of Formula (1i-b).

In another aspect, provided herein are compounds of the formula:

o “ Q
&im/ﬂ Q\’ '1{\
HN’ NH
! Q
o H
H 4
Qe O SN \/) (C}—:VV\VWO‘GNNAC
H m m
N Nl N N Q.
GalNA =~ ’\/Nﬁ% d/>— TN N gainae

and
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and salts, solvates, and hydrates thereof, wherein:

each n is independently an integer 0-10, inclusive;
each m is independently an integer 0-10, inclusive; and
base is adenosing, uracil, thymine, cytosine, inosine, or guanosine.

In another aspect, provided herein are compounds of Formula (IV-a), (IV-b}, (IV-c), and

(IV-d}
\Y/ /;;N /‘ﬁN \T/
\T’N\P’O\/\\ i /J/ Q- \\
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(IV-a} (IV-b) {IV-¢) {(1V-d)

and salts, solvates, and hydrates thereof,

wherein:

nl is independently an integer 1-10, inclusive;

n2 is independently an integer 1-10, inclusive;

03 is independently an integer 1-10, inclusive;

04 is independently an integer 1-10, inclusive;

each X is independently H, alkyl-GalNAc, or PEG-GalNAc¢; and
each Y is independently H, alkyl-GalNAc, or PEG-GalNAc.

In one aspect, provided herein are moditied oligonucleotides comprising any of the

compounds disclosed herein. In certain ewbodiments, the modified oligonucleotide comprises an

8
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sitRNA, an miRNA, an ADAR recruiting molecule, an ADAR targeting molecule, a guide RNA,
or an antisense nucleic acid. In some erbodiments, the modified oligonucleotide comprises any
of the compounds disclosed herein, wherein: (i} heterocyclyl contains only one heteroatom, which
is oxygen, (ii} heterocyclyl comprises at least one heteroatom that is S; or (ii1) heterocyclyl
contains no uitrogen hetercatoms. In some embodiments, the modified oligonucleotide comprises
any of the compounds disclosed herein, wherein Ring A is not cyclopentyl, pyrrolidinyl,
pipetidinyl, or morpholinyl. In some embodiments, the modified oligonucleotides comprise any
of the compounds disclosed herein, wherein: (i} heteroary! contains ne nitrogen hetercatoms; (i)
hetercaryl contains only one heteroatom, which is oxygen; or (i) heteroaryl contains only one
heteroatom, which is sulfur. In some embodiments, the modified oligonucleotides comprise any
of the compounds disclosed herein, wherein Ring A is not phenyl, pyridinyl, 1,3-pyrimidinyl, 1,4-
pyrinmidinyl, 1-quinolinyl, or 9H-purinyl.

In another aspect, provided herein are compounds of Formula (V), and salts, solvates, and

hydrates thereof

RiQ”

Formula (V)

wherein:

R'is H, adenine, guanine, thymine, cytosine, or uracil;

A

L ) NG /,P
R?is H, Protecting Group (PG), ST Ny ;

L'is alkyl, or alkyl-C(=O)}-NH-alkyl;
L% s alkyl, or alkyl-C(=0}-NH-alkyl;
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R? is H, -C=(0)-NH-(CH;CH:0}-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alky]-O-

GalNAg;
R*is H, -C=(O)-NHACHCH0R-GalNAc, or -C(=0)-NH- alkyl-NH-C{=0'alkyl-0-
GalNAc;
5 RS is -C(0)-NH-(CHCH20)u-GalNA¢, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-
GalNACc;
R® is -C=(O)-NH-(CH:CH20)-GalN A, or -C(=0)-NH- atkyl-NH-C(=0)-alkyi-O-
GalNAc;

j is an integer 1-10, inclusive,
10 k is an integer 1-10, inclusive,;
m is an integer 1-10, inclusive; and
1 is an integer 110, inclusive.
In another aspect, provided herein are compounds of Formula (V-a), and salts, solvates,

and hydrates thereof”

15
Formula (V-a}
wherein:
20 Rlis H, adenine, guanine, thymine, cytosine, uracil, carbocyelyl, heterocyelyl, aryl,

heteroaryl, or a nuclecbase isostere;
NG P, %
R*is H, OH, O-Protecting Group (PG), > ™o ™o % 3 linker, an azide, a

carboxylic acid, or an amine;

10
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LYis alkyl, or alkvi-C{=0)}-NH-alkyl;

L% is alkyl, or alkyi-C(=0)-NH-alkyl;

R is H, -C=(O)-NH-{CHCH0%-GalNAg, or -C(=0)-NH- alkyl-NH-C(=0 -alkyl-0O-
GalNAc;

R*is H, -C=(0)-NH-(CHCH:0O3-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-
GalNACc;

R’ is -C=(O)-NH-(CH:CH20)-GalN Ac, or -C{=0)-NH- alkyl-NH-C(=0)-alkyl-O-
GalNAc;

RS is -C=(0)-NH-(CH,CH0)o-GalNAc, or -C{(=0)-NH- alkyl-NH-C(=0)-alkyl-O-
GalNAc;

W and @ are each independently O, NH, CH:, or CHL0;

S' and $* are each independently C(R”) or N, wherein each instance of R’ is independently
H, alkyl, hetercalkyl, or halogen;

jis aninteger 1-10, inclusive;

k is an integer 1-10, inclusive;

mis an integer 1-10, inclusive; and

0 is an integer 1-10, inclusive,

In ancther aspect, provided herein are compounds of Formula (V-b), and salts, solvates,

and hydrates thereof”

Formula (V-b)

wherein:

R'is H, adenine, guanine, thymine, cytosine, uracil, carbocyclyl, heterocyelyl, aryl,

heteroaryl, or a nucleobase isostere;

R?is an oligonucleotide;

i1
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LYis alkyl, or alkvi-C{=0)}-NH-alkyl;

L% is alkyl, or alkyi-C(=0)-NH-alkyl;

L.} is a bond, a phosphodiester bond, a phosphorothiocate bond, a triazole, a tetrazole, an
amide, a reverse-amide, a carbamate, a carbonate, urea, O, 8, S(=0), S(=0)2, NH, a substituted
N, alkyl, atkenyl, dienvl, alkynyl, heteroalkyl, or phosphate;

R¥is H, -C=(0)}-NH-(CH.CH0)-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-
GalNAg:

R*is H, -C={O)-NH-{CHCH,Oh-GalN A, or -C(=0)-NH- alkyl-NH-C{=0}-alkyl-O-
GalNAc;

R is -C(O)-NH-(CHCH0)e-GalNAg, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-
GalNAg;

R® is -C=(OR-NH-{CH2CH20)n-GalN A, or -C(=0)-NH- alkyl-NH-C(=0)-alkyi-O-
GalNAc;

W and Q are each independently O, NH, CH,, or CHO;

St and S° are each independently C(R") or N, wherein each instance of R is independently
H, alkyl, hetercalkyl, or halogen;

iisaninteger 1-10, inclusive;

k is an integer 1-10, inclusive;

m is an integer 1-10, inclusive; and

n is an integer 1-10, inclusive.

Tn certain embodiments, B3, R*, R°, and R® are the same. In certain embodiments, R?, R,
and R® are the same. In certain embodiments, R or R* is H.

In certain embodiments, L1 and L2 are the same.

In certain embodiments, L' and L* are each independently alkyl; R is H, -C=(Q)-NH-
(CHCH,0)-GalNAc, or -C{(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc; R'is H, -C=(0)-NH-
(CHCH2O%-GalN Ac, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNA¢; R’ is -C=(0)-NH-
{CHCHYO)u-GalN A, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc; and R® is -C=(0)-NH-
{CHLCHLO)-GalN A, or ~-C(=0)-NH- alky-NH-C(=C)-alkyl-0-GalNAc.

In certain embodiments, L' and L? are each independently alkyl-C(=0)}-NH-alkyl; R’ is H,
-CH{O)-NHACHCHRO)-GalNAe, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNA¢, RYis H,

12
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-C=(O)-NH-(CHCHO)-GalN A, or -C{=O)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc; R’ is
-C=(0)-NH-(CH:CH20)0-GalNAc, or -C(=0}-NH- alkyl- NH-C(=0}-alkyl-O-GalNAc; and R® is
~C={O)-NHACHCHOh-GalNAc, or -C(=0)NH- alkyl-NH-C(=0)-alkyl-0-GalNAc.

In certain embodiments, R* is H.

In certain embodiments, L' and L7 are each independently alkyl;

R? is -C=(O)-NHACH,CH20)-GalNAc, or -C(=0)-NH- alkyl-NH-C{=0}-alkyl-0-GalNAc;

R*is H; R’ is -C{O)-NHACH CH, O )-GalNA, or -C(=0)-NH- alky-NH-C(=0}-alky!-0-
GalNAc; and R® is -C=(0)-NH-(CHCHO)-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-aikyi-0-
GalNAc.

In certain embodiments, L' and 1.? are each independently alkyl-C(=0)-NH-alkyl; R7 is
-C=(0)-NH-(CH:CH20)-GalNAe, or -C(=0)-NH-alkyl-NH-C{(=0}-alkyl-O-GalNAc; R*is H; R’
is ~C=(O)-NH-(CHCH20)e-GalN A, or -C(=0)-NH-alkyl-NH-C(=0)-alkyl-0-GalNAc; and R
is ~-C=(0)-NH-(CH:CH:0)-GalNA¢, or -C{=0)-NH-alkyl-NH-C(=0}-alkyl-0-GalNAc.

In certain embodiments, R is -Co{O)-NHACHCHLO)-GalNAg, RYis H; R7 is -C=(0)-
NHACHCH20)m-GalNAc; and R® is -C=(0)-NH-(CHCH2O)o-GalNAc.

T certain embodiments, R? is -C(=0)-NH- alkyl-NH-C{(=0)-alky}-O-GalNAc, R*is H; R®
is -C(=0)-NH- alkyl-NH-C(=0-alkyl-0-GalNAc; and RO is -C(=0-NH-alkyl-NH-C(=0}-alkyl-
O-GalNAc.

In certain embodiments, j, m, and o are each independently an integer 4-10, inclusive. In
certain embodiments, §, m, and n are each the same integer 4-10, inclusive.

fn certain embodiments, R is H. In certain embodiments, R! is adenine, guanine,
thymine, cytosine, or uracil. In certain embodiments R is adenine. In certain embodiments, R'is
guanine. In certain embodiments, R! is thymine. In certain embodiments, R! is cytosine. In
certain embodiments, R! is uracil.

In certain embodiments, R? is H. In certain embodiments, R? is Protecting Group (PG).

In certain embodiments, PG is an oxygen protecting group. In certain embodiments, RY is

AN

N P\?;
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In certain embodiments, any of the compounds disclosed herein, or salts, solvates, or
hydrates thereof, may be used as a reagent in a chemical reaction.
In another aspect, provided herein are compounds of Formula (VI), and salts, solvaies, and

hydrates thereof

Formula (VI

wherein:

R'is H, adenine, guanine, thymine, cytosine, or uracil;

R? is an oligonucleotide sequence;

L' is alkyl, or aikyl-C(=0}-NH-alkyl,

LY is alkyl, or alkyl-C(=0)-NH-alkyl;

R*is H, -C=(0)-NH-(CHCH:0)-GalNAc, or -C{=0)-NH- alkyl-NH-C(=0)-alkyl-O-
GalNACc;

R*is H, -C=O)-NH-(CHCH,Ox-GalNA¢, or -C(=0)-NH- alkyl-NH-C(=0}-alkyl-O-
GalNAc;

R is -C=(0)-NHACH,CH,O)u-GalNA¢, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-
GalNAc;

R® is -C=(0)-NH-(CH,CH:0)e-GalNAg, or -C{(=0}-NH- alkyl-NH-C{=0}-alkyl-O-
GalNAg:

jisaninteger 1-10, inclusive;

k ig an integer 1-10, inclusive;

m is an nteger 1-10, inclusive; and

14
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n is an integer 1-10, inclusive.

In another aspect, provided herein are modified oligonucleotides comprising a compound
of Formula VI In certain embodiments, the modified oligonuciectide comprises an siRNA, an
miRNA, an ADAR recrutting molecule, an ADAR targeting molecule, a guide RNA, or an
antisense nucleic acid.

In one aspect, provided herein are oligonucleotides comprising a moiety of Formula (VII),

or a salt, solvate, or hydrate thereof’

R2Q

Formula (Vi)

wherein!

R'is H, adenine, guanine, thymine, cytosine, or uracil;

R*1s a bond;

L'is alkyl, or alkyl-C(=0}-NH-alkyl;

L% is alkyl, or alkyl-C(=0)-NH-alkyl;

R? is H, -CH{O)-NH-A(CHCHO)-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-
GalNAc;

R*is H, ~-C=(0)-NH-(CHCH20Ox-GalNAc, or -C(=0)-NH- alky-NH-C(=0)-alkyl-O-
GalNAg;

R’ is -C=(0)-NH-(CH:CH:0)-GalN Ag, or -C{=0)-NH- alkyl-NH-C(=0)-alkyl-O-
GalNAc;

R® i -C(0)-NH-CH,CH0)e-GalNAg, or -C{=0)-NH- alkyl-NH-C{=0)-alkyl-0-
GalNAc;

15
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jis an integer §-10, inclusive;

k is an integer 1-10, inclusive;

m is an integer 1-10, inclusive; and

n s an integer 1-10, inclusive.

In certain embodiments, the oligonucleotide comprises an siRNA, an miRNA, an ADAR
recruiting molecule, an ADAR targeting molecule, a guide RNA,| or an antisense nucieic acid.

In one aspect, provided herein are compositions comprising any of the compounds
disclosed herein, and a pharmaceutically acceptable carrier.

In another aspect, provided herein are methods for modulating protein function in a
10 subject, comprising administration of any of the compounds disclosed herein to the subject.

In another aspect, provided herein are methods for treating or ameliorating a disease,
disorder, or symptom thereof in a subject, comprising administration of any of the compounds
disclosed herein to the subject.

In another aspect, provided herein are compounds of Formula (I-a), (I-b), (I-¢), and (I-d},

15 and salts, solvates, and hydrates thereof

£ ,
R‘!W“R@ R‘:‘g:i ““““ Rq
Ry Ra R; Ry
Formula (I-a) Formula (I-b)

L )
R; s A Ry R;{T ) R,
Rﬁf)\fz)gy AN

Formula (I-¢} Formula {(I-d}
whereisn:
®
-~ is Ring A, wherein each Ring A is independently optionally substituted carbocyclyl or

optionally substituted heterocyclyi;

16
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(e

N i3 Ring B, wherein cach Ring B 13 independently optionally substituted heteroaryl;

each 1 is independently O, 1, 2, 3, or 4;

gach Y is independently O, CHy, S, 8(=0), 8(=0);, NH, substituted amino, NHC{=0), C(=0)NH,
PE=OYOHY-O-, PE(SHY-O, PESHSH MO, -O-P(=03(0H)-0-, -O-PEOYSH)-0O-, -0-
P(=S)8H)-O-, -O-B(=0)}0OH)-, -0-P(=0)(SH)-, -O-P(=S}SH}-;

each 7 is independently an optionally substituted alkyl group, an optionally substituted alkenyl
group, an optionally substituted alkynyl group, or ethylene glycol;

gach Ri s independently alky]l-O-phosphoramidite, atkyl phosphoramidite, optionally substituted
alkenyl phosphoramidite, or optionally substituted alkynyl phosphoramidite;

R and Rs are each independently optionally substituted alkyl-O-GalNAc, polyethylene glycol-O-
GalNAc, optionally substituted alkenvil-O-GalNAc, optionally substituted alkynyl-O-GalNAc,
alkyl-S(=0)-alkyl-GalNAc, alkyl-S(=0p-alkyl-GalNAg, alkyl-S(=03-NH-alkyl, alkyl-S(=0)-
NH-alkyl-GalNAg¢, alkyl-P P(=0)(-0-}-NH-alkyl-GalNAc, alkyl-O-P=0)(-0-3-C-alkvi-GalNAc,
alkyl-O-P(-0-)(=8)-0-alkyl-GalNAc¢, or alkyl-0-P(-8-)(=8)-C-alkyl-GalNAc;

Rz and Rs are gach independently optionally substituted alkyl-O-GallNAc, optionally substituted
alkenyl-0O-GalNAc, optionally substituted alkynyl-0-GalNAc, alkyl-S(=0}-alkyl-GaiNAc, alkyi-
S{=0h~alkyl-GaiNAc, alkyl-8(=0}-NH-alkyl, alkyl-8{=0)-NH-alkyl-GalNAc, alkyl-P P(=0}-
O-)}-NH-alkyl-GalNAc, alkyl-O-P(=0)(-0-)-C-alkyi-GalNAc, alkyl-O-P(-0-}=8}-O-alkyl-
GalNAg, or alkyl-O-P(-5-}=8)-0-alky]-GalNAc; and

each R4 is independently optionally substituted alkyl-0O-GalNAc, optionally substituted alkenyl-
O-GalNAc, optionally substituted alkynyil-O-GalNAc, alkyl-S(=0)-alkyl-GalNAc, alkyl-S(=0);-
alkyl-GalNAc, alkyl-S8(=0})-NH-alkyl, alky]-S(=0)-NH-alkyl-GalNAg, alkyl-P P(=0)-0O-)-NH-
alkyl-GalNAc, alkyl-O-P(=0)-0-)-0-alkyl-GalNAc, alkyl-0-P(-G-}=8)-0-alkyl-GalNAc, or
alkyl-O-P(-S-3{=S$}-O-alkyl-GalNAc.

17
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In another aspect, provided herein are compounds of Formula (FV-a) and (1V-d):
- '\Yf‘

Ny?,ﬁ«‘\v/‘& . “\I,/N~}?.r0\¢/\ y

: N H
(2 PN ! Qe
‘(\E I >{( ﬂi’“ ;!(
. [N ’N"‘Y

A @ .
ﬂ/j\ Y f J\ j’
f"\!\'&' 3 . - i )4
X o7 ot m % 9/\F Q"

0 i B
vy e O ¥l e OIH
I\ !

&

o] O’ !?, X o F}‘i’ X
Y Y
(av-a) (1V-d)

and salts, solvates, and hydrates thereof,
5  wherein:

nl is independently an integer 1-10, inclusive;

n2 is independently an integer 1-10, inclusive;

113 is independently an integer 1-10, inclusive;

n4 is independently an integer 1-10, inclusive;
10 each X is independenty H, alkyl-GalNAc, or PEG-GalNAc; and

each Y is independently H, alkyl-GalNAc, or PEG-GalNAc.
In another aspect, compounds of Formula (VII), and salis, solvates, and hydrates thereof|

are provided:

REO”

S -
N o
o) O

rd 22

15
Formula (VIID
wherein:
Rlis H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted

20 alkyl, optionally substituted arvi, or optionally substituted heteroaryl;

18
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J A
s

R?is H, Protecting Group (PG), ;
FART

R3 7\1A
RS '

A
AcQ Az OQ

l¢] NH
AcO - N P

i

NHAG N=N
OAC OAc
Am&%ﬂ,e
NHAG MO%OM e
O%N\N'?N > OF
Ntfa
N
7 N / ¥
OAs N~-R N
Acl j irJ
o
AcO e
NHAc o
AcO ¢ O
ol
AcO \/’\G
NHAC
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RS
ACO OAc o
S o o NH
AcD N Ny N \/’\Qf’\«/?‘i/\—mj
NHAG NN
CAc Ohc
Aco&\,@
NHAG \/\o%om = o
O/\/‘N\N‘?N ’
T(o
N\}‘
N
¥
f<w <{ N
QAc N“-riii N
AcC ;
s}
AcO Ov\owo\/\o
NHAG on
Achy ¢ O
o o |
AcO w\g
NHAc

L. is alkyl, or alkyl-C{=0)-NH-alkyl;

L% s alkyl, or alkyl-C{(=0)-NH-alkyl;

R? is H, -C=(OW-NH-(CHCH:0)-GalN A, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc;
5 RYis H, -C=(0)-NH-(CHCHOn-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc;

R? is -C{O)V-NHACHCHO)u-GalN A, or -C(=0)-NH- alkyl-NH-C(=0)-alkyi-0O-GalNAc;

R®is -C{O)-NH-(CHCH, O p-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc;

} 18 an integer 1-10, inclusive;

k is an integer 1-10, inclusive;

10 misaninteger 1-10, inclusive; and
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1118 an integer 1-10, inclusive.
In another aspect, compounds of Formula (VIH-a}, and salts, solvates, and hydrates

thereof, are provided:

1 2
/ \,
Z z

Formula (Vili-a)
wherein:
Rlis H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uraci, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, or optionally substituted heteroaryl, optionally substituted

carbocyclyl, optionally substituted heterocylyl, or a nucleobase isostere;

A

2 e r - . ~ ~ NG P ’ s N N
R*is H, OH, O-Protecting Group (PG), S g g *, alinker, an azide, a carboxylic
acid, an amine, or phosphate;

X, is O, optionally substituted NH, CHz, or CH(;

Zlig
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R? 7\,,
RS
OAc

AcO (o]

2 o o AN
AcO R \/\OMN\/\-\/
NHAC NN

o). N
AcO /¢ N ir’f

e S
AcO O™ e D™

NHAc

57



WO 2022/076922 PCT/US2021/054318

OAc
Acl O

Q NH
AcO On g O N e

NHAG NN
CAc Ohc
Aco&\,@
NHAG \/\0"'\\/0\,/\ o
O/‘\‘/‘N\N‘f"N s OX
T(o
NK‘
N
f<w <{ ,‘P\E
oA Neno S
Ao 2C /{
o
AcO Ov\owo\/\o
NHAC on
Achy ¢ O
o o |
AcO w\g
NHAC

L. is alkyl, or alkyl-C{=0)-NH-alkyl;
L% s alkyl, or alkyl-C{(=0)-NH-alkyl;
R? is H, -C=(OW-NH-(CHCH:0)-GalN A, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc;
5 RYis H, -C=(0)-NH-(CHCHOn-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc;
R? is -C{O)V-NHACHCHO)u-GalN A, or -C(=0)-NH- alkyl-NH-C(=0)-alkyi-0O-GalNAc;
R®is -C{O)-NH-(CHCH, O p-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc;
} 18 an integer 1-10, inclusive;
k is an integer 1-10, inclusive;
10 misaninteger 1-10, inclusive; and

1 is an integer 1-10, inclusive.

]
G



W

10

15

WO 2022/076922 PCT/US2021/054318

in ancther aspect, compounds of Formula (VII-b), and salis, sclvates, and

s
&
X4

/ \
zl

2t

hiydrates thereof, are provided:

e
3
s
%,
%
X

Formula (Vill-b)
wherein:
R'is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, or optionally substituted hetercaryl, optionally substituted

carbocyclyl, optionally substituted heterocylyl, or a nuclecbase isostere;

I

R?is H, OH, O-Protecting Group (PG), M ?7% a linker, an azide, a carboxylic
actd, an amine, or phosphate;

X118 O, optionally substituted NH, CH;, or CH:2O;

X218 O, optionally substituted NH, CHz, or CH(;

Zlig
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R? 7\,,
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AcO R \/\OMN\/\-\/
NHAC NN
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AcO /¢ N ir’f

e S
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OAc
Acl O

Q NH
AcO On g O N e

NHAG NN
CAc Ohc
Aco&\,@
NHAG \/\0"'\\/0\,/\ o
O/‘\‘/‘N\N‘f"N s OX
T(o
NK‘
N
f<w <{ ,‘P\E
oA Neno S
Ao 2C /{
o
AcO Ov\owo\/\o
NHAC on
Achy ¢ O
o o |
AcO w\g
NHAC

L. is alkyl, or alkyl-C{=0)-NH-alkyl;
L% s alkyl, or alkyl-C{(=0)-NH-alkyl;
R? is H, -C=(OW-NH-(CHCH:0)-GalN A, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc;
5 RYis H, -C=(0)-NH-(CHCHOn-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc;
R? is -C{O)V-NHACHCHO)u-GalN A, or -C(=0)-NH- alkyl-NH-C(=0)-alkyi-0O-GalNAc;
R®is -C{O)-NH-(CHCH, O p-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc;
} 18 an integer 1-10, inclusive;
k is an integer 1-10, inclusive;
10 misaninteger 1-10, inclusive; and

1 is an integer 1-10, inclusive.
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In another aspect, compounds of Formula (IX), and salts, solvates, and hydrates thereof,

are provided:

Yy Y,
3y (L)
(I 174
ACO A ‘fa ‘;'4
NH N
AcO o/\vN/\J SN
NHAC N
(”L,g\s { X

AcO NN r
Ac(}é—:‘\l/o\/"\a/% M}QJ /j}
NHAc v §

AcD i
9% 0
AcQ —T-A// O
?!\EHAG - odg

Formula (IX)

%3]

wherein:
R’ 1is H, adenine, guanine, thvimine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted arvl, or optionally substituted heteroaryl;

A

l
. . NG PN
R?is H, Protecting Group (PG), or TN Ny :

10 Yiis (3
Y2130,

Y5 is CO, 8Cs, PIOY0, CHR-0-C{O), CH-NH-C(O), CHa2-NH-80;, or CHa;

Y4 15 CO, 8G2, B0, CH2-0-C(0), CHa-NH-C(0O), CH2-NH-SO:, or CHy;

mis 1 2,3, 4,5 or6;
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each ny, 03, ny and ns is independently 0, 1, 2,3, 4, 5, o1 6.
In some embodiments, the compound is of Formula (IX-a), or a salt, solvate, or hydrate

thereof

5 Formuda (IX-a)
wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracii, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted hetercaryl, optionally substituted

10 carbocyclyl, optionally substituted heterocyclyl, or a nucleobase isostere;

A

R?is H, OH, O-Protecting Group (PG), N \ / , a linker, an azide, a carboxylic
acid, or an amine;
Y1 is O, optionally substituted NH, CHs, or CH0;
Yz is (3, optionally substituted NH, CHy, or CHG;
15 Y3is CO, SOy, P(OYO, CH:-0-C{O), CHz-NH-C(0), CH2-NH-80», or CHj;
Y418 CG, 8O, PG, CHy-0-C{0), CH-NH-C(O), CHa-NH-80,, or CHa;

npis G, 1,2, 3,4, 5 or 6,
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each ny, 03, ng and ns is independently 0, 1,2,3,4,5,6,7, 8,9, or 10.
In another aspect, compounds of Formula (X)), and salts, solvates, and hydrates thereof,

are provided:

Rzo’“"‘{__fﬁg
OhAc

AcC Y2
iév N
AcO Qf”\V/N ‘\ Y4
NHAC

‘\>M?:§
ZON &

AcO DA . JN'“N [___j
Acogéf%\xzﬁxff\gf\\‘Oxwf\Q ¢
NHAG
QAC

%3]

Formula (X)
wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracit, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted

alkyl, optionally substituted aryl, or optionally substituted heteroaryl;

LA

E
10 RYis H, Protecting Group (PG), or NN Ny
Y1180,
Y2 is O
Y, is CO, 8Gy, HO)YG, CHz-0-C(0), CH-NH-C(0), CH-NH-SO», or CHy;

mis 1 2,3, 4,5 or6;
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each ny, 03, ny and ns is independently 0, 1, 2,3, 4, 5, o1 6.

In some embodiments, the compound is of Formula (X-a), or a salt, solvate, or hydrate

thereof
O
Rg
R
Y.y
OAg N 2
AcO {70, { t\)nz
O Lo > NN Y
AcO o N |
N=N AL
NHA n3
N
é(i\i dN’\;J
AcO DA N—N !_ i
’\%0 /( o
AcO \Af—-O o - h
NHA H
n4 H
Acigfc 0 E
-0 |
AcO ns
NHAC
Formula (X-a)
wherein:

R”is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted

carbocyclyl, optionally substituted heterocyelyl, or a nucleobase isostere;

U

R’ is H, OH, O-Protecting Group (PG), EEN 12!’, a linker, an azide, a carboxylic
acid, or an amine;

Y is O, optionally substituted NH, CHs, or CHO;

Y3z is O, optionally substituted NH, CHs, or CH2O;

Ysi8 CO, SOy, P(OYO, CHz-G-C(0), CHx-NH-C({O), CH-NH-50;, or CHy;

misC 1,2, 3,4, 5 or6;

each iy, n3, n4, and ns 18 independently 0, 1,2, 3,4, 5,6,7. 8,9, or 10,
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In some embodiments, R’ is uracil. In some embodiments, R’ is uracil comprising a
protecting group. In certain embodiments, R’ is uracil comprising a benzoyl protecting group. In
some embodiments, R is cytosine. In some embodiments, R” is cytosine comprising a protecting
group. In certain embodiments, R’ is cytosine comprising an acyl protecting group. In certain
embodiments, R’ is cytosine comprising a benzoy! protecting group. In some embodiments, R” 1s
adenine. In some embodiments, R is adenine comprising a protecting group. In certain
embodiments, R’ is adenine comprising a benzoyl protecting group. In some embodiments, R” is
guanine. In some embodiments, R” is guanine comprising a protecting group. In some
embodiments, R? is guanine comprising a dimethylacetate protecting group.

In some embodiments, R? is O-Protecting Group (PG). In certain embodiments, R is

A

NG\,/‘\Q/’P\O/??@

In some embodiments, Y115 O, In some embodiments, Y218 O. In certain embodiments,
both Y and Y are 0. In some embodiments, Y3 is CO. In some embodiments, Yy 15 CO. In
certain embodiments, both Yz and Yy are CO. In certain embodiments, Y and Yz are O, and Y3
and Y4 are CO.

In some embodiments, n3 is 1. In some embodiments, n3 is 3. In some embodiments, ns is
5. In some embodiments, n3 is 7. In some embodiments, na is 1. In some embodiments, ng is 3.
In some embodiments, ns is 5. In some embodiments, ny is 7. In some embodiments, ns1s 1. In
some embodiments, ns 18 3. In some embodiments, nsis 5. In some embodiments, nsis 7. In
certain embodiments, two of n3, ny, and ns are 1. In certain embodiments, all three of ns3, n4, and

ns are 1.
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In some embodiments, the compound is of Formula (EX-b):

Rg
s
Yy ¥
( }n1 { ijnz
Ac i CAc \;’3 T‘L
-G NH
A(:()\\/—TQ\/G\/" D e Ve NG “{ﬁ;}-«f \}.
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7N @N N
aco PAe (N"N I,J
-0 o o) / 0
AcO NN N N )
NHAC l’
AcD iAC O
O o I
AcO ~0
NHAC
Formula (IX-b}
wherein Ro, Ry, Y1, Y2, Ys, Ya, 1y, and no are as defined herein.
In some embodiments, the compound is of Formula (X-b):
) Rq
s
Aco PR o
( %1\K%2
AcO O K\GWOV/\O/\\”N\/%“ \‘{4
NHAC N=N (/N
~N
7
PN \}* N
o N ¢
aco o0 —~
<s 0 j é
AcO 0\/\0/\/’ O\/‘/\O
i
NHAC H
AcO QAc o
Soo
AcO ITA/ \//\Q

NHAC
Formula (X-b)
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wherein Ro, R, Yy, Yy, ny, and o are as defined herein.

In some embodiments, the compound is of the Formula:

}\’\5/\\ e

g
O
ACO OAc O:\) o=

NH N
ACO- ,«rv@\,/\@/\\,/ﬂwg /\\/N/\\_J / }

NHAC

AcO OAC NN __j
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i
o .
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O

NHAC
AcO QAo
Sao S
ACOA O
NHAc

or a salt, solvate, or hydrate thereof. In some embodiments, the corapound is of the Formula:

PAPN

)
NC"‘\_”O,_F._Q = O

NHAC

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the Formula:

[)
(&%)
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or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the Formula

OAc
AcQ O
-0 O™ N o
P

Ao
NHAG OAC
AC(\) G e
O e e Ny TG
AcQ A0
NHAC

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the Formula

(¥l
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or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the Formula:

/LN o f”\vaHAc
N /0 P\OAM\_T YN
AcO {)Ac o ¥ YO

NH
ACO&/TA; O™ P™, /\/N/\y«»/ (( >%
NHAS i
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AcO —‘1‘“\\/@ \\/’\O/A\/Q\/\O‘{ ~
N
HAG AcO OAC 4
-3 o o}
ACO-y et \/’\0/ '
NHAG

or a salt, solvate, or hydrate thereof In some embodiments, the compound is of the Formula:

N / NHAC
Y O N
NG/ 0 (VA
@ o ©
0
e DAC " \f
(
AcO A /\/’O\/\\O/\\/Q\V/\\O/\VN/\»%/
NHAC OAc /“'“N
AcO a4 )
-~ N N
AcC 0\/\0/\\/0%0/\\/{3\,/\ s . f
NHAc O f}
«,O \ 0 ™ /\\/d
Acﬁl\\,/r ~"g ~"g
NHAe

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the Formula:
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or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the Formula:

S

N NHBz

\S— /
ci o ©
<
AcO OAc O:{
- NH N
ACO TA/Q\V/\ O/”\V/O\’/\Q/\/O\“/\G/\’Ns/\\?‘ﬁ S \
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or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the Formula:
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A(:(‘i igjc G k\%‘i)

8 o o o S AU
AGO\\.,—TV \,/'\0/\\/ \r/\g/\\/ \/\0/ N 5‘{ .y ~
NHAG N=N Ay %

AO OAc b N

) /
Aol /T\X/O\,/ \o/\fc}\/\o/\v’av'\cﬁ ’ (o]
NHAC Acgi\c ’)
3
AcO /T“VO\/"\Q/"\JGV’\Q‘*\JO
NHAG
or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the Formula:
NHBz
N S
f N
2 :
N o NN
i
NC-../ 0 e

g ‘;a
aco FAC O= YO
0 NH N
AcO- ——Y...‘;/Q\/’\O/\/va\mm,?\{ Ny N
NHAC NFN e %
N, N
Aco FhC N

-0 O O -~
AcC. /"{\5/ \/\G/\/ \/«\Q /
NHAC J
AO QAc /»n.l
~0 O Ao /\\/0
ASG- ~ o
NHAC

or a salt, solvate, or hydrate thereof. In some embodiments, the compouund 1s of the Formula:
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O=
NH
QAC S/ /
Ay O /\VN/\?‘- —N
) i O - \
A N ~ o NN //\\N &
AcO- ‘E\i ii\i ~
NHAC DA -
Ac(}& o O™ d ~
Y NPT AN o] o
-0 0 P v g 0 :
AGO- —/\f‘s/ ~0 r,/J
nAe AcO PA fe) /"\/(l:}
(o \/\
1&&/'0\ /\Q/’\\/O\‘//\\Q/\N/ ©
AcO- { -
NHAC

yooLe
o= T
x'\\}“ _/NH N
QAc N .

Ko Xy o Y ~N
AC{E) ( Is) Qo /\\/Ow/\o”\\/a\/\()m <0 N %’i N 7B
P On g ™ G - ’,N’

NHAC AcO OhAc O\/“\D/”\/O\//\QN o /j

G g
&/'10 D g ™0

A A O T
NHAC OAc o

AcQ / R O /\O/N\/ T

AcC /,.\._3\,9,\/\@/‘\/
NHAC

or a salt, solvate, or hydrate thereof.
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In another aspect, the present disclosure provides compounds of Formula (XXI1X), or salts,

solvates, or hydrates thereof:

O

(> )n‘i ( L\}'\a
AcCO /”\\ /N/\\--/ \\1 N
NHAC (‘\ N
4 ,N
AcO {:)j\a
JO
’rﬁ/{ \4\ o
NHAG OAc ')
3
AcO o
NHAG
Formula (XXIX)

wherein:

wr

R%is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryi, optionally substituted hetercaryl, optionally substituted

carbocyclyl, optionally substituted heterocyclyl, or a nucleobase isostere;

A

10 R%is H, OH, O-Protecting Group (PG), N \ ’}? . a linker, an azide, a carboxylic
actd, or an amine;
Y1 is (3, optionally substituted NH, CHy, or CHO;
Y3z is O, optionally substituted NH, CH», or CHXO;
Y318 CO, S0z, PI(OH0, CHL-0-C(0O), CH-NH-C(O), CHa-NH-80s, or CHy;

15 Y4isCO, 8O, PO, CHy-O-C(O), CH2-NH-C(O), CH-NH-8O:, or CHy;
n2is0,1,2,3,4,5, 016,

each ny, n3, ny and ns is independently 0,1, 2,3, 4,5, 6,7, 8,9, or 10,
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In some embodiments, the compound is of Formula:

I»
N AN
A ¢ I NH O
o NP
-~
e~ H
NG/ O I
o; fo!
O
w7
AsO Phc O‘:{
~Q o o o Ny P
AcO I, ‘\//\0’/\\/' \/\Q’/\\/‘ ‘\//\O'/ \\\/l\!?\!/:\;?’“*’[ \)““N
NHAc QA @ N /AR
SN
Aaoi o /NMN N
e 4
AcO-Y —{\\/O\/’\O/\vfgv’\(}f"vo\/’\c}ﬁ O/“’

NHAG Ac(gﬁm o
i 0 /
ACO- /mk/ﬁv’\ef‘\/o\/’\a/‘\/o
NHAC
or a salt, solvate, or hydrate thereot.
In another aspect, compounds of Formula (XI), and salts, solvates, and hydrates thereof]

are provided:

VoY
OA (> }rﬂ ( K)nz
AcO \{3 \5’4
§<:Q NN
NHAC N=N | N
n3 ba / 1
:E\i N"N
OAc N—N ;
AcC i/ /"
&/ °Lo o j 0
AcQ T»V \/’/\‘O (o)
NHAC " H
AcO QAC 0
-G
Ac@&g/'\\\/ﬁ o
NHAC "
Formula (XT)

wherein:
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R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cvtosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryi, or optionally substituted heteroaryl;
R? is an oligonucleotide sequence;
Yiis G,
Yzis O
Y3 is CO, 8O, P(OH0, CHy-0-C{O), CH-NH-C(0), CHa-NH-80,, or CHy;
Y4 is CG, SO2, PO, CHR-O-C{O), CH-NH-C(O), CHa-NH-8O:, or CHa;
nzis 1, 2,3, 4,5, or 6
each ny, 03, ny and ns is independently 0, 1, 2,3, 4, 5, o1 6.
In another aspect, compounds of Formula (XI-a), and salts, solvates, and hydrates thereof,

are provided:

o
ot Ry
RQNLN Y
e,
(D)t Una
AcO 2 Ya
i NH N
iy —
AcO &/TX/O\/{O/\} N\/\}—/ / N
NHAG =N 7R
n3 Z N N"N
ACO iAc (N“N \
0
AcO-d O~ Q‘) OAc L
NHA w00 L0l s
Acs O\/’l
NHAG

Formula (XI-a)
wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted

carbocyclyl, optionally substituted heterocyclyl, or a nuclecbase isostere;
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L 1s a bond, a phosphodiester bond, a phosphorothicate bond, a triazole, a tetrazole, an amide, a
reverse-amide, a carbamate, a carbonate, urea, alkyl, or heteroalkyl;
R?is an oligonucleotide sequence;
Y1is O, CH,, CH0, or optionally substituted NH;
Y2 is 3, CHy, CHO, or optionally substituted NH;
Y3 is CO, SOy, P(OYO, CH:-G-C(0), CH-NH-C{O), CH-NH-8O», or CHy;
Y415 CO, 8O, P(OH0, CHy-0-C{O), CH-NH-C(0), CHa-NH-80,, or CHy;
nyis 0, 1,2, 3,4, 5 or6;
each ni, n3, n4 and ns is independently 0, 1, 2,3, 4,5, 6,7, 8,9, or 10,
In another aspect, compounds of Formula (X1}, and salts, solvates, and hydrates thereof,

are provided:

aco A 2(1} (\i)
0 ot nd
AcO- TWOV’\Q#O O/\\,N/\\;\}—J Y4
NHAG L N=N N
AcO QAC
§’@ 0 0
AcC —T»L" v\a” )
NHAG on "
Ac ¢
-0
Acl- 20
NHAL
Formula (X1

wherein:

R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracit, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted
alkyl, optionally substituted arvi, or optionally substituted hetercaryl;

R? is an oligonucleotide sequence;
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Yyis O
Y2is O
Y418 C(), SO, PIOHG, CH-O-C{O), CH-NH-C(O), CH-NH-8(;, or CHa;
npis 1, 2,3, 4,5 or6;
each ny, 3, na and nsis independently 0, 1, 2,3, 4, S, or 6.
In another aspect, compounds of Formula (Xt -a), and salts, solvates, and hydrates thereof,
are provided:

RQ\L/%.{‘EARQ

N

Y
{))
Ac()&,/‘g\/%‘@ o ?\Q?::\?J "

n3 (‘{:N} N
/
»

Ao NN

ACO;ér\A/ w} 5
NHAGH 4

a
AcQ \/O
AC;;‘\/\ NHAC Jns
Formula (XiI-a)

wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted hetercaryl, optionally substituted
carbocyclyl, optionally substituted heterocyclyl, or a nucleobase isostere;
L is a bond, a phosphodiester bond, a phosphorothicate bond, a triazole, a tetrazole, an amide, a
reverse-anmide, a carbamate, a carbonate, urea, atkyl, or beteroalkyl;
R? is an oligonucleotide sequence;
Y1is O, CH;, CH20, or optionally substituted NH;
Yz is 3, CHy, CHO, or optionally substituted NH;
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Yais CO, 8O3, POYD, CH2-0-C(0), CH-NH-C(O), CHu-NH-SO», or CHy,
mis0, 1,2, 3, 4,5 oré;
gach ny, ns, na and ns is independently 0, 1,2, 3,4,5,6,7, &, 9, or 10.
In ancther aspect, oligonucleotides comprising a moiety of Formula (XII), and salts,

solvates, and hydrates thereof are provided:

AcQ | 4
AcD ,Q\//\O Ov}g,/\\/i\j‘ \ e N\)»
N=N N
NHAc " A {NS&
Acé@c /fN"’ irJ
AcC \/0\/\0 \/{O\%\O ?
NHAG
AcQ NO\/\{ ﬁ
NHAC
Formula (X1
wherein:

R?is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, or optionally substituted heteroaryl;

R?is a bond;

Yiis O

Yyis O

Y318 CO, SOy, P(OYO, CH:-G-C(0), CHp-NH-C({O), CH-NH-8O», or CHg;

Y413 CO, 80y, P00, CH-0-C{O), CHa-NH-C((), CH-NH-8(y, or CHy;

n2is 1,2, 3,4, 5, oro;
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each ny, 03, ny and ns is independently 0, 1, 2,3, 4, 5, o1 6.
In another aspect, oligonucleotides comprising a moiety of Formula (X1l-a), and salts,

solvates, and hydrates thereof are provided:

Yo oYy
(D), Une
\;'3 Ya

HAc E{\\E
N N
§ JN "
HG Ot s
NHAC

HO

Formula (X1H-a})

wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryi, optionally substituted hetercaryl, optionally substituted
carbocyclyl, optionally substituted heterocyclyl, or a nucleobase isostere;

L is a bond, a phosphodiester bond, a phosphorothicate bond, a triazole, a tetrazole, an amide, a
reverse-amide, a carbamate, a carbonate, urea, alkyl, or heteroatkyl;
R%is a bond to an oligonuclectide sequence;
Y118 O, CHy, CHQ, or optionally substituted NH;

Y2 i8 O, CHy, CH:O, or optionally substituted NH;

Y35 is CO, SO2, P{OY0, CH-0-C(0), CHa-NH-C(0O), CHa-NH-80;, or CHy;

75 is CO, SOy, POYS, CH2-0-C(0), CH-NH-C(O), CH-NH-SO», or CHy,
mis0, 1,23, 4, 5 o016
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each ny, 03, ng and ns is independently 0, 1,2,3,4,5,6,7, 8,9, or 10.
In another aspect, oligonucleotides comprising a moiety of Formula (X1V), and salts,

solvates, and hydrates thereot, are provided:

s
ACO&\/{A/O\/\O{-O OA\"'N\/\?‘
NHAC o N=N
AcD A
Achgg‘ fO\V/A\Of“\V{vafg%
NHAC ons ]
AcO Ac

ACQ&—T?\/Q\/

NHAC

%3]

Formula X1V}
wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracit, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, or optionally substituted heteroaryl;
10 RZisabond;
Y115,
YV, is O,
Y1 is CO, SOy, POYD, CH»-0-C(O), CHR-NH-C{O), CH-NH-80:, or CHy,

mis i, 2,3 4 5 or6;
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each ny, 03, ny and ns is independently 0, 1, 2,3, 4, 5, o1 6.
In another aspect, oligonucleotides comprising a moiety of Formula (X1V-a}, and salts,

solvates, and hydrates thereot, are provided:

o PH Vi Y,
ié'@ ' ] Ol (U
HO O™ e
NHAC “na N=N (N
7z ,g\a\?ﬁ&
HO OH (N“N 7
ey
4
NHAC HC“/QH
!\\/Q © ns
HO
NHAG

Formula (XIV-a)
wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cvtosine, or
uracil, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted
carbocycelyl, optionally substituted heterocyclyl, or a nuclecbase isostere;
1. is a bond, a phosphodiester bond, a phosphorothicate bond, a triazole, a tetrazole, an amide, 3
reverse-amide, a carbamate, a carbonate, urea, altkyl, or heteroalkyl;
R’ is a bond to an oligonucleotide sequence;
Y11s O, CHy, CH:0, or optionally substituted NH;
Y is O, CHy, CHL0, or optionally substituied NH;
Yiis CO, 8O3, P(OYO, CH-G-C(0), CHR-NH-C(O), CH-NH-8O», or CHg;
mis0, 1,2, 3,4, 5, or 6,

each ni, n3, ng and ns is independently 0, 1, 2,3, 4,5, 6,7, &, 9, or 10,

47



WO 2022/076922 PCT/US2021/054318

In another aspect, compounds of Formula {(XV), and salts, solvates, and hydrates thereof]

are provided:

”"““Q”‘“R“

© i
O 1]
HO —-?&/O\/’\Qf \/%\ j)
NHAc
Lo yf
NHAC

Formula (XV)
S wherein:

R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), s modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, or optionally substituted heteroaryl;
R? is an oligonucleotide sequence;

10 Yiis O
Y2is O
Y315 CGO, 8Os, PG, CHR-O-C{O), CH-NH-C(O), CHa-NH-80;, or CHa;
Y4 18 CO, SOz, PO, CHR-0-C{0), CH-NH-C(O), CHa-NH-8O:, or CHa;
nis1,2,3, 4,5, or6

15 each ny, n3, nq and ns is independently 0,1, 2,3, 4, 5, or 6.
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In another aspect, compounds of Formula (XV-a), and salis, solvates, and hydrates

thereof, are provided:

Yy Y
( }M { K)nz
g Y
N, N
HO - jﬂ/{o Q/\/N/\%‘“/ /(
N™N ~|
NHAg] a \// " Qf 4
Nenw NV
e /
O O
HO ’yﬁ/{a\/ (0] S
NHAC 43
K" o
HQI ~Q 0S5
NHAC

Formula (XV-a}
wherein:
R?is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), & medified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted
carbocyelyl, optionally substituted heterocyclyl, or a nuclecobase isostere;
L is a bond, a phosphodiester bond, a phosphorothicate bond, a triazole, a tetrazole, an amide, a
reverse~amide, a carbamate, a carbonate, urea, alkyl, or hetercalkyl;
R7 is an oligonucleotide sequence;
Y15 O, CHa, CHRO, or optionally substituted NH;
Y is O, CHy, CH:O, or optionally substituted NH;
Y3 is CO, SOy, POYO, CH-G-C(0), CH-NH-C(O), CH-NH-SO», or CHy;
Yiis CO, 8O3, POYO, CH2-G-C(0), CH2-NH-C(O), CH-NH-8O», or CHg;
mis0, 1,23 4,5 oré;
each ny, ns, na and ns is independently 0, 1,2,3,4,5,6,7, &, 9, or 10.

> fa
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In another aspect, compounds of Formula {(XV1}, and salts, solvates, and hydrates thereof,

are provided:

e
R

X ”

O ¥y

Y
HO z
é"g ( \))m ( k\}nz
N=N
n3

NHAC

I N’
HO Ok {N“‘N [_J
&g”ﬁ o o / @
HO —-*'{\X,’ \//\Q’/\v o
NHAC . - H
HO P ] o
E
HG&?&/Q Qj’
NHAC e

Formula (XVI)
wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), s modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted
carbocyelyl, optionally substituted heterocyclyl, or a nuclecbase isostere;
L 1s a bond, a phosphodiester bond, a phosphorothicate bond, a triazole, a tetrazole, an amide, a
reverse-amide, a carbamate, a carbonate, urea, alkyl, or heteroalkyl;
R*is an oligonucleotide sequence;
Y1 is O, CHy, CH:O, or optionally substituted NH;
Y is O, CHy, CH, or optionally substituted NH;
Yiis CO, SOy, P(OYO, CH2-0-C(0), CH;-NH-C(0), CH-NH-80;, or CH;3;
mis0,1,2,3, 4,5 or6;

gach ny, s, na and ns is independently 0, 1, 2,3, 4, 5, or 6.
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In another aspect, compounds of Formula (XVi-a), and salts, solvates, and hydrates

thereof, are provided:

Re~y/™( sz

OH Y« Y
[0}
E§§»o ’%1‘Kn2
HO O/\V N \ ‘\E"g
NHAC N
{ [

¥ o
ZN QNfN

oM : : N-N
|
9 Lo xf O
HO T&.——"’ \’AO F/J—:
NHAGL L Ly
OH i i
0 1o
§0= -‘EnS
HO
NHAC

Formula (XVI-3}

wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroary!, optionally substituted
carbocyclyl, optionally substituted heterocyclyl, or a nuclecobase isostere;
L. is a bond, a phosphodiester bond, a phosphorothioate bond, a triazole, a tetrazole, an amide, a
reverse-amide, a carbamate, a carbonate, urea, alkyl, or hetercalkyl;
R? is an oligonucleotide sequence
Y 18 O, CHy, CH:O, or optionally substituted NH;
Y, is O, CH,, CH0, or optionally substituted NH;
Yais CO, 8Oy, POYO, CH-O-C(O), CH-NH-C(O), CH-NH-8SO», or (Hy,
mis0, 1,23, 4 5 or6;
gach ny, ms, ny and ns is independently 0, 1, 2,3, 4,5, 6,7, &, 9, or 10.

In some embodiments, R® is uracil. In some embodiments, R” is cytosine. In some
embeodiments, R’ is adenine. In some embodiments, R’ is guanine.
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In some emboduments, Y1 is 0. In some embodiments, Y, 158 Q. In certain embodiments,
both Vi and Yo are O, In some embodiments, Y3 is CO. In some embodiments, Y413 CO. In
certain embodiments, both Y3 and Ys are CO. In certain embodiments, Yy and ¥Yr are O, and Y3
and Yy are CO.

In some embodiments, n3 is 1. In some embodiments, ns3 13 3. In some embodiments, 13 s
5. In some embodiments, n3 is 7. In some embodiments, ny is 1. In some embodiments, ng is 3.
in some embodiments, na i3 5. o some embodiments, ng 1s 7. In some embodiments, nsis 1. In
some embodiments, ns is 3. In some embodiments, nsis 5. In some embodiments, nsis 7. In
certain embodiments, two of n3, ng, and ns are 1. In certain embodiments, all three of na, n4, and
ns are 1.

In some embodiments, the compound is of the formula:

OR f 7:::\?0

G i 9] {
R= Qi!gﬂ 0P N NH
R =0 or 8 E,OA\(_T T

R . 4

>

q
N s
HO OH o \:( Y
ké,o NH N
HO-- ’T‘Q"QV\Q”\VO\/\G”\/%%Q ( -N
NHAG N=N yo
HC){);H @N N’N
O -
HOk/\\A/O\/\Q/‘\/O\/\GN H
: o]
NHAc o OH = /
o) o
HO 3O g™
NHAc

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the formula;
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OR

*EEQH R'=Q"or§& \“\(4\/” TNH

NHAc

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the formula:

OR N0
R=0Igo e CgmN s
R=0ors b QA{_J b
Q< o c
L0
HO/ o:(\/ \T?
NHAc N /:"
HO CH ()\:;\; <'N‘N
-N
HO- T:S/O\/\\O/\/O\\/\ AN G\\,/\\G/‘*\/ J
o
NHA
® o o F'/
o} ~ 0
RO O g O g ™

NHAC
or & salt, solvate, or hydrate thereof. In some embodiments, the compound is of the formula:

N =0

R e
R=Dors oA
g o

|
HO O o N ,\\) YO
N ~T T T

o p O —
MO ”’T“’\:“/O\/'/\G e N N -~ N '\\L
NHAG (/"\N éz N
H . N

HO o QN“N N
t O S
) .ﬁ\,/ e e \\/‘/\\Q J/

NHAS OH r
HO & o
O™ N
HO -7
NHAC

W
(&%)
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or a salt, solvate, or hydrate thereot. In some embodiments, the compound 18 of the formula:

?R
R= Oii@ﬁ O"""'P\O o NHZ
R=0or§ Eii o .n |
& ~y
HO Y %8\/0 5 o ©
NHAC (SN ¢/ =
O \w/\ﬁx\\foam =0
Ok MN\j
-3
HO -0 =
N o
NHAC e Ny N r:;l\
-.JN\N
HO _CH ey
O 0./ 0
HO NX/’C}\V‘/\ON
NHAC

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the formula:

OR FN - NH
R = Oligo O:E;\Q/«»\@»N 4
R=0org b ed {;‘l}

g o

\
o
HQgH 0= !\f
-Q NH N~
HO- &OWONOV\@«/\V?‘{?J 4 >‘
N

N
NHAC oM 7

HO
3
HO /T«X/O\/f\{)/\\/a\«/\g/\‘f
NHAG o OH v
-3 o O
HO- _..—-rl\/ \/’\QN
NHAG

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the formula:
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[n}
HOOH D# Kr;

-0 N
o o o e \ N
NHAC -
Ho P 2 4 3

-

P

4

i
HO&—T\X/O\/’\O N \/\0/\/0\/’\@/\/
NHAE OH
HO 7/ r.—.l
& S o Oy O
HO ,/TA/' Ny TN O

NHAC

N
o
i

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the formula:

NH
R = Oligo 0:5_1,\0 MOg
= eor§ dhe L
Ho "5 o
é;;,,o O
SN SO !
NN,
NHAG OO /\/N/\,md NH N
HO \/’ ~, O - ” N7
N\/ 07N NNy "\\/Q\/’\ ,/\/N N
NHAG OH
HO /0

oo
HO N \/’\Q/\\/O\/f\e/\va“”}
NHAC

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the formula:
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R = Qligo Ozgk Mg‘;

= or§ & © o
q o
)
HO OH 0:{

o o NH N
HO S P g e O e O N Ny \/ >\N
':'N ; N
NHAG o OH (,\”N /N"‘N

é NN
HO *‘\3&/ O™ ’\JQ\«AQ”\/G\/\O/H O
NHAc OH ,:’F

i i
Hﬂig;i\\/a\/’\@/‘v@v\a/\vg
NHAC

or a salt, solvate, or hydrate thereof In some embodiments, the compound is of the formula;

N
e
Q i

R=0lge  gop /\Cﬁj
R=0ors 1 ° \f

R

g
o o 0

HO T“V N L NN /\/N/\_/
NHAS N=N
N, ‘;N '

or a salt, selvate, or hydrate thereof. In some embodiments, the compound is of the formula;
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2 -
OR o 70
R = Cligo O \?"’“N\r’NH
R=0ors e R J
g ©
Lo
o N
NH -
OH
HO o N iy ( }
¥ O //\\' N V/\Q N et / 1
O AN O =N /A
Hoéj‘_?\/ﬂvf\g/‘\/ g N (\y/}\!?j \N,N
NN
NHAC o PH P N P
” i -
HO OO g O e T 0 ®
NHAC O {f
HG/ o N Py
i By 9]
O, A A/Q\/\O/\/ O
NHAC

oR P
R=Olige  gop. NOVNV-NH
RO or § R
59 & s, O
O\) ?
Q
MNH h
PH s} /\\/N%ﬁ—/ \‘N
HO O e A N )7
‘i/() P NP P N i ¥ NEN Ay &N
HOX,/T‘VO\‘//\O’ ~r” (8] \N—i{i /N»
OH j
NHAG 0 f O ,O\_/\Gf’\/o\/\o/\/ o S
O P N Ve s
HO \~\¢/O\~/A\Q/ " L8] H
NHAG
OH o~
HO 1) PN Nl ~
‘ -G OV/\,O/'\V/ ~g
HOX/EH\"’G\//\G‘/\/
NHAo

or a salt, solvate, or hydrate thereof.
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In another aspect, compounds of Formula {(XXX), and salts, solvates, and hydrates thereof,

are provided:

o
R
Rp.i_/‘“x’ 7*‘ 8
Vi
{ }ni( '\}"‘2
m@ 1 Y4
0 N~y BN
Ho&/rA Ot N s Y \\>\
N=N
NHAG Ja N N
OH N-N N
HO - T r__‘jN
é,e o, A i
HO N 0
NHAC dna r
ey PH |
&X,a 0
HO M ns
NHAG
Formula (XXX}

wherein:
R%1is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted hetercaryl, optionally substituted
carbocyclyl, optionally substituted heterocyclyl, or a nucleobase isostere;
L is a bond, a phosphodiester bond, a phosphorothicate bond, a iriazole, a tetrazole, an amide, a
reverse-amide, a carbamate, a carbonate, urea, altkyl, or heteroalkyl;
R”is an oligonucleotide sequence;
Y11s O, CHy, CH(Q, or optionally substituted NH;
Y213 O, CHy, CHLO, or optionally substituted NH;
Y315 CO, SC2, PO, CHL-0O-C{0), CHa-NH-C(O), CH2-NH-80:, or CHa;
Y2 is CO, SOy, PIOYD, CH2-0-C(0), CH-NH-C(O), CH-NH-SO», or CHy,
mis0,1,2,3,4,5, 016
each ny, n3, ng and ns s independently 0, 1,2,3,4.5,6,7, 8,9, or 10.

In some embodiments, the compound is of the formula;
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o
</N“T|)!\NH
OR o NN g
R=0lgo  gop. /\d
R=rord ;Q’ o Rl
c O
L0
Ho 1 O= \"’/j
iK(\/-o N HN-
HO - /TQ\/O\/\Q/\N/O\/’\Q/\V/O\/\Q/\\/N\ Ny )\ \““N
NHAc HO Or NN \// «'EN ‘éf \;N
{ NN N
o - i
HO- ,—T.\/O\w/\(y"\vfc\/’\g/\xo\/\a’f Gf/
NHAC o PN J

—
0 4
HO ,—T..‘x/ 0\“/\0/\/0 \/\Q/\JO
NHAC

or a salt, solvate, or hydrate thereof.
In another aspect, oligonucleotides comprising a motety of Formula (XVI1), and salts,

solvates, and hydrates thereof, are provided:

OR
R= QEEQC‘ Q-:;"\ ,&_(_OJ»RQ
R=oors L0\ /
Y, Ya
o (> }n‘i { l\)nz
Ho P \:3 ‘3’4
~0 g o NK\? “/NH N,
HO Ti\/‘ \\//\0’ O‘/\\/‘ v ™ / \'
NHAG v N=N PN a
(\ “N N’N
OH ~i W,

HO ¢ [
él .?‘A/O*»/\ o ) 0
HO —f‘\“‘ O e O j

NHAC nd (
HO O 0
Lo
HO-2 »«TA/O\/{OJT
NHAC -
Formula VI

wherein:
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R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cvtosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryi, optionally substituted heteroaryl, optionally substituted
carbocyelyl, optionally substituted heterocyclyl, or a nuclecbase isostere;
5 Ris an oligonucleotide;
RisQor§;
Y i3 O, CHy, CHLO, or optionally substituted NH;
Y2 is O, CHz, CH20, or optionally substituted NH;
Y3 is CO, 8G2, B0, CH:-0-C(0), CHa-NH-C(0O), CH-NH-SO:, or CHy;
10 Yiis €O, SGy, POYDY, CH2-0-C(O), CHa-NH-C{O), CH2-NH-8O0, or CHy;
mis0, 1,2, 3,4, 5 oré;
gach ny, s, oy and ns is independently 0,1, 2,3, 4, 5, or 6.
In another aspect, oligonuclentides comprising a moiety of Formula (XV1I-a), and salts,

solvates, and hydrates thereof, are provided:

(\{/ i N ";\j
OH (N—--N L
|
NHAC ) 1o (
OH
o) O
9]
HO 'T«\/ O\%GJT
13 NHAC ns

Forrula (XV-a)
wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
60
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alkyl, optionally substituted arvi, optionally substituted hetercaryl, optionally substituted
carbocyclyl, optionally substituted heterocyelyl, or a nucleobase isostere;
L is a bond, a phosphodiester bond, a phosphorothicate bond, a triazole, a tetrazole, an amide, a
reverse-amide, a carbamate, a carbonate, urea, alkyl, or heteroatkyl;
S RZ%is a boud to an oligonucieotide;
Y1is O, CHa, CH2O, or optionally substituted NH;
Y213 O, CHy, CHLO, or optionally substituted NH;
Y35 is CO, SO2, POY0, CHL-0-C(0), CHa-NH-C(0O), CHL-NH-80;, or CHy;
Y, is CO, 8Gy, H(O)YG, CHz-0-C(0), CH-NH-C(0), CH-NH-SO2, or CHy;
10 mis0,1,2,3, 4,5 016
each ny, n3, ng and ns is independently 0, 1, 2,3, 4,5, 6,7, 8, 9, or 10.
In another aspect, oligonucleotides comprising a moiety of Formula (XVIIH}, and salts,

solvates, and hydrates thereof, are provided:

o ' Yy Y)
( >n1 \r‘2
HON A O™ O™ Ve
NHAc s NN N
N
/3
/Cﬁ},?«
OH N—N N
w r
s
HO 0\/\(}*4@\%9 o
NHAC . nd (!
oo - 30
20 o~
HO '{\\/ v’\fg
NHAC I
15 Formula (XVHI)

wherein:
R”1is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, ¢ytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted arvl, or optionally substituted heteroaryl;
61
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R’ is a bond,
Yi1is O
NERERSH
Y4 18 CO, 8Oz, F(OYO, CH2-0-C(0), CH:-NH-C(0), CH-NH-SO:, or CHy;
nis1,2,3, 4,5, or6
each iy, n3, ng and ns is independently 0, 1, 2,3, 4, 5, or 6.
In another aspect, oligonucleotides comprising a moiety of Formula (XVIH-a)}, and salts,

solvates, and hydrates thereof, are provided:

G
R
RT\KfMX( 7ﬁ ]
Yy

OH Y

O - 14
@_Q (), tlk
HO "’T‘:\/Q\/\O O by ™ N T4
NHAC i N=N N
N
f’iiw\z/;«‘%
¢ s
O
HO T»X/O\/’\O Q\%G )
NHAC . 1 {
fe) OH - 1O
0 j
HO- Y o7 |
NHAC i

Formula (XVIi-a)
wherein:
R?is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a moditied nuclecbase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted
carbocyclyl, optionally substituted heterocyclyl, or a nucleobase isostere;
L is a bond, a phosphodiester bond, a phosphorothicate bond, a triazole, a tetrazole, an amide, a
reverse~amide, a carbamate, a carbonate, urea, alkyl, or heteroalkyi;
R is a bond to an oligonucleotide;

Y1 i3 O, CHy, CHLO, or optionally substituted NH;
62
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Yy is O, CH», CH20, or optionally substituted NH;
Y4 i3 CO, SOy, P(O)O, CH2-0-C(0), CH-NH-C{0), CH;-NH-80;, or CH:.

in some embodiments, R” is H, adenine, guanine, thymine, cytosine, or uracil, or adenine,
guanine, thymine, cytosine, or uracil, each comprising a Protecting Group (PG). In some
embodiments, R is a modified nuclecbase. In some embodiments, R” is optionally substituted
alkyl, optionally substituted aryl, or optionally substituted hetercaryl.

In another aspect, compounds of Formula (XIX), or a salt, solvent, or hydrate thereof, are

provided:
. N R
oo N N
v
I S
/ N
X X+
Formula (XIX}
wherein:

R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted

alkyl, optionally substituted aryi, or optionally substituted hetercaryl;
/k‘N)\\
‘ Fo o i
R’ is H, Protecting Group (PG), or Y
Xlis
N;s!
\

GAe {,QAC

NHac

ACO&_/«:;\\/Q\J/\Q/\\/Q\/\Q% N, =N >/
OAC{'CAC (

O
AcO "‘«‘:VO\//\Q/ \fa\/\g/‘\/N\ f—i‘fé
NHAC N
OAg (OAC
EIS
AcC WOV\O/\VO%OA\/ N
NHAC
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OAc (OAC
-0 N
AcO- \A/‘O\/’\ /\\/0\/’\@/\/ N NN
NHAG m" “W

QAG

QAG(
{R/WQ\V/ \O/WC’\,/\O/\\/ N‘%\/\, }
NHAG
Ohc,-OAC
AN o
AcO \/\0/\\,/ \"/\O

NHAc >

OAiZ?AC ,ﬁ«r/}

A2 —\;-3/0\//\0/‘\/ Q\/'\O/\\/N

GAfAC
Ac()&/\\\/()\x’\@fvo\/’\ef”‘\« N/% “

NHAC
O o
Py, S
() 0\/\0
AGO NHAs or
Ong-OAC X o
H -
AcD- ,«f\\\/o\/\of\x@\/\oz’\/ﬁl N\\/ G
NHAC g»_/ \
Opg-OAC H _ } /L\\
Lo S Nale
AcO —x;\\/ ~0 /\\/Q\/’\ O
NHAC QA%/QAC

C o o
NHAC , and

X2 is H, atkyl, or Protecting Group (PG).
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In another aspect, compounds of Formula (XX}, or a salt, solvent, or hydrate thereof, are

provided:

OAC‘/C}AG
Wite
AcO G\,/\O \,['C\x N
b HAC
OAC(
AcO&WOv’\Q/\/{ \ql@/\/ N
NHAgD
OAg
Qo o
AcO ey ~
NHAC

Formula (XX}
S wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), 2 medified nucleobase, optionally substituted

alkyl, optionally substituted aryl, or optionally substituted hetercaryt;

PPN

|
NS >,
R?is H, Protecting Group (PG), or SN

10 X*isH, halogen, OH, O-alkyl, O-heteroalkyl, or O-Protecting Group (PG);
X3 is O, CHa, CH:0, or optionally substituted NH;
X*is CO, SOy, POYD, CH2-0-C(0), CHp-NH-C{O), CH-NH-8O», or CHy; and

>

each ny, n3, ng and ns is independently 0, 1, 2,3, 4, 5, or 6.
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In another aspect, compounds of Formula {XX1}, or a salt, solvate, or hydrate thereof, are

provided:

QA -OAC ) _
Lo . i '
AcC \/"‘\0 R 0/\\/5\5 PN

NHAC nd
OAg -OAs
ACO D A Ny T TN
one_oRiHAC i
AcC WG\/”\O/\J[G‘V/”;’\Q/\/
NHAC ing
Formula (XX}

5  wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG}, a modified nuclecbase, optionally substituted

alkyl, optionally substituted aryi, or optionally substituted hetercaryl;

A

i
R?is H, Protecting Group (PG), or NG\"/’\G/P\\E ,
10 X*is H, halogen, OH, O-alkyl, O-heteroalkyl, or Protecting Group (PG);
X° is O, CHy, CH20, or optionally substituted NH;
X*is CO, SOz, P(OY0, CH2-0-C(0), CHp-NH-C(0O), CHz-NH-SO2, or CHy; and

each ry, n3, ng and ns is independently 0, 1, 2,3, 4, 5 or 6.
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In another aspect, compounds of Formula (XXI1}, or a salt, solvate, or hydrate thereof, are

provided:
G RQ
33 ”XE
{3
QAc,-CAc INj/B n
Lo o 1o N
ACON A O O g N
NHAGC 3 |
OAGLOAC 3\
A0 N
ACO\R/@/OW o ””\«»N% Q\/ i
O (&) . N
NHAC n3 N=N N
Ohc N@QJ}Q
OA
%&/@J‘o o3
AcQ NHAC
Formula (XXII)
5 wherein:

R”1is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, ¢ytosine, or
uracil, each comprising a Protecting Group (PG}, 2 modified nucleobase, optionally substituted

alkyl, optionally substituted arvi, or optionally substituted heteroaryl;

U

‘ ‘ NG P
R?is H, Protecting Group (PG), or - 4

10 X% isH, halogen, OH, O-alkyl, O-heteroalkyl, or O-Protecting Group (PG);
X*i5 O, CHa, CHLO, or optionally substituted NH;

gach ny, 3, ng and ns is independently 0,1, 2,3, 4, 5, or 6.
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In another aspect, compounds of Formula (XXI1I), or a salt, solvate, or hydrate thereof,

are provided:

O 9
R
X%
(3
GAc(OAc N
AQQ&/’V\/ Q\V/N‘QNOV/}\QW N N O\\)
HAC n3 },..J
OAc GAC OH
Q
o]
AGO&/QWQ”\% _(\
NHAC m
OAc /OAG
AcQ-2 .};/0\,/\0 ’\/1{ v+
NHAC
Formula (XXHI)

i

wherein:
R”is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, ¢ytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted arvl, or optionally substituted heteroaryl;

A

/"\\ /F’
R?is H, Protecting Group (PG), or T~ oY

10 X*isH, halogen, OH, O-alkyl, O-hetercalkyl, or O-Protecting Group (PG);
X7 is O, CHy, CHO, or optionally substituted NH;
X*is CO, SO, PFIOYO, CH,-0-C(0), CH2-NH-C(O), CH>-NH-S0;, or CHy; and

each ni, n3, 14 and nsis independently 0, 1,2, 3,4, 5, or 6.
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In some embodiments, the compound is:

¢

\ i)LN,Bz
o~ G4

P (}N ©
NG 0

o  oraes

J

Os
S0 = e
AcO /"%;X,/O\\/A\QA\/O‘VAO/\\/“ N\/:;;/\O N
NHAC N
Dac -OAc e

{

-0 Y
Ac(d- —-Q-.\/Q\/\O/ \/Q\/’\O/‘\/ N\N =N

ChAg QA

NHAC
Ohc-OAC
O SR
Ac( ‘Q-&/’Q\/Ao/\\/o\..//\o"n\\/ N\ =N
NHAC N

or a salt, solvate, or hydrate thereof In some embodiments, the compound is:

1
LBz
S
)\ N oNTTe
P
NC\.JX\O \}\. ..... ./
g  DMe
CAc
QAC(/ . . O¥
AcO N N s L O/\f»N
NHAZ © o N /
OAg.OAS o \/
S )
0 ~—
Aw\&/\\xﬂ\x\ AN
Hag . O © N
OAC\/GAG
S RS
ASON A O N e N
NHAc o =N
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or a salt, solvate, or hydrate thereof. In some embodiments, the compound is:

X
Bz
S~ L
- N
OAc JOAC NC\/\GJ ~0 \ /
AcO X:S;\/Q\/’\ O™ /\,/g N,N\\ g omss
Lol -~
NHAc . O © b it k:,—k o
QACiOAC o] —
~Q H 0~
AcC O\/\QNQ\W\Q’WN‘%\ v }’ NH
NHAT -
OAC NN B
Phg- . HN“"(\\O !
Ag 01,—"&:;&/{)\/\9/’\\/‘ O\/AO A
NHAS
or a salt, solvate, or hydrate thereof. In some embodiments, the compound is:
o
L ) {I/ILN’BZ
R E\. -
a4 0\/? ©
OAcOhc NGO O L
Lo, o H N, 5 ‘oMme
Ac(- R N T _~NT TN 3
NHAC b \;—(\4 o
OAc.-QAc O -
O -
- 0y °© NH
AcD /K\\/va\a/\\\/@wgf/\/ N H
oac OATIAC N O
N }/,,_!
Q O
ACC’M\/Q\/’A\G‘/ \\/O\/’\Q Q
NHAC

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is:

~
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o)
Bz
N/
LC
)\[\{ o N/KO
P~
Nc\/\o/ 0/\@

o) OTBS

OAcC OAc N//N
o) \
O N O N NN

NHAc

AcO

N
OAg OAc ?\
Q o N /N
Ao O O/\/ \/\0/\/ }\‘ =N /IIL

N
NHAc
OAG OAc /\/O \/\
Q \/\0
AcO HAG

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is:

OAc _OAc //N l
N\
A0SO O O NN
NHAC N
OAc OAc /g ?\
Y /
Ach 0} o NG /\/O\/\O/\/NN:N N/||
NHAc
OAc _OAc o
o}
Q o~ ~
0]
AcO NHAC

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is:
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Lo
)\ N o N/&Q
3
/P\O/ﬂ
NC\/\\C R 5
g  orss
OA (,QAG 0§)
LXL 0 o o )
ARD D R N N | N-\(\
NHAC — )
QA -OAC Q /) /v\\\\
( N O uno
AcD }.\/Q\/\QA\/O\J\GN é‘} f
NHAC
OAg-CAC
Acﬁgwngf\@ﬂvg\«/ ™
NHAC
or g salt, solvate, or hydrate thereot. In some embodiments, the compound is:
O
B
Lo
)\N o N’L\‘Q
/P\()
g  OMe
e LY Qj)
NHAC }‘—/
OAg -OAC OH
O 0
N HN
AcO WQ\/’\ /‘\./Q\f/\a d g\ /
NHAC
Oag -OAC \
Acﬁgfw&o\/\@/\fg\/’“\(}

NHAC

or a salt, solvate, or hydrate thereof.
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In another aspect, compounds of Formula (XXIV), or a salt, solvate, or hydrate thereof,

are provided:

o) B
4 \
Formula (XXIV}

wherein:
R%is H, adenine, gnanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted aryl, or optionally substituted heteroaryl;

PPN

|
NC. £,
X% is H, Protecting Group (PG), or TN Y

X0 is

X* is H, alkyl, or Protecting Group (PG),

- and

OAg-OAC

AcO WGWO/\/O\/\Q/\J N /}
NHAC
OAC/QAC /

Q o o N
AcO A N Ny N

8o o N
AcQ f’ﬁ\c}"/\\/ \/\Q/\V
NHAC

~d
()
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In another aspect, compounds of Formula (XXV), or a salt, solvate, or hydrate thereof, are

provided:

£
Oac, LAC HX?WRQ
2 X5 /nd
*\/{G R ¥ e

ACOL&/WC"\/’\ AN N
Noae T O S =N
Ac(}&—-—\-lv O g™ { \/”}\g/\vN /
NHAg
OAC/OAC
Ac@&»«;&/o\//\ /\l \/\}\Q/\\/N 13{5

NHAc
Formula (XXV)
5 wherein:
R?is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nuclecbase, optionally substituted
alkyl, optionally substituted aryl, or optionally substituted hetercaryl;

X is H, OH, O-alkyl, alkyl, heteroalkyl, balogen, or O-Protecting Group (PG},

AN

10 X’ isH, OH, O-Protecting Group (PG), or R \ ’}H"
X7 is O
X8 1s CO, SOz, P(OYO, CH-0-C(0), CHp-NH-C(0O), CH2-NH-SO-, or CHy; and
each ny, n3, n4 and ns is independently 0, 1, 2,3, 4, 5, or 6.

In some embodiments, the compound i

o
-
84
Q‘N‘l\\‘cr
Ghg O 0ey 0 N
s SN X
AcO \;i\g:\f\gf’\/ﬁv’\af\ﬁ\ = OTN-N g | orss
“
/P\ -~
Ohg,Ohc /r-"o/\ o7 N
0 g o N/"Qz{ P
ACO DA M Ny A N N / E -

Ohe QA > CN
: RESte) Sy
ACC‘E/%\/’Q\/‘\Q”\V C‘v/\"o'/‘\v’ Ns =N
15 NHAC N°

~d
[N
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or a salt, solvate, or hydrate thereof. In some embodiments, the compound is:

e
E“\iﬁz
o N O
OA{;(/OAC o (‘3/\\/ \'}g
b0 7R\ Sed,
S T s T I T
© /
?AQ/QAC /,.., 0/’ o o N .
o = J
ACDN A O e O N, r ~
Nriag . O © =N
OAc DAc oH
10 Ay
AcO ,‘a'w:},,/‘g\//d\\af’\/o\ M/’”\Q/NVN‘ . i‘;ﬂ
NHAC N~

or a salt, solvate, or hydrate thereof. In some embodiments, any of the compounds provided
herein may be conjugated to an oligonucleotide. In some embodiments, any of the compounds
provided herein may be deprotected {e.g., the acetyl groups on the oxygen atoms in GalNA¢ may
be removed) and may be conjugated to an oligonucleotide. In some embodiments, any of the
compounds provided herein, or an oligonucleotide comprising any of the compounds provided
herein, may be provided in a composition comprising a pharmaceutically acceptable carrier. In
some embodiments, any of the compounds, oligonucleotides, or compositions provided herein
may be adrotnistered to a subject in a method for modulating protein function in a subject. In
some embodiments, any of the compounds, oligonuclestides, or compositions provided herein
may be administered to a subject in a method for treating or ameliorating a disease, disorder, or
sympiom thereof in a subject. In some embodiments, the disease, disorder, or symptom thereof is
a liver disease, disorder, or symptom thereof.

In another aspect, the present disclosure provides methods for making any of the
compounds provided herein comprising one or more compounds and chemical transformations
described herein, including the examples berein, e.g., Examples 1-23.

In another aspect, the present disclosure provides compounds of Formula (XXV1}, ora

salt, solvate, or hydrate thereof:

~J
(4]
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Ri \“‘»{0\?}” RQT\Q}/HQ%WNHR?
z/ A I
1 O

/—('/}m
RSHN{
o]

Formula XXXV

wherein:

each 1 is independently 1, 2, 3, 4, or 5;

each m is independently 0, 1,2, 3,4, 5, or 6;

each o is independently 0,1, 2,3, 4, 5, or 6;

gach Yy is independently O, CHR?), 8, 8(=0), 8(=0), NH, substituted N group , NHC(=(},
CEOINH, P=0)OH-O-, P(=0OYSH-O, P(ESHSHY-O, -O-PEOXOH)-O-, -O-P(=0)(SH-O-, -
O-P(=8YSH)-O- | -O-P(=0)OH)-, -O-P(=0)SH)-, ~-O-P(=S}5H)-;

each Y is independently O, CH(R®), §, S(=0), 8(=0),, NH, substituted N group , NHC{(=0},
CEOINH, P(=0YOH)-O-, PEOXSHY-O, P(=S)(SH)-0O, -O-P(=0)}0OH)-0-, -O-P(=0)SH)}-0-, -
O-PESYSHY-O- , -O-P(=0)OH)-, -O-P(=0)(SH}-, -C-P(=5}S8H)~;

each of Hety, Hetz, and Hets 13 independently optionally substituted heteroaryl or optionally
substituted heterocyelyl;

each Ry 1s independently alkyl-O-phosphoramidite, optionally substituted alkenyl
phosphoramidite, optionally substituted alkynyl phosphoramidite, OH, NH,, NHR?, N3,
C(EOYOH, C(=01X, CN, SH, SSH, SO:X, C(=O)NHNH;, NHNH,;, C(=S)NHNH:, C(=5)NH:,
NHOH, C(=0)CHX, malonyl, alkyl, alkenyl, dienyl, alkynyl, beteroalkyl, -OP(=8)X, -C(=0)H,
SC{=0)R?Y, -N=C=0, -N=C=NR", -N=C=§, CHX, -OP(=0}OH, phosphane, alkoxyphosphane,
-C(R%), a Michael acceptor, a protein, or a therapeutic agent for modulating hepatocytes or

treating liver disease, wherein X is a leaving group;

| O 0hAe
Y\TO% O/\\/Ou.\/ ™
o }\)’”OAC
AcHN -
each Rs, Re, and Ry is independently Chc
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Rs is optionally substituted heterocyclvi;

each R? is independently H, alkyl, halo, ORS, or SR7;

each R” is independently H, alkyl, halo, OR®, or SR and

each R® is independently H or alkyl;

as well as compositions comprising, methods of treatment comprising, and methods of making
comprising, such compounds, and salts, solvates, and hydrates thereof.

In one aspect of the invention each Ry is independently alkyl-G-phosphoramidite,
optionally substituted alkeny! phosphoramidite, or optionally substituted alkynyl
phosphoramidite.

In one aspect of the invention each Ry is independently OH, NH,, NHR® Ns, C(=(00H,
C{=0)X, CN, SH, 38H, SO:X, C(=0)NHNH:, NHNH,, C(=8)NHNH:, C(=S)NH,, NHOH,
CEOCHX, malonyl, alkyl, alkenvl, dienyl, altkynyl, hetercalkyl, -OP(=8)YX, -C{(=0)H,
SCEQRY, WN=C=0, -N=C=NR? -N=C=5, CHX, -OPFE=0)0OH, phosphane, alkoxyphosphane, or
~C{R%p, wherein X is a leaving group.

In one aspect of the invention each R is independently a Michael acceptor, a protein, or a
therapeutic agent for modulating hepatocytes or treating liver disease.

fn another aspect, compounds of Formula (XXV1-a}, or a salt, solvate, or hydrate thereof,

Ry 1\4‘(’0 - ng Hetaf\a/\ Ry
i L7
} \ N m °
Y1

Yy
Hl;etrb\ jn Z\v*mjn Het,
i {\ﬁ—\

Rg—Ly La"Rg

Formula (XXVI-a)

are provided:

wherein:
each nisindependently 1,2, 3. 4, or 5;
each m is independently 0, 1,2, 3,4, 5, or 6;

each o is independently 0, 1,2, 3,4, 5, or 6;

~3
~1
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each of L, L2, and L; is independently absent, C(=0), or C{=O)NH;

each Y1 is independently O, CH(R?), S, 8(=0), S(=0):, NH, substituted N group , NHC{=0),
CEOMNH, PEOXOH-O-, PEOYSH)-O, PESHSHRO, -O-PEONOCH)-O-, -O-P=O)SH)-O-, -
O-P(=8YSHY-O- , -O-P(=0)OH)-, -O-P(=0)SH)-, -O-P(=S}SH)-;

each Y> is independently O, CH{RY), S, S(=0), S(=0), NH, substituted N group , NHC(=0),
C(=0INH, PEOYOH)-O- P(=0YSH-O, PESYSH-O, -O-F(=0)X0H-O-, -0-PEOYSH-0-, -
O-P(=8)(SH)-0- , -0-P(=0)OH)-, -O-P(=0}SH)-, -O-P(=8)(SH)-;

gach of Het:, Hetz, and Het: is independently optionally substituted heteroaryl or optionally
substituted heterocyclyl;

each R, is tndependently alkyl-O-phosphoramidite, optionally substituted alkeny]
phosphoramidite, optionally substituted alkynyl phosphoramidite, OH, NH,, NHR? N3,

CHoNs, CEOYOH, C(=01X, CN, SH, SSH, SOp X, C(=()NHNH,, NHNH,;, C(=S)NHNH:,
C(=8)NH;, NHOH, C{(=0)CHxX, malonyl, alkyl, atkenyl, dienyi, alkynyl, hetercalkyl, -GP(=8)X,
~CEH, SCEQRE, AN=C=0, -N=C=NR?, -N=C=8, CHX, -OP(=0)0H, phosphate, phosphane,
alkoxyphosphane, -C{R*):, a Michael acceptor, a protein, or a therapeutic agent for modulating
hepatocytes or treating liver disease, wherein X is a leaving group, or R comprises an
oligonucleotide linked by a bond, a phosphodiester bond, a phosphorothioate bond, a triazole, a
tetrazole, an amide, a reverse-amide, a carbamate, a carbonate, urea, alkyl, or heteroalkyl;

O T 0AS

[
\{'\TO O/’\V,OJ.
o “OAs

AcHN B
each Rs, R, and R is independently QAc or
"R O
¢ "IOH
AcHN A
O

Ro ts optionally substituted heterocvelyl;
each R? is independently H, alkyl, halo, OR®, or SRS,
each RU is independently H, alkyl, halo, ORS, or SR®; and

each R® is independently H or alkyl;

~3
o]
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as well as compositions comprising, methods of treatment comprising, and methods of making
comprising, such cormpounds, and salts, solvates, and hydrates thereof,
In some embodiments, Ro is an optionally substituted nitrogen-containing heterocyclyl. In

some embodiments, Rs is an optionally substituted pyrimidinyl. In some embodiments, Ry is a

=4

Y

In some embodiments, each of Hety, Hets, and Hets is independently optionally substituted

O

4H-122 30 pyrimidine-2,4-dione. In certain embodiments, Rg is

nitrogen-containing heterocyclyl or optionally substituted nitrogen-containing heteroaryl, In
some embodiments, each of Hety, Hety, and Hets is independently optionally substituted 1, 2, 3 -
triazolyl. In some embodiments, each of Hety, Hets, and Hets is independently optionally

substituted 1372 3-triazol-4-yl. In certain embodiments, each of Hety, Hety, and Hets is

=
ff ya
( a{/ o a
independently .
In some embodiments, two of Rs, Re, and Ry are each the same. In some embodiments,
Rs, and Re are each the same. In some embodiments, three of Rs, Re, and Ry are each the same. In
some embodiments, o is the same in each of Rs, Rs, and Ry, In certain embodiments, o 1s the

same tn each of Rs and Re. In certain embodumnents, all three of Rs, Rs, and R are

' O~ T"0Ae
\K/\XO\/\O,»\,OM(
- ‘e TIOAs

AcHN B
CAc . In certain embodiments, all three of Rs, R, and Ry are

STUOH

] ] O
%/’\vfa\/’\\gf\/c}h.(
: fo OH
AcHN
OH
o some emwbodiments of the invention, each Ry 1s independently alkyl-O-

phosphoramidite, optionally substituted alkenyl phosphoramidite, or optionally substituted

79
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alkynyl phosphoramidite. In some embodiments of the invention, each Ry is independently OH,
NH,, NHR®, N3, C(=0)0H, C(=0)X, CN, SH, S8H, 80X, C{(=0)NHNH,, NHNH:,
CESINHNH,, C(=SiNH;, NHOH, C(=0)CHX, malonyl, alkyl, alkenyl, dienyl, alkynvl,
hetercalkyl, -OP(=S)X, -C(=0)H, -C(=0)RY, -N=C=0, -N=C=NR?, -N=C=8, CHX, -OP{=0)0H,
phosphane, alkoxyphosphane, or -C(R")z, wherein X is a leaving group. In some embodiments of
the invention, each Ry is independently a Michael acceptor, a protein, or a therapeutic agent for

modulating hepatocyles or treating liver disease. In certain embodiments, R is

A

Nc\\//\c/ P\O/\; i . . - , ) . .
. In certain embodiments, Ry 1s phosphate. In certain embodiments, Ry
is CHoN;.

In another aspect, compounds of Formula (XXVI), or a salt, solvate, or hvdrate thereof

. Q/’tﬂ% O RQWH#&%/ NHR
%,
Xy Yz
Hetr% z\}——Hetz
A A

RSHN( ““““ o | “—%;“\}—NHR(%

) 2
Formula XXVID)

are provided:

wherein,

each n is independently 1, 2, 3, 4, or 5;

each mis independently ¢, 1,2, 3, 4, 5, or 6;

each ois independently 0, 1, 2,3, 4, 5, or 6;

gach Y1 is independently O, CH(R?), S, 8(=C), 5(=0), NH, substituted N group , NHC(E=0),
C(=0INH, P(=0)OHMO-, P(EO)SHMO, P(=S)SH)-0, -O-P(=0X0CH)-O-, -O-P(=0)SHMO-, -
O-P(=8YSH)-O- , -O-P(=0)}OH)-, -O-P=0)SH)-, -O-P(=S}SH}-;

80
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each Y; is independently O, CH(R®), S, S(=0), $(=0), NH, substituted N group , NHC(=0),
C(=0NH, P(=0)0OH)-0O-, P(=0YSH)-O, P(=S)}(SH)-0, -O-P(=0)0H}-O-, -O-PEOYSH-O-, -
O-PESHSH-O- |, ~-O-P(=0Y0H)-, ~-O-P(=0NSH)-, -O-PERYSH )

each of Hety, Hetz, and Hets is independently optionally substituted heteroaryl or optionally

.
\(\/{,Q\/ﬁ\ Q/’\\,,Oi; f) OAc
o

substituted heterocyclyl,

»
acHN” Y OAC
each Rs, R, and Ry i3 tndependently QAc or
O OH
V\/{O\/}Q"’\Jo"’f/
¢ “OH
AcHN z
OH

>

Ro is optionally substituted heterocyclyl; and

JUN

R?is H, Protecting Group (PG}, ey :
each R? is independently H, alkyl, halo, ORS, or SRY,
each RY is independently H, alkyl, halo, OR*, or SR and
each R® is independently H or alkyl.

In some embodiments, R? is H. In some embodiments, R* is Protecting Group (PG). In
NC. P.
. . 3. S
certain embodiments, R is oY
In some embodiments, Ro is an optionally substituted nitrogen-containing heterocyclyl. In

some embodiments, Ro is an optionally substituted dihydropyrimidinyl, optionally substituted

81
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tetrahydropyrimidinyl, or optionally substituted hexahydropyrimidinyl. In some embodiments, Ro

"

V”Y\f

In some embodiments, each of Hety, Het, and Hets 1s independently optionally substituted

O

is a 4H-1A% 337 -pyrimidine-2,4-dione. In certain embodiments, Ro is

nitrogen-containing heterocyclyl or optionally substituied nitrogen-containing heteroaryl. In
some embodiments, each of Hety, Heto, and Hets is independently optionally substituted 1, 2,3 -
triazolyl. In some embodiments, each of Hety, Hets, and Hets 13 independently optionally

substituted 13,2, 3-triazol-4-y1. In certain embodiments, each of Hety, Hety, and Hets is

T
N
| N
independently .
In some embodunents, two of Rs, Rs, and Ry are each the same. In some embodiments,

Rs, and R are each the same. In some embodiments, three of Rs, Re, and Ry are each the same. In
some embodiments, o 1s the same in each of Rs, Re, and Ry, In certain embodiments, o 1s the
same in each of Rs and Re.

In some embodiments, the compound is of Formula (XX VIl-a):

/{Y': G‘fz
H ;th "'"(' In E\ . Hﬁt?
m s
RgHN NHRg
O O

Formuls (XXVIi-g}

In some embodiments, the compound is of the formula:
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i
NG 0 O N
S0
o] O
Acg OAC NN
o 0 N = b
AcO AN ey N Y TNy \F/\’”M N i/ ,\N
NHAC pep OAC o N O N
Q /'\\/O\/’\O/‘\/Q\/”\N/J\/ S0
AcQ - OA H f“NH
ACO ¢ -
NHAC § ot
-0 /
Ac /\‘\MQ\/\C}«A\/D
NHAC

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the formula:

(!)R o ;"’4\!;':0
R= OEEQQ Q=P N N
R=Q or¥ g{; Qm\f_f ;"T \,3
g B
HO {iH Y Pﬁf‘%
Ie} H
HO&/W N

.
e N N
Q\V/A\O/*\\/Q\/”\O,/\\/’ \:T(/\,fN N :’/ ‘é\;
NHAC o ﬁH 3 N9 W
] i
! . G O { =
ve OH H o/
NHAc i /
-~ o
HO \/\0/\\/0
NHAC

or a salt, solvate, or hydrate thereot. In some embodiments, the compound 1s of the formula:

- -0
Q. ¥ i
s N
TN
'S
[®) o} -
AcO JOAC N %
-0 H - N N-
AcO- /\-‘A/o\,/\o/ \”O\/\O”\/N\[r’\,;\jf ‘?‘N ! N
NHAC OAc N9 W
AcQ O N
O ’/\\/0\/’\“ /\\/O.\ N /[\ .) =y
AcO A0 o N NH
Y AcO OAc H 0___.//%
NHAC i rJ
¢
AcC —TA/Q\/\O/\\/O
NHAG

of a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the formula:
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N
R = Cligo § 17‘& /N\7
Ho OH

G o] NN
| H <\ N N
-0 - oy N
o -~ N ’l/ W
HCLE\\\, G\/’\O/\\/O\/\G N \r/\’Ni N ¢ N
NHAc o OH o NTo N
i
A - O 0O =3
H0§—\E{\/GN \,/‘\Q/‘\/ \//\N" e O
o OH H o9
Nrae MO s
HOS A O g O

/~—/ e o / “E\f
NHAG R NN ( e
" N 1_N - h
A OAC © N {{\N —
NN O,
AcG-\ \:\{/O\/\O,\/‘Q N /\/G\/\O/\\/ o
NRAS  aeo SOAC —
O
A &;\g&f O g™ N
NHAC

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the formula:

OR
R=0H0 gup
R=0o0s LG o PO
NG N
HO f“ TN
w0 ¢ o9
HO /Q / \
e \’AO/\\»"O\/\ e 4 7oy
NHAG o iV NN N ( N
HO OH 07NN \”’AN ~
N~p
i
NHAC HO _OH /_~/
Q e
’ ?\/O\/\OA¢ 0
NHAC

or a salt, solvate, or hydrate thereof.
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In another aspect, the present disclosure provides modified oligonucleotides comprising a

moiety of Formula (XXVIHI), or a salt, solvate, or hydrate thereof

Oligonucleotide”™ \g \7»'*% M Heim NHR,

/_+Fi/;;t1-(-/f z\%wi-ieig )

RgHN-4, NHRg
Formula (XXVII

wherein:

(1

each it is independently 0, 1, 2, 3, 4, or §;

gach m is independently 0, 1,2, 3,4, 5, o1 §;

each o isindependently 0, 1,2, 3,4, 5, or &

each Y1 is independently O, CH(R?), 8§, S(=0), S(=0), NH, substituted N group , NHC(=0),
C(=CINH, PEONOH)-O-, P(=0NSHMO, PESYSHO, -O-P(=0X0OH-0-, ~O-PEOM(SHO-, -
10 O-BPESHSHMO- |, -O-P=0Y0H)-, -O-P(=0)SH)-, -O-P(=8)SH)-;

each Y is independently O, CH(R®), S, $(=0}, S(=0), NH, substituted N group , NHC{=0),
C(=0NH, P(=0X0H)-0-, P(=0)SH)-O, B(=8}SH)-0, -0-P(=0)}0H)}-O-, -O-P(=0)SH)-0-, -
O-P(=8YSH)-O- |, -O-P(=0)}OH)-, -O-P=0)SH)-, -O-P(=S}SH)-,

each of Hety, Hety, and Hets 15 independently optionally substituted hetercary! or optionally

4 O™
4o

paant
W

substituted heterocyclyl;

AcHNT Y OAC
gach Rs, R, and Ry i3 independently Oac or
R
\'%/N{ \,/\}Q/‘\/Q" Q OH
4
AgHN® Y OH
OH ;and

Ro is optionally substituted heterocyelyl;
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Lisbond, G, CHy, §, (=0}, S(=0), NH, substituted N group, NHC{=0}, C{=0)NH, alkyl,
alkenyl, dienyl, allynyl, heteroalkyl, phosphate, or a thiol-Michael adduct;
each R is independently H, alkvi, halo, OR®, or SR,
each R® is independently H, alkyl, halo, ORS, or SRE; and
each R° is independently H or alkyl.
In another aspect, the present disclosure provides oligonucleotides comprising a moiety of

Formula (XXIX), or a salt, solvate, or hydrate thereof

L O Re et
e PN B R VL1 IO LN .
Qligonuclectide” e P 31\/\? ~NHRy
\\ rf A :’rn S Yo
S / '
hE Y,
e } X
Het, ] et
i
- Ay { e
/ '4 Hn v T \\
RghN-—( JrlHRg
O O
Formula (XXIX}

wherein:

each nnis independently 0, 1,2, 3, 4, or §,

each mis independently 0, 1,2, 3,4, 5, or 6;

each ois independently 0, 1, 2,3, 4, 5, or 6;

each Y1 is independently O, CH(R?), 8, S(=0)}, S(=0),, NH, substituted N group , NHC{=0),
C(=0)NH, P(=0)}0H)-0-, P(=0)SH)-O, P(=8)SH)-0, -0-P(=0)}CH)-O-, -O-P(=0)SH)-0-, -
O-PESHESH-O- | -O-PEOXOH)-, -O-PEOHSH)-, ~O-P(=S)(SH)-

each Y3 is independently O, CH(R®), S, S(=0), 8(=0), NH, substituted N group , NHC{=0),
CEONH, PEOXOH-O-, PEOYSH)-O, PESH(SH-O, -O-P(E0N0H)-O-, -O-P=OYSH)-O-, -
O-PESYSH)-O- | -0-P(=0YOH)-, -O-P=0){SH)-, -O-P(=8)}{8H)-;

each of Hety, Hets, and Heis is independently optionally substituted heteroaryl or optionally

substituted heterocyclyl;
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. . .
\\/\%0\4\ Q/\\/O ,;L) Qhc
O

AcHN® T OAe
each Rs, R, and Ry is independently QAc or
‘R/\/%Q\/\}O/\/Oi’b‘\\\OH

° e
AcHN” Y oA
OH

R is optionally substituted heterocyclyi;

Lisbond, O, CHa, §, 8(=0}, S{(=0), NH, substituted N group, NHC{=0), C(=0)NH, alkyl,

Uh

alkenyl, dienyl, atkynyl, heteroalkyl, phosphate, or a thiol-Michael adduct;
each R is independently H, alkyl, halo, OR® or SRS
each R® is independently H, alkyl, halo, ORS, or SR®; and
each R is independently H or alkyl.
In some embodiments, the oligonucleotide comprises an siRNA, an miRNA, an ADAR
10 recruiting molecule, an ADAR targeting molecule, a guide RNA, or an antisense nucleic acid. In
some embodiments, any of the compounds or oligonuclectides provided herein, or a salt, solvate
ot hydrate thereof, may be used as a reagent in a chemical reaction.
Also provided herein are compositions comprising any of the compounds provided herein,
and a pharmaceutically acceptable carrier,
15 Further provided herein are methods of making any of the compounds disciosed herein
comprising one or more of the compounds and chemical transformations described herein,

inchuding the examples herein, e.g., Examples 1-23.
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In some embodiments, the compound is of Formula {XXX1), or a salt, solvate, or hvdrate

thereof’
O
fyz
AcO PAc M L\\;2
0 .f‘.
Acc);g//‘wc’\v/\@f“\x \/T} /\‘/
NHAC
1 Ya
i
AcQ Phe j \
]
AGO%O\/\O/\V \/} e
NHAC ‘)
Ao O OAC /((0
AGQ O~
NHAC 5
Formula {(XXXI)
5 wherein:

R”1is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, ¢ytosine, or
uracil, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted

carbocyclyl, optionally substituted heterocyclyl, or a nucleobase isostere;

AN

10 RYis H, O-Protecting Group (PG), e \ A , a linker, an azide, a carboxylic acid, or
an amine;
Y is O, CHy, CHLO, or optionally substituted NH;
Y2 is O, CH;, CH0, or optionally substituted NH;
Y3 is CO, CIOINH, C{O)-NH-CH2-C(O)-NH, SOy, P(O)YO, CH-0-C(0), CH-NH-C(0), CHy-
15 NH-SO, or CHy;
¥4 i3 CO, C(OINH, 8G;, P(O0, CHL-0O-C(0), CH-NH-C{O), CH-NH-8G;, or CH;
Ys is CO, C(O)NH, OC{O)NH, or OCHC{O)NH;
88
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Yg is CO, CEMNH, CC{OINH, or OCHC(OYNH;
misQ, 1,2, 3.4, 5, or6;
gach ny, ns, na and ns is independently 0, 1,2, 3,4,5,6,7, &, 9, or 10.

In some embodiments, the compound is of formula:

)\ -~ o
NG~/ 0 \OA\‘r 77”"‘\82

Ach CAc
& H
AcC- —‘—\-«1\/0\/”\0/\4’0\/’\0/\»/0\//‘\ f’\./N ka
NHAe QAc

AcO /T&/Q\/\OWG\/\Q/\JN\W)
NHAc Ohc o e

Ad)i‘

ASO ,\\vﬂ\/\cx\, N
NHAS

of a salt, solvate, or hydrate thereof. In some embodiments, the compound is of formula;

% ~ PC
NG 0 P~ /\<7‘Q ;\F

L\,o

O=

O HN
NHAC
OAC )

)
AcO
i
o I
-

AcO Q. NH /N
-9 o o - \\):0
Ach T&/ Ny N \/f\g’/\\wNH Ay
HN

Anr-d TL\/O\/’\O/ 0
NHAc

AcO /()Ac

O
/r

NHAC

or a salt, solvate, or hydrate thereof.
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In some embodiments, the compound is of Formula (XXXI1), or a salt, solvate, or hydrate

thereof’
o
R
Ry e
Yy Y,
( )M( )n2
¥s ¥y
/ g
AN
Oh Yo o To
AcO ¢ L\ /
8 o o ! &>
AcC ﬁ/ ~Ny o O D ns
NHAG 3 H
AcO OAC o
A J GN,NNHAC
ACQX———"&“—&«’ O G" O \‘?\
Chc
NHAC s ﬂ
Acl AcO
Formula (XXXIH
5 wherein:

R is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nuclecbase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted

carbocyclyl, optionally substituted heterocyclyl, or a nuclecbase isostere;

PPN

10 RYis H, O-Protecting Group (PG), or Nc\//\“b/};\oj?a’, a linker, an azide, a carboxylic acid,
OF an aming;
Yy is O, CHy, CHR G, or optionally substituted NH;
Y2 is O, CHy, CH:O, or optionally substituted NH;
Y3 is CO, CIONH, C{O)-NH-CHz-C{O)-NH, SOy, P(0)O, CH-0-C(0), CH-NH-C(0}, CHy-
15 NH-80», or CHy;
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Y1 is CO, CIOINH, C{ONH-CH>-C(O)-NH, SOy, P(O)O, CH2-0-C(0), CH-NH-C(0D), CHy-
NH-80, or CHy,
¥sis CO, C(OYNH, OC{OINH, or OCHC{OINH,
(s is CO, C{ONH, OC(OWH, or OCHC(OWNH;
Y7 1s CO, C{OYNH, OC(ONH, or OCHL(OINH;
mis0, 1,2, 3 4 5 or6;
gach nmy, ns, ny and ns is independently 0, 1, 2,3, 4,5, 6,7, 8, 9, or 10.

In some embodiments, the compound 1s of the formula:

QAc N Q
A
o ’ >: o
9]
Ac »y«.‘.\/ox/\c)/’“\/g\/\@/‘\/hé\\(ﬂ ~N
NHAG )
AcO OAc QO:{:\ I"‘O
0 g o NH O
ACC Ve A M AN N N NN
O O |
NHAC P
AcD QOAc Q
o]
A(‘.Og&fc\/’\ D -/
NHAS

a1



%3]

10

-
(o

WO 2022/076922 PCT/US2021/054318

In some embodiments, the compound is of Formula {(XXX1l-a), or a salt, solvate, or

hiydrate thereof’

V.Y,
\{,2 )m ( l\t‘i

Formula (XXX1I-a)
wherein:
R” is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracii, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted arvl, optionally substituted heteroaryl, optionally substituted

carbocyclyl, optionally substituted heterocyclyl, or a nucleobase isostere;

PPN

R? is H, O-Protecting Group (PG), or e \0’}1’, a linker, an azide, a carboxylic acid,
OF an amine;

Y118 O, CH;, CH20, or optionally substituted NH;

Y> is O, CH,, CH0, or optionally substituted NH;

Y3 is CO, CIHNH, C{O)-NH-CH>-C(O)-NH, SOs, P(OY0, CH2-0-C(O), CHa-NH-C{0), CHs-
NH-SO», or CHy;
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Y41s CO, C(O)NH, C(O)-NH-CH,-C(0O)-NH, SO,, P(O)O, CH,-O-C(O), CH,-NH-C(0O), CH»-
NH-SO», or CHz;

Ysis CO, C(O)NH, OC(O)NH, or OCH2C(O)NH;

Yesis CO, C(O)NH, OC(O)NH, or OCH2C(O)NH;

Y7is CO, C(O)NH, OC(O)NH, or OCH2C(O)NH;

nis0,1,2,3,4,5,0r6;

each ni, n3, ng and ns is independently 0, 1,2, 3,4,5,6,7, 8,9, or 10.

In some embodiments, the compound is of the formula:

)\N)\
|
N0 A o NKYO
P
/ Bz
o (o]

A0 _OAc o
0 8 >;C
Ac NSO NN \‘r—N
NHAC
AcO OAc 56 o
0 NH A
AcO 0\/\0/\/0\/\0/\/
NHAC /J/
Acg ORC 0
3 . ./
AcO \/\O/\/
NHAC

or a salt, solvate, or hydrate thereof. In some embodiments, the compound is of the formula;

/LN/L Nad
Nee ™0 /P\O/\Q/NTN Bz

R = PEG,-GalNAc
n=0,1,2,34,5,6,7,8,9 or 10

or a salt, solvate, or hydrate thereof.
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In some embodiments, the compound is of Formula (XXXII), or a salt, solvate, or hydrate

thereof:

Formula (XXXIH}
wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracii, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted hetercaryl, optionally substituted

carbocyclyl, optionally substituted heterocyelyl, or a nucleobase isostere;

PN

R*is H, O-Protecting Group (PG), or R \ = , a linker, an azide, a carboxylic acid,
OF an aming;
Y118 O, CH;, CH20, or optionally substituted NH;
Y is O, CHy, CHLO, or optionally substituted NH;
Y3 is CO, CIONH, C{O)-NH-CH>-C(O)-NH, SOs, P(OY0, CH2-0-C(O), CHp-NH-C{0), CHs-
NH-80, or CHy,
Y415 CO, C(O)NH, 8G», P{(HO, CHL-(-C(O), CH»-NH-C(O), CH-NH-80;, or CHa;
Ys is CO, C{O)NH, OC(OINH, or OCHC{ONH;
Yg is CO, CEMNH, CC(OINH, or OCH2C(O)NH;
mis 0, 1,23, 4,5 or6;
G4
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each ny, n3, n4, N3, ns, 7, and g 18 independently 6,1, 2,3,4,5,6,7,8,9, or 10.

In some embodiments, the compound is of formula:

T
NC-_~C i /GI\(?A ?TIN Bz

03
O »T\\/O\/
NHAG
or a salt, solvate, or hydrate thereof,
5 In some embodiments, the compound is of Formula (XXXIV), or a salt, solvate, or
hydrate thereof’
O
R
Accg © \{1 Yg
AcC- TWG\\/\OA,}’Q\J m
O
NHAc - L
OAc J )
Ac(} \/%0 oo PR .
Ac() NHAG e |
NHAG i
Formula (XXXIV)
wherein:

10 R7is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted

carbocyclyl, optionally substituted heterocyclyl, or a nuclecbase isostere;
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A

R?is H, O-Protecting Group (PG), NGV\O’/F\G'}I‘-, a linker, an azide, a carboxylic acid, or
an amine;
Y13 O, CHy, CHYO, or optionally substituted NH;
Y215 O, CHa, CHRO, or optionally substituted NH;
5 ¥Y;3is CO, C(ONH, C(O)-NH-CH,-C(0O)-NH, 80, PO, CH-0-C(O), CH:-NH-C(O), CHa-

NH-8G, or CHy;
Yiis CO, CIOINH, SO3, P(OY0, CH2-0-C{0), CH2-NH-C(0), CH2-NH-8O», or CHy;
Ysis CO, C{O)NH, OC{O)NH, or CCHC(O)NH;
Y15 CO, C(ONH, OC{INH, or OCHC{OINH,

10 each ni, np, and nz is independently 0, 1,2, 3,4, 5,6, 7, 8,9, or 10.

In some embodiments, the compound is of formula:

ACO§ Ac —/r‘(} .f'J —
Ag{}i./ggvg“ __J/FO r’d
NHA: O J
~
AcO .
A0, 08 Or’
" NHA

Aco_S Lntiac

AcO-
AcQ
or a salt, solvate, or hydrate thereof

I one aspect, the compounds hereiu are of any of the formulae delineated herein, having

OH OH
g

15 one or more GalNAc moieties wherein the GalNAc moieties are: NHAG
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In one aspect, the compounds herein are of any of the formulae delineated herein, having
one or more acetylated GalNAc moteties wheretn the acetylated GalNAc moieties are:

OAc.-DAC

ACO%SX/Q\@
NHAG ¥

o one aspect, the compounds herein are of any of the formulae delineated herein, having

one or more protected (PG GalNAc moieties wherein the protected GalNAc moieties are:
OPG.OPG
éo 0
NHAc ®
In one aspect, the oligonuclectide-containing compounds herein are of any of the formulae

delineated herein, having one ot more GalNAc moieties wherein the GalNAc rooieties are:

oH OH

Lo o
HO X M g

NHAG ©

In one aspect, the oligonucleotide~-containing compounds herein are of any of the formulae

delineated herein, having one or more acetylated GalNA¢ moieties wherein the acetylated

OAC(OAC
0 4
AcO ~.
GalNAc moieties are; NHAC ©

In one aspect, the oligonucleotide-containing compounds herein are of any of the formulae

delineated herein, having one or more profected (PG} GalNAc moisties wherein the protected

oPG.OPG
Lo o
GPON A -0
GalNA¢ moieties are: NHAC *

Compounds having all free hydroxy groups on the GalNAc moiety are obtained using
chemical synthesis technigues known in the art {e g., deprotection; removal of protecting group
(PG, for example by selective deacetyiation of the acetyl moieties on the oxygen atoms of the
GalNAg structure, while leaving intact the acetvl group attached to the nitrogen atom of the

GalNAg structure.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a 'H NMR spectrum of product 2 from Example 3.

FiG
FIG
FIG

FiG.
FiG.
FIG.
FIG.
FIG.
FiG.
FiG.
FiG.
FiG.
FiG.
FiG.
FIG.
FIG.
FIG.
FiG.
FIG.
FiG.
FIG.
FIG.
FiG.
FiG.

Example 7.

FIG.
FiG.

. 2 shows a 'H NMR spectrum of product 3 from Example 3.

. 3 shows a 'H NMR spectrum of product 4 from Example 3.

. 4 shows a 'H NMR spectrum of product & from Example 3.

5 shows a 'H NMR spectrum of product 7 from Example 3.

6 shows a 'H NMR spectrum of product 8 from Example 3.

7 shows a 'H NMR spectrum of product 18 from Example 3.

& shows tandem: mass spectrometry of product 16 from Example 3.
4 shows tandem mass spectrometry of product 11 from Example 3.
18 shows a 'H NMR spectrum of product 11 from Example 3.

11 shows a ’C NMR spectrum of product 11 from Example 3.

12 shows a "H NMR spectrum of product 2 from Example 4.

13 shows a 'H NMR spectrum of product 3 from Example 4.

14 shows a 'H NMR spectrum of product 4 from Example 4.

15 shows a 'H NMR spectrum of product § from Example 4.

16 shows a "H NMR spectrum of product 6 from Example 4.

17 shows a 'H NMR spectrum of product 7 from Example 4.

18 shows a '"H NMR spectrum of product 8 from Example 4.

19 shows a 'H NMR spectrum of product 18 from Example 4,

20 shows tandem mass spectrometry of product 16 from Example 4.
21 shows a "H NMR spectrum of compound 6 from Exarnple 7.

22 shows a *'P NMR spectrum of compound § from Fxample 7.
23 shows a 'H NMR spectrum of compound 2 from Example 7.

24 shows a 'H NMR spectrum of compound 3 from Example 7.

25 shows a 'H NMR spectrum of GalNA¢-[PEG-NH, triflucroacetate from

26 shows a 'H NMR spectrum of compound 18 from Example 7.

27 shows a 'H NMR spectrum of compound 4 from Example 7.
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FiG.
FIG,
FiG.
FiG.
FIG.
FIG.
FiG.
FiG.
FIG.
FIG.
FIG.
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FiG.
FiG.
FiG.
FiG.
FiG.
FIG.
FIG.
FIG.
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FiG.
FiG.
FIG.
FIG.
FiG.
FiG.
FIG.
FIG.
FiG.

28 shows a 'H NMR spectrum of compound 2 from Example 8.

29 shows a 'H NMR spectrum of compound 3 from Example 8.

38 shows a 'H NMR spectrum of compound 4 from Example 8.

31 shows a "H NMR spectrum of compound § from Example 8.

32 shows a 'H NMR spectrum of compound 6 from Exampie 8.

33 shows a 'H NMR spectrum of compound 8 from Example 8.

34 shows a 'H NMR spectrum of compound 9 from Example 8.

35 shows a 'H NMR spectrum of compound 12 from Example 8.

36 shows a 'H NMR spectrum of compound 18 from Example 8.

37 shows a 'H NMR spectrum of compound HA-163 from Example 8.

38 shows a *'P NMR spectrum of compound HA-103 from Example 8

3% shows a 'H NMR spectrum of compound 2 from Example 9.

40 shows a 'H NMR spectrum of compound 3 from Example 9.

41 shows a 'H NMR spectrum of compound 4 from Exaruple 9.

42 shows a 'H NMR spectrum of compound 5 from Example 9.

43 shows a 'H NMR spectrum of compound 6 from Example 9.

44 shows a '"H NMR spectrum of compound 7 from Example 9.

43 shows a 'H NMR spectrum of compound ¢ from Example 9.

46 shows a 'H NMR spectrum of compound 18 from Example 9,

47 shows a *'P NMR spectrum of compound 18 from Example 9.

48 shows a 'H NMR spectrum of compound 11 from Example 10.

49 shows a 'H NMR spectrum of compound 1€ from Example 10

5¢ shows a 'H NMR spectrum of compound H4-(HA-111} from Exarple 10,
%1 shows a *'P NMR spectrum of compound H4-(HA-111) from Exampie 10.
82 shows a 'H NMR spectrum of compound 12 from Example 11.

53 shows a 'H NMR spectrum of compound Hé-(HA-112) from Example 11.
54 shows a °'P NMR spectrum of compound H6-(HA-~112) from Example 11.
53 shows a 'H NMR spectrum of compound 2 from Example 12,

%6 shows a 'H NMR spectrum of compound 3 from Example 12,

~3 @M

57 shows a 'H NMR spectrum of compound 4 from Example 12,
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FiG.
FIG,
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FiG.
FiG.
FiG.
FiG.
FIG.
FIG.
FIG.
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FiG.
FIG.
FIG.
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FIG.
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58 shows a 'H NMR spectrum of compound § from Example 12.

89 shows a 'H NMR spectrum of compound 6 from Example 12,

60 shows a 'H NMR spectrum of compound Hé-(HA-113) from Example 12.
61 shows a °'P NMR spectrum of compound H6-(HA-113) from Example 12.
62 shows a 'H NMR spectrum of compound 2 from Example 13.

63 shows a 'H NMR spectrum of compound 3 from Example 13,

64 shows a 'H NMR spectrum of compound 4 from Example 13,

65 shows a 'H NMR spectrum of compound % from Example 13.

66 shows a 'H NMR spectrum of compound 7 from Example 13.

67 shows a 'H NMR spectrum of compound HA-114 from Example 13.

68 shows a *'P NMR spectrum of compound HA-114 from Example 13,

69 shows a 'H NMR spectrum of compound 3 from Example 14,

78 shows a 'H NMR spectrum of compound 5 from Example 14.

71 shows a 'H NMR spectrum of compound H8-(HA-115) from Exarople 14,
72 shows a *'P NMR spectrum of compound H8-(HA-115) from Example 14,
73 shows a 'H NMR spectrum of compound 9 from Example 15.

74 shows a 'H NMR spectrum of compound 1€ from Example 15

73 shows a 'H NMR spectrum of compound 12 from Example 15,

76 shows a 'H NMR spectrum of compound 13 from Example 15.

77 shows a 'H NMR spectrum of compound 14 from Example 15.

78 shows a 'H NMR spectrum of compound H9-(HA-116) from Example 15.
79 shows a °'P NMR spectrum of compound H9-{HA-116}) from Example 15.
8¢ shows a 'H NMR spectrum of compound 2 from Exarnple 16,

$1 shows a 'H NMR spectrum of compound 6 from Example 16.

82 shows a 'H NMR spectrum of compound 8 from Example 16.

33 shows a 'H NMR spectrum of compound 12 from Example 16.

84 shows a 'H NMR spectrum of compound 14 from Example 16,

83 shows a 'H NMR spectrum of compound 15 (H9-(HA-118)) from Example 16.
86 shows a *'P NMR spectrum of compound 15 (H9-(HA-118)) from Example 16.

87 shows a 'H NMR spectrum of compound 2 from Example 17,
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FIG. 88 shows a 'H NMR spectrum of compound § from Example 17.

FIG. 89 shows a 'H NMR spectrum of compound 8 from Example 17,

FIG. 90 shows a 'H NMR spectrum of compound 9 from Example 17

FIG. 91 shows a 'H NMR spectrum of compound 13 from Example 17.

FIG. 92 shows a 'H NMR spectrum of compound 14 from Example 17,

FIG. 93 shows a 'H NMR spectrum of compound 15 (Hd-(HA-121)} from Example 17.
FIG. 94 shows a *'P NMR spectrum of compound 13 (Hd-(HA-121)) from Example 17.

DETAILED DESCRIPTION
Definitions

In order that the invention may be more readily understood, certain terms are first defined
here for convenience.

As used herein, the term "treating” a disorder encompasses ameliorating, mitigating and/or
managing the disorder and/or conditions that may cause the disorder. The terms “treating” and
“treatment” refer to a method of alleviating or abating a disease and/or its attendant symptoms. In
accordance with the present disclosure, "treating” includes blocking, inhibiting, attenuating,
protecting against, modulating, reversing the effects of, and reducing the occurrence of e.g | the
harmful effects of a disorder. As used heretn, "inhibiting" encompasses preventing, reducing and
halting progression.

The terms "isolated,” "puritied,” or "biologically pure" refer to material that is
substantially or essentially free from components that normally accompany it as found in its
native state. Purity and homogeneity are typically determined using analytical chemistry
techuniques such as polyacrylamide gel electrophoresis or high performance hiquid
chromatography (HPLC). Pasticularly, in certain embodiments the compound or oligonucleotide
is at least 85% pure, more preferably at least 90% pure, more preferably at least 95% pure, and
most preferably at feast 99% pure.

The terrn "administration” or “administering” includes routes of introducing the
compound(s) or oligonucleotide(s) to a subject to perform their intended function. Examples of
routes of administration which can be used include injection (subcutaneous, intravenous,

parenterally, intraperitoneally, intrathecal), topical, oral, iuhalation, rectal and transdermal.
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The term “effective amount” includes an amount effective, at dosages and for periods of
time necessary, to achieve the desired result. An effective amount of compound or
oligonucleotide may vary according to factors such as the disease state, age, and weight of the
subject, and the ability of the compound or oligonucleotide to elicit a desired response in the
subject. Dosage regimens may be adjusted to provide the optimum therapeutic response. An
effective amount is also one in which any toxic or detrimental effects (e.g., side effects) of the
inhibiior compound or oligonucleotide are outweighed by the therapeutically beneficial effecis.

"won

The phrases "systemic administration,” "administered systemically”, "peripheral
administration” and "administered peripherally” as used herein mean the administration of a
compound(s), oligonucleotide(s}, drug, or other material, such that it enters the patient's system
and, thus, is subject to metabolism and other like processes.

The term "therapeutically effective amount" refers to the amount of the compound or
oligonucleotide being administered sufficient to prevent development of or alleviate to some
extent one or more of the symptoms of the condition or disorder betng treated.

A therapeutically effective amount of compound or oligonuclectide (7.e., an effective
dosage) may range from about 0.005 pg/kg to about 200 mg/kg, preferably about 0.01 mg/kg to
about 200 mg/kg, more preferably about 0.015 mg/kg to about 30 mg/kg of body weight. In other
embodiments, the therapeutically effect amount may range from about 1.0 pM to about 10 uM.
The skilled artisan will appreciate that certain factors may influence the dosage required to
effectively treat a subject, including but not limited to the severity of the disease or disorder,
previous tfreatments, the general health and/or age of the subject, and other diseases present.
Moreover, treatment of a subject with a therapeutically effective amount of a compound or
oligonucleotide can include a single treatment or, preferably, can include a series of treatmenis. In
one example, a subject is treated with a compound or oligonuclestide in the range of between
about 0.005 pg/ke to about 200 mgikg of body weight, one time per day for between about 1 1o
10 weeks, preferably between 2 to 8 weeks, more preferably between about 3 to 7 weeks, and
even more preferably for about 4, 5, or © weeks. In another example, a subject may be treated

daily for several years in the setting of a chronic condition or iHluess. It will also be appreciated
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that the effective dosage of a compound or oligonucleotide used for treatment may increase or
decrease over the course of a particular treatment.

The term "chiral” refers to molecules which have the property of non-superimposability of
the mirror image partner, while the term "achiral® refers to molecules which are superimposable
on their mirror image partner.

The term "diastereomers” refers {o sterenisomers with two or more centers of dissymmetry
and whose molecules are not mirror images of one another.

The term "enantiomers” refers to two sterecisomers of a compound which are non-
superimposable mirror images of one another. An equimolar mixture of two enantiomers is calied
a "racemic mixture” or a "racemate.”

The term "isomers” or "sterecisomers” refers to compounds which have identical chemical
constitution but differ with regard to the arrangement of the atoms or groups in space.

The term “prodrug” includes compounds with moieties which can be metabolized in vivo.
Generally, the prodrugs are metabolized in vivo by esterases or by other mechauvisws to active
drugs. Examples of prodrugs and their uses are well known in the art (See, e.g., Berge ef af.
(1977) "Pharmaceutical Salts", J. Pharm. Sci. 66:1-19). The prodrugs can be prepared in situ
during the final isolation and purification of the compounds, or by separately reacting the purified
compound in its free acid form or hydroxyl with a suitable esterifying agent. Hydroxyl groups can
be converted into esters vig treatment with a carboxvlic acid. Examples of prodrug moieties
include substituted and unsubstituted, branched or unbranched lower alkyl ester moieties, {e.g.,
propionoic acid esters), fower alkenyl esters, di-lower alkyl-amino lower-alkyl esters (e g,
dimethylaminoethy! ester), acylamino lower atky! esters {e.g., acetyioxymethyl ester), acyloxy
lower allkyl esters (e.g., pivaloyloxymethyl ester), aryl esters (phenyl ester), aryl-lower alky!
esters {e.g., benzyl ester), substituted {e.g., with methy!, halo, or methoxy substituents) aryt and
aryl-lower alkyl esters, amides, lower-alkyl amides, di-lower alkyl amides, and hydroxy amides.
Preferred prodrug moieties are propionoic acid esters and acyl esters. Prodrugs which are
converted to active forms through other mechanisms 7 vivo are also included. In aspects, the

compounds of the present disclosure are prodrugs of any of the formulae herein,
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The term "subject” refers to animals such as mammals, including, but not limited to,
primates {e.g , humans), cows, sheep, goats, horses, dogs, cats, rabbits, rats, mice and the like In
certain embodiments, the subject is a human.

The terras “a,” “an,” and “the” refer to “one or more” when used in this application,
including the claims. Thus, for example, reference to “a sample” includes a plurality of samples,
uniess the context clearly is to the contrary (e.g., a plurality of samples), and so forth.

Throughout this specification and the claims, the words “comprise,” “comprises,” and
“comprising” are used in a non-exclusive sense, except where the context requires otherwise.

As used herein, the term “about,” when referring to a value is meant to encompass
variations of, in some embodiments + 20%, in some embodiments & 10%, in some embodiments
+ 5%, in some embodiments + 1%, in some embodiments + 0.3%, and in some embodiments +
0.1% from the specified amount, as such variations are appropriate to perform the disclosed
methods or employ the disclosed compositions.

As used herein, the terra “alkyl” refers to a straight-chained ot branched hydrocarbon
group containing 1 to 20 carbon atoms. A specified number of carbon atoms within this range
includes for example, C1-C12 alkyl (having 1-12 carbon atoms) and C1-C4 alky] (having 1-4
carbon atoms). The term “lower alkyl” refers to a C1-Co alky! chain. Examples of alkyvl groups
include methyl, ethyl, n-propvl, isopropyl, teri-butyl, and n-pentyl. Alkvl groups may be
optionally substituted with one or more substituents.

The term “haloalkyl” refers to an alkyl group that is substituted by one or more halo
substifuents. Examples of haloalkyl groups include fluoromethyl, difluoromethyd, trifluoromethyl,
bromomethyl, chloromethyl, and 2,2 2-trifluoroethyl.

The terro “alkenyl” refers to an unsaturated hydrocarbon chain that may be a straight chain
or branched chain, containing 2 to 12 carbon atoms and at least one carbon-carbon double bond.
Alkenyl groups may be optionally substituted with one or more substituents.

The term “arylalkeny!” refers to an unsaturated hydrocarbon chain that may be a straight
chain or branched chain, containing 2 to 12 carben atoms and at least one carbon-carbon double
bond wherein one or more of the sp® hybridized carbons of the alkeny! unit attaches to an aryl

moiety. Alkenvl groups may be optionally substituted with one or more substituents.
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The term “alkynyl” refers to an unsaturated hvdrocarbon chain that may be a straight
chain or branched chain, containing the Z to 12 carbon atoms and at least one carbon-carbon triple
bond. Alkynyl groups may be optionally substituted with one or more substituents.

The term “arylalkynyl” refers to an unsaturated hvdrocarbon chain that may be a straight
chain or branched chain, contatning 2 to 12 carbon atoms and at least one carbon-~carbou triple
bond wherein one or more of the sp hybridized carbons of the alkynyl unit attaches to an aryl
motety. Alkynyl groups may be optionally substituted with one or more substituents.

The sp” or sp carbons of an alkeny! group and an alkynyl group, respectively, may
optionally be the point of attachiment of the alkenyl or alkynyl groups.

The term “alkoxy” refers to an ~O-alkyl substituent.

As used herein, the term "halogen”, "hal" or “halo” means -F, -Cl, -Bror -1

The term “alkylthio” refers to an -S-alkyl substituent.

The term “alkoxyalkyl” refers to an -alkyl-O-alkyl substituent.

The terro “haloalkoxy” refers to an -O-~alkyl that is substituted by one or more halo
substituents. Examples of haloalkoxy groups include trifluoromethoxy, and 2,2 2-trifluorcethoxy.

The term “haloalkoxyalkyl” refers to an —alkyl-O-alkyl” where the alkyl” is substituted by
one or more halo substituents.

The terrn “haloalkylaminocarbony!” refers to a —C{O)-amino-altkyl where the alkyl 15
substituted by one or more halo substituents.

The term “haloalkylthio” refers to an -S-alkyl that is substituted by one or more halo
substituents. Examples of haloalkylthio groups include trifluoromethylthio, and 2,2,2-
trifluorosthyithio.

The terro “haloalkylcarbonyl” refers to an —C{)-alky] that is substituted by one or more
halo substituents. An example of a haloalkylcarbonyl group includes tritluorcacetyl.

The term “cycloalkyl” refers to a hydrocarbon 3-8 membered monocyclic or 7-14
membered bicvclic ring system having at least one saturated ring or having at least one non-
aromatic ring, wherein the non-aromatic ring may have some degree of unsaturation. Cycloalkyl
groups may be opticnally substituted with one or more substituents. In one embodiment, 0, 1, 2,
3, or 4 atoms of each ring of a cycloalkyl group may be substituted by a substituent.

Representative examples of cycloatkyl group include cyclopropyl, eyclopentyl, evelohexyl,
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cyciobutyl, cycloheptyl, cyclopentenyl, cyclopentadienyl, cyclohexenyl, cyclohexadienyl, and the
tike.

The term “cycloalkoxy” refers to an ~O-cycloalky] substitient.

The term “cycloalkoxyalkyl” refers to an -alkyl-O-cycloalkyl substituent.

The termo “cycloalkylalkoxy™ refers to an ~-O-alkyl-cycloalkyl substituent.

The term “cycloalkylaminocarbonyi” refers to an ~C{O)}-NH-cycloalkyl substituent.

The term “aryl” refers to a hydrocarbon monocyclic, bicyclic or tricyclic aromatic ring
system. Aryl groups may be optionally substituted with one or more substituents. In one
embodiment, 0, 1, 2, 3, 4, S or 6 atoms of each ring of an aryl group may be substituted by a
substituent. Examples of arvl groups inchude phenyl, naphthyl, anthracenyl, fluorenyl, indenyl,
azulenvl, and the like.

The term “aryloxy” refers to an -O-arvl substituent.

The term “arylalkoxy” refers to an -O-alkyl-aryl substituent.

The terro “arylalkylthio” refers to an -S-alkyl-ary} substituent.

The term “arylthicalkyl” refers to an —alkyl-S -aryl substituent.

The term “arylalkylaminocarbonyl” refers to a ~C{O)-amino-alkyl-aryl substituent.

The term “arylalkylsulfonyl” refers to an ~S(Oh-alkyl-aryl substituent.

The term “arylalkylsulfinyl” refers to an —S(O)-alkyl-aryl substituent.

The term “aryloxyalkyl” refers to an —alkyl-O-aryi substituent.

The term “alkylaryl” refers to an —aryi-alkyl substituent.

The term “arylalky!l” refers to an —alkyl-aryl substituent.

The term “heteroaryl” refers to an aromatic 5-8 membered monocyclic, 8-12 membered
bicyclic, or 11-14 membered tricyclic ring systern having 1-4 ring beteroatorns if monocyclic, 1-6
heteroatoms if bicyclic, or 1-9 heteroatoms if tricyclic, said heteroatoms selected from O, N, or §,
and the remainder ring atoms being carbon (with appropriate hydrogen atoms unless otherwise
indicated). Heteroaryl groups may be optionally substituted with one or more substituents. In one
embodiment, 0, 1, 2, 3, or 4 atoms of each ring of a hetercaryl group may be substituted by a
substituent. Examples of heteroary! groups include pyridyl, furanyl, thienyl, pyrrolyl, oxazoiyl,
oxadiazolyl, imidazolyl thiazolyl, isoxazolyl, quinolinyl, pyrazolyl, iscthiazolyl, pyridazinyl,

pyrivoidinyl, pyrazinyl, triazinyl, isoquinolinyl, indazolyl, and the like.
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The term “heteroarylalkyl” refers to an —alkyl-heteroary} substituent.

The term “heteroarvloxy” refers to an ~O-heteroaryl substituent.

The term “hetercarylatkoxy” refers to an -O-alkvl-heteroary! substituent.

The term “hetercaryloxyalkyl” refers to an —alkyl-O-heteroaryl substituent,

The term “nitrogen-containing heteroaryl” refers to a heteroaryl group having 1-4 ring
nitrogen heteroatoms if monocyclic, 1-6 ring nitrogen heteroatoms if bicyclic, or 1-9 ring nitrogen
heteroatoms if iricyclic.

The term "heterocycloalkyl" refers to a nonaromatic 3-8 membered monocyclic, 7-12
membered bicyclic, or 10-14 membered tricyclic ring system comprising 1-3 hetercatoms if
monocyclic, 1-6 heteroatoms if bicyclic, or 1-9 hetercatoms if tricyelic, said heteroatoms selected
from O, N, §, B, P or Si, wherein the nonaromatic ring system is completely saturated.
Heterocycloalkyl groups may be opticnally substituted with one or more substituents. In one
embodiment, 0, 1, 2, 3, or 4 atoms of each ring of a heterocycloalkyl group may be substituted by
a substituent. Representative heterocycloalkyl groups include piperidinyl, piperazinyl,
tetrahydropyranyl, morpholinyl, thiomerpholinyl, 1,3-dioxolane, tetrahydrofuranyl,
tetrahydrothienyl, thiirenyl, and the like.

The term "heterocycloalkylalkyl” refers to an —alkyl-heterocycloalkyl substituent.

The terrn “alkylamino” refers to an amino substituent which is further substituted with one
or two abkyl groups. The term “aminoallyl” refers to an alkyl substituent which is further
substituted with one or more amino groups. The term “hydroxvalkyl” or “hydroxylalkyl” refers to
an alkyl substituent which is further substituted with ove or more hydroxyl groups. The alkyl or
ary! portion of alkylamino, aminoalkyl, mercaptoalkyl, hydroxyalkyl, mercaptoatkoxy,
sulfonylalkyl, sulfonylaryl, alkylcarbonyl, and alkylcarbonylalkyl may be optionally substituted
with one or more substituents.

The term “nucleobase” refers to nitrogen-containing biclogical compounds that forr
nucieosides. They include purine bases and pyrimidine bases. Five nuclecbases——adenine (A},
cytosine (T}, guanine (G}, thymine (T), and uracil {U)—are referred to as primary or canonical
nucleobases. When a nucleobase is listed in a formula definition, it refers to that moiety

covalently bonded to the recited formula.
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The term “modified nucleobase” refers to derivatives of a nucleobase. Examples of
modified nucleobases include, but are not limited to, xanthine, hypoxanthine, 7-methylguanine,
5,6-dibydrouracil, S-methyleytosine, S-hvdroxymethyleytosine, purine, 2,6~-diaminopurine, and
6,8-diaminopurine. When a modified nucleobase is listed in a forrmula definttion, it refers to that
moiety covalently bonded to the recited formula.

Acids and bases useful in the methods herein are known in the art. Acid catalysts are any
acidic cheruical, which can be inorganic {e.g., hydrochloric, sulfuric, nitric acids, aluminum
trichloride} or organic {e g, camphorsulfonic acid, p-toluenesulfonic acid, acetic acid, yiterbium
triflate} in nature. Acids are useful in either catalytic or stoichiometric amounts to facilitate
chemical reactions. Bases are anv basic chemical, which can be inorganic (e.g., sodium
bicarbonate, potassium hydroxide) or organic {(e.g., tricthylamine, pyridine) in nature. Bases are
useful in etther catalytic or stoichiometric amounts to facilitate chemical reactions.

Alkylating agents are any reagent that is capable of etfecting the alkylation of the
functional group at issue (e.g., oxygen atom of an alcohol, nitrogen atom of an amivo group).
Alkylating agents are known in the art, including in the references cited herein, and include alky!
halides {e.g., methy! iodide, benzyl bromide or chloride), alkyl sulfates (e.g., methyl sulfate), or
other alkyl group-leaving group combinations known tn the art. Leaving groups are any stable
species that can detach from a molecule during a reaction (e.g., elimination reaction, substitution
reaction) and are known in the art, including in the references cited herein, and include halides
{e.g., I-, Cl-, Br-, F-}, hydroxy, altkoxy (e g, -OMe, -O-t-Bu), acyloxy anions {e.g., -OAc, -
OC{O)CF;3), sulfonates (e.g., mesyl, tosyl), acetamides {(e.g., -NHC{OMe), carbamates {e.g.,
N{Me)C(0)Ot-Bu), phosphonates {e.g., -OP{OYOEty), water or alcohols {(protic conditions), and
the like.

In certain embodiments, substituents on any group (such as, for example, alkyl, alkenyl,
alkyayl, aryl, aralkyl, heteroaryl, hetercaralkyl, cycloalkyl, heterocveloalkyl) can be at any atom
of that group, wherein any group that can be substituted (such as, for example, alkyl, alkenyl,
alkynyl, arvl, aralkyl, heteroaryl, heteroaraltkyl, cycloalkyl, heterocycloalkyl) can be optionally
substituted with one or more substituents {(which may be the same or different), each replacing a
hydrogen atom. Examples of suitable substituents include, but are not limited to alkyl, alkenyl,

alkyuoyl, cycloalkyl, heterocycloalkyl, aralkyl, hetercaralkyl, aryl, heteroaryl, halogen, haloalkyl,
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cyano, nitro, alkoxy, aryioxy, hydroxyl, hydroxylalkyl, oxe {(i.e., carbonyl}, carboxyl, formyl,
alkylcarbonyl, alkylcarbonylalkyl, atkoxycarbonyl, alkylcarbonyloxy, aryloxycarbonyl,
heteroarvioxy, heteroaryioxycarbonyl, thic, mercapto, mercaptoalkyl, aryisulfonyl, amino,
amincalkyl, dialkvlamino, alkylcarbonvlamine, alkylaminocarbonyl, alkoxycarbonylamino,
alkylamino, arylamino, diarylamine, alkylcarbonyl, or arylamino-substituted aryl; arylalkylamino,
aralkylaminocarbonyl, amido, alkylaminosulfonyl, arviaminosulfonyi, dialkylaminosulfonyl,
alkylsulfonylamino, arylsulfonylamino, imino, carboxamido, carbamido, carbaryl, thioureido,
thiccyanato, sulfoamido, sulfonylaliyl, sulfonylaryl, mercaptoalkoxy, N-hydroxyamidinyl, or N'-
arvl, N7 -hvdroxyamidinyvl. In certain embodiments, substituents on anv group include alkyl,
alkenyl, alkynyl, cycloalkyl, heterocycloalkyl, aralkyl, heteroaralkyl, aryl, hetercaryl, halogen,
haloalkyl, cyane, nitro, alkoxy, aryloxy, hydroxyl, hydroxylalkyl, oxo (i.e., carbonyl}, carboxyl,
formyl, alkylcarbonyl, alkylcarbonylalkyl, alkoxyecarbonyl, atkylcarbonyioxy, thiocarbonyl, thio,
mercapte, mercaptoalkyl, arylsulfonyl, amino, aminoalkyl, dialkylamine, alkylcarbonylaming,
alkylaminocarbonyl, alkoxycarbonylamivo, alkylamino, arvlamino, diarylamine, alkylcarbonyl,
or arylamino-substituted aryl; arylalkylaminoe, aralkylaminocarbonyl, or amido. In certain
embodiments, substituents on any group include alkyl, halogen, haloalkyl, cyano, nitro, alkoxy,
hydroxyl, hydroxvlalkyl, carboxyl, formyl, alkvicarbonvl, alkoxycarbonyl, alkyicarbonyloxy,
thio, mercapto, mercaptoalkyl, amine, aminoalkyl, diatkylamino, alkylcarbonylamino,
alkylaminocarbonyl, or alkylamino.

The term "protecting group” or "protecting moiety” refers to a substituent that is
commonly eroployed to block or protect a particular functionality while reacting other functional
groups on the compound, a derivative thereof, or a conjugate thereof, and includes a nitrogen
protecting group when attached to a nitrogen atom, or an oxygen protecting group when atiached
to an oxygen atom; Nitrogen and oxygen protecting groups are well known in the art and include
those described in detail in Protecting Groups in Organic Synthesis, T. W. Greene and P G. M.
Wuts, 3rd edition, John Wiley & Sons, 1999, incorporated herein by reference.

In certain embodiments, the substituent present on a nitrogen atom 18 a nitrogen protecting
group {also referred to as an aming protecting group). Nitrogen protecting groups include, but are
not Himited to, ~OH, ~OR™, -NR ), ~C{(=0R? ~CEOINERSY, ~COR? ~-80,R™

CENRER™, —C(=NREWORY, —C(=NREIN(RS ), ~SON(RY, ~SOR, ~SO,0R™, —SOR™, —
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CESINERYS ), ~CEMISRY, -CESISRE, Ca alkyl (eg, aralkyl, heteroaralkyl}), Cooio alkenyl,
Car1o alkynyi, Cs_yo carbocyclyl, 3—14 membered heterocyclyl, Csaa aryl, and 5-14 membered
heteroaryi groups, wherein each alkyl, alkenyt, alkynyl, carbocyclyi, heterocyclyi, aralkyl, aryl,
and heteroaryl is independently substituted with 0, 1, 2, 3, 4, or S R% groups, and wherein each
R* R and R™ is independently alkyl, eycloaikyl, arvl, or heteroaryl, each of which may be
optionally substituted with 1-3 independent R*, and each R* is independently alkyl, alkenyl,
alkyuyl, cycloalkyl, heterocycloalkyl, aralkyl, hetercaralkyl, aryl, heteroaryl, halogen, haloaliyl,
cyano, nitro, alkoxy, aryioxy, hydroxyl, hydroxylalkyl, oxo (ie, carbonyl), carboxyl, formyl,
alkylcarbonyl, alkylearbonyialkyl, alkoxycarbonyl, alkylearbonyloxy, aryloxycarbouyl,
heteroaryloxy, heteroarytoxycarbonyl, thio, mercapto, mercaptoalkyl, aryisulfonyi, amino,
aminoalkyl, dialkylamine, alkylcarbonylamine, alkylaminocarbonyl, alkoxycarbonylamino,
alkylamino, arylamino, diarylaming, alkylcarbonyl, or arylamino-substituted aryl; arylalkylamino,
aralkylaminocarbonyl, amide, atkylaminosulfonyl, arylaminosulfonyl, dialtkylaminosulfonyl,
alkylsulfonylamino, arylsulfonylamino, imino, carbamido, carbamyl, thioureido, thiocyanato,
sulfoamido, sulfonvlalkyl, sulfonyiaryl, or mercaptoalkoxy. Nitrogen protecting groups are well
known in the art and include those described 1o detail 10 Protecting Groups in Organic Synthesis,
T.W. Greene and P. G. M. Wuts, 3% edition, John Wiley & Sons, 1999, incorporated herein by
reference.

Amide nitrogen protecting groups fe.g., ~C(=0R™) include, but are not limited to,
formamide, acetamide, chloroacetamide, trichloroacetamide, trifluorcacetamide,
phenylacetamide, 3—phevylpropanamide, picolinamide, 3—pytidylcarboxamide, ¥—
benzoyiphenylalanyl derivative, benzamide, p-phenylbenzamide, o-nitophenylacetamide, o
hitrophenoxyacetamide, acetoacetamide, (N -dithicbeneyloxyacylaminojacetamide, 3—(p—
hydroxyphenyl)propanamide, 3—{o-nitrophenyljpropanamide, 2-methyl-2—{o—
nitrophenoxy ypropanamide, 2-methyl-2-{o-phenylazophenoxy ypropanamide, 4-
chlorobutanamide, 3-methyi-3-nitrobutanamide, o-niirocinnamide, NV-acetyimethionine, 0
nitrobenzamide, and o—(benzoyloxymethylbenzamide.

Carbamate nitrogen protecting groups (e.g., ~C(=0Y0ORY) include, but are not limited to,
methyl carbamate, ethy! carbamate, 9-fluorenylmethy! carbamate (Fmoc), 92—~

suifo)fluorenylmethyl carbamate, 92, 7-dibromoMlucroenylmethy! carbamate, 2, 7-di——buiyl-
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[9-{10,10~dioxo-10,10,10,10-tetrahvdrothioxanthylyimethy! carbamate (BBD-Tmoc), 4
methoxyphenacyl carbamate (Phenoc), 2,2, 2-trichloroethyl carbamate (Troc), 2—
trimethylsiiviethyl carbamate (Teoc), 2-phenyiethyl cartbamate (h7), 1-(1-adamantyl}-1-
methylethyl carbamate (Adpoc), 1,1-dimethvl-2-haloethyl carbamate, 1, 1-dimethyl-2.2—
dibromoethyl carbamate (DB—-BOC), 1, 1-dimethyl-2,2 2—trichloroethyl carbamate (TCBOC),
1-methyl-1-{4-biphenylyhethyl carbamate (Bpoc), 1-{3,5-di-#-butylphenyi}-1-methylethyl
carbamate (< Bumeoc), 2—(2°— and 4 —pyridylethy! carbamate (Pyoc), 2—(V N-
dicyclohexylcarboxamidojethyl carbamate, #-butyl cartbamate (BOC), 1-adamanty! carbamate
(Adoc), vinyl carbamate (Voc), allyl carbamate {Alloc), 1-isopropylaliyl carbamate (Ipaoc),
cinnamy! carbamate {Coc), 4-nitrocinnamyl carbamate (Noc), 8-quinoly! carbamate, N
hydroxypiperidinyl carbamate, alkyldithio carbamate, benzyl carbamate (Chz), p—methoxybenzyl
carbamate (Moz), p-nitobenzyl carbamate, p-bromobenzyl carbamate, p—chlorobenzyl
carbamate, 2, 4-dichlorobenzyl carbamate, 4-methylsulfinyibenzyl carbamate {(Msz), -
anthrylmethyl carbamate, diphenylmethyl carbamate, 2—methylthicethyl carbamate, 2—
methylsulfonylethyl carbamate, 2-{(p-toluenesulfonyljethyl carbamate, {2-(1,3~dithianyl}imethyl
carbamate (Dmoc), 4-methylthiopheny! carbarnate (Mipc), 2,4—dimethylthiophenyl carbamate
{Bmpc), 2-phosphonioethy] carbamate (Peoc), 2-iriphenylphosphonicisopropy! carbamate
(Ppoc), 1, I-dimethyl-2—cyanoethyl carbamate, m—chioro—p—acyloxybenzyl carbarmate, p—
{dihydroxyboryljbenzyl carbamate, 5-benzisoxazolvimethy! carbamate, 2-(triftucromethyl}-6-
chromonylmethyl carbamate (Tcroc), m—nitrophenyl carbamate, 3,5—dimethoxybenzyl carbamate,
o-nittobenzyl carbamate, 3,4—dimethoxy—6—nitrobenzyl carbamate, phenyl{o—nitrophenylmethyl
carbamate, #-amyl carbamate, S-benzyl thiccarbamate, p-cyancbenzyl carbamate, cyclobutyl
carbamate, cyclobexyl carbamate, cyclopentyl carbamate, cyclopropylmethyl carbamate, p—
decyloxybenzyl carbamate, 2, 2—-dimethoxyacylvinyl carbamate, o-(N, N~
dimethylearboxamidojbenzyl carbamate, 1, 1-dimethyl-3—N N-dimethyicarboxamido)propyl
carbamate, 1,1-dimethyipropynyl carbamate, di{2-pyridylymethyl carbamate, 2-furanylmethyl
carbamate, 2—iodoethyl carbamate, isoborynl carbamate, isobutyl carbamate, isonicotinyt
carbamate, p—{p “methoxyphenylazolbenzyl carbamate, 1-methyleyclobutyl carbamate, 1-
methylcyclohexyl carbamate, I-methyl-1-cvclopropylmethyl carbamate, 1-methyl—-1-(3,5~

dimethoxyphenyDethyl carbamate, 1-methyl-1-(p—phenylazophenyhethyl carbamate, 1-methyl-
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1-phenylethyl carbamate, 1-methyl-1-{4-pyridylethyl carbamate, phenyl carbamate, p-
{phenvlazoYbenzyl carbamate, 2,4,6—tri—~butylphenyl carbamate, 4-(trimethylammonium fbenzyl
carbamate, and 2,4,6-trimethylbenzy! cartbamate.

Sulfonamide nitrogen protecting groups {e.g., —S(=0%R*) include, but are not limited to,
p-toluenesulfonamide (Ts), benzenesulfonamide, 2,3,6,~trimethyl—4-
methoxybenzenesulfonamide (Mir), 2,4,6-trimethoxybenzenesulfonamide (Mtb), 2,6-dimethyi-
4-methoxybenzenesuifonamide (Pme), 2,3,5,0-tetramethyl—4-methoxybenzenesulfonamide
(Mte}, 4-methoxybenzenesulfonamide (Mbs), 2.4, 6-trimethyibenzenesulfonamide (Mits), 2,6~
dimethoxy—4-methylbenzenesulfonamide (iMds), 2,2.5,7 8—pentamethylchroman—6—sulfonamide
{Pmc), methanesulfonamide (Ms), B-trimethylsilyiethanesulfonamide {(SES), 9~
anthracenesulfonamide, 44’ 8 —dimethoxynaphthvlmethylbenzenesulfonamide (DNMBS),
benzylsulfonamide, trifluoromethyisulfonamide, and phenacyisulfonamide.

Other nitrogen protecting groups include, but are not Himited to, phenothiazinyl-{10}-acyl
derivative, N —p—toluenesulfonylaminoacyl derivative, N —phenylaminothioacy! derivative, N—
benzoyiphenyialanyl derivative, N-acetylmethionine derivative, 4,5-diphenyl-3-oxazolin-2-one,
N—phthalimide, N—dithiasuccinimide (Dts), V-2 3—dipbenylmaleimide, N-2,S—dimethylpyrrole,
N-1,1.4 4-tetramethyldisiiylazacyclopentane adduct (STABASE), 5-substituted 1,3-dimethyl-
1,3,5—riazacyclohexan—2—one, S—substituted 1,3—dibenzyl-13,5—nazacyclohexan-2-one, 1-
substituted 3,5-dinitro-4-pyridone, N-methylamine, N-allylamine, N-{2~
{(trimethylsiiyhethoxy fmethyvlamine (SEM), N-3-acetoxypropylamine, N—{1-isopropyl—4-nitro—
2—oxo-3-pyroolin-3-yl)amine, quaternary ammonium salts, N-benzylamine, N—di(4-
methoxypheny!ymethylamine, N-5-dibenzosuberylamine, N-triphenylmethylamine (Tr}, N-{{(4~

nethoxyphenyl)diphenyimethytlamine (MMTr), N-9—phenylfluorenylamine (PhF), N=2.7-

oxide, N-1, I-dimethylthiormethyleneamine, N-benzylideneamine, N—p—
methoxybenzylideneamine, N-diphenylmethyleneamine, N-{{(2-pyridyhmesitylfmethyleneaming,
NN’ N'-dimethylaminomethylene)amine, N, N —isopropvlidenediamine, N—p—
nitrobenzylideneamine, N-salicylideneamine, N—3-chlorosalicylideneamine, N-{3-chloro-2-
hydroxyphenyl)phenyimethyleneamine, N-cyclchexylideneamine, N—(5,5—dimethyl-3-oxo-1-

cyclohexenyllamine, N-borane derivative, N—diphenylborinic acid derivative, N—
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[phenyli{pentaacylchromium- or tungsten jacyl famine, N-copper chelate, N-zinc chelate, N~
nitroamine, N-nitrosoamine, amine N-oxide, diphenyiphosphinamide (Dpp),
dimethylthiophosphinamide (Mpt}, diphenvlthiophosphinamide (Ppt}, dialkyl phosphoramidates,
dibenzyl phosphoramidate, diphenyl phosphoramidate, benzenesulfenamide, o—
nitrobenzenesulfenamide (Nps), 2,4-dinitrobenzenesulfenamide, pentachlorobenzenesulfenamide,
2-pitro-4-methoxybenzenesulfenamide, triphenylmethylsulfenamide, and 3
nitropyridinesuifenamide (Npys).

In certain embodiments, the substituent present on an oxXygen atom is an oxygen
protecting group (also referred to as a hydroxyl protecting group). Oxygen protecting groups
include, but are not limited to, ~R™® ~N{R"™},, ~C(=0)8R» -C(=0R™ ~COR™
C=0INERYY;, -CENRPRY, —C(=NR™OR® —C(=NR"™IN(R");, -S(=0)R™ -8O,R™ —
SIR™Y; PR, ~PRT ), -P=0RRE, -P(=0)R®¥),, ~P(=ONOR Y, -PEORNERY,, and -
P(=0)}NR},, wherein R* R™_ and R are as defined herein. Oxygen protecting groups are
well knowun in the art and include those described in detall in Profecting Groups in Organic
Synthesis, T. W. Greene and P. G. M. Wuts, 3© edition, John Wiley & Sons, 1999, incorporated
herein by reference.

Exemplary oxygen protecting groups include, but are not limited to, methyl,
methoxvlmethyl (MOM), methylthiomethyl (MTM), ¢-butyithiomethyl,
{phenyldimethyisitylimethoxymethy! (SMOM), benzyloxymethyl (BOM]}, p-
methoxybenzyloxymethyl (PMBM), (4-methoxyphenoxyymethyl (p—AOM), guaiacolmethyl
{(GUM), r-butoxymethyl, 4—pentenyloxymethyl (POM), stloxymethyl, 2-methoxyethoxymethyl
(MEM), 2,2, 2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl, 2—
(irimethylsilyDethoxymethyl (SEMOR), tetrahydropyranyl (THP), 3-bromotetrahydropyranyl,
tetrahydrothiopyranyl, 1-methoxycyclohexyl, 4-methoxytetrahydropyranyl (MTHP), 4-
methoxytetrahydrothiopyranyl, 4—methoxytetrahydrothiopyranyl 8,S—dioxide, 1-{(2—chloro—4—
methyphenyli-4-methoxypiperidin-4-yl {CTMP), 1,4-dioxan-2-yl, tetrahydrofuranyl,
tetrahydrothiofuranyl, 2,3,3a,4,5.6,7, 7Ta—octahydro—7 8, 8—trimethyl—4, 7-methanobenzofuran—2—

v, 1-ethoxyethyl, 1-{2-chlorcethoxy)ethyl, I-methyl-1-methoxyethyl, 1-methyl-1-

trimethylsilylethyl, 2—{phenylselenyDethyl, —butyl, allyl, p—chlorophenyl, p—methoxyphenyl,
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2, 4-dinttrophenyl, benzyl (Bn}, p~methoxybenzyl, 3, 4-dimethoxybenzyl, o-nitrobenzyl, p-
nitrobenzyl, p-halobenzyl, 2 6—dichiorobenzyl, p—cyancbenzyl, p—phenvlbenzyl, 2-picolyl, 4-
picolyl, 3-methyl-2-picolyl N-oxido, diphenylmethyl, p p ~dinitrobenzhydryl, 5-
dibenzosuberyl, triphenylmethyl, o-naphthvldiphenylmethyl, p~methoxyphenyldiphenylmethyl,
di{p—methoxyphenylphenyimethyl, tri{p—methoxyphenylimethyl, 4-{4'-
bromophenacyloxyphenvhdiphenyimethyl, 4,4° 4" tris(4,5~dichlorophthalimidopheny!imethyl,
4,4" 4"ris(levulinoyloxyphenyiimethyl, 4,4 4"—tris(benzoyloxyphenyDimethyl, 3—-(imidazol-1-
viibis(4' 4"—dimethoxyphenylymethyl, 1,1-bis{4-methoxypheny!}-1'-pyrenylmethyl, S-anthryl,
O—{9—phenvlixanthenyl, 9-{S—phenyl-10-oxojanthrvl, 1,3-benzodisulfuran—-2-vi,
benzisothiazolyl 8§, S-dioxido, trimethylsilyl (TMS), triethvlsilyl (TES), triisopropylsilyl {(TIPS),
dimethylisopropylsityl (IPDMS), diethylisopropylsilyl (BEIPS), dimethylthexylsilyl, -
butyldimethylsilyl (TBDMS), r-butyldiphenylsiiyl (TBDPS), tribenzylsilyl, tri-p-xylylsiiyl,
triphenylsilyl, diphenyimethylsityl (DPMS), #-butylmethoxyphenylsilyl (TBMPS), formate,
benzoyiformate, acetate, chloroacetate, dichloroacetate, trichloroacetate, trifluorcacetate,
methoxyacetate, triphenyimethoxyacetate, phenoxyacetate, p—chlorophenoxyacetate, 3~
phenylpropionate, 4—oxopentanoate (levulinate), 4,4-(ethylenedithio)pentanocate
(levulinoyldithicacetal}, pivaloate, adamantoate, crotonate, 4-methoxycrotonate, benzoate, p—
phenylbenzoate, 2 4, 6—rimethylbenzoate {mesitoate), t—butyl carbonate (BOC), altkyl methyl
carbonate, 9-tluorenylmethyl carbonate (Fmoc), alkyi ethyi carbonate, alkvl 2,2, 2-trichioroethyl
carbonate {Troc), 2-{irimethylsilylethyl carbonate (TMSEC), 2—{phenylsulfonyl) ethyl carbonate
{Psec), 2—(triphenylphosphouio) ethyl carbonate (Peoc), alkyl isobuty] carbonate, alkyl vioyt
carbonate alkyl allyl carbonate, alkyl p-nitrophenyl carbonate, alkyl benzy! carbonate, alkyl p—
nethoxybenzy! carbonate, alkyl 3,4-dimethoxybenzyl carbonate, alkyl o—uvitrobenzyl carbonate,
alkyl p-nitrobenzyl carbonate, alkyl S-benzyl thiccarbonate, 4-ethoxy—1-napththyl carbonate,
methyl dithiocarbonate, 2—iodobenzoate, 4—azidobutyrate, 4—nitro—4-—methyipentanoate, o—
{dibromomethybenzoate, 2-formylbenzenesulfonate, 2-(methylthiomethoxy jethyl, 4~
{methylthiomethoxy butyrate, 2—(methylthiomethoxymethyDbenzoate, 2,6-dichioro—4-
methyiphenoxyacetate, 2,6-dichloro—-4-(1,1,3,3~tetramethylbutyl)phenoxyacetate, 2,4-bis(1,1-
dimethyipropyliphenoxyacetate, chlorodiphenylacetate, iscbutyrate, monosuccinoate, {(£3-2—~

methyi-2-butenoate, o—(methoxyacylbenzoate, a—naphthoate, nitrate, alkyt NN N N -
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tetramethyiphosphorodiamidate, alkyl N-phenylcarbamate, borate, dimethylphosphinothioyi,
alkyl 2 d—dinttrophenylsulfenate, sulfate, methanesulfonate (mesylate), benzyisulfonate, and
tosylate (18},

In certain embodiments, the substituent present on a sulfur atom is a sulfur protecting
group {also referred to as a thiol protecting group). Sulfur protecting groups include, but are not
limited to, ~R™, -NR™}), ~C(=0)SR®, ~C(=0)R? ~COR® ~C(=0)NR"}, ~C(=NRWIR®, -
CENRPOR® —C=NRPINRY Y, —SE=00R™, —SOR™, —Si{R™); —P(R™),, PR, -
P(=0pR® —PEONRW,, —P=0)ORS),, -P(=0LN(R™),, and -P(=0)}NR™ ), wherein R* R,
and R are as defined herein.  Sulfur protecting groups are well known in the art and include
those described in detail in Protecting Groups in Organic Synthesis, T W. Greene and P G M,
Wuts, 3 edition, John Wiley & Sons, 1999, incorporated herein by reference.

“Michael acceptor” means an o,B-unsaturated electrophile, such as, but not limited to, an
o, B-unsaturated carbonyl derivative or an o, B-unsaturated nitrile.

It is to be understood that within the context of the definition of Michael acceptor:
“Electrophile” means able to accept an electron pair; “o,B-unsaturated electrophile” means the
compound clasgs that includes, but is not imited to, ¢, B-unsaturated carbonyl derivative, o,§-
unsaturated nitrile, o P-unsaturated sulfone, or other vinyl derivative substituted with a strong
electron withdrawing group, such as, but not limited to, a nitro group, “o,B-unsaturated carbonyl
derivative” means the compound class that includes, but 1s not limited to, o, B-unsaturated ketone,
quinone or dertvative thereof, o, B-unsaturated aldehyde, o, B-unsaturated carboxylic acid
derivative, such as, but not limited to, an ester, an amide, a substituted amide, or a maleimide or a
derivative thereof. Representative examples of Michael acceptors include, but are not Himited to,
acrylonitrile, acrylamide, methyl acrylate, ethyl acrylate, methyl methacrvlate, 2-ethylhexyl
acrylate, crotonaldehyvde, methy! vinyl ketone, and acrolein,

A “Michael acceptor, or electrophile, that can react with a nucleic acid” includes such
species which can interact adversely with a nucleic acid, for example, species which can
participate in potentially genotoxic reactions with nucleic acid nucleophiles.

Reaction of Michael acceptors with organic thiols to form thiol-Michael adducts is a well-

documented reaction (Chem. Commun. 2005, 669-671 and work cited therein). The reaction has
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been shown to proceed in water and organic solvenis. Both acidic and basic catalysts have been
used to facilitate thiol-Michael adduct formation and minimize side reactions.

o one aspect, the compounds described herein are oligomeric compounds. As used herein,
an “oligomeric compound” is a nucleotide sequence containing about 10-50 nucleotides or
nucieotide base pairs. In some embodiments, an oligomeric compound has 4 nucleobase sequence
that is at least partially complementary to a coding sequence in an expressed target nucleic acid or
target gene within a cell. In some embodiments, the oligomeric compounds, upon delivery to a
cell expressing a gene, are able to inhibit the expression of the underlying gene. The gene
expression can be inhibited i vitro or in vivo. “Oligomeric compounds” include, but are not
Hmited to: oligonucleotides, single-stranded oligonucleotides, single-stranded antisense
oligonucieotides, short interfering RNAg (siRNAs), double-stranded RNAs (dsRNA), micro
RNAs (miRNAs), short hairpin RNAs (shRNAJ, ribozymes, and interfering RNA molecules.

As used herein a “nucleic acid” (e.g, polynucleotide, oligonucieotide, polymer of
nucleotides), without limitation, may be comprised of ribonucleic acids {e.g., comprised of
ribonuclecsides), deoxyribonucleic acids {e.g., comprised of deoxyribonucleosides), modified
nucleic acids (e.g., comprised of modified nucleobases, sugars, and/or phosphate groups), or a
combination thereof. In some embodiments, a nucleic acid comprises a ribonucleic acid (RNA).
In some embodiments, a nucleic acid comprises a deoxyribonucleic acid (DNA). In some
embodiments, a nucleic acid comprises a modification {e.g., modified nucleobase, modified sugar,
or modified phosphate).

Nucleic acids may be single-stranded or double-stranded. In some embodiments, a
nucleic acid is single-stranded (e.g., ssRNA, ssDNA, ssRNA/DNA hybrid {e.g., a single-stranded
wicleic acid comprised of both ribonucleosides (modified or unmodified) and
deoxyribonuclecsides (modified or unmodified)). In some embodiments, a nucleic acid is double-
stranded (e.g., comprised of two single-stranded nucleic acids).

In some embodiments, a nucleic acid is at least 2 {e.g., 2,3, 4, 5,6, 7, 8,9, 10, 11, 12, 13,
14,15, 16, 17, 18, 19,20, 21, 22, 23, 24,25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65,
66, 67. 68, 69,70, T1, 72,73, 74, 75,76, 77,78, 79, 80, 81, 82. 83, 84, 85, 86, §7, 88, 80, 90, 91,

8
92,93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112,
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133, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131,
132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, or
more) nucleotides in tength. In some emboduments, a nucleic actd is at least 5 nucleotides in
length. In some embodiments, a nucleic acid is at least 10 nucleotides in length. In some
embodiments, a nucleic acid is at feast 20 vucleotides in fength. In some embodiments, a nucleic
acid is at least 30 nucleotides in length. In some embodiments, a nucleic acid is at least 40
nucleotides i length. In some ervbodiments, a nucletc acid is at least 50 nucleotides in length. In
some embodiments, a nucleic acid is at least 60 nucleotides in length. In some embodiments, a
nucleic acid is at least 70 nucleotides in length. In some embodiments, a nucleic acid is at least
&0 nucleotides in length. In some embodiments, a nucleic acid is at least 90 nucleotides in length.
In some embodiments, a nucleic acid is at least 100 nucleotides in length. In some embodiments,
a nucleic acid is at least 150 nucleotides in length.

In some embodiments, a nucleic acid is less than or equal t0 150 {e.g., 2,3,4,5,6,7,8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36,37, 38,39, 40,41, 42, 43, 44, 45, 46, 47, 48,49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 50, 60, 61,
62, 63, 64, 65, 66, 67, 68, 69, 70, 71,72, 73, 74, 7S, 76, 77. 78, 79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89,90, 91,92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109,
110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126, 127, 128,
129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
148, 149, 150} nucleotides in length. In some embodiments, a nucleic acid is less than or equal to
150 mucleotides in length. In some embodiments, a nucleic acid is less than or equal to 100
nuclectides in length. In some embodiments, a nucleic acid 1s less than or equal to 90 nuclectides
in length. In some embodiments, a nucleic acid is less than or equal to 80 nucleotides in fength.
in some embodiments, a nucleic acid is less than or equal to 70 nucleotides in length. In some
embodiments, a nucleic acid is less than or equal to 60 nucleotides in length. In some
embodiments, a nucleic acid is less than or equal o 50 nucleotides in length. In some
embodiments, a nucleic acid i3 less than or equal to 40 nucleotides in length. In some
embodiments, a nucleic acid is less than or equal to 30 nucleotides in length. In some

embodiments, a nucleic acid is less than or equal to 20 nucleotides in length. In some
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embodiments, a nucleic acid is less than or equal to 10 nucleotides in length. In some
embodiments, a nucleic acid is less than or equal to S nuclectides in length.

In some embodiments, a nucleie acid is about S nucleotides in length to about 150
nuclectides in length. In some embodiments, a nucleic acid is about 10 nuclectides in length to
about 100 nucleotides in fength. In some embodiments, a nucleic acid 1s about 20 nucleotides in
fength to about 90 nucleotides in length. In some embodiments, a nucleic acid is about 30
nucleotides iv length to about 80 nuclectides in length. In some embodinents, a nucleic acid is
about 40 nucleotides in length to about 70 nucleotides in length. In some embodiments, a nucleic
acid is about 50 nucleotides in length to about 60 nucleotides in length.

In some embodiments, a nucleic acid is a therapeutic nucleic acid. A therapeutic nucleic
acid may comprise, for example, without limitation, a small interfering RNA (siRNA), a micro
RNA (miRNA), an ADAR recruiting molecule, an ADAR targeting molecule, a guide RNA, an
antisense nucleic acid, or combinations thereof.

The terrus “microRNA” and “moiRNA,” as may be used interchangeably berein, refer to
short {e.g., about 20 to about 24 nucleotides in length) non-coding ribonucleic acids (RNAs) that
are involved in post-transcriptional regulation of gene expression in multicellular organisms by
affecting both the stability and translation of mRNAs. miRNAs are transcribed by RNA
polymerase 11 as part of capped and polvadenylated primary transcripts (pri-miRNAg) that can be
either protein-coding or non-coding. The primary transcript is cleaved by the Drosha
ribonuclease IH enzyme to produce a stem-loop precursor miRNA (pre-miRNA) approximately
70 vucleotides in levgth, which is further processed in the RNAI pathway. As part of this
pathway the pre-miRNA is cleaved by the cytoplasmic Dicer ribonuclease to generate the mature
niRMNA and antisense miRNA star (miRNA*) products. The mature miRNA is incorporated into
an RNA-induced silencing complex (RISC), which recognizes target mRNAs through imperfect
base pairing (i.e., partial complementarity) with the miBNA and most commonly resulis in
transiational inhibition or destabilization of the target mRNA. This mechanism is most often seen
through the binding of the miRNA on the 3" untransiated region (UTR) of the target mRNA,
which can decrease gene expression by either inhibiting translation (for example, by blocking the

access of ribosomes for translation) or directly causing degradation of the transcript. The term
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{i.e., miRNA} may be used herein o any form of the subject miRNA {e.g., precursor, primary,
and/or mature miRMNA}.

The terms “small interfering RNA” and “siRNA,” as may be used interchangeably herein,
refer to RNA molecules which present as non-coding double-stranded RNA (dsRNA) molecules
of about 20 to about 24 nucleotides in length (approximately similar to miRINA) which are useful
in RNA interference (RNA1). siRNA are often found with phosphorylated 5’ ends and
hydroxylated 3° ends, which 37 ends typically have a 2 nucleotide overbang beyond the 5" end of
the anti-parallel strand (e.g., complementary strand of the dsRNA molecule). siRNA are most
often found interfering with the expression of specific genes through binding of target sequences
{e.g., target gene sequences) to which they are complementary and promoting {(e.g., facilitating,
triggering, initiating) degradation of the mRNA, thereby preventing {e.g., inhibiting, silencing,
interfering with} translation. After integration and separation into the RISC complex, siRNAs
base-pair {e.g., full complementary} to their target mRNA and cleave it, thereby preventing it
from being used as a translation template. As discussed herein above, also part of the RNAJ
pathway, an miRNA-Ioaded RISC complex scans cytoplasmic mRNAs for potential
complementarity {(e.g., partial complementarity).

The term “ADAR recruiting molecule,” as may be used herein, refers to a nucleic acid that
is configured to increase the concentration of Adenosine Deaminase Acting on Ribonucleic Acid
{ADAR) enzyme in a locality around the nucleic acid. In some embodiments, an increased
concentration is relative to the concentration in a given locality absent the ADAR recruiting
molecule. In some embodiments, an ADAR recruiting molecule comprises a double-stranded
RNA duplex.

The terro “ADAR targeting molecule,” as may be used berein, refers to a nucleic acid
which is configured to direct an ADAR molecule to a desirable location {e.g, focality}). Asused
herein, the term “direct” refers to increasing the concentration of ADAR in the desirable location
as compared to the concentration absent the ADAR targeting molecule. In some embodiments,
the ADAR targeting molecule can be configured to control the desirable location by altering the
sequence and/or properties of the nucleic acid {e.g., by modifications to the nuclecbhase, sugar,
phosphate, or other component). In some embodiments, an ADAR targeting molecule comprises

an ADAR recruiting molecule and a single-stranded guide nucleic acid. Tn some embodiments,
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an ADAR targeting molecule comprises a double-stranded RNA duplex and a single-stranded
guide nucleic acid.

The term “single-stranded guide nucleic acid,” as may be used herein, refers to a nucleic
acid of a single strand, which comprises a specific sequence that is at least partially
complementary to a target sequence. In some embodiments, the target sequence is at, adjacent to,
or in proximity to, a locality where it is desirable to modulate ADAR concentration. In some
embodiments, the level of complementarity is sufficient to facilitate binding {e.g., avvealing) of
the single-stranded guide nucleic acid to the target sequence.

The term “antisense molecule,” as may be used herein, refers to an oligonucleotide {e.g.,
polvmer of nucleotides) which is synthesized or contains a sequence of nucleotides
complementary to a target nucleic acid sequence. For example, with respect to RNA {(e.g.,
mRNA, miRNA}, a strand may read 5'-AAGGUCCU-3', wherein the antisense molecule will read
3-UUCCAGGA-S In the case of antisense molecules targeting RINA, they can modulate
expression in g variety of ways. For example, strands may target mRNA (thereby blocking
translation and promoting degradation of the mRNA transcript) or in another manner, the strands
may target miRNA (thereby inhibiting the blocking miRNA from targeting the mRNA and
promoting or restoring translation from the mRNA, and promoting degradation of the blocking
nmiRMNAJ.

In some embodiments, a nucleic acid is conjugated 10 3 GalNAc moiety. GalNAc (M-

Acetylgalactosamine) is an amino sugar derivative of galactose. In some embediments, a

A
Aco O
&O o
AcO YQV’ “in,
GallNAc moiety comprises the structure NHAC . In some embodiments, a GalNAc
QAc
O sl
AcO “NHAC
moiety comprises the structure OAc . GalNAc moieties are moieties that have an

affinity for various tissues and cell receptors. In this way, GalNAc moieties can facilitate the

targeting of cargo {e.g., nucleic acids} to such tissues and receptors. In some embodiments, a
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GallNAc moiety is useful for directing nucleic acids. In some embodiments, a GalNAc motety
directs a nucleic acid to a locality. In some embodiments, a GalNA¢ moiety targets tissues. In
some embodiments, the tissue is liver. In some embodiments, a GalNAc moiety targets a celi
receptor. In some embodiments, a cell receptor 18 an asialoglycoprotein receptor. In some
embodiments, an asialoglycoprotein receptor on a hepatocyte.

In some embodiments, a nucleic acid is conjugated to more than one GalNAc meiety. In
some embodiments, a nucleic acid is conjugated to at least two GallNAC moteties {e.g.,2,3,4, 5,
6,7,8,9, 10,11, 12, 13, 14, 15,16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26,27, 28, 28 30, or more).
In some embodiments, a nucleic acid is conjugated to at least three GalNAc moieties. In some
embodiments, a nucleic acid is conjugated to at least five GalNA¢ moieties. In some
embodiments, a nucleic acid is conjugated to at least 1 to about 10 GalNA¢ moietics. In some
embodiments, a nucleic acid is conjugated to at least 1 to about & GalNAc moieties. In some
embodiments, a nucleic acid is conjugated to at least 1 to about 6 GalNAc moteties. In some
erabodiments, a nucleic acid is conjugated to at least 1 to about 4 GalNAc moieties. In sore
embodiments, a nucleic acid is conjugated to at least 1 to about 2 GalNAc moieties. In some
embodiments, a nucleic acid is conjugated to at least 1 to 10 GalNA¢ moieties. In some
embodiments, a nucleic acid is conjugated to at least 1 to 8 GalNAc moteties. In some
embodiments, a nucleic acid is conjugated to at least 1 to 6 GalNAc¢ moieties. In some
embodiments, a nucleic acid is conjugated to at least 1 t0 4 GalNAc moieties. In some
embodiments, a nucleic acid is conjugated to at least 1 to 2 GalNAC moieties.

In some embodiments, a nucleic acid 1s conjugated {e.g., connected, attached, associated
by) to a GallNAc motety through either a 5" end and/or a 3’ end of the nucleic acid. In some
emnbodiments, a nucleic acid is covjugated to a GalNAc woiety through the 5" end of the nucleic
acid. In some embodiments, a nucleic acid is conjugated to a GalNAc moiety through the 3" end
of the nucleic acid. In some embodiments, a nucleic acid 18 conjugated to a GaiNAc moiety
through both the 5’ end and the 3’ end of the nucleic actd. In some embodiments, a nucleic acid s
conjugated to a GalNA¢ moiety at an internal position within the nucleic acid.

In some aspects, the disclosure relates to methods of making the compositions comprising

nucleic acids and GalNAc as disclosed herein.
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In another aspect, the invention provides conjugates of the compound fornmulae herein. In
one embodiment, the conjugates comprise a moiety of the formulae of the invention covalently
coupled to a moiety that is a protein, nucleic acid, small molecule, large molecule, therapeutic,
diagnostic, imaging, or targeting agent.

Conjugates as disclosed herein can be manufactored using any available method. When
associating compound formulae moieties with agent moieties (e.g., protein, nucleic acid, small
molecule, large molecule, therapeutic, diagnostic, imaging, or targeting agent), the moieties may
be linked directly or indirectly {e.g., through a linker moiety; that is, the linker is covalently
bonded to each of the compound formulae moiety and the agent moiety; in some formulae herein
“.L-7}. For examptle, the compound formulae and agent may be directly associated with one
anocther, e.g., by one or more covalent bonds, or may be associated by means of one or more
linkers.

The “therapeutic” can be a therapeutic agent tor modulating hepatocytes or treating liver
disease, such as viral hepatitis, liver fibrosis, nov-alcoholic steatohepatitis (NASH), non-alcoholic
fatty liver disease {NAFLD)}, rare disease, metabolic disease, obesity, cardiovascular disease
hemochromatosis, thalassemia, Hiver injury, alcoholic liver disease, or Hver genetic disease,
including oligonuciectides, small molecules, or peptides, including but not fimited to for example,
ursodiol, methyclothiazide, pioglitazone, metadoxine, cystadane, ondansetron, silymarin,
famivudine, adefovir, tenofovir disoproxil, tenofovir alafenamide, telbivudine, entecavir, and
cholic acid.

Any suitable linker can be used in accordance with the present invention. Linkers may be
used to form amide linkages, ester linkages, disulfide linkages, etc. Linkers may contain carbon
atoms or heteroatoms {e.g., nitrogen, oxygen, sulfur, etc.). Typically, linkers are 1 to S0 atoms
fong, 1 to 40 atoms long, 1 to0 25 atoms long, 1 to 20 atoms long, 1 to 15 atoms long, 110 10
atoms long, or 1 to 5 atoms long. Linkers may be substituted with various substituents including,
but not limited to, hvdrogen atoms, alkyl, alkenyl, alkvnyl, amino, alkylamino, dialkylamino,
triatkylamino, hydroxyl, alkoxy, halogen, aryl, heterocyclic, aromatic heterocyelic, cvano, amide,
carbamoyl, carboxylic acid, ester, thioether, alkylthioether, thiol, and ureido groups. As would be
appreciated by one of skill in this art, each of these groups may in turn be substituted. A hinker

can an aliphatic or heteroaliphatic linker. For example, the linker can a polyalky] linker. The
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linker can be a polyether linker. The linker can be a polyethylene linker, such as PEG. The linker
can be a short peptide chain, e g, between 1 and 10 amino acids inlength, eg, 1, 2,3, 4, or 5
amino acids in length, a nucieic acid, an alkyl chain, etc.

Compounds and oligonucleotides of the present disclosure can be made by means known
in the art of organic synthesis. Methods for optimizing reaction conditions, and minimizing
competing by-products if necessary, are known in the art. Reaction optimization and scale-up may
advaotageously utilize high-speed paraliel synthesis equipment and computer-controlled
microreactors (e.g. Design And Optimization in Organic Synthesis, 2" Edition, Carlson R, Ed,

20035, Elsevier Science Ltd.; Jahnisch, K et al, Angew. Chem. Int. Ed. Engl. 2004 43: 406; and

references therein}. Additional reaction schemes and protocols may be determined by the skiiled
artisan by use of commercially available structure-searchable database software, for instance,
SciFinder® (CAS division of the American Chemical Society} and CrossFire Beilstein® (Elsevier
MDL), or by appropriate keyword searching using an internet search engine such as Google® or
keyword databases such as the US Patent and Trademark Office text database.

As can be appreciated by the skilled artisan, methods of synthesizing the compounds and
oligonucleotides of the formulae herein will be evident to those of ordinary skill in the art,
including in the schemes and examples herein. Additionally, the various synthetic steps may be
performed in an alternate sequence or order to give the desired compounds and oligonucleotides.
in addition, the solvents, temperatures, reaction durations, ete. delineated herein are for purposes
of illustration only and one of ordinary skill in the art will recognize that variation of the reaction
conditions ¢an produce the desired compounds and oligonucleotides of the present disclosure.

The compounds and oligonucleotides herein may also contain linkages (e.g., carbon-
carbon bonds) wherein bond rotation is restricted about that particular linkage, e.g. restriction
resulting from the presence of a ring or double bond. Accordingly, all cis/frams and £/7 isomers
are expressly included in the present disclosure. The compounds and oligonucleotides herein may
also be represented in muliiple tautomeric forms, in such instances, the present disclosure
expressly includes all tautomeric forms of the compounds and oligonucleotides described herein,
even though only a single tautomeric form may be represented. All such isomeric forms of such
compounds and cligonucleotides herein are expressly included in the present disclosure. All

crystal forms and polymorphs of the compounds and oligonuclectides described herein are
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expressly included in the present disclosure. Also embodied are extracts and fractions comprising
compounds and oligonucleotides of the present disclosure. The term “isomers” is intended to
include diasterecisomers, enantiomers, regioisomers, structural isomers, rotational isomers,
tautomers, and the like. For compounds and oligonucletodies which contain one or more
stereogenic centers, e.g., chiral compounds, the methods of the present disclosure may be carried
out with an enantiomerically enriched compound, a racemate, or a mixture of diastereomers. All
isomers of compounds delineated herein are expressly included in the present disclosure.
Preferred enantiomerically enriched compounds have an enantiomeric excess of 50% or
more, more preferably the compound has an enantiomeric excess of 60%, 70%, 80%, 90%, 95%,
98%, or 99% or more. In preferred embodiments, caly one enantiomer or diastereomer of a chiral

compound of the present disclosure is administered to cells or a subject.

Methods of Treatment

In one aspect, provided are methods of treating a subject suffering from or susceptible to a
disorder or disease, comprising administering to the subject an effective amount of a compound,
oligonucleotide, or pharmaceutical composition of any of the formuia herein (e.g., Formula -
XXXIV).

In other aspects, provided are methods of treating a subject suffering from or susceptible
to a disorder or disease, wherein the subject has been identified as in need of modulation of the
function of a protein, comprising administering to said subject in need thereof, an effective
amount of a compound, oligonucleotide, or pharmaceutical composition of any of the formula
herein {e.g., Formula XXXV}, such that said subject is treated for said disorder.

In one aspect, provided are methods of modulating protein function in a subject,
comprising contacting the subject with a compound or oligomuclectide of any of the formula
herein (e.g., Formula IFXXXIV}, in an amount and under conditions sufficient to modulate
protein function.

In one embodiment, the modulation is inhibition.

In some embodiments, provided are methods for targeting hepatic cells in a subject,
comprising administering to said subject in need thersof, an effective amount of a compound,

oligonucleotide, or pharmaceutical composition of any of the formula herein {¢.g., Formula £-
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XXXIV) in an amount and under conditions sufficient to target hepatic cells.

In certain embodiments, provided are methods of treating a disease, disorder or symptom
thereof, wherein the disorder is cancer, a proliferative disease, a neurodegenerative disease, an
autoimmune or inflammatory disorder, an infection, a metabolic disorder, a hematologic disorder,
or a cardiovascular disease.

In certain embodiments, the disorder or disease is cancer or a proliferative disease. In
certain embodiments, the cancer or proliferative disease includes a carcinoma, a leukemia, a
biastoma, & lymphoma, a myeloma, or a melanoma, or a combination thereof. In certain
embodiments, the disorder or disease 18 multiple myeloma, melanoma, breast cancer, pancreatic
cancer, ovarian cancer, prostate cancer, hepatoceliular cancer, renal cancer, leukemia, T-cell
tymphoma, bone cancer, glioblastoma, neuroblastoma, oral squamous cell carcinoma, urothelial
cancer, lung cancer, cervical cances, colon cancer, head and neck squamous cell carcinoma,
Burkitt’s Lymphoma, esophageal cancer, Hodgkin's lymphoma, bladder cancer, or gastric cancer,
or a combination thereof.

In certain embodiments, the disorder or disease is rheumatoid arthritis, spondylitis
arthritis, psoriatic arthritis, multiple sclerosis, systemic lupus erythematosus, inflammatory bowel
disease, graft versus host disease, transplant rejection, fibrotic disease, Crohn’s Disease, type-1
diabetes, eczema, psoriasis, sepsis, airway hyperresponsiveness, ulcerative colitis, or a
combination thereof.

In certain embodiments, wherein the disorder or disease 13 epilepsy, attention deficit
disorder, Alzheimer’s disease, Parkinson’s Disease, Huntington’s Disease, amyotrophic lateral
sclerosis, spinal muscular atrophy, essential tremor, central nervous system trauma, multiple
sclerosis, Charcot-Marie-Tooth (MCT), petipheral neuropathy, or cerebral ischemia, or a
combination thereof.

In certain embodiments, the disorder or disease is an infection caused by virus, fungus, or
bacteria, or a combination thereof.

In certain embodiments, the disorder or disease is metabolic syndrome, diabetes, obesity,
high blood pressure, heast failure, cyst growth in autosomal dominant polycystic kidney disease
{ADPKDY), or a combination thereof.

In certain embodiments, the disorder or disease is cardiovascular siress, pressure overload,
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chronic ischemia, infarction~reperfusion injury, hypertension, atherosclerosis, peripheral artery
disease, heart failure, hypertrophy, angina, arrthythmias, hypercholesterolemia, atherosclerosis, or
stroke, or a combination thereof,

In certain embodiments, the disorder or disease is liver disease.

In certain embodiments, the subject is a mammal, preferably a primate or a human,

In another embodiment, provided are metheds as described above, wherein the effective
amount of the compound or oligonucleotide of any of the formula herein (e.g., Formula i~
XXX1V) s as described above.

In another embodiment, provided are methods as described above, wherein the compound
or ofigonuciectide of any of the formula herein {e. g., Formula I-XXX1V) is administered
intravenously, intramuscularty, subcutaneously, intracerebroventricularly, orally, or topically.

In other embodiments, provided are methods as described above, wherein the compound
or oligonucieotide of any of the formula herein (e.g., Formula XXXV} is administered alone or
in combination with one or more other therapeutics. In a further embodiment, the additional
therapeutic agent is an anti-cancer agent, antifungal agent, cardiovascular agent, anti-
inflammatory agent, chemotherapeutic agent, an anti-angiogenesis agent, cytotoxic agent, an anti-
proliferation agent, metabolic disease agent, ophthalmologic disease agent, central nervous
systerm (CNS) disease agent, urologic disease agent, or gastrointestinal disease agent.

Another object of the present disclosure is the use of a compound or oligonuclectide as
described herein {(e.g., a corpound or oligonucleotide of Formula I-XXXIV) in the manufacture
of a medicarnent for use in the treatment of a disorder or disease. Another object of the present
disclosure is the use of a compound or oligonucleotide as described herein {e.g., a compound or
oligonucleotide of Formula I-XXX1IV) for use in the treatment of a disorder or disease. Another
object of the present disclosure is the use of a compound or oligonucleotide as described herein
{e.g., a compound or oligonucieotide of Formula IFXXXEV) in the manufacture of an agricultural
composition for use in the treatment or prevention of a disorder or disease in agricultural or

agrarian settings.

Pharmaceutical Compositions

In one aspect, provided are pharmaceutical compositions comprising the compound or
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oligonucleotide of any of the formula herein (e.g., Formula EXXXEV) and a pharmaceutically
acceptable carrier,

A compound, oligonucleotide, or composition, as described herein, can be administered in
combination with one or more additional therapeutic agents {e.g., therapeutically and/or
prophylactically active agents). The compounds, oligonucleotides, or compositions can be
administered in combination with additional therapeutic agents that improve their activity {e.g.,
activity {e.g., potency and/or efficacy) in ireating a disease in a subject in need thereof, in
preventing a disease in a subject in need thereof, and/or in reducing the risk to develop a disease
in a subject in need thereof), improve bioavailability, improve safety, reduce drug resistance,
reduce and/or modify metabolism, inhibit excretion, and/or modify distribution in a subject or
cell. It will also be appreciated that the therapy emploved may achieve a desired effect for the
same disorder, and/or it may achieve different effects. In certain embodiments, a pharmaceutical
composition described herein including a compound or oligonucleatide described herein and an
additional therapeutic agent to exhibit a synergistic effect that is absent in a pharmaceutical
composttion including one of the compound or oligonucleotide and the additional therapeutic
agent, but not both,

The compound, oligonucleotide, or composition can be administered concurrently with,
prior to, or subsequent to one or more additional therapeutic agents, which may be useful as, e g,
combination theraptes. Therapeutic agents include therapeutically active agents. Therapeutic
agents also include prophylactically active agents. Therapeutic agents include small organic
molecules such as drug compounds {e.g., corpounds approved for human or veterinary use by the
U.S. Food and Drug Administration as provided in the Code of Federal Regulations (CFR)),
peptides, proteins, carbohydrates, monosaccharides, oligosaccharides, polysaccharides,
nucleoproteins, mucoproteins, lipoproteins, synthetic polypeptides or proteins, small molecules
finked to proteins, glycoproteins, stercids, nucleic acids, DNAs, RNAs, nucleotides, nucleosides,
oligonucleotides, antisense oligonucleotides, lipids, hormones, vitamins, and cells. In certain
embodiments, the additional therapeutic agent is a therapeutic agent useful for treating and/or
preventing a disease {e.g., cancer, proliferative disease, neurodegenerative disease, autoimmune
or inflammatory disorder, infection, metabolic disorder, hematologic disorder, cardiovascular

disease). Each additional therapeutic agent may be adwinistered at a dose and/or on a time
127



10

20

b
4

30

WO 2022/076922 PCT/US2021/054318

schedule determined for that therapeutic agent. The additional therapeutic agents may also be
administered together with each other and/or with the compound or composition described herein
in a single dose or administered separately in different doses. The particular combination to
employ in a regimen will take into account compatibility of the compound described herein with
the additional therapeutic agent(s) and/or the desired therapeutic and/or prophyiactic effect to be
achieved. In general, it is expected that the additional therapeutic agent(s} in combination be
utilized at Jevels that do not exceed the levels at which they are utilized individually. To some
embodiments, the levels utilized in combination will be lower than those utilized individually.
The additional therapeutic agents include, but are not limited to, anti-proliferative agents,
anti-cancer agents, anti-angiogenesis agents, anti~-inflammatory agents, and immunosuppressants,
In certain embodiments, the additional therapeutic agent is an immunotherapy. In certain
embodiments, the additional therapeutic agent is an anti-profiferative agent. In certain
embodiments, the additional therapeutic agent is an anti-cancer agent. In certain embodiments, the
anti-cancer agents include, but are not imited to, epigenetic or transcriptional modulators {e.g.,
DNA methyliransferase inhibitors, histone deacetylase inhibitors (HDAC inhibitors), lysine
methyitransferase inhibifors), antimitotic drugs {e.g., taxanes and vinca alkaloids), cell signaling
pathway inhibitors (e.g., tyrosine protein kinase inhibitors}, modulators of protein stability (e.g.,
proteasome inhibitors), Hsp90 inhibitors, glucocorticoids, all-trans retinoic acids, anti-estrogens
{e.g., tamoxifen, raloxifene, and megestrol), LHRH agonists {e.g., goscrclin and feuprolide), anti-
androgens (e.g. flutamide and bicalutamide}, photodynamic therapies {e.g., vertoporfin (BPD-
MA), phihalocyanine, photosensitizer Pe4, and demethoxy-bypocrellin A 2B A-2-DMHA)),
nitrogen mustards {e.g., cyclophosphamide, ifosfamide, trofostamide, chlorambucil, estramustine,
and melphalan), nitrosoureas {e.g., carmustine (BCNU) and lomustine ({CCNU}), alkylsulphonates
{e.g., busulfan and treosulfan), triazenes (e.g. dacarbazine, temozolomide), platinum containing
compounds {e.g. cisplatin, carboplatin, oxaliplatin), vinca alkaloids (e.g. vincristine, vinblastine,
vindesine, and vinorelbine), taxoids (e.g. paclitaxel or a paclitaxel equivalent such as nanoparticle
albumin-bound paclitaxel {ABRAXANE), docosahexaenoic acid bound-paclitaxel (DHA-
paclitaxel, Taxoprexin}, polyglutamate bound-paclitaxel (PG-paclitaxel, paclitaxel poliglumex,
CT-2103, XYOTAX), the tumor-activated prodrug (TAPY ANG1005 {(Angiopep-2 bound to three

molecules of paclitaxel), paclitaxel-EC-1 (paclitaxel bound to the erbB2-recognizing peptide EC-
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1}, and glucose~conjugated paclitaxel, e.g., 2'-paclitaxel methyl 2-glucopyrancsyl succinate;
docetaxel, taxol), epipodophylling {e.g. etoposide, etoposide phosphate, teniposide, topotecan, 9-
aminocamptothecin, camptoirinotecan, irinotecan, crisnatol, mytomycin C), anti-metabolites,
DHFR inhibitors {e.g., methotrexate, dichloromethotrexate, trimetrexate, edatrexate), IMP
dehydrogenase inhibitors {e.g., mycophenolic acid, tiazofurin, ribavirin, and EICAR),
ribonuclotide reductase inhibitors {e.¢., hydroxyurea and deferoxamine), uracil analogs {e.g., 5-
fluorouraci] (S-FU), floxuridine, doxifluridine, ratitrexed, tegafur-uracil, capecitabine), cytosine
analogs {e.g., cytarabine {ara C}, cytosine arabineside, and fludarabine), purine analogs (e.g.
mercaptopurine and Thioguanine), Vitamin D3 analogs (e.g. EB 1089, CB 1093, and KH 1060},
isoprenylation tohtbitors {e.g. fovastatin}, dopaminergic neurotoxins {e.g. -methyi-4-
phenylpyridinium ion}, cell cycle inhibitors {e.g. staurosporine), actinomyein (e.g. actinomyein D,
dactinomycin}, bleomycin {e.g, bleomycin AZ, bleomycin B2, peplomycin), anthracycline {(e.g.,
daunorubicin, doxorubicin, pegylated liposomal doxorubicin, idarubicin, epirubicin, pirarubicin,
zorubicin, mitoxantrone), MDR inhibitors (e.g. verapamil), Ca2+ ATPase inhibitors (e.g,,
thapsigargin), thalidomide, lenalidomide, pomalidomide, tyrosine kinase inhibitors {e.g., axitinib
{AGO13736), bosutinib (SKI-606), cediranib (RECENTINTM, AZD2171), dasativib
(SPRYCEL®, BMS-354825), erlotinib (TARCEVA®j, gefitinib (IRESSA®), imatinib
(Gleevec®, CGPST148B, STI-371), lapatinitb (TYKERB®, TYVERB®), lestaurtinib (CEP-701),
neratinib (HKI-272), nilotinib {(TASIGNA®), semaxanib (semaxinib, SUS416), sunitinib
(SUTENT®, SU11248)} tocerantb (PALLADIA®), vandetanib (ZACTIMA®, ZD6474),
vatalanth (PTK787, PTK/ZK), trastuzumab (HERCEPTIN®)}, bevacizumab (AVASTIN®),
rituximab (RITUXAN®), cetuximab (ERBITUX®), panitumumab (VECTIBIX®), ranibizumab
{Lucentis®), nilotinib (TASIGNA®), sorafentb (NEXAVAR®), everolimus (AFINITOR®),
alemtuzumab (CAMPATH®), gemtuzumab ozogamicin (MYLOTARG®), temsirolinus
(TORISEL®), ENMD-2076, PCI-32765, AC220, dovitinib lactate (TKI258, CHIR-258), BIBW
2992 (YOVOKTM), SGXS23, PF-04217903, PF-0234100606, PF-299804, BMS-777607, ABT-869,
MP470, BIBF 1120 (VARGATEF®), AP24534, INJ-26483327, MGCD26S, DCC-2036, BMS-
690154, CEP-11981, tivozanib (AV-951), OS1-930, MM-121, X1.-184, XL-647, and/or X1.228},
proteasome inhibitors {e.g., bortezomib (VELCADE), ixazomib (NINLARO}), mTOR inhibitors

{e.g., rapamycin, temsirolimus (CCIL-779), everolimus (RAD-001), ridaforolimus, AP23573
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{Ariad), AZDROSS {AsiraZeneca), BEZ235 (Novartis), BGT226 (Norvartis), XL765 {Sanofi
Aventig), PF-4691502 (Pfizer), GDCO9R0 {Genentech), SF1126 (Semafoe) and OSI-027 (O8I},
oblimersen, gemcitabine, carminomycin, leucovorin, pemetrexed, cyclophosphamide,
dacarbazine, procarbizine, predniselone, dexamethasone, campathecin, plicamycin, asparaginase,
aminopterin, methopterin, porfiromycin, melphalan, leurosidine, leurosine, chlorambuci,
trabectedin, procarbazine, discodermolide, carminomycin, aminopterin, and hexamethyl
melamine,

In certain embodiments, the additional therapeutic agent is an immunotherapy. In certain
embodiments, the immunotherapy is useful in the treatment of a cancer. Exemplary
immmunotherapies include, but are not limited to, T-cell therapies, interferons, cytokines (e.g.,
tumor necrosis factor, interferon o, interferon v), vaccines, hematopotetic growth factors,
monocional serotherapy, immunostimulants and/or immunodulatory agents (e.g., #.-1,2, 4, 6, or
12}, immune cell growth factors {(e.g., GM-CSF) and antibedies. In certain embodiments, the
imrounotherapy is a T-cell therapy. In certain embodiments, the T-cell therapy is chimeric antigen
receptor T cells ({CAR-T). In certain embodiments, the immunotherapy is an antibody. In certain
embodiments, the antibody is an anti-PD-1 antibody, an anti-PD-L.1 antibody, an anti-CTLA-4
antibody, an anti-TIM3 antibody, an anti-0X40 antibody, an anti-GITR antibody, an anti-LAG-3
antibody, an anti-CD137 antibody, an anti-CD27 antibody, an anti-CD28 antibody, an anti-
CD28H antibody, an anti-CDB30 antibody, an anti-CD39 antibody, an anti-CD40 antibody, an anti-
CD47 antibody, an anti-CD48 antibody, an anti-CD70 antibody, an anti-CD73 antibody, an anti-
CD9%6 antibody, an anti-CD160 antibody, an anti-CD200 antibody, an anti-CD244 antibody, an
anti-ICOS antibody, an anti-TNFRSF2S antibody, an anti-TMIGD?2 antibody, an anti-DNAM]1
antibody, an anti-BTLA antibody, an anti-LIGHT antibody, an anti-TIGIT antibody, an anti-
VISTA antibody, an anti-HVEM antibody, an anti-Siglec antibody, an anti-GAL1 antibody, an
anti-GAL3 antibody, an anti-GAL9 antibody, an anti-BTNL2 (butrophylins} antibody, an anti-B7-
H3 antibody, an anti-B7-H4 antibody, an anti-B7-HS antibody, an anti-B7-H6 antibody, an anti-
KIR antibody, an anti-LIR antibody, an anti-ILT antibody, an anti-MICA antibody, an anti-MICB
antibody, an anti-NKG2ZD antibody, an anti-NKGZA antibody, an anti-TGEF antibody, an anti-
TGFBR antibody, an anti-CXCR4 antibody, an anti-CXCL12 antibody, an anti-CCL2 antibody, an

anti~1L.-10 antibody, an anti-1L-13 antibody, an anti-HL.-23 antibody, an anti-phosphatidylserine
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antibody, an anti-neuropiiin antibody, an anti-GalCer antibody, an anti-HER?Z antibody, an anti~
VEGFA antibody, an anti-VEGFR antibody, an anti-EGFR antibody, or an anti-Tie2 antibody. In
certain embodiments, the antibody is pembrolizumab, nivolumab, pidilizumab, ipllimumab,
tremelimumab, durvalumab, atezolizumab, avelumab, PF-068015%91 utomilumab, PDROGI, PRE-
509, MGB453, LAGS2S5, AMP-224, INCSHR1210, INCAGNI876, INCAGN1949, samalizumab,
PFE-05082566, urelumab, lirilumab, lulizumab, BMS-936539, BMS-936561, BMS-086004, BMS-
936012, BMS-986016, BMS-986178, IMP321, IPHZ101, IPH2201, varilumab, ulocuplumab,
monalizumab, MEDI0562, MEDIO680, MEDI1R73, MEDI6383, MEDI6469, MEDI9447,
AMG228, AMGE20, CC-90002, CDX-1127, CGENI5001T, CGEN15022, CGEN15029,
CGENTS049, CGENTS027, CGENITS052, CGEN1S092, X072, CX-2009, CP-870893,
fucatumumab, dacetuzumab, Chi Lob 7/4, RGG60O58, RG7686, RG7876, RG7888, TRXS518, MK-
4166, MGA271, IMC-(84, emactuzumab, trastuzumab, pertuzumab, obinutuzumab,
cabiralizumab, margetuximab, enoblituzumab, mogamulizumab, panitumumab, carlumab,
bevacizumab, rituximab, or cetuximab,

In certain embodiments, the compounds, oligonuclestides, or pharmaceutical
compositions described herein can be admivistered in combination with an anti-cancer therapy
including, but not limited to, surgery, radiation therapy, and transplantation (e.g., stem cell
transplantation, bone marrow transplantation).

In certain embodiments, the additional therapeutic agent is selected from the group
consisting of Akt inhibitors, alkylating agents, androgen receptor antagonists, anti-estrogens, Bel-
2 inhibitors, BRAF kinase inhibitors, BTK inhibitors, CAR-T Cells, anti-CD38 antibodies, CDK
inhtbitors, anti-CTLA-4 antibodies, ERK/MAPK inhibitors, farnesyltransferase inhibitors, 1L-6
inhibitors, immunomodulatory agents, inununo-oncology agents, JAK2/FLT3 inhibitors, kinesin
spindle protein inhibitors, MEK inhibitors, anti-PD-1 antibodies, anti-PD-L.1 antibodies, PI3K
inhibitors, proteasome inhibitors, radiation (sensitizer), radicisotopes {(sensitizer), synthetic
retinoids {AME0), taxanes, tyrosine kinase inhibitors, VIR agonists, VEGE inhibitors, oncolytic
viruses, and a combination thereof. Tn certain embodiments, the additional therapeutic agent is
selected from the group consisting of all trans tetinoic acid (ATRA), arsenic trioxide, berberine,
bevacizumab, bortezomib, cabazitaxel, carfilzomib, cisplatin, clarithromycin, cyclophosphamide,

cytarabine, darzalex, dexamethasone, docetaxel, elotuzumab, enzalutamide, epirubicin,
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fluorcuraci] (5-FU3, gefitinib, gemcitabine hydrochloride, ibrutinib, 1delalisib, indatuximab,
ixazonmib, raviansine, iptlimumab, lenalidomide, lonafarnib, methotrexate, nab-paclitaxel,
nivolumab, paclitaxel, pacritinib, pomalidomide, soratentb, temozolomide, thalidomide,
vemurafenib, and vincristine.

In one aspect, provided are kits comprising an effective amount of a compound or
cligonucleotide of any of the formulae herein {e.g., Formula I-XXX1V), in unit dosage form,
together with instructions for admivistering the compound or oligonucleotide to a subject
suffering from or susceptible to a disease or disorder, including cancer, proliferative disease,
neurodegenerative disease, autoimmune or inflammatory disorder, infection, metabolic disorder,
hematologic disorder, and cardiovascular disease. In other embodiments the disease, disorder or
symptom thereof is a carcinoma, a leukemia, a blastoma, a lymphoma, a myeloma, ora
melanoma. In other embodiments the disease, disorder or symptom thereof is multiple myeloma,
melanoma, breast cancer, pancreatic cancer, ovarian cancer, prostate cancer, hepatocellular cancer,
renal cancer, leukemia, T-cell lymphoma, bone cancer, glioblastoma, neuroblastoma, oral
squamous cell carcinoma, urothelial cancer, lung cancer, cervical cancer, colon cancer, head and
neck squamous cell carcinoma, Burkitt’s Lymphoma, esophageal cancer, Hodgkin’s lymphoma,
biadder cancer, or gastric cancer. In other embodiments the disease, disorder or symptom thereof
is theumatoid arthritis, spondylitis arthritis, psoriatic arthritis, multiple sclerosis, systemic lupus
erythematosus, inflammatory bowel disease, graft versus host disease, transplant rejection,
fibrotic disease, Crohn’s Disease, type-1 diabetes, eczema, psoriasis, sepsis, airway
hyperrespousiveness, or uleerative colitis. In other embodiments the disease, disorder or sympton
thereof is epilepsy, attention deficit disorder, Alzheimer’s disease, Parkinson’s Disease,
Huntington’s Disease, amyotrophic lateral sclerosts, spinal muscular atrophy, essential tremor,
central nervous system trauma, multiple sclerosis, Charcot-Marie-Tooth (MCT), peripheral
neuropathy, or cerebral ischemia. In other embodiments the disease, disorder or symptom thereof
is an infection caused by virus, fungus, or bacteria. In other embodiments the disease, disorder or
symptom thereof is metabolic syndrome, diabetes, obesity, high blood pressure, heart failure, or
cyst growth in autosomal dominant polycystic kidney disease (ADPKD). In other embodiments
the disease, disorder or symptom thereof is cardiovascular stress, pressure overload, chronic

ischemia, infarction-reperfusion injury, hyperiension, atherosclerosis, peripheral artery disease,
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heart faifure, hypertrophy, angina, arrhythmias, hypercholesterolemia, atherosclerosis, or stroke.

The term "pharmaceutically acceptable salts” or "pharmaceutically acceptable carrier” is
meant to include salts of the active compounds which are prepared with relatively nontoxic acids
or bases, depending on the particular substituents found on the compounds described herein.
When compounds of the present disclosure contain relatively acidic functionalities, base addition
salts can be obtained by contacting the neutral form of such compounds with a sufficient amount
of the desired base, either peat or in a suitable tvert solvent. Examples of pharmaceutically
acceptable base addition salts include sodium, potassium, calcium, ammonium, organic amino, or
magnesium salt, or a similar salt. When compounds of the present disclosure contain relatively
basic functionalities, acid addition salts can be obtatned by contacting the neutral form of such
compounds with a sufficient amount of the desired acid, either neat or in a suitable inert solvent.
Examples of pharmaceutically acceptable acid addition salts include those derived from inorganic
acids like hydrochloric, hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,
monohydrogenphosphoric, dihyvdrogenphosphoric, sulfuric, monohydrogensulfuric, bydroiodic, or
phosphorous acids and the like, as well as the salts derived from relatively nontoxic organic acids
tike acetic, propionic, isobutyric, maleic, malonic, benzoic, succinic, suberic, fumaric, lactic,
mandelic, phthalic, benzenesulfonic, p-tolytsulfonic, citric, tartaric, methanesulfonic, and the like.
Also included are salts of amino acids such as arginate and the like, and salts of organic acids like
glucuronic or galactunoric acids and the like (see, e.g., Berge et al |, Journal of Pharmaceutical
Science 66:1-19 (1977)). Certain specific compounds of the present disclosure contain both basic
and acidic functionalities that allow the compounds to be converted into either base or acid
addition salts. Other pharmaceutically acceptable carriers known to those of skill in the art are
suitable for the present disclosure.

The neutral forms of the compounds and oligonucleotides may be regenerated by
contacting the salt with a base or acid and isolating the parent compound or oligonucleotide in the
conventional manner. The parent form of the compound or oligonucleotide differs from the
various salt forms in certain physical properties, such as solubility in polar solvents, but otherwise
the salts are equivalent to the parent form of the compound for the purposes of the present
disclosure.

In addition to salt forms, the present disclosure provides compounds which areina
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prodrug form. Prodrugs of the compounds described herein are those compounds that readily
undergo chemical changes under physiological conditions to provide the compounds of the
present disclosure. Additionally, prodrugs can be converted to the compounds of the present
disclosure by chemical or biochemical methods in an ex vivo environment. For example, prodrugs
can be slowly converted Lo the compounds of the present disclosure when placed in a transdermal
patch reservoir with a suitable enzyme or chemical reagent.

Certain compounds of the present disclosure can exist in unsolvated forms as well as
solvated forms, including hydrated forms. Inn general, the solvated forms are equivalent to
unsolvated forms and are intended to be encompassed within the scope of the present disclosure.
Certain compounds of the present disclosure may exist in multiple crystalline or amorphous
forms. In general, all physical forms are equivalent for the uses contemplated by the present
disclosure and are intended to be within the scope of the present disclosure.

The present disclosure also provides a pharmaceutical composition, comprising an
effective amount a compound described herein and a pharmaceutically acceptable carrier. In an
embodiment, a compound or oligonucleotide of any of the formula herein (e.g., Formula k-
XXX1IV}) is administered to a subject using a pharmaceutically-acceptable formulation, e.g., a
pharmaceutically-acceptable formulation that provides sustained delivery of the compound to a
subject for at ieast 12 hours, 24 hours, 36 hours, 48 hours, one week, two weeks, three weeks, or
four weeks after the pharmaceutically-acceptable formulation is administered to the subject.

Actual dosage levels and tirne course of administration of the active ingredients in the
pharmaceutical compositions of the disclosure may be varied so as to obtain an arvount of the
active ingredient which is effective to achieve the desired therapeutic response for a particular
patient, composition, and mode of administration, without being toxic (or unacceptably toxic) to
the patient.

In use, at least one compound or oligonucleotide according to the present disclosure is
administered in a pharmaceutically effective amount to a subject in need thereof ina
pharmaceutical carrier by intravenous, intramuscular, subcutaneous, or intracerebroventricular
injection or by oral administration or topical application. In accordance with the present
disclosure, a compound or oligonucleotide of the disclosure may be administered alone orin

conjunction with a second, different therapeutic. By "iu conjunction with” is meant together,
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substantially simultaneously, or sequentially. In one embodiment, a compound or oligonucleotide
of the disclosure is administered acutely. The compound or oligonuclectide of the disclosure may
therefore be administered for a short course of treatment, such as for about 1 day to about 1 week.
In another embodiment, the compound or oligonucieotide of the disclosure may be administered
over a longer period of time to ameliorate chronic disorders, such as, for example, for about one
week to several months depending upon the condition to be treated.

By "pharmaceuntically effective amount” as used herein is meant an amount of a compound
or oligonucieotide of the disclosure, high enocugh to significantly positively modify the condition
to be treated but low enough to avoid serious side effects (at a reasonable benefit/risk ratio),
within the scope of sound medical judgment. A pharmaceutically effective amount of a compound
or oligonucleotide of the disclosure will vary with the particular goal to be achieved, the age and
physical condition of the patient being freated, the severity of the underlying disease, the duration
of treatment, the nature of concurrent therapy and the specific compound employed. For example,
a therapeutically effective amount of a cornpound or oligonucieotide of the disclosure
administered to a child or a necnate will be reduced proportionately in accordance with sound
medical judgment. The effective amount of a compound or oligonucleotide of the disclosure will
thus be the minimum amount which will provide the desired effect.

A decided practical advantage of the present disclosure is that the compound or
oligonucieotide may be administered in a convenient manner such as by intravenous,
intramuscular, subcutaneous, oral, or intra-cerebroventricular injection routes or by topical
application, such as in creams or gels. Depending on the route of admiunistration, the active
ingredients which comprise a compound or oligonucleotide of the disclosure may be required to
be coated in & material o protect the compound or oligonucleotide from the action of enzymes,
acids and other natural conditions which may inactivate the compound or oligonuclectide. In
order to administer a compound or oligonucleotide of the disclosure by a mode other than
parenteral administration, the compound or cligonucleotide can be coated by, or adminisiered
with, a material to prevent inactivation.

The compound or oligonuclectide may be administered parenterally or intraperitoneally.
Dispersions can also be prepared, for example, in glveerol, liquid polyethylene glycols, and

mixtures thereof, and in oils.
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Some examples of substances which can serve as pharmaceutical carriers are sugars, such
as lactose, glucose and sucrose; starches such as corn starch and potato starch; cellulose and its
derivatives such as sodium carboxymethyceliulose, ethylcellulose and celtulose acetates;
powdered tragancanth; malt; gelatin; talc; stearic acids; magnesiur stearate; calcium sulfate;
vegetable oils, such as peanut oils, cotton seed oil, sesame oil, olive oil, cormn o, and oil of
theobroma; polyols such as propylene glycol, glycerine, sorbitol, mannitol, and polyethylene
glyeol; agar; alginic acids; pyrogen-free water; isotonic saline; and phosphate buffer solution;
skim milk powder; as well as other non-toxic compatible substances used in pharmaceutical
formulations such as Vitamin C, estrogen and echinacea, for example. Wetting agents and
fubricants such as sodium laury] suifate, as well as coloring agents, flavoring agents, lubricants,
excipients, tableting agents, stabilizers, anti-oxidants, and preservatives, can also be present.
Solubilizing agents, including for example, cremaphore, and beta~-cyclodextrins can also used in
the pharmaceutical compositions herein,

Pharmaceutical corapositions coroprising the active compounds or oligonucieotides of the
present disclosure (or prodrugs thereof) can be manufactured by means of conventional mixing,
dissolving, granulating, dragee-making levigating, emulsifying, encapsulating, entrapping or
fyophilization processes. The compositions can be formulated in conventional manner using one
or more physiologically acceptable carriers, diluents, excipients or auxiliaries which facilitate
processing of the active compounds into preparations which can be used pharmaceutically.

Pharmaceutical compositions of the present disclosure subject matter can take a form
suitable for virtually any mode of administration, including, for example, topical, ocular, oral,
buccal, systemic, nasal, injection, transdermal, rectal, vaginal, and the like, or a form suitable for
administration by inhalation or insufflation.

For topical administration, the active compound(s} or prodrug(s) can be formulated as
solutions, gels, cintments, creams, suspensions, and the like.

Systemic formulations include those designed for administration by injection, e.g.,
subcutaneous, intravenous, intramuscular, intrathecal, or intraperitoneal injection, as well as those
designed for transdermal, transmucosal, oral, or pulmonary administration.

Useful injectable preparations include sterile suspensions, solutions, or emulsions of the

active compound(s) or oligonucleotide(s) in aqueous or oily vehicles. The compositions also can
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contain formulating agents, such as suspending, stabilizing and/or dispersing agent. The
formulations for injection can be presented in unit dosage form {e.g., in ampules or in multidose
containers) and can contain added preservatives.

Alternatively, the injectable formulation can be provided in powder form for
reconstitution with a suitable vehicle, inchuding but not limited to sterile pyrogen free water,
buffer, dextrose solution, and the like, before use. To this end, the active compound(s} or
oligonucleotide(s) can be dried by any art-known technique, such as yophilization, and
reconstituted prior to use.

For transmucosal administration, penetrants appropriate to the barrier to be permeated are
used in the formulation. Such penetrants are known in the art.

For oral administration, the pharmaceutical compositions can take the form of, for
example, lozenges, tablets, or capsules prepared by conventional means with pharmaceutically
acceptable excipients such as binding agents (e.g., pregelatinized maize starch,
polyvinylpyrrolidove, or hydroxypropyl methyleetlulose); fillers (e.g., lactose, microcrystallive
cellulose or calcium hydrogen phosphate); lubricants {e.g., magnesium stearate, talc, or silica),
disintegrants {e.g., potato starch or sodium starch glycolate); or wetting agents {e.g., sodium
faury! sulfate). The tablets can be coated by methods well known in the art with, for example,
with sugars or enteric coatings.

Liguid preparations for oral administration can take the form of, for example, elixirs,
solutions, syrups, or suspensions, or they can be presented as a dry product for constitution with
water or other suitable vehicle before use. Such liquud preparations can be prepared by
conventional means with pharmaceutically acceptable additives such as suspending agents (e.g,,
sorbitol syrup, cellulose derivatives, or hydrogenated edible fats); emulsifying agents (e.g.,
fecithin or acacia); non aqueous vehicles {e.g., almond oil, oily esters, ethyl alcohol, or
fractionated vegetable otls); and preservatives (e.g., methyl or propyl p-hydroxybenzoates or
sorbic acid}. The preparations also can contain buffer salts, preservatives, flavoring, coloring and
sweetening agents as appropriate.

Preparations for gral administration can be suitably formulated to give controlled release

of the active compound or prodrug, as is well known,
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For buccal administration, the compositions can take the form of tablets or lozenges
formulated in a conventional manner.

For rectal and vaginal routes of administration, the active compound(s) or
oligonucleotide(s) can be formulated as solutions (for retention enemas), suppositories, or
ointrients containing conventional supposttory bases, such as cocoa butter or other glycerides.

For nasal administration or administration by inhalation or insuffiation, the active
compound(s}, oligonucleotide(s), or prodrug{s) can be conveniently delivered in the form of an
aerosol spray from pressurized packs or a nebulizer with the use of a suitable propellant, e g,
dichlorodifluoromethane, trichloroflucromethane, dichlorotetrafluoroethane, fluorocarbons,
carbon dioxide, or other suitable gas. In the case of a pressurized aerosol, the dosage unit can be
determined by providing a valve to deliver a metered amount. Capsules and cartridges for use in
an inhaler or insufflator (for example capsules and cartridges comprised of gelatin) can be
formulated containing a powder mix of the compound or oligonucleotide and a suitable powder
base such as lactose or starch.

A specific example of an agueous suspension formulation suitable for nasal administration
using commercially~-available nasal spray devices includes the following ingredients: active
compound or prodrug (0.5-20 mg/ml}); benzalkonium chloride {0.1-0.2 mg/mL}); polysorbate 80
(TWEEN® 80; 0.5-5 mg/ml); carboxymethylcellulose sodium or microcrystalline cellulose (1-15
me/mi); phenviethanol (1-4 mg/ml); and dextrose (20-50 mg/mi). The pH of the final suspension
can be adjusted to range from about pH5 to pH7, with a pH of about pH 5.5 being typical.

For ocular administration, the active compound{(s}, oligonucleotide(s), or prodrug(s) can
be formulated as a solution, emulsion, suspension, and the like, suitable for administration to the
eyve. A variety of vehicles suitable for administering compounds to the eye are known in the art.
Specific non-limiting examples are described in U 8. Patent No. 6,261,547, 1J.8. Patent No.
6,197,934 U.S. Patent No. 6,056,950 U.S. Patent No. 5,800,807; U.S. Patent No. 5,776,445:
U.S. Patent No. 5,698,219; UK. Patent No. 5,521,222; U5, Patent No. 5,403,841; U.§. Patent No.
5,077,033, US. Patent No. 4,882,150; and UL.S. Patent No. 4,738,851, each of which is
incorporated herein by reference in its entirety.

For prolonged delivery, the active compound(s), oligonucleotide(s), or prodrug(s) can be

formulated as a depot preparation for administration by itmplantation or intramuscular injection.
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The active ingredient can be formulated with suitable polymeric or hydrophobic materials {(e.g., as
an emulsion in an acceptable oil) or ion exchange resing, or as sparingly soluble derivatives, eg.,
as a sparingly soluble salt. Alternatively, transdermal delivery systems manufactured as an
adhesive disc or patch which slowly releases the active compound(s) or oligonucleotide{s} for
percutanecus absorption can be used. To this end, permeation enhancers can be used to facilitate
transdermal penetration of the active compound(s) or oligonucleotide(s). Suitable transdermal
patches are described in for example, U.S. Patent No. 5,407,713, U.S. Patent No. 5,352,456, U.S.
Patent No. 5,332,213, U.S. Patent No. 5,336,168, U.S. Patent No. 5,290 561; U.S. Patent No.
5,254,346, U.S. Patent No. 5,164,189; U.S. Patent No. 5,163,899, U.S. Patent No. 5,088 977,
.S, Patent No. 5,087,240; U.S. Patent No. 5,008 110; and U5 Patent No. 4,921,475, each of
which is incorporated herein by reference in its entirety.

Alternatively, other pharmaceutical delivery systems can be employed. Liposomes and
emulsions are well-known examples of delivery vehicles that can be used to deliver active
compound(s), oligonucleotide(s), or prodrug(s). Certaiv organic solvents such as
dimethyisulfoxide (M SG) also can be employed.

The pharmaceutical compositions can, if desired, be presenied in a pack or dispenser
device which can contain one or more unit dosage forms containing the active compound(s) or
oligonucleotide(s). The pack can, for example, comprise metal or plastic foil, such as a blister
pack. The pack or dispenser device can be accompanied by instructions for administration.

The active compound(s}, oligonucleotide(s), or prodrug(s) of the present disclosure, or
compositions thereof, will generally be used in an amount effective to achieve the intended result,
for example in an amount effective to treat or prevent the particular disease being treated. The
compound(s) and oligonucleotide(s) can be administered therapeutically to achieve therapeutic
benefit or prophylactically to achieve prophylactic benefit. By therapeutic benefit is meant
eradication or amelioration of the underlying disorder being treated and/or eradication or
amelioration of one or more of the symptoms associated with the underlying disorder such that
the patient reports an improvement in feeling or condition, notwithstanding that the patient can
still be afflicted with the underlying disorder. Therapeutic benefit also includes halting or slowing

the progression of the disease, regardless of whether improvement is realized.
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For prophylactic administration, the compound or oligonucleotide can be administered to
a patient at risk of developing one of the previously described diseases. A patient at risk of
developing a disease can be a patient having characteristics placing the patient in a designated
group of at risk patients, as defined by an appropriate medical professional or group. A patient at
risk may also be a patient that is commonly or routinely in a seiting where developruent of the
underlying disease could occur. In other words, the an at risk patient is one who is commonly or
routinely exposed to the disease or iliness causing conditions or may be acutely exposed for a
limited time. Alternatively, prophylactic administration can be applied to avoid the onset of
symptoms in a patient diagnosed with the underlying disorder.

The amount of compound administered will depend upon a variety of factors, including,
for example, the particular indication being treated, the mode of administration, whether the
desired benefit is prophylactic or therapeutic, the severity of the indication being treated and the
age and weight of the patient, the bicavailability of the particular active compound, and the like.
Deetermination of an effective dosage is well within the capabilities of those skilled in the art.

Effective dosages can be estimated initially from in vifre assays. For example, an initial
dosage for use in antmals can be formulated to achieve a cireulating blood or serum concentration
of active compound that is at or above an ICso of the particular compound as measured in as in
vitro assay, such as the in vifro fungal MIC or MFC and other /1 vifro assays. Calculating dosages
to achieve such circulating blood or serum concentrations taking into account the bicavailability
of the particular compound is well within the capabilities of skilled artisans. For guidance, see
“General Principles,” In: Goodman and Gilman’s The Pharmaceuticad Basis of Therapeutics,
Chapter 1, pp. 1-112, 13th ed., McGraw-Hill, and the references cited therein, which are
incorporated herein by reference.

Initial dosages also can be estimated from 7z vivo data, such as animal models. Animal
models useful for testing the efficacy of compounds to treat or prevent the various diseases
described above are well-known in the art.

Dosage amounts will typically be in the range of from about 0.0001 or 0.001 or 0.01
mg/kg/day to about 100 mg/kg/day, but can be higher or lower, depending upon, among other
factors, the activity of the compound or oligonucleotide, its bicavailability, the mode of

administration, and various factors discussed above. Dosage amount and interval can be adjusted
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individually to provide plasma levels of the compound(s) or oligonucleotide(s) which are
sutficient to maintain therapeutic or prophylactic effect. In cases of local administration or
selective uptake, such as local topical administration, the effective local concentration of active
compound(s) or oligonucleotide(s) cannot be related to plasma concentration. Skilied artisans will
be able to optimize effective local dosages without undue experimentation.

The compound(s) and oligonucltentide(s) can be administered once per day, a few or
several times per day, or even roultiple times per day, depending upon, among other things, the
indication being treated and the judgment of the prescribing physician.

Preferably, the compound(s) and oligonucleotide{(s) will provide therapeutic or
prophylactic benefit without causing substantial toxicity. Toxicity of the compound(s) and
oligonucieotide(s) can be determined using standard pharmaceutical procedures. The dose ratio
between toxic and therapeutic (or prophylactic) effect is the therapeutic index. Compounds{s} and
oligonucleotide(s) that exhibit high therapeutic indices are preferred.

The recitation of a listing of chemical groups in any definition of a variable herein
includes definitions of that variable as any single group or combination of listed groups. The
recitation of an embodiment for a variable herein includes that embodiment as any single
embodiment or in combination with any other embodiments or portions thereof. The recitation of
an embodiment herein includes that embodiment as any single embodiment or in combination

with any other embodiments or portions thereof.

In order that the invention described herein may be more fully understood, the following
examples are set forth. The examples described in this application are offered to illustrate the
compounds, pharmaceutical compositions, and methods provided herein and are not to be

construed in any way as limiting their scope.

General Experimental Procedures
Definitions of variables in the struciures in schemes herein are commensurate with those of

corresponding positions in the formulae delineated herein.
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Common abbreviations:

ACN
br

d
DCM
dd

dba
DFAA
DIPEA
DMF
DMSO
dppf
EiQAc
h
HRMS
HPFLC
LOMS
MS
MW

m
MeOH
min
ml.
mz
NMP
NMR
ppm
rtor RT
S

t
TFAA
TLC

acetonitrile

broad

doublet

dichloromethane

doublet of doublets
dibenzylidencacetone
diftuorcacetic anhydride
diisopropylethylamine
dimethylformamide

dimethyl sulfoxide

1,1’ -ferrocenediyl-bis{diphenylphosphine)
ethyl acetate

hour(s)

high resolution mass spectrometry
high performance liquid chromatography
Hiquid chromatography and mass spectrometry
mass spectrometry

microwave

multiplet

methanol

minutes

milliliter(s)

mass to charge ratio
N-methyi-2-pyrrolidone

nuclear magnetic resonance

parts per million

room temperature

singlet

triplet

trifluoroacetic anhydride

thin layer chromatography
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Example 1
Exemplary compounds falling within the scope of the present disclosure could be synthesized

according to the following scheme:
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Dimeihyl 2-(3-phenoxypropviimalonate (1)

To a stirring solution of NaH (1.91 g, 47.8 mmol, 1.2 eq} in THF (50 mL} at room
temperature was carefully added dimethy! malonate dropwise (10 g, 75.68 mmol, 1.9 eq). Upon
addition, the reaction mixture became a thick suspension. THF {10 mL} was added to the reaction,
and it was stirred for 1 h. Benzyl 3-bromopropyl ether (9.126 g, 39 8 mmol, 1 eq) was added to
the reaction, and the reaction mixture was heated to 85°C. After stirring for 5 hourss, the reaction
was cooled down to RT, diluted with EtOAc (100 ml) and washed with water (100 mL). The
aqueous phase was extracted with EtOAc¢ (100 mL). The combined organic layers were dried over
NaxSQy, filtered, and concentrated. The residue was purified by flash chromatography using 0-
50% EtOAc in Hexanes to give 10.5 g 1 (94%) as a clear oil. Product was confirmed by LCMS

and NMR. HPLC: 1 =4.996 min.

2-(3-phenoxypropyiimalonic acid (2}

To a stirring solution of compound 1 (10.5 g, 37.5 ramol, 1 eg) in THF/H:O (111, 100 mL)
was added LiOH. The reaction was stirred overnight and then acidified with 1 N HClto pH =2,
The mixture was extracted with EtOAc (100 mL x 2), dried over Na:S0y, and concentrated to
give 8.9 g crude product 2 (93%) as a white solid which was used in the next step without

purification. HPLC: rt = 3.592 min.
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Exemplary compounds falling within the scope of the present disclosure could be synthesized

according to the following scheme:
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Dimethyl 2-(3-({(benzyloxy)carbonyljamina)propvi)malonate (2}

To a stirring solution of NaH (1.1 g, 27.6 mmol, 1.5 eq) in DMF (15 ml) at room
temperature was carefully added dimethyl malonate (3.64 g, 27.6 mmal, 1.5 eq) in DMF (5 mL)
dropwise. Upon addition, the reaction wixture became a thick suspension. DMF (5 wl.) was added
to the reaction, and it was stirred for 1 hat RT. Starting material 1 (5.0 g, 18.4 mmol, 1 eq) in DMF
{§ mL) was added to the reaction, and the reaction mixture was heated to 75°C. After stirring for 5
hours at 75°C, the reaction was cooled down to RT. The reaction mixture was diluted with EtOAc
(160 ml) and washed with water (100 mL). The aquecus phase was extracted with EtOAc (100
mL}. The combined organic layers were dried over NaxSQh, filtered, and concentrated. The residue
was purified by flash chromatography using 0-40% EtOAc in hexanes to give 3.6 g product 2 (60%)
as a clear oil. Product was coonfirmed by LCMS and NMR. HPLC: rt = 4518,

2-(3~({(benzyloxyjcarbonvilamincjpropyvlimalonatic acid (3}

To a stirring solution of compound 2 (3.6 g, 11.13 mmol, 1 eq) in THE/HO (1:1, 50 mL)
was added LiOH (08 g, 33.4 mmol, 3 eq). The reaction was stirred overnight and then acidified
with 1 N HCI to pH = 2. The mixture was extracted with EtOAc (60 mL x 2), dried over NaxSOu,
and concenirated to give 3.3 g crude product 3 (100 %) as a clear oil which was used in the next

step without pusification. HPLC: it = 3.40 min.
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Alcohol 1 (5.0 g, 10.27 mmol, 1 eq), NaxCO5 (7.619 g, 71 888 mmol, 7 eq), and

S tetrabutylammonium bromide (0.132 g, 0.411 mmol, 0.04 eq) were dissolved 1u a biphasic

mixture of CHCH (125 mL) and H;O (250 mL). Benzoy! chloride (1.550 mL, 13.351 mmol, 1.3

eq) was added to the reaction, and the reaction mixture was vigorously stirred overnight. The

reaction mixture was extracted with DCM. The organic phase was dried over anhydrous Na;SOq,

filtered, and evaporated under reduced pressure. The residue was dissolved in 1,2-dichloroethane

10 (30 mL) and heated at 60 °C for 20 min. The solution was stirred at room temperature overnight,

the solvent was removed under reduced pressure, and the residue was purified by column

chromatography on silica gel using a gradient 0-40% EtOAc in hexanes to afford 3.4 g (51 %) of

product (2) as a solid. LCMS: EST+ m/z = 591.1 [M+H]".
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To a suspension dipropargylamine (2 g, 21 48 mmol, 1 eq) and KoCOz (14.84 ¢, 107 4 mmol, 5
eq) in CH3CN (50 mL) at 0 °C was added bromoacetyl chloride {1.788 mL, 21.48 mmol, 1 eq).
The reaction was stirred for 1 h at 0 °C, then at room temperature for 1 h. The reaction was
diluted with DCM and washed with water. The organic phase was dried on Na;SOq, concentrated,
and purified by column chromatography on silica gel using a gradient 0-30% EtOAc in hexanes to

afford 2.35 g product 3 (51 %) as an oil. LCMS: ESI+ m/z =215 9 [M+H]".

e O ’r’; > Br 0 O i
. v ?
COryie TS T e
6.0 on® 3 AN 6.0 B ° P
/Si\f Ikw/ii ’Si\,/' { \J
- N D i
N NaH/DMF, 6°C -{\ / iy -
2 o
Iy

To a stirred solution of alcohol 2 (2.4 g, 4.062mmol, 1 eq) in DMFE (8 mL} at 0 °C was added
bromo acetamide 3 (1.304 g, 6.093 mmol, 1.5 eq) followed by NaH (0.211 g, 60% in mineral oil,
2.068 mmol, 1.3 eg). The reaction was stured at 0 °C for 45 min, then quenched by addition of
H:0. The Reaction mixture was diluted with EtOAc¢ and washed with water. The organic layer
was dried over NaxSQy, filtered, and concentrated. The residue was purified by flash
chromatography using a gradient 0-30% EtOAc in Hexanes to give 2.17 g {(74%) product 4 as a

white solid. LCMS: EST+ m/z = 725.2 [M+H]J".
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To a stirred solution of bis-altkyne 4 (2.91 g, 4.02 mmol, T eq) in THF (30 mL) was added
Et;N3HF (3.276 mL, 20.098 mmol, 5 eq). The reaction was stirred overnight at room

temperature then quenched by addition of MeOH. The reaction mixture was diluted with EtCGAc

(3]

and washed with aqueous saturated NaHCO; then brine. The organic layer was dried over
NazSOy, filtered, and concentrated. The restdue was purified by flash chromatography using a
gradient 0-5% MeOH in EtOAc to give | .85 g alcchol 5 (95%) as a white solid. LCMS: ESIH+ m/z
= 482.0 [M+H]"

10 §

To a stirred solution of the alcohol §(1.85 g, 3.8342 wmol, 1 eq) 1o pyridine (30 mL) was added
DMTTCE (1.693 mg, 4.995 mmol, 1.3 eq). The reaction was stirred at room temperature overnight.
The reaction was quenched by addition of MeOH and the mixture was concentrated under

reduced pressure. The residue obtained was partitioned between EtOAc and aqueous saturated

pamst
4

NaHCO:. The organic layer was dried over NaxS0, filtered, and concentrated. The residue
obtained was purified by column chromatography on silica gel using a gradient (-50% EtOAc in
hexanes to afford 2.48 g DMT cther & (82%) as a white solid. LCMS: ESH m/z = 8§06.0
[M+Nai™
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To a stirred solution of DMT cther 6 (780 mg, 0.995 mmol, 1 eq) in DMF (4 mL}) at -10°C was
added NaH (52 mg, 60% in mineral oil, 1.294 mmol, 1.3 eq) followed by 2-bromo-N-{(prop-2-yn-
1-vhacetamide {263 mg, 1.493 mmol, 1.5 eq) in DMF (1 mL). The reaction was stirred at -10°C
for 20 mins then quenched by addition of H20. The reaction mixture was partitioned between
EtOAc and water. The aqueous phase was extracted with EtQAc, and the combined organic layers
were dried over Na:SOy, filtered, and concentrated. The residue obtained was purified by column
chromatography on silica gel using a gradient 0-60 % EtOAc in hexanes to afford 380 mg (43%)

of product 7 as a white solid. LCMS: ESF+ m/z = 901.7 [M+Na]".
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To a solution of DMT ether 7 (0.38 g, 0.432 mmol, 1.00 eq) in DCM (5 mL) at room temperature
was added TFA (0.076 mL, 0.994 mmol, 2.30 eq} followed by Et;8iH (0.069 ml, 0.432 mmol, 1
eq). The reaction was stirred at room temperature for 2 h then quenched with aqueous saturated
NaHCOs. The product was extracted with BCM, and the organic layers were combined, dried

over Na:SQy, filtered, and concentrated. The residue was purified by column chromatography on

150
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stlica gel using a gradient 0-10% Me(H in DCM to afford 179 mg alcohol 8 (71%). LCMS: ESI+
m/z = 577.0 [M+H]".
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To a solution of alcohol & (179 mg, 0.31 mmol, 1 eq) and azide 9 {0.562 g, 1 025 mmol, 3.3 eg) in

]

THF (8 L) at 0 °C was added a solution of CuSO4-SH2O (0.233 g, 0.931 mumol, 3 eq) in water (2
mL} followed by a sclution of sedium ascorbate (0.215 ¢, 1.087 mmol, 3.5 eq) in water (2 mL).
After stirring for 5 min at 0 °C, the reaction was warmed to room temperature then stirred for 45
mins at room temperature. The mixwure was diluted with DCM then washed with NaHCOs. The
10 aqueous phase was extracted with DCM, and the organic layers were combined, dried over
NazSQq, filtered, and concentrated. The residue obtained was purified by column chromatography
on silica gel using a gradient 0-20% MeOH 1n DCM to afford 398 mg of triazole 10 (58%} as a

solid. MS: m/z = 2243 5 [M+Na]".
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To a stirred solution of triazole 16 (100 mg, 0.045 mmol, 1 eq) and diisopropylethylamine {0.051
mk., 0.135 mmol, 6.5 eq) in anhydrous DCM (2 mL) under Argon was added 2-cyanoethyl N N-
diisopropy! chlorophosphoramidite (0.030 mL, 0.293 sumol, 3 eq) dropwise. The reaction mixture
was stirred at room temperature for 30 mins, then quenched with aquecus saturated NaHCO3
solution. The product was extracted with DCM, and the combined organic phases were washed
with brine, dried over Na 50, filtered, then concentrated. The residue obtained was purified by
flash chromatography using a gradient 0-3% MeOH in DCM in the presence of base to afford 71

mg of phosphoramidite 11 (65%). MS: m/z = 2443 6 [M+H]"
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SEMCI (3.3 mL, 18.5 mmel, 1.2 equiv) was added dropwise to a solution of alcohol 1 (7.5 g, 154
mmol, 1 equiv) and DBU (3.5 mL, 23 mmol, 1.5 equiv} in DMF (50 mL) at 0 °C. The reaction
mixture was stirred overnight at room temperature then diluted with ethy! acetate and hexanes and
poured into cold water (500 mL). The layers were partitioned, and the organic layer was
successively washed with water {2 x 300 wL) then brine (200 mL). The organic layer was dried
over anhydrous sedium sulfate, filtered, and concentrated under reduced pressure. The residue
obtained was purified by flash column chromatography on silica gel (50 g using a gradieni 0-
25% ethyl acetate in hexanes to afford compound 2 (7.5 g, 79%). LCMS: ESI+ m/z = 6394

M-+Nal".

/
7
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Alcohol 2 (2.7 g, 4.38 mmol, 1 equivy was taken up in DMF (29 mL) and cooled to 0 °C. t-Butyl
bromoacetate (1.9 mL, 13 mmol, 3 equiv) was added, followed by sodium hydride (219 mg, 5.5
mmol, 1.28 equiv). The reaction mixture was stitred at 0 °C for 1 h then residual base was
quenched at 0 °C by the addition of methanol (1.5 mL). The product was extracted with ethyl
acetate and the organic layver was washed with water then brine. The organic phase was dried over
sodium sulfate, filtered, then concentrated under reduced pressure. The residue obtained was

purified by flash column chromatography on silica gel (80 g) using a gradient 0-20% ethyi acetate



WO 2022/076922 PCT/US2021/054318

‘”\ O o HOw _
— Si \LX‘“N Nesif >—{)
/ TBAF, THF, 0°C,1h Mo N
S‘\Ew :' SEN‘E “§2°/ """"""" > o Q0 SEM
L
A ( SQ
- = ¢
f)/“\() 3 o 4

TBAF (1.0 Mo THF, 12.7 mk, 3.9 romol, 3 equiv) was added dropwise to a solution of
disiloxane 3 (3.1 g, 4.24 mmol, 1 equiv)in THF (42 mL, 0.1 M} at 0 °C. After 2 h at 0 °C, the
S reaction mixture was poured into a saturated solution of sodium bicarbonate (200 mL) and was
extracted with DCM (2 x 150 mL). The combined organic extracts were washed with water (200
ml.) then brine (150 mL). The combined organic layer was dried over anhydrous sodium sulfate,
filtered, then concentrated under reduced pressure. The residue obtained was purified by flash
column chromatography on silica gel (25 g) using a gradient 0-70% ethyl acetate in hexanes to

10 afford diol 4 (1.82 g, 88%) as an oil. LCMS: ESi+ m/z = 511.0 [M+Nal™
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TBSCH (666 mg, 4.4 mmol, 1.2 equiv) was added as a solid in one portion to a solution of diol (4)

{1.8 g, 3.7 mmol, 1 equiv) and imidarzole (501 mg, 7.4 mmol, 2 equiv) in DMF (18 mL) at 0 °C.
15 The reaction mixture was stirred at room temperature for 2.5 h, diluted with ethyl acetate, then
poured into stirring cold water (200 mL). The organic layer was washed with water (2 x 200 mL)
then brine (150 mL}. The organic layer was dried over ashydrous sodium sulfate, filtered, then
concentrated under reduced pressure. The residue obtained was purified by flash column

1

(4
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chromatography on silica gel (50 g) using a 0-25% ethyl acetate in hexanes to afford alcchol 8§

(1.94 g, 87%} as an oil. LCMS: ESI+ m/z = 625.2 [M+Na]".

propargy! bromide N

NaH O
TBSO

5% DME, 0 °C, 80 mi &
HO D : min g
o 68% / Q)f o
§ g ~ ,{}’ 4] & ><,

S Alcohol 8 (1.94 g, 3.14 mmol, 1 equiv) was taken up in anhydrous DMF (21 mL} and cooled t0 0
°C. Propargy! bromide {80% w/w in toluene, 0.7 mL, 6.2% mmol, 2 equiv) was added, foliowed
by NaH {157 mg,3.93 mmol, 1.25 equiv} as a solid in one portion. After 90 minutes at 0 °C,
additional propargyl bromide {80% w/w in toluene, 0.35 mL, 3.1 mmol, 1 equiv) was added,
followed by NaH (63 mg, 1.57 mmol, 0.5 equiv). After an additional 1 h, the reaction mixture was

10 diluted with ethyl acetate and washed with water (2 x 200 mL) then brine (150 ml.). The organic
fayer was dried over anhydrous sodium sulfate, filtered, then concentrated under reduced
pressure. The residue obtained was purified by flash column chromatography on silica gel (25 g)
using a gradient of 0-15% ethy! acetate in hexanes to afford alkyne (6) (1.38 g, 68% yield) as an
oil. LCMS: ESI+ m/z = 663.3 [M+Na]".
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TFA (2.5 mL} was added dropwise to a solution of t-butyl ester (63 {0.98 g, 1.53 mmol, 1 equiv)
in THF (10 mL} and HoO (2.5 ml} at 0 °C. The reaction mixture was stirred for 1.5 h at room
temperature then concentrated. The residue obtained was dissolved in dichloromethane (10 mbL)},
cooled to 0 °C, then TFA {5 mL) was added. After 1 S b, the reaction mixture was concentrated
under reduced pressure and the residue obtained was diluted with DCM (2 mL) and toluene (2
ml), then concentrated under reduced pressure. The residue obtained was dissolved in DMF (5
ml), cooled to 0 °C, then DIPEA (1.3 mL, 7.65 mmol, 5 equiv), dipropargyl amine (0.8 mL, 7.65
mmol, 5 equiv) and HATU (1.098 g, 2.89 mmol, 1.9 equiv) were added consecutively. The
reaction mixture was stirred at room temperature for 75 mins then the reaction mixture was
diluted with ethyl acetate and 1 N HCI (50 mL}. The mixture was stirred vigorously for 5 minutes
and then the organic phase was separated. The aqueous laver was further extracted with ethyl
acetate. The combined organic extracts were washed with water {2 x 50 mL) then brine (50 mL},
dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
residue obtained was purified by flash columu chromatography on silica gel (25 g) using a
gradient 0-95% ethyl acetate in hexanes to afford amide 7 {532 mg, 84%:) as a sticky sohid.

LCMS: ESH m/z = 416.1 [M+H]™
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A solution of sodinm ascorbate {90 mg, 0.455 mmol, 3.5 equiv) in water (1.5 mL) and a solution

of copper sulfate pentahydrate (97 mg, 0.39 mmol, 3 equiv) in water (1.5 mL) were successively

added dropwise to the solution of alkyne 7 and azide & in THF at 0 °C. After 5 mins, the reaction
mixture was stirred at room temperature for 3 h then diluted with DCM (50 mL) and washed with
aqueous saturated sodium bicarbonate (530 mL). The aquecus layer was extracted with DCM (3 x

25 ml.), the combined organic extracts were dried over anhydrous sodium sulfate then filtered

1
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over celite. The filtrate was concentrated under reduced pressure and the residue obtained was
purified by flash column chromatography on silica gel (5 g) using a gradient 0-75% methanol in
ethyl acetate to afford tris-triazole 9 (120 mg, 45%) as a sticky solid. LCMS: ESI+ m/z = 1031.0
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Compound 18 was synthesized from compound 9 following the same procedure as Example 3.

LOMS: ESH m/z = 1089.4 [(M-NH(iPrh+HLO+2HY2] .
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Synthesis of Asymmetric Tri-Antenmary 3 -triazole GalNAc-Linkers:
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Synthesis of Asymmetvic Tri-dntermary 3 -GalNAc-triazole Linkers:
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5 Synthesis of Asymmetric Tri-Antennary 3 -GalNAc-triazole & amide Linkers:
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Exemplary compounds falling within the scope of the present disclosure could be synthesized

according to the following scheme:
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Synthesis of Asymmetvic Tri-dntermary 3 -triczole GalNAc-Linkers:
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Synthesis of Asymmetvic Tri-dntennary 3 -GalNAc-dmide Linkers:
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Exemplary compounds falling within the scope of the present disclosure could be synthesized

according to the following scheme:
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Fxample 6

Nix  o~p Q0 N 2O O ST DAC
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- Inae
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“NHAG - 4 s_
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Example & AcHN
Intermediote 2 (INT-2).
o0 N O O D NHE HZ(Q)NJ{; AT O\f*@\./\c}/ O TA
i EtOAC, TFA, A
AN s 74% Al “NHAG
AcQ T AcQ T2

To a solution of INT-1 (8.5 g, 12.94 mumol, 1 eq) in EtQA¢ (200 mL) and TFA (3 ml)
under argon was added Pd/C (1.377 g, 10 wt %, 1.294 mmol, 0.1 eq). The round-bottom flask was
flushed with Ho gas, and the suspension was then stirred overnight under Ho (1 atm). The catalyst
was filtered off through celite, and the filtrate was concentrated. The residue obtained was
purified by silica-gel column chromatography using a gradient 0-20% MeOH in DCM 1o give

INT-2(59 g, 74%).

Intermediate 3 (AN'T-3).

HMATU, DIEA,
‘ H
; . ! . —_— O ; Ny
A m/s:IoTov\.O,«vo\vAo/\vNH 2 TFA NJ\/\W OH s Aco/j: ) \“/\0/\,0\/\0,\_)4\; e Ny
RGN A o Ace” Yy “hirine o
de WT-2 Qe T3

To a solution of INT-2 (3.5 g, 5.649 mmol, 1 eq) and 3-azidopropionic acid (0.975 g,
8474 mmol, 1.5 eq) in DCM (SOmL) at 0 °C were successively added HATU (3.222 g, 8.474
mmel, 1.5 eq) then DIPEA (9.834 mL, 56.492 mmol, 10 eq}) dropwise. The reaction was stirred at
0 °C for 5 min then at 1t for 1 h. The reaction was quenched by addition of water and the product
was partitioned between DCM and HaO. The agueous phase was extracted with DCM, the
combined organic layers were dried over Na;SQy, filtered, and concentrated. The residue obtained
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was purified by silica-gel column chromatography using a gradient 0-10% MeQH in EtQAc to

give INT-3 (3.27 g, 93%).

Intermediate 5 (IN'T-8).

DMTrO o /,;;,. e} /{/f/’/ﬁ\sr DMTO o ,F;:’ I}
N NH No N oz
_____ T TNz
<, O Nat, DMF, S
HG O 80% /{) <
iNY-4 /':/ INT-5 \\‘\
5 To a stirred solution of INT-4 (1 g, 1.832 mmol, 1 eq) at 0 °C in anhydrous DMF (15 mi)

was added NaH 60 w% (220 mg 5.495 mmol, 3 eq). The reaction mixture was stirred at 0 °C for
30 mins, and then propargyl bromide (0.68 mbL, 4579 mmol, 2.5 eq) was added dropwise and the
mixture was stirred for 12 h at room temperature. The reaction mixiure was quenched with water
(20 mL.}, extracted with ethyl acetate (3 x 50 mL}, dried (Na28(u), and then concentrated. The

10 residue obtained was purified by silica gel column chromatography using a gradient $-50% ethyl
acetate in hexane as an eluent to INT-5 (919 mg 80%) as a solid. LCMS ESI+: m/z = 683

[M+Naj+
Intermediote 6 (IN'T-6).

DMTIO SN0 =

{
o
&\( YNx}r,N\» = TFA, EsSiH \\Q" A
' —

DCM,RT, 3h

/ENT ;‘&t\\\ o / \

!NT—&

15 To a solution of INT-5 (400 mg, 0.606 mmol, 1.00 eq.) in DCM (10 mL) at room
ternperature were successively added TFA (0.1 mi, 1.33 mmol, 2.20 eg) and Et35H (0.1 mi,
0.667 mmol, 1.1 eq.}. The reaction mixture was stirred at room temperature for 5 h then diluted
with DCM (50 mL). The organic phase was washed with NaHCOs (50 mL) then brine (50 mL),

dried (Nax8SQ4), filtered, and concentrated. The residue obtained was puritied by silica~-gel column
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.o

chromatography using a gradient 0-100% EtQOAc in hexanes to afford INT-6 (200 mg, 50%)as a

solid. LCMS ESI+: m/z = 359 [M+H+.

Intermediate 7 (ANT-7).

ol
N
4 0. L0 o i N, CuSO.5H0
§ . " : 4, 8Hy
O\) ] " ACOAIET SN TN N N g \ﬁ’/\\” % Sogium ascorbate
/ N e, 0 Rt ol
Y \\\ AcO NHAC THF-water, 40%
NT-8 Ohe RT3
HO 22 R
> o '\:FQ - NO”'\/(] o) %3
N A [ v R
A':‘GA«‘I/Q o \‘(’J‘ NN o~ i AcHN % OAe
TN " ~¢ o © ‘\\/N\" e
AcO i N | ~ { )
YN N N
AcC 4 N 4 “\1
N _OAc
A OAS
f o7
2N, o
o] ﬁ N~ \,/\0/»\/0\’,\0‘). //,".I
Che
AcHN
INT=7

Wh

To a stirred muxture of INT-6 (8 mg, 0.022 mmol, 1 eq) and INT-3 (62 mg, 0.101 mmol,
4.5yin THF (1 mL} at 0 °C was added a solution of CuSO4-5H0 (17 mg, 0.067 mmol, 3 eg}in
water {0.25 mL), followed by a solution of sodium ascorbate (15 mg, 0.078 mmol, 3.5 eq) in
water (0.25 mL). The mixture was stirred for 1 h at room temperature, diluted with agueous
saturated NaHCO: (10 rul), and then extracted with DCM (2 x 20 mL). The organic phases were
10 combined, washed with brine (20 mL), dried (NaxS04), filtered, and concentrated. The crude
residue obtained was purified by silica-gel column chromatography using a gradient 0-30%

MeOH in BCM to afford INT-7 (20 mg 40%) as a solid. LCMS ESH m/z = 2239 [M+Nal+.
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Fxample 6.
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To a solution of INT-7 (70 mg, 0.032 mmol, 1 eg) in DCM (10 mi) at 0 °C were
successively added diisopropylethylamine (0.013 mL, 0.076 mmol, 2.4 eq) followed by
S cyanoethyl N N-ditsopropyl chiorophosphoramidite (0.008 mL, 0.038 mmol, 1.2 eq) dropwise.

The reaction mixture was stirred at room temperature for 2 hours, then another portion of
ditsopropylethylamine (0.013 mL, 0.076 mmol, 2.4 eq) followed by cyanoethyl N, N-diisopropyl
chlorophosphoramidite {0.008 mL, 0.038 mumol, 1.2 eq) were added dropwise. The mixture was
stitred for 24 h at room temperature, diluted with aqueous saturated NaHCO; solution (20 mL),

10 and the product was extracted with DCM (2 x 50 mL}. The organic phases were dried (Na:8Cu),
filtered, and concentrated. The residue obtained was purified by silica-gel column
chromatography usiog a gradient 0-30% MeOH 10 DCM to afford Example 6 (10 mg, 26%)asa
solid. LCMS ESI+: m/z = 2439 [M+Nal+. 'H and *'P NMR are consistent with the structure of

the desired product.

15
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Scheme 1: Synthesis of Hi~ (HA-183}
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Scheme 2! Synthesis of Azide-12
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To a stirred and cooled {0 °C) sclution of compound 1 (10.08 g, 18.462 mmol, 1 eq) in

anhydrous DMF (100 ml) was added NaH 60 w9 {2.58 mg 64.615 mmol, 3 eq). The reaction
mixture was stirred at 0 °C, for 30 min. Propargylbromide {8 236 mL, $5.38 mmol, 3 eq) was
added dropwise, stirring was continued for 2h at 0 °C. The reaction mixture was quenched with

water (200 mL.), extracted with Ethyl acetate (200 mL), washed with water 2X100 mL and Brine

100 mL, dried {Na2804) and concentrated, and the residue was purified by silica gel column

chromatography using 0-70% Ethyl acetate/hexane as au eluent. Pure fractions were combined

and concentrated to obtained tri-propargyl 2 (12.1 g 99%;) as a white solid. Product was

,,,,,

confirmed by NMR and LCMS (m/z 684 M+Na}.
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o f’\yﬁe
DMT@W K\; TFEA, Et,Si Mg \7/ 7

DCM, RT /
/ \\\\ 61% / <\\ !

To a solution of DMT ether 2 (4.1 g, 6.212 mmol, 1.00 eq.) in DCM (30 mL) was added
TFA (1.09 mL, 14 288 mmol, 2.30 eq.). The color of the solution turned to red. EGSiH (1.09 mL,

6.833 mmof, 1.1 eq.) was added at room temperature. The reaction mixiure was stirred at room
temperature for 5 h. LCMS showed complete deprotection. The reaction mixture was diluted with
agt. saturated NaHCOs; (100 mi), extracted with DUM (2 x 200 mi}, and the organic phase was
washed with NaHCO5 (50 ml), brine (100 mi}, dried over Na;80;, filtered and concentrated. The
residue was purified by silica~gel column chromatography using a gradient 0-100% EiQGAc in
hexanes as eluent to afford the desired product 3 as a solid (1.35 g, 61%). LCMS ESI+ m/z 359
IVHHT.

NaHCO,y

HO\/’\O/\\/ ey A - 2o HOL /\\/0\/'”\0’”\ NHGbz
8 Chz-Cl, EICAC 7

To a mixture of commercially available amivo alcohol 6 (50.0 g, 25875 mmol, leq)in
EtDAc {250 mL) 250 mL HxO was added NaHCOs (30.4 g, 362.25 mmol, 1.4 eq), followed by
addition of Chz(l (36.8 mL, 25875 mmol, ! eqg) at rt. The mixture was stirred at rt overnight.
Work-up: Organic fayver was separated, aqueous phase was extracted with EtOAc (80 miX2), and
dried over MgSQ0y. The residue was purified by flash chromatography using 30% to 50%

EtOAc/Hept to give compound 7 (72 g, 85% yield) as a syrup.
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Ac
AcO QAc
i o) \
AcQ S/‘(;Qx’QAS’ AGQ [O Ac
NHAC o
AcD if(‘\:vo\.//\ﬂf \/O\/\O/\.f NHChz

1. TMSOTI, CHGly NHAC 8
2. TMSQTY, 1,2-DCE

HO\//’\ C/\VO\/'\ O'f\‘/ NHCbz
7

To a suspension of commercially available GalNAc acetete (10 ¢, 2568 mmol, 1 eg)in
1,2-dichloroethane (SO mlL.) at rt was added TMSOTE (6.5 mL, 35.96 mmol, 1.4 eq) over 3 min.

The mixture was then warmed up to 50°C and stirred at S0°C for Shr. Compound 7 (118 g,

5 35957 mmol, 1.4 eq), 4A molecular sieves (10 g) were added, followed by addition of TMSOTS

(1.2 ml, 6.42 mmol, 0.25 eq}). The mixture was stirred at 1t for 2 days. Filtration, filtrate was
washed with brine (100 mL) and Sat NaHCO; (30 md.), concentrated, and the residue was

purified by flash column chromatography.

Oho QAc
Aﬁé,@ PHIC, Hy AC(’?\’ o CF400,H
AcO A Oy Oy NHCEE SR 0 O~ N
T e O T EOACTRA OO g TN g T
¢ 8 RHAC 8
10 To a solution of GalNAC-PEG4-NHCbz 8 (8.5 g, 12.9 mmel, 1 eq) in EtOAc (200 ml) and

THFA 3ml) was added PA/C (138 g, 10 wt %, 1.3 mmol, 0.1 eq). The suspension was stirred

under Hp (1 atm) overnight. Then the reaction mixture was filtered through celite and

concentrated. The residue was purified by siiica-gel coluran chromatography using a gradient O-

20% MeOH in DCM o afford GalNAc-PEG4-NH: TFA 9 {590 g, 74%) as a sticky solid.

o0 PAE nep e
o CF,C0,H K on HATL \& O o o y "
et U NI NN - NP Y Eagi S T e - T
T o o 8 0 NHAG 8
15 NHbe s 2 10

To a solution of GalNAc-PEG4-NH2 TFA 9 (6.0 g, 9.6 mmol, 1 eq) and 3-azidoacetic acid
(1.6 g, 145 mmol, 1.5 eq}in DCM (100 ml) at 0 °C was added HATU (5.5 g, 14. S mmol, 1.5 eq)

followed by DIEA (16.9ml, 96.8 mmol, 10 eq). The reaction was stirred at 0 °C for 5 min, then

warmed to room temperature and stirred for 4 h. The reaction was quenched by addition of H;O.

20 The crude reaction mixture was partitioned between DCM and 1 N HCL The aqueous phase was

extracted with DCM. The combined organic layers were dried over NaxSQyq, filtered, then

concentrated. The residue was purified by silica-gel column chromatography using a gradient 0-

&
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105 MeQOH in EtOAc to afford the desired product 16 (4.95 g, 83%) as an oil. LCMS ESH m/z =
620 [M+HT

FT N
- .
=0 7 M
oLt wo N
HO \../ ) 7 g “ Y
g o9 4 ACO~, /\ ¥
V¢ i CuSO,-5H0 Acs o 1y - N NN
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v o oy T/ ACO N0 oy o
AGT N A
NHAG 10 By
NHae 4

To a stirred and cooled 0 °C solution of alkyne 3 (585 mg, 1.634 mmol, 1 eg) and azide 10

(V3

{3.136 g, 5.066 romol, 3.1 eg), in THF (40 mL), were added CuSQO4 5H,0 (0408 ¢, 1.634 mmol,
1 eq), in water (10 mL) followed by sodium ascorbate {(0.485 g, 2.451 mmol, 1.5 eq) in water (10
ml). The mixture was stirred for 1h at room temperature. LCMS showed product formation and
complete disappearance of alkyne. The reaction mixture was diluted with aq. Saturated NaHCO;
(100 mL), extracted with DCM 2x200 mL, and washed with brine solution {100 mL}). Combined
10 extracts were dried over Na:SO4, and concentrated, and the resulting crude was purified by
column chromatography using 0-30% MeOH/DCM as an eluent. Pure fractions were combined
and concentrated, and the resulting solids were co-evaporated with toluene and dried under high
vacuum to obtain tris-triazole 4 (2.75 g 75%}) as a yellow solid. LCMS (m/z 1109 M+/2) and

NMR are corresponding with product.
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To a stirred solution of alcohol 4 (2.7 g, 1.218 mmol, 1 eq) and ditsopropylethylamine
(1.37 mL, 7.9 mamol, 6.5 eg), in DCM (20 mL), was added N, N-diisopropyl

chlorophosphoramidite (0.8 ml. 3.65 mmol, 3 eq) dropwise. The reaction mixture was stirred at

717
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room temperature for 15 min. LCMS and HPLC showed completion of reaction. Reaction mixture
was quenched with Ag. Saturated NaHCO; solution {100 mL), extracted with DCM (2x100) mi,
washed with brine (100 mL)}, diied over NaSOy, and the crude product was evaporated and loaded
on to pre-equilibrated (2% EtN-DCM) Biotage silica gel column (50 g 20 pm). The crude
product was purified by flash chromatography using 0-10% MeOH/DCM containing 2% E&N as
an additive. Pure fractions were combined and concentrated and dried under high vacuum to
obtain Phosphoramidite § (2.75 g 93%) as a white solid. 91% purity by HPLC, P31-NMR, Mass
(m/z 2439 M+Na), HI-NMR and LCMS, HPLC correspond with product.
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Scheme 4: Synthesis of regant 4
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Alcohol 1 (10.0 g, 20.54 mmol, 1 eqg), NaxC0s {15239 g, 143,776 mmol, 7 eq) and
S tetrabutylamronium bromide (0.265 g, 0.822 mmol, 0.04 eq) were stirred in a biphasic mixture
of CHClz (200 mL) and HaO (400 mL}. Benzoyl chloride (3.099 mL, 26.71 mmol, 1.3 eq) was
added to the reaction and the reaction mixture was vigorously stirred for 6 hours. The reaction
mixture was difuted with CH2Cly. The agueous phase was separated and extracted with DOM.
The combined organic layers were dried over anhydrous Na:SOy, filtered, and evaporated under
10 reduced pressure. The residue was dissolved 1u 1,2-dichloroethane (50 ml) and heated at 60 °C
for 20 min. Then the solution was stirred at RT overnight. The solvent was removed under
reduced pressure and the residue was purified by column chromatography on silica gel with O—
30% EtOAc in Hexanes to afford 7.3 g (60 %) product 2 as a white solid. Compound 3 is the

major side product.
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To a suspension di-propargylamine (5 g, 53.688 mmol, 1 eq) and KoCO5 (37.1 g, 268.44
mmol, 5 eq) in CH3CN (100 mL) at 0 °C was added bromoacetyl chloride (4.471 mlb, 53.688

mmol, 1 eq). The reaction was stirred for 1 h at 0 °C. LCMS showed the reaction was complete.

5 The reaction was diluted with BCM and washed with water. The organic phase was dried by
NazSOs, concentrated, and purified by CC (0%— 30% EtOAc-hexanes) to afford 6.7 g product 4
(58 %) as a yellow oil.
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10 To a stisred solution of alcohol 2 (7.1 g, 12.817 mmol, 1 eq) in DMF (25 mbL) a1 0 °C was

added amide 4 (3 86 g, 18.026 mmol, 1.5 eq) followed by NaH (0.625 g, 60% in mineral oil,

15.622 mmol, 1.3 eq) n two portions. The reaction was stirred at 0°C for 45 min, then quenched

by addition of H>O. The Reaction mixture was diluted with EtOAc and washed with water. The

aqueous phase was extracted with EtOAc. The combived organic layers were dried over Naz SO,
15 filtered, and concentrated. The residue was purified by flash chromatography using 0 t0 40%

EtOAc in Hexanes to give 7.1 g {81%j) product § as a white solid.
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To a stirred solution of bis-alkyne 5 (7.2 g, 9.945 mumol, 1 eq} in THF (100 mL} was
added EtzN'3HF (6.484 mbL, 39.781 mmol, 4 eq). The reaction was stirred overnight at RT, and
then quenched by addition of MeOH. The Reaction mixture was diluted with EtQCAc and washed
with NaHCQOs and brine. The organic layer was dried over NapSQOq, filtered, and concentrated.

S The residue was purified by flash chromatography using 0 to 5% MeOH in EtOActogive 4.5 g

product 6 {94 %) as a white solid.
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Alcohol 6 was dried by azeotrope distillation with toluene {1 x 30 mL). To a stirred
10 solution of the alcohol 6 (6.4 g, 13.293 mmol, 1 eq) in anhydrous pyridine {50 mi.} was added
DMTrCE (5855 g, 17.281 mmol, 1.3 eq). The reaction was stirred at 1t overnight. MeOH was
added to quench the reaction. The crude reaction was concentrated under reduced pressure. The
residue was partitioned between EtQGAc and NaHCO3, The organic layer was dried over Na2804,
filtered and concentrated. The residue was purified twice by 0-50% EtOAc in hexanes to atforded

1S 9.8 g product 7 (838%) as a white solid.
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To a stirred solution of DMTr ether 7 (6.0 g, 7.655 yamol, 1 eq) in DMF (40 mL) at -10°C

was added NaH (459 mg, 60% in mineral oil, 11,482 mmol, 1.5 eq) followed by immediate
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addition of 2-bromo-N-{prop-2-yn~-1-yhacetamide (2.695 g, 15309 mmol, 2 eq; Synthonix) in
DMF (S mL). The reaction was stirred at -10°C for 30 min. Then the reaction was quenched by
addition of Hx(3. The reaction mixture was diluted with EtOAc and washed with water. The
agueous phase was extracted with EtOAc (2 X). The combined organic layers were dried over
Nax8Qs, filtered, and concenirated. The residue was purified by flash chromatography using O to

60 % EtOAc in hexanes to give 3.56 g (53%) of product 8 as a white solid.

N e
SRR o R
R N e !
UP‘“’OAF_I ¥ 0 Ho’ﬁ\‘\ “;rN\F,—O
0‘\ B S TEA & &
p L Y 7N
O:cr\/ ‘—:QL}\\/'JJI DC:Y! O:::(, Kf,()%:;ﬂ/:{’
e /NH /N Tﬁh N“i /’\‘I’
s N s SN
# i o
o W
& ?

To a solution of DMT ether 8 (3.56 g, 4.05 mmol, 1.00 eq) in DCM (56 mL} at RT was
added TFA (0.93 mL, 12.15 mmol, 3.0 eq). The reaction was stirred at RT for 90 min. Additional
TFA (0.31 mL, 405 mmol, 1.0 eq) was added to the reaction, and the reaction was stirred for 30
min at RT. The reaction was quenched by carefully addition of ag. NaHCO;. The reaction
mixture was partittoned between Saturated NaHCO: and BCM. The agueous phase was exiracted
with DCM (1x). The organic layvers were combined, dried over Na;SOq, filtered, and
concentrated. The residue was purified by coluran chromatography on silica gel using 0-10%

MeOH in DCM to give 1.89 g product 9 {81 %) as a white solid.
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To a suspension of commercially available GalNAc-Acetate (64 g, 164.20 mmol, 1.2 eq)
in 1,2-dichloroethane (300 mL} at rt was added TMSOT (29.7 mL, 164 21 mmol, 1.2 eq,
d:1.228) over 5 min, then the mixture was warmed up to 50 °C and stirred at 50 °C for 5 hr. The
mixture was cooled down to rt, then was added 4A MS (60g) followed by commercially available
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HO-PEG-0-N3 (30.0 g, 136.84 mmol, 1.0 eq). After stirring at rt for 10 min,

PCT/US2021/054318

TMSOTE (7.4 mL,

41.05 mmwol, 0.3 eq) was added. The resultant mixture was stirred at rt for 2 days. Work-up: the
reaction mixture was filirated and washed with BCM {(50mL). Filtrate was poured into brine

(1060mL) + Sat NaHCO; (150 L), Org. layer was separated, Aq. Phase was extracted with DCM

S {50mL). The combined Org. fayers were washed with brine (100 ml) +

Sat NaHCO35 (100 mbL),

and concentrated. The residue was purified by flash chromatography, using 50% EtOAc/Hept to

EtOAC to 1% -6% MeOH/EtOAc. To obtain azide 12 37.2 g (60%) as a pale-yellow syrup.

0
N K
Po/\i / e
)
s N
- o 0 /O C O== /
O e "
Hf)'i\\i»?‘ ‘W/N\B: Aco< CUSO, MO Aws/v‘-\,fgx/"q/‘xfo\/”‘ ’\/NN/\;?* ¢ N
& 5 © ¥ ADQ;l,fv’\./G\«/\Q/\’ g oM sodium ascorbats NHAS ) N ( 3
,,,,,,,,,,,,,,,,,,,,,,, -
6_2 KT,,G NidAs . THF0 c0 PR (N-N )
= L From Sererme 5 a4 &\:\,—o > 4
NN - R T J
\\ I[ NHAG oo 4
LY Acﬂ(\ ° U
[ oo ° g
L N e
NHAC  qp

To a solution of alcohol ¥ (2.0 g, 3.469 mmol,

1 eq)and azide 12 {(6.08% g, 11.1 mmol, 3.2

10 eq)in THF (30 mL) at 0 °C was added a solution of CuS04 SH2O (0.260 g, 1.041 mmol, 0.3 eq)

in water {7.5 mbL} and a solution of sodium ascorbate (0309 g, 1.561 nunol, 0.45 eq) in water (7.5

mL}. After stirring for 5 min at 0 °C, the reaction was warmed to RT. The reaction was stirred for

3 hours at RT. LCMS showed the reaction was completed. The reaction was diluted with DCM

and washed with NaHCOs3. The agueous phase was extracted with DCM (4 X). The organic layers

o
U

were combined, dried over NapSQy, filtered, and concentrated. The residue was purified by 0--

20% MeQOH in DCM to give 6.46 g triazole 16 (84%) as a veliow solid.

i/\rfo
N g
o *\{ v
9%
) N
Am/ o= 7
et N-
A \-*'r\\-’ NN O~ o N/\r ~ ( ™
fitAc =N N AN
.(. uN QN’N
A0 Oac (N"-N 'ri
& O G~ o A8
AcO. JT_\/ R Ty i
-
NHAC
Aco ( A J,.O
m%\» g
NHAG
ki

\
/\\N e ’,’/f\ =0
o ]
b el
Mg o @ v =
¢ m O
4 B
) o
) a 800 peid O;-\/ ¥
N&.VAQ,P\N/ HH N
b A..(J‘\,ﬂ\\r PN /\/‘jv/\g”\/h/\,\ / ( \_
A HHAC NN P
— B i KN’N
DIPEA, DY, BT AsO (oAc ( o r
) 0 @
3% B0~ T}/D\/’\G’”\/O\/\‘O) }
NHAG o /
Aso O
A:,Q& \/O\/ \OJ
NHAC
#

180



10

WO 2022/076922 PCT/US2021/054318

To a stirred solution of triazole 10 (6.1 g, 2.745 mmol, 1 eq) and ditsopropylethylamine
{3.108 mL, 17.843 mmoi, 6.5 eq) in anhvdrous DCM (100 mL) was added 2-cyanoethyl N, N-
ditsopropy! chiorophosphoramidite {(1.837 mL, 8.235 mmol, 3 eq) dropwise. The reaction mixture
was stirred at room temperature for 45 min. LCMS and HPLC showed completion of reaction.
The reaction mixture was quenched with saturated NaHCOs solution and partitioned between
DCM and saturated NaHCOs. The DCM phase was collected. The aqueocus phase was extracted
with DCM (1x). The combined organic phases were washed with brine, dried over NaSOs,
filtered, and concentrated. The residue was loaded on to a pre-equilibrated (2% EnN-DCM)
biotage silica gel column (50 g, 20 um) and purified by flash chromatography using 0-5-10 %
MeOH/DCM containing 2% Ei:N as an additive. Pure fractions were combined, concentrated, and

dried under high vacuum to obtain 5.51 g phosphoramidite 11 (83 %) (97% purity HPLC).
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Example 9
Scheme 6: Synthe5|s of H3 - (HA-104)
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SEMCH (3.3 mbL, 18.5 mmol, 1.2 equiv) was added dropwise to a solution of alcchol 1 (7.5
¢, 154 mmol, | equivy and DBU (3.5 mL, 23 mmol, 1.5 equiv) in DMF (50 mL) at 0 °C. The
reaction mixture was left in the ice-water bath to slowly warm to room temperature overnight.
After 16 h, the reaction mixture was diluted with ethyl-acetate hexanes (5:1, 350 mL) and poured
into cold stirring water (500 rul.). The organic layer was washed with water (2x300 ml.), and with
a saturated agqueous sodium chloride solution (200 mL). The aguecus layers were separately
extracted with a single portion of ethyl acetate-hexanes (5.1, 250 mL.). The combined organic
extracts were dried over anhydrous sodium sulfate, filtered, and concentrated under reduced
pressure. The resulting colorless oil (10 ¢) was purified by flash column chromatography on silica
gel {30 g, gradient: ethyl acetate in hexanes, 0~ 15% [3CV], 15% [3CV], 15-220% [4CV], 20%
[2CV], 20m325%[3CV], 28%[4CVT) to afford alcohol 2 as a colorless ofl (7.5 2,79%). TLC (25%
ethyl acetate in hexanes). LCMS: ESI+ m/z 639 .45 [M+Na]"
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Alcohol 2(7.5 g, 12.2 mmol, 1 eguiv) was dried azeotropically by concentration from
anhydrous toluene (20 mL) under reduced pressure at 35 °C. The resulting oil was dissolved in
DMF (56 mL) and cooled 1o 0 °C. #-buty! bromoacetate (4.5 mL, 26 mol, 2.5 equiv} was added,
followed by sodium hydride (60% dispersion in mineral oil, 608 mg, 15.2 mmol, 1.25 equiv). The
reaction mixture was maintained at 0 °C. After 70 min, additional sodium hydride (230 mg, 5.8
mmol, 0.5 equiv) was added as a solid in a single portion. After 2.5 h total reaction time, the

reaction mixture was guenched with methanol (2 mL) and was then immediately poured into
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stirring ethyl acetate~-hexanes (4:1, 250 mL} and 23% saturated aquecus sodivm chloride solution
{500 mL). The organic layer was washed with 10% saturated aqueous sodium chloride solution (2
x 250 ml), with water (100 mL}, and with a saturated aqueous sodium chioride sclution (100
mL}. The agueous layers were extracted with a single portion of ethyl acetate-hexanes (4:1, 250
ml}. The combined organic layers were dried over anhydrous sodiom sulfate, filtered, and
concentrated under reduced pressure. The resulting colorless residue (12.2 g) was purified by
flash column chrowatography on silica gel (eluent: ethyl acetate in hexanes, gradient: 0%[2CV],
0-23%[2C V], 5%[1CV], 52 10%[5CV], 10% [1CV], 10->15%[3 CV, minor elutes, then major],
15%[1CVE, 15-220%[1CV], 20%[5CVT) to afford ester 3 (7.8 g, 88%) as a colorless oil. TLC

{20% EtOAc/Hexanes). LCMS: ESE+ m/z 753 41 [M+Nal™.
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TBAF (1.0 M in THF, 30 mmol, 2.8 equiv) was added dropwise to a solution of disiloxane
3(78g 10.7mmol, T equiv)yin THF (100 mi, 0.1 M) at 0 °C. After 6 h at 0 °C, the reaction
mixture was poured into a saturated aqueous solution of sodium bicarbonate (250 mi.) and was
extracted with DCM (3 x 150 mL). The combined organic extracts were washed with water (250
ml} and with a saturated agueous sodium chioride solution (150 mL). The aqueous layers wers
separately extracted with a single portion of DCM (150 mL). The combined organic layers were
dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The
resulting colotless oil {10 g) was purified by flash column chromatography on silica gel (50 g,
gradient: ethyl acetate in hexanes, 0->60% [7CV], 60-275% [2CV], 75% [2CV], 75-85%
[2CV], 85% [4 CV]) to afford diol 4 (4.2 g, 81%}) as a sticky white foam. LCMS: ESI+m/z
511.09 [M+Na]".

184



15

WO 2022/076922 PCT/US2021/054318

BSO
HO NG A
-3 = i \-\iN /\:O
5 L4
- o o
e L N TESCY, imidazole o eEm
B oo BEM e - {
i DMF, © - 26 °C P
= g
g 36% )\\
A
5

Diol 4 (4.2 g, 8.6 mmol, | equiv} was azeotropically dried by concentration from anhydrous DCM
{10 mL} and toluene 20 mLy at 35 °C. TBSCU(1.56 ¢, 10.4 mmol, 1.2 equiv) was added as a
solid in one portion to a solution of diol 4 and imidazole (1.17 g, 17.2 mmol, 2 equiv) in DMF {40
ml) at 0 °C. The reaction mixture was removed from the ice bath and allowed to stir at room
temperature. After 20 h, the reaction mixture was diluted with ethyl acetate-hexanes (5:1, 250
mL.}, and was then poured into stitting cold water (400 rul.). The organic layer was washed with
water (3 x 300 mL} and with a saturated aqueous sodium chloride solution (250 mL}. The
aqueous layers were separately extracted with a single portion of ethyl acetate-hexanes (5:1 150
mi}. The organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated under
reduced pressure. The resulting crude residue (6.6 g) was purified by flash column
chromatography on sifica gel (30 g, 60 uM, gradient. ethyl acetate in hexanes, 0-210%{3CV],
10%[6C VT, 10-225%[5 CV1, 25%[4CVT) to afford alcohol 5. Mixed fractions (1.1 g) were

repurified by flash column chromatography on silica gel (25 g, 60 uM, gradient: ethyl acetate in
hexanes, 0~ 5%[3CV], 5%[5CV], 5-310%[8CV], 10% [5CV]) to afford additional alcohol 5,
which was combined with earlier pure fractions to afford alcohol §(4.43 g, 85.5% yieldjasa

colorless sticky oil. TLC (25% EtQAc/hexanes). LCMS: ESI+ m/z 625.25 [M+Nal™.
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Alcohol 8§ {443 g 7.18 mmol, 1 equiv) was azeotropically dried by concentration from
anhydrous toluene (10 mL) under reduced pressure. The resulting residue was dissolved in
anhydrous DMF (35 ml, 0.2 M) and cooled to 8 “C. Propargyl bromide (80% w/w in toluene, 2.4
mL, 22 ramol, 3 equiv) was added, followed by NaH (431 mg, 10 8 mmol, 1.5 equiv) as a solid in
one portion. After 1 h, additional propargyl bromide {80% w/w iu toluene, 1.6 mL, 11 rumol, 1.5
equiv) was added, followed by NaH (144 mg, 3.6 mmol, 0.5 equiv) as a solid in one portion.
After 1 h (2 birs total reaction time), the reaction mixture was diluted with ethyl acetate-hexanes
(5:1, 350 mL} and was washed with 10% saturated brine (3 x 350 mL), and with a saturated
aqueous sodiurm chloride solution {250 mL). The aqueous layers were separately extracted with a
single portion of ethy! acetate-hexanes {(5:1, 150 mL). The combined organic layers were dried
over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The resulting
brown oil (5.2 g) was purified by flash column chromatography on silica gel (50 g, 60 pm, eluent:
ethyl acetate in hexanes, 0%[2CV], 0-27T%[SCV], 786[4CV], 72 12%[3CV], 12%[2CV],
12-15%[2 CV], 15% [3CV]) to afford alkyne 6 (3.85 g, 83.7%) as a Hght vellow oil. LCMS:
ESI+ m/z 663 36 [M+Na]™
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TFA (2.5 mL) was added dropwise to a solution of alkyne 6 {0.98 g, 1.53 mmol, 1 equiv)
in THF (10 mL}y and HaO (2.5 mL} at 0 °C. The reaction mixture was removed from the ice-water
bath and allowed to stir at room temperature. After 1.5 h, the reaction mixture was concentrated
under reduced pressure at 37 °C. The resulting residue was dissolved in dichloromethane (10
mb}, cooled to 0 °C, then TFA {5 mL) was added. After 1.5 h, the reaction mixture was

concentrated under reduced pressure at 37 °C. The resulting residue was diluted with DCM (2
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mL} and toluene (2 mL}, then concentrated under reduced pressure. The resulting brown oif was
dissolved in DMF (5 mL), cooled to 0 °C, then DIPEA (1.3 mL, 7.65 mmol, 5 equiv), dipropargyl
amine (0.8 mL, 7.65 mmeol, 5 equivy, and HATU (1.098 ¢, 2.89 mmol, 1.9 equiv) were added
consecutively. The reaction mixture was removed from the ice-water bath and allowed to stir at
5 room temperature. After 75 min, the reaction mixture was diluted with ethyl acetate-hexanes (9:1,

50 mbL) and with 1 N HCI (50 mL) and was stirred vigorously for 5 minutes. The aqueous layer
was extracted with ethy! acetate-hexanes (9:1, 3 x S0 mL). The combined organic exiracts were
washed with water (2 x 50 mL) and with a saturated aqueous sodium chloride solution (50 mL).
The aqueous layers were separately extracted with ethyl acetate-hexanes (4:1, 50 mL). The

10 combined organic favers were dried over anhydrous sedium sulfate, filtered, and concentrated
under reduced pressure. The resulting yellow solid (1.62 g) was suspended in dichloromethane
{(~10 mL} and was filtered through a plastic frit. The filter cake was washed with DCM (2x 10
mL}, and the combined filtrates were concentrated under reduced pressure. The resulting residue
{1 g) was purified by flash columo chromatography on silica gel {25 g, gradient: ethyl acetate in

15 hexanes, 0%[2CV] 0-260%[5CV], 60%[2CV], 60-290%[3CV], 90%[4C V], 90-295%4[3CV],
95%4CV]) to afford amide 7 (532 mg, 84%) as an off white-foarn. LCMS: ESH /2 438.04
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Water and THF for stock solutions and reactions was sparged for 1S min with argon via a
20 needle from a balloon. Tris-alkyne (780 mg, 1.88 mmol, 1 equiv} and azide (3.2 g, 5.9 mmol, 3.2
equivy were placed under an argon atmosphere, were dissolved in THF (18 L), and were
sparged with argon for 15 min. Solutions of sodium ascorbate and copper sulfate (2x the mass and
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volume needed for reaction) in water were prepared in scintillation vials and sparged with argon
for 1S min. A solution of sodium ascorbate (151 mg, 0.76 mmol, 0.4 equiv} in water (4.5 mL)
was added, then a solution of copper sulfate pentabydrate (94 mg, 0.38 mmol, 0.2 equiv} in water
(4.5 mL) was added dropwise over S min to the solution of alkyne and azide in THF at 0 °C.

S After S min, the reaction-mixture was removed from the ice-water bath and allowed to warm to
room temperature. After 2.5 h, the reaction mixture was concentrated under reduced pressure (50
torr) at 35 °C to remove THE. The reaction mixiure was dituted with DCM (100 mL) and washed
with 50% saturated aquecus sodium bicarbonate solution (100 mL}, with water (100 mL}, and
with a saturated agqueous sodium chloride solution (100 mL). The agueous layers were separately

10 extracted with dichloromethane (2 x 50 mL}. The combined organic extracts were dried over
anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The resulting off-
white foam (2.8 g total} was repurified by flash column chromatography on silica gel (25 g, High
Capacity 20 um cartridge, gradient: methanol in dichioromethane, 0%[2CV], 03 10%[4CV],
10> 1S%[8CVY, 15%[13C V], 15220%[S CV], 20%[ 10CV ]} to afford clicked product 8 (1.86 g,

15 96% HPLC purity, 48% yield) and lower purity batch (494 mg, 90% purity, 12% vield}. LCMS:
ESI+ m/z 2082 .8 [M+Na]".
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Alcohol 8 (1.86 g, 0.903 mmol, 1 equiv) was azeotropically dried by concentration from
20 anhydrous DCM (10 ml) and toluene (15 mi) at 35 °C under reduced pressure on the rotavap,
with backfilling of argon via the Schienk port of the flask. DCM for the reaction was sparged in

bulk with argon for 15 minutes. Alcohol § was dissolved in anhydrous DCM (30 mL), then
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DIPEA (1.1 mL, 6.3 mmol, 7 equiv) was added, followed by 2-cyanoethyl N V-
ditsopropylchloro-phosphoramidite (0.60 ml, 2.7 mmol, 3 equiv) dropwise. HPLC analysis at 10
minutes showed full conversion. After 25 min, the reaction mixture was quenched by the direct
addition of 50% saturated aqueous sodium bicarbonate solution (30 mL). The aqueous laver was
5 exiracted with DCM {2x50 mL). The combined organic extract was washed with a 10% saturated

aqueous sodium bicarbonate solution (50 mL — a slight emulsion forms, add 20 mL saturated
sodium chloride solution to help break), and with a saturated agueous sodium chioride solution
(50 mL). The aqueous layers were separately extracted with BCM (2x50 mL). The combined
organic extracts were dried over anhydrous sodium sulfate, filtered, and concentrated under

10 reduced pressure. The resulting white foam (3.2 g) was purified by flash column chromatography
on silica gel (25g high capacity 20 um column, pre-equilibrated with 3 CV of 2% triethylamine in
dichloromethane, gradient: 2% triethylamine constant, methano! in dichloromethane, 0%[2CV],
0-24%[8CV], 4-25%[5CV], 527%[5CV], T-210%[5CV], 10%[2CV]) to afford amidite.
Fractions were avalyzed by HPLC for purity: £14 (36%), {15 (94.5%), 16 (94%), £17 {(91%,),

15 f18(88%:), f19(86%), £22 (34%). Fractions f14-17 were combined to afford amidite 9 {2.00 g,
93% HPLC purity=> 1.86 g, 91% yield) as a white foam (1H and 31P NMR are clean -DMS(-

do).
TBSO
/! -x}/(}qN/m o
N o 1. BEMCI, DBU, DMF Py
\>,~§i E O>«N/:\FQ 2. i-butyl bromoacetate, NaH, DMF HO 5 & omm
foo o SN (
si-00 % 3. TBAF, THF \e.
\\/ i OHQ 4. TBSCH, imidazole, DMF o o
PN
0% {over 4 steps) )V*
4 -]
20 STEP 1: SEMCL(0.87 mL, 49 mmol, 1.2 equiv) was added dropwise to a solution of

disiloxane (2.00 g, 4.11 mmol, 1 equiv} and DBU (0.92 mL, 6.2 mmol, 1.5 equiv) in anhydrous
DMF (21 ml, 0.2 M) at 0°C. The flask was left to stowly warm in the ice~-water bath. After 17 h,
the reaction mixture was poured into stirring ethy! acetate-hexanes (5:1, 200 mL) and cold water

{200 mL). The organic layer was washed with water (200 L) and with a saturated aguecus
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sodium chloride solution (150 mL}. The agueous layers were separately extracted with a single
portion of ethyl acetate-hexanes (5.1, 200 mL}. The combined organic extracts were dried over

anbydrous sodium suifate, were filtered, and were concentrated under reduced pressure.

STEP 2: The resulting residue was azeotropically dried by concentration from anhydrous
toluene (20 mL). The resulting residue was dissolved in DMF (21 mL), cooled to 0° C, then #-
butyl bromoacetate (1.52 mL, 10.3 mmol, 2.5 equiv} and sodium hydride {(60% dispersion in
mineral oil, 329 mg, 8.2 mmol, 2 equiv) were added. The reaction mixture was left in the ice-
water bath to stowly warm. After 2 h, the reaction mixture was quenched with methanol (0.5 k)
and then immediately poured into stirring ethyl acetate-hexanes {4:1, 150 mL) and 10% saturated
aqueous sodiurn chloride solution (200 mL). The organic layer was washed with 10% saturated
aqueous sodium chloride solution (2x100 mL), and with a saturated agueocus soedium chloride
solution (100 mL). The aqueous layers were separately extracted with a single portion of ethyl
acetate-hexanes (4:1, 100 mL). The combined organic extracts were dried over anhydrous sodium

suifate, were filtered, and were concentrated under reduced pressure.

STEP 3: The resulting residue was dissolved in THF (25 mL), cooled to 0 °C, then TBAF
{1.0 M in THF, 10 mL, 10 mmol, 2.5 equiv) was added, then the ice~-water bath was removed.
After 30 min, the reaction mixture was poured into stirring saturated agueous sodium bicarbonate
solution (100 mL) and DCM (100 mL). The aqueous layer was extracted with DCM (2 x 100
mL}. The last organic layer was reserved for later extractions. The combined first two organic
extracts were washed with water {100 ml) and with a saturated agueous sodium chioride solution
{100 mL). The aqueous layers were separately extracted with the reserved DCM layer. The
combined organic extracts were dried over anhvdrous sodium sulfate, were filtered, and were

concentrated under reduced pressure.

STEP 4: The resulting residue was azeotropically dried by concentration from anhydrous
toluene (20 mL). The resulting residue was dissolved tn DMF (15 mL) and cooled to 0 °C,
followed by the addition of imidazole (559 mg, 8.2 mmol, 2 equiv) and TBSCH (819 mg, 4.1
mmol, 1 equiv). The ice-water bath was removed, and the reaction was allowed to stir at room

temperature. After 1.5 h, additional imidazole (303 mg, 4.5 mmol, 1 equiv) and TBSCI (325 mg,
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2.2 mmol, 0.5 equivy were added. After an additional 30 min, the reaction mixture was poured
into stirring ethyl acetate-hexanes (5:1, 150 mL) and cold water (150 mL). The organic layer was
washed with water {2 x 150 mL.)}, and with a saturated aqueous sodium chloride solution (150
mL}. The agueous layers were separately extracted with a single portion of ethyl acetate-hexanes
{5:1, 100 ml). The combined organic extracts were dried over anhydrous sodium sulfate, were
filtered, and were concentrated under reduced pressure. The resulting residue (5 ¢) was purified
by flash column chromatography on silica gel (50 g, 60 um, ethyl acetate in hexaves, 0%[2CV],
0-28%[SCV], 82 15%[8CV], 15%[7CV], 15-230%[5CV], 30%[3CV]) to afford alcohol (2.25 g,

90%) as a colorless oil.
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Scheme &: Synthesis of Azide 11
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To a suspension of commercially available GalNAc-acetate (11.5 g, 29.579 mmol, 1 eq) in

1,2-dichloroethane (70 mL) at rt was added TMSOTE (6.4 mL, 35495 mmol, 1.2 eq, d:1.228)

wr

over 5 min, then the mixture was warmed up to 50 °C and stirred at 50 °C for Shr. Th mixture was
cooled down to rt, 4A MS (20 g) was added, then HO-PEG 6 N3 (10.0 g, 32,537 mmol, 1.1 eq)
was added. After stirring at 1t for 10 min, TMSOTE (1.8 mL, 9.762 mmol, 0.3 eq) was added. The
resultant mixture was stirred at 1t for 2 days. Work-up: the reaction mixture was filtered and
washed with DCM (50 ml.). Filtrate was poured into brine (100 wL) + Sat NaHCO: (100 mL).

10 Org. laver was separated, Aq. Phase was extracted with DCM (50 mL}. The combined Organic
layers were washed with brine (100 mL) + Sat NaHCO3 (50 mL), and concentrated. The residue
was purified by flash chromatography using 50% EtOAc/Hept to EtOAc to 1%-6%
MeOH/EtOAC to obtain azide 11 {104 70 %) as a pale-yellow syrup.
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15 To a solution of compound 9 (1.4 ¢, 2 428 mmol, 1 eq) and azide 11 (5.1 g, 8.013 mmol,

3.3 eq) in anhydrous THF (28 mL) at 0 °C was added CuSO4.5H(0 (243 mg, 0.971 mmol, 0.4 eq)
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in 7 mL water, followed by addition of L-Na-ascorbate (1.457 mmol, 0.6 eq) in 7mL water, and
then the cooling bath was removed. The resultant mixture {pale yellow) was stirred at 1t for 5hr.
Work-up: NHACEI-NH3 H20 (prepared by 5g NHuCL Smi NHz HxO (29%) in 50 mL water) (20
mL} was added, Aq. phase was extracted with DCM (50 mLX4). The combined organic layers
were washed with brine (100 mL) + NH.CI-NHz HzO (10 mL) two tiroes, then brine (80 mL)+
WH3 HO (Imi)y until Ag. phase showed no blue color, then brine (80 mL). The residue was
councentrated and purified by flash chromatography 50% EtOAc/Hept to EiQAc to 1% to 4%
Me(OH/DCM to give product 19 as a white foam 4.9 g, 81% yield.
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To a stirred solution of alcohol 16 (2.93 g, 1.179 mmol, 1 eq) and diisopropylethylamine
{1.23 mL, 7.072 mmol, 6 ¢q), in DCM (30 m1L), was added Z-cyanoethyl N, N-diisopropyl
chlorophosphoramidite (0.78 mL 3.536 mmol, 3 eq) dropwise. The reaction mixture was stirred at
room teraperature for Th. Reaction mixture was guenched with Ag. Saturated NaHCO5 solution
(56 mL), extracted with DUM (100} mi, washed with brine (100 mL)}, dried over NbSQO4, and
evaporated. The crude product was loaded onto (pre-equilibrated two times with 1% Et:N-DCM)}
Biotage silica gel column (50 g 20 pm) and purified by flash chromatography using 0-10%
MeOH/DCM containing 1% EtsN as an additive. Pure fractions were combined, concentrated, and
dried under high vacuum to obtain Phosphoramidite 12 (2.8 g, 88%) as a beige solid. 92% purity

by HPLC, P31-NMR, Mass (m/z 2708 M+Na), H1-NMR correspond with product.
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Scheme 9: Synthesis of H5 - (HA-112)
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To a stirred solution of alkyne 7 (0.65 g, 1.566 mmol, leq) and azide 1§ (3.18 g, 5.012
mmol, 3.2 eq) in THF (30 mL) were added CuSO4 SH20 {0.19 g, 0.788 mmol} in water (5ml)
and Na-ascorbate (0.23 g, 1.198 mmol} in water (5mb.), and the mixture was stirred for 3h at
room temperature. LCMS showed product formation and complete disappearance alkyne. The
reaction mixture was diluted with ag. Saturated NaHCO; (50 mL), extracted with DCM 250 mi,
and washed with brine solution (30 mL). Combined extracts were dried over NaxSOq, and
councentrated, resulting crude was purified by coluron chromatography using 0-30% MeOH/DCM
as an eluent, pure fractions were combined, and concentrated resulting solids were co-evaporated
with toluene and dried under high vacuum to obtain tris-triazole (2.8 g 76%) as a white solid.

LOMS and NMR correspond with product.
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To a stirved solution of alcohol 12 {1.033 g, 0.444 mmol, 1 eq) and diisopropylethylamine
{0.46 mL, 2.666 mmol, 6 eq), in BCM (10 mL}, was added 2-cyancethyl N, N-ditsopropyl
chlorophosphoramidite (0.29 mL 1.33 mmol, 3 eq) dropwise. The reaction mixture was stirred at
room temperature for 1h, Reaction mixture was quenched with Aq. Saturated NaHCOs sclution
{50 mL), extracted with DCM (100 ml}), washed with brine (100 mL), dried over NaxSOy, and the
evaporated crude product was loaded onto (pre-equilibrated with 1% Et3N-DCM) Biotage silica
gel column {25 g 20 pum) and purified by flash chromatography using 0-10% MeOH/DCM
containing 1% Ef:N as an additive. Pure fractions were combined, concentrated, and dried under
high vacuum to obtain Phosphoramidite 13 (1.01 g, 90%) as a beige solid. 91% purity by HPLC,

P31-NMR, Mass {m/z 2546 M-I+ Naj, and HI-NMR correspond with product.
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FExample 12

Scheme 10; Synthasss of HE - (HA-113)
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To a stirred solution of the alcohol 1 (0.85 g, 1.974 mmel, 1 eq) in anhydrous pyridine (10

ml} was added DMTrCL {0.87 g, 2.566 mmol, 1.3 eq). The reaction was stirred at 1t overnight.

MeOH was added to quench the reaction. The crude reaction was concentrated under reduced

5  pressure. The residue was partitioned between EtQOAc and NaHCOs. The organic layer was dried

over NazS$Oyq, filtered, and concentrated. The residue was purified on a biotage column (25g,

20uM} using 0-60% EtOA¢ in hexanes {in 10 CV) to afford 0.96 g product 2 (68%) as a slightly

vellow solid.
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10 To a stirred solution of the compound 2 (0.8 g 1.115 mmol, 1 eq) in anhydrous CH3CN

{10 mL) was added DMAP (272 mg, 2.229 mmol, 2 eq), triethylamine (0.311 mL, 2.229 mmol, 2

eq) and TPSCI (675 mg, 2.229 mmol, 2 eq). The reaction was stirred at rt for 2 h. Concenirated

aramonium hydroxide (50% v/v in H20) (5 ml.) was added to the reaction. The reaction was

stirred overnight. The crude reaction was concentrated under reduced pressure. The residue was

[
%3]

partitioned between DCM and sat. NHsClL The aqueous layer was extracted with DCM (1x). The

organic layers were collected, dried over Na:SQqy, filtered, and concentrated. The residue was

purified on a biotage column {25 g, 20 uM) using 0-8% MeOH in DCM in 10 CV to give 661 mg

product 3 (83%) as an off-white solid.
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To a solution of amine 3 (660 mg, 0.921 mmol, 1 eq) in anhydrous DMF (5 mL}) was
added acetic anhydride (0.113 mL, 1.197 mmol, 1.3 eq). The reaction was stirred for 60 h at room
temperature. The reaction was diluted with DCM and washed NaHCOs (1x). The organic layer

was dried with Na; SOy, filtered, and concentrated in vacuo to remove solvent. The residue was

4%

purified by silica gel chromatography (25 g, 20 pm) using 0-10% MeOH/DCM in 15 CV. Pure
fractions were combined, concentrated, and dried under high vacuum to obtain 550 mg product 3

{81%) as a white solid.

10 To a solution of DMT ether 4 (0.61 g, 0.804 mmol, 1.00 eq) in DCM (5§ mL) at RT was

added TFA (0.185 mlL, 2.4 mrol, 3.0 eq). The reaction was stirred at RT for 60 min. Additional
0.1 mL TFA was added to the reaction, and the reaction was stirred for 30 min. The reaction was
carefully quenched by addition of aq. NaHCO:. The reaction mixture was partitioned between
Saturated NaHCQO; and BUM. The aquecus phase was extracted with BCM (Ix}. The organic

15 layers were combined, dried over NapSQy, filtered, and concentrated. The residue was purified by

column chromatography on silica gel using 0-10% MeOH in DCM to give 235 mg product 5 (64

%} as a white solid.
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To a solution of compound § (0.22 g, 0.482 mmol, 1 og) and azide 12 (0.846 ¢, 1.542
mmol, 3.2 eq) in THF (4 mb)at 0 °C was added a solution of CuSOs SH20 (0.036 g, 0.145 mmol,

0.3 eq) in water (1 mL) followed by a solution of sodium ascorbate (0.043 g, 0.217 mmol, 0.45

(V3

eq) to water {1 mL). After stirring for 5 mun at § °C, the reaction was warmed to RT. The reaction
was stirred for 2 hrs at RT, and LCMS showed the major product with some double-clicked
product (m/z 1 777). Additional azide 2 (0.132 g, 0.241, 0.5 eq) was added to the reaction. The
reaction was stirred for 2 hours at RT. LOMS showed completion of the reaction. The reaction
was diluted with DCM and washed with NaHCOs. The agqueous phase was extracted with DCM
10 {Zx). The organic layers were combined, dried over NaxS{ly, filtered, and concentrated. The
residue was purified by 0--20% MeOH in DCM (25 g, 20 uM, in 15 CV) to give 0.85 g triazole 6

{B4%) as a white solid.
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15 Toastirred solution of triazole 6 {0.78 g, 0.371 mmol, 1 eq) and diisopropylethylamine (6.42 mL,

2.412 mmwol, 6.5 eq) in anhydrous DBCM (15 mL) was added 2Z-cyanoethy! N, N-diisopropyl
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chiorophosphoramidite {(0.248 mL, 1.113 mmol, 3 eq) dropwise. The reaction mixture was stirred
at room temperature for 40 min. LCMS and HPLC showed completion of the reaction. The
reaction mixture was quenched with satrated NaHCO: solution and partitioned between DCM
and saturated NaHCO:. The DCM phase was collected. The aqueous phase was extracted with
DCM (1x). The combined organic phases were washed with brine, dried over Nax8Q0,, filtered,
and concentrated. The residue was loaded on to a pre-equilibrated (1% Et:N-DCM) biotage silica
gel column (25 g, 20 pm) and purified by flash chromatography using 0--15 % MeOH/DCM (in
15 CV) containing 1% Et;3N as an additive. Pure fractions were combined, concentrated, and dried
under high vacuum to give 0.60 g phosphoramidite 7 (98% purity by HPLC) as an off white solid.

MS: m/z =2323.7 [M+Nal™ P31-NMR and H1-NMR correspond with product.
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Example 13

Schame ”H Synthesis of H7 - (HA-114)
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Compound 1 (2.0 g, 2.275 mmol, 1 eq) was dissolved in 7 N NHz MeOH (20 mL). The
reaction was stirred at RT for 2h. LCMS showed the reaction was complete. The reaction was
concentrated under reduced pressure. The residue was purified by silica gel chromatography (50
g, 20 um) using 0-10% MeOH/DCM in 15 CV. Pure fractions were combined, concentrated, and
dried under high vacuum to obtain 1.82 g product 2 as a white solid. To a stirred solution of the
compound 2 {1.82 g 2349 mmol, 1 eq) in anhydrous CH:CN (20 mL) was added DMAP (374
mg, 4.698 mmol, 2 eq), triethylamine (0.655 mi., 4.698 mmol, 2 eq) and 2.,4,6-
Triisopropylbenzenesulfonyl chloride (1.423 g, 0.468 mmol, 2 eq). The reaction was stirred at 1t
for 45 min. Concentrated ammonium hydroxide (50% v/v in Hx(3 (5 mL} was added to the
reaction. The reaction was stirred overnight. The crude reaction was concentrated under reduced
pressure. The residue was partitioned between DCM and sat. NHsCl The aqueous layer was
extracted with DCM (1x). The organic layers were collected, dried over Na;SQq, filtered, and
concentrated. The residue was purified by bictage column (50 g, 20 uM) using 0-10% MeOH in

DCMin 15 CV 1o give 1.75 g product 3 (99%) as a white solid.

- , PN, NHA
o, {rA”,th /’\\«'O N' \Ir\'i i
DMT;OA&\?”NVN oMo \J )
L i ST G
g B © Begl 'Q) Q
1 —ee )
s KT,,O DWF o( ; - P
N o N%
o I \
3 4

To a solution of compound 3 (1.75 g, 2.261 mmol, 1 eq) in ashydrous DMF (10 mi.) was

added acetic anhydride (0278 mL, 2.94 mmol, 1.3 eq}. The reaction was stirred for 60h at room

temperature. LCMS shows small amount of SM left. The reaction was diluted with BCM and
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washed with NaHCO; (1x). The organic layer was dried with NaxSQs, filtered, and concentrated
in vacuo to remove solvent. The residue was purified by silica gel chromatography (50 g, 20 pm)
using 0-10% MeOH/E(OAc in 10 CV. Pure fractions were combined, concentrated, and dried

under high vacuum to obtain 1.38 g product 4 (75%) as a white solid.
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To a solution of DMT ether 4 (1.4 g, 1.716 mmol, 1.00 eq) in DCM (15 mL) at RT was
added THA {0.394 mL, 5.148 mmol, 3.0 eq). The reaction was stirred at RT for 30 min.
Additional (0.2 mL) TFA was added to the reaction, and the reaction was stirred for 30 min. The
reaction was carefully quenched by addition of aq. NaHCOs. The reaction mixture was partitioned

10 between Saturated NaHCO; and DCM. The aqueous phase was extracted with DCM (1x). The
organic layers were combined. White insoluble solids in the organic layers were collected by
filtration. LCMS showed that the insoluble solid is product 8. The solid was dried on Vacuum to

give 586 mg product 5 {67 %) as a white solid.
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15 To a suspension of compound 12 (0.41 g, 0.798 mumol, 1 eq) and azide 6 (1.445 g, 2.635

mmol, 3.3 eq}in THF (12 mL} at RT was added a solution of CuSQy-5H:0 (0.060 g, 0.240 mmol,
0.3 eq) in water (3 mL) followed by a solution of sodium ascorbate (0.071 g, 0.359 mmol, 0.45

eq) tn water (3 mL). The reaction was stirred for 7 brs at RT. Then the reaction was diluted with
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DCM and washed with NaHCOs. The aquecus phase was extracted with DUM (1 X}, The organic
fayers were combined, dried over NaxSOq, filtered, and concentrated. The residue was purified by

0--20% MeOH in DCM (50 g, 20 uM, in 15 CV) to give 1.24 g triazole 7 (71%;) as a white solid.
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5 To a stirred solution of triazole 7 (1.63 g, 0.755 mmol, 1 eq) and ditsopropylethylamine

{0855 mL, 4.9 mmol, 6.5 eq) in anhydrous DCM (20 mL) was added 2-cyanoethy] N, N-
ditsopropyl chlorophosphoramidite (0.505 mL, 2.265 mmol, 3 eq) dropwise. The reaction mixture
was stirred at room temperature for 40 min. LOMS and HPLC showed completion of the reaction.
The reaction mixture was quenched with saturated NaHCOs solution and partitioned between

10 DCM and saturated NaHCOs The DCM phase was collected. The aqueous phase was extracted
with DCM (1x). The combined organic phases were washed with brine, dried over Nax80q,
filtered, and concenirated. The residue was loaded on to a pre-equilibrated (1% EN-DCM)
biotage silica gel column (50 g, 20 um) and purified by flash chromatography using 0--15 %
MeOH/DCM (in 15 CV) containing 1% EtaN as an additive. Pure fractions were combined,

15 concentrated, and dried under high vacuum to give 1.3 g phosphoramidite 8 (98% purity by
HPLC) as an off white solid. MS: m/z = 23815 [M+Na]". P31-NMR and H1-NMR correspond

with product.
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Example 14

Scheme 12: Synthesis of H8 - (HA-115)
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To a stirred and cooled (0 °C) solution of compound 1 (10.08 g, 18.462 mmol, 1 eq) in
anhydrous DMF (100 ml) was added NaH 60 w% (2.58 mg 64.615 mmol, 3 eq). The reaction
mixture was stirred at 0 °C, for 30 min. Propargylbromide (8.236 mL, 55.38 mmol, 3 eq) was
added dropwise, and stirring was continued for 2h at 0 °C. The reaction mixture was quenched

with water (200 mL), extracted with Ethyl acetate (200 mL), washed with water (2X 100 mL) and
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Brine (100 mbL), dried (Nax8504), and concentrated, and the residue was purified by silica gel
column chromatography using 0-70% Ethyl acetate/hexane as an eluent. Pure fractions were
combined and concentrated to obtain the tri-propargy! product as a white solid {11 g, 90%).

Product was confirmed by NMR and LCMS (m/z 684 M+Naj}.
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To a stirred and cooled 0 °C solution of DMT ether (10 g, 14.265 mmol, 1.00 eq.} in DUM
(50 mL) was added TFA (2.4 mL, 31384 mmol, 5 eq). The reaction mixture was stirred at RT for
3 h. LCMS showed complete deprotection. The reaction mixture was quenched with NaHCOs (50
L), extracted with DCM (2X 200 mL), dried over NaxSOq, filtered, and concentrated. The
residue was puritied by column chromatography on silica gel using 0-100 EtOAc¢/Hexane as an
eluent, and pure fractions were combined and concentrated to obtain alcohol (4.5 g 83%)as a

white solid. Product was confirmed by NMR and LCMS. M/z 359 (M+1).
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To a stirred solution of Tris-alkyne 3 (1.07 g, 2.98 mmol, 1 equiv) and azide 11 (6.08 g,
9.56 mmol, 3.2 eq) in THF (20 mL) were added CuSQ4-5H:0 (0.37g, 1.4% mmol, 0.5 eq), in
water (2 mL) followed by sodium ascorbate (0.44 g, 2.24 munol, 0.75 eq) in water (2 mL), and the
mixture was stirred for 3h at roon temperature. LCMS showed complete disappearance of alkyne,
The reaction mixture was diluted with aq. Saturated NaHCO; (50 mL) and extracted with DCM
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{2x 50 mL) and 10% DCM:MeQH (S0ml). The combined organic lavers were washed with brine
solution 100 mL, dried over NapS04, and concentrated. The resulting crude product was purified
by column chromatography using 0-40% MeOH/DCM as an eluent. Pure fractions were
combined and concentrated, and the resulting solids were co-evaporated with toluene and dried
under high vacuum to obtain the tris-triazole product (S g, 72°6) as a white solid. LCMS and

WMR correspond with product.
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To a stirred solution of alcohol § (0.6 g, 0.724 romol, leq) and ditsopropylethylamine
{0.199 g 4346 mmol, 6 eq), in DCM (20 mL), was added 2-cyanoethyl N, N-diisopropyl
chlorophosphoramidite (0.18 g, 0.77 mmol, 3 eq) dropwise. The reaction mixture was stirred at
room temperature for 30 min. LCMS showed completion of the reaction. The reaction mixture
was quenched with Ag. Saturated NaHCO; solution {20 mL), extracted with DCM (2x30mL},
washed with brine (20 mL), and dried over Na8Oy, and the evaporated crude product was Joaded
on to pre-equilibrated (1% E3N-MeQOH: 1%DCM (1:10)) Biotage silica gel column (50 g 20 ym)
and purified by flash chromatography using 0-10% MeOH/DCM containing 1% EGN as an
additive. Pure fractions were collected and concentrated to obtain product 7 0.5g (77%) as a white

solid with >95% HPLC purity. Mass and NMR correspond with product.
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Example 18

Scheme 13: Synthesis of HY - (HA-118)

Agl \/OAC

1

}

H

: O a . NH
' S s N

i i R ey

| NHAS {YA:,

: A }
: Aco-'l»r:/"-\/\o/\ OO g
: NHAG DA
; ™ oo P
; Acok:f‘vo\ g O NN
H

}
NHAc

1%
HB-{(HA-118)

~
o
=N
DMT)'O'.\\ 7" i

Ky in MeOR 0: Y
L0
26% o{ 7

{ . NHOF | i
W o5 N B A\ ( i
\ W | W o \ B
8 {Scheme 3) # 12 13
FEN L NMAe
PNV
HQOA S ‘)I-“N
A Pae &
o AY
AcO- /-l\\/o'»/\o-’ SO g NN AcO Paad 0;—\/
NHAC LA
4 {Betoms 8 P et N N L N N
¥ N
NHAG
Ddgusm}ig? " oo P
sodiun: ascorba 4
Tlgﬁ;‘;“f@ A&.’Q&\i}?\/av" R O™ \/'Q\/\Q”"\
R -
AcO\\.‘—’TQ\\.fov’\Q/‘v—O\/’\cf’\/o
NHAg 18
v
P
SN I
Py
Nz 0 L
q
g
aco 88 o
N PP B A M
N i e N s B S
DIFES, DCM, KT RHAC
91% aco PR®

7/
AsOXC ?\/’o\«"\g/\/'c‘\f\a/\v*o\/\‘Oﬁ -
NHAS 40 /,Oﬁ\c

Ko r
AT O g g O
Nitas 45
8 - (HAIIS)

209



Wh

10

15

WO 2022/076922 PCT/US2021/054318

e

r‘/':‘ O
o
DMTFGW e DMTrO/%\L\Td SNH
= - (e} & ~, fe)
¢ o NH3 in MeOH o
) kfm """""""""""" :8 0
O‘"‘{ 96% 0
\\ ] \
8 {Scheme 3} g

Benzoyl derivative 8 (7.3 g, 8.314 mmol, 1 eq) was dissolved in 7 N NHz-MeOH (70 mL).
The reaction was stirred at RT for 2h. LCMS showed completion of reaction. The reaction
mixture was concentrated under reduced pressure. The residue was purified by silica gel
chromatography (100 g, 60 um) using 0-10% MeOH/DUM in 15 CV. Pure fractions were
combined, concentrated, and dried under high vacuum to obtain 6.2 g product (96%) as a white

solid. LOMS m/z=7735 M+Na and NMR correspond with product.
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To a stirred solution of the uridine derivative 9 {(6.15 g, 7.946 mmol, 1 eq} in ashydrous
CHiCN (60 mL) was added DMAP (1.94 g, 15.891 mmol, 2 eq), triethylamine (2.215 mL, 15.891
mmol, 2 eq), and 2,4,6-Tritsopropylbenzenesulfonyl chloride (4.813 g, 15.891 mmol, 2 eq). The
reaction was stirred at rt for 1h. LOCMS showed completion of starting material. Concentrated
ammonium hydroxide (50% v/v in H20) (15 mL) was added to the reaction and the mixiure was
stirred overnight. The crude reaction was concentrated under reduced pressure. The residue was
partitioned between DCM and sat. NHsClL The aqueous layer was extracted with DCM (I1x 200

ml.). The organic lavers were collected, dried over NazSOq, filtered, and concentrated. The
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residue was purified by Biotage column (50 g, 20 uM) using 6-10% MeOH in DCM in 15 CV 1o
give 5.2 g product (85%) as a white solid. NMR and LOMS m/z 774 (M+1) correspond with
product.

o [‘/\/NHZ o Nﬁ\ﬂ,NHAc
BMTr()AQA ?[zN DMTrOAg N

“, O N ‘e 0

© Ac,0 Q
0 ¥ o
DMF Q
<:i

O
N

H 82%
i

19 32

= Z/U\/Qf,

=

S To a solution of amine 106 {5.12 g, 6.624 mmol, 1 eq) in anhydrous DMF (40 mL} was
added acetic anhydride (0.75 mL, 7.948 mmol, 1.2 eq). The reaction was stirred for 60h at room
temperature. The reaction was diluted with BCM (300 mL) and washed with NaHCO; (100 mL}.
The organic fayer was dried with NaySOq, filtered, and concentrated. The residue was purified by
silica gel chromatography (50 g, 20 pm) using 0-10% MeOH/EtOAcin 10 CV. Pure fractions

10 were combined, concentrated, and dried under high vacuum to obtain 4.4 g of acetate (82%) as a

white solid. NMR and LCMS m/z 816 (M+1) correspond with product.
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To a solution of DMT ether 12 (4.35 g, 5.337 mmol, 1.00 eq) in DCM (40 ;i) at RT was
added TFA (1.63 mL, 21.35 mmol, 4.0 eq), and the mixture was stirred at RT for 4 h. The

15 reaction mixture was diluted with DCM (100 mL) and carefully quenched by addition of aq.
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NaHCO; (100 ml). The product was crashed out as a white solid. The solids were collected by
filtration, washed with DCM, and dried under high vacuum to give 2.25 g product (82 %) as a

white solid. NMR and LCMS m/z = 514 (M+Na) correspond with product.
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To a suspension of compound fri-alkyne 13 (2.2 g, 4288 mmol, 1 eq) and azide 11 O g,
14.152 mmol, 3.3 eq) in THF (50 mL) at RT was added a solution of CuSOy SH2O (535 mg,
2.144 mmol, 0.5 eq) in water (10 mL) followed by a solution of sodium ascorbate {198 mg, 3.216
mmol, 0.75 eq) in water (10 mL). The reaction was stirred for 2 h at RT. Then the reaction was
dituted with DCM and washed with NaHCO: (300 mL). The aqueous phase was extracted with
10 DCM (2xS00 ml). The organic layers were combined, dried over NaxSQy, filtered, and

concentrated. The residue was purified by 0-20% MeOH in DCM (100 g, 20 uM, in 15 CV) to

with product.
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13 To a stirred solution of alcohol 14 {(6.00 g, 2.474 mmol, 1 eq) and diisopropylethylamine

(2.58 mL, 14.858 mmol, 6 eq), in DCM (50 mL), was added 2-cyanocethyl N, N-diisopropyl
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chiorophosphoramidite (1.65 mL 7.429 mmol, 3 eq) dropwise. The reaction mixture was stured at
room temperature for Th, The reaction mixture was quenched with Ag. Saturated NaHCO3
solution {100 mL), extracted with DCM {500} ml, washed with brine (100 mL), and dried over
N2804, and the evaporated crude product was loaded onto {pre-equilibrated two times with 1%
EtsN-DCM) Biotage silica gel column (100 g 20 wm) and purified by flash chromatography using
0-10% MeQOH/DXCM containing 1% Et:N as an additive. Pure fractions were combined,
councentrated, and dried under high vacuum to obtain Phosphoramidite 15 (6.9 g). NMR showed
the triethylamine salt. The compound was dissolved in 150 ml DCM, washed with 2x 50 mL
aqueous saturated bicarbonate solution, and the organic layver was dried over Na2S04,
evaporated, and dried under high vacuum to obtain (5.9 g 91%) product as a white solid. 95%
purity by HPLC, P31-NMR, Mass (nv/z 2644 M+Na), HI-NMR correspond with product.
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Toasolution of SM 1 (5.0 g, 10.27 mmol, 1 eq} in anhydrous pyridine (40 mb) at RT was
added chlorotrimethylsilane (3.129 mL, 24 655 mmol, 2.4 eq) dropwise. The mixture was stirred

for 2 hours, then benzoyl chioride (2.862 mL, 24 655 mmol, 2.4 eq) was added dropwise to the

%3]

reaction mixture. The reaction was stirred overnight at RT. HhO (10 mL) was added to the
reaction, and the reaction was stirred for 8 hours. The solvent was rerooved by rotavap. The crude
mixture was partitioned between H>O and EtOAc. The aqueous phase was extracted with EtOAc
(2X 100 mL). The combined organic layers were washed with brine, dried over NaxSGOs, filtered,
and concentrated. The residue was purified by 0-30% EtOAc in Hexanes to give 5.2 g product 2

10 (85 %) as a white solid.
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To a suspension of di-propargylamine (5 g, 53 688 mmol, 1 eq) and KoCO; (371 g,
268.44 mmol, 5 eq) in CHi:CN (50 mL) at 0 °C was added bromoacetyl chloride (4.471 mL,
53.688 mmol, 1 eq). The reaction was stirred for 1 h at 0 °C. LCMS showed the reaction was
15 complete. The reaction was diluted with DCM and washed with water. The organic phase was
dried over Na:S$Os, concentrated, and purified by column chromatography (0% — 30% EtOAc-

hexaves) to afford 9 g product 3 (58 %) as a yellow oil.
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To a stisred solution of alcohol 2 (7.1 g, 12.017 mumol, 1 eq) in DMF (25 mbl) a1t 0 °C was

20 added amide 3 (3.86 ¢, 18.026 mmol, 1.5 eq) followed by NaH (0.625 g, 60% in mineral oil,
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15.622 mmol, 1.3 eq) in two postions. The reaction was stirred at ¢ °C for 45 min, then quenched
by addition of ice water. Precipitated solids were filtered and redissolved in DCM, dried over

NazSQOs, and concentrated. The crude was used as is for the next step.
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s To a stirred solution of bis-alkyne 4 (7.2 g, 9.945 mmol, 1 eq) in THF (100 mL) was

added TBAF (5.19 g, 19.917 mmol, 2 eq). The reaction was stirred 3h at RT. The Reaction
mixture was diluted with EtOAc and washed with NaHCO; and brine. The organic layer was
dried over Na;SQq, filtered, and concentrated. The residue was purified by flash chromatography

using 0 to 5% MeOH in EtOAc to give 4.5 g product § (79% over 2 steps) as a white solid.
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To a stirred solution of diol 5 (11 g, 18 mmol, 1.00 eq.} in DCM (100 mL) was added
TEA (3.7 g, 36.9 mmel, 2 eq) and DMAP (0.27g, 2.2 rumol, 0.1 eq) followed by the addition of
TBDMS-CH (33 g, 22.1 mmol, 1.2 eq). The reaction mixture was stirred at RT for 12 h. LCMS

showed complete reaction. To the reaction mixture was added water (50 mL), and the DCM layer

o
U

was separated, dried over NaxSOs, filtered, and concentraied. The residue was purified by column
chromatography on silica gel using 0-60% Hexane/EA as an eluent, and pure fractions were
combined and concentrated to obtain product as a white solid (11.5 g; 84%). Product was

confirmed by LOMS.
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To a stirred mixture of alcohol 6 (11.5 g, 19.3 mmol, T eq) and bromo compound 7 {44 g,
23.19 mmol, 1.3 eq) in THF was added NaH (0.55 g, 23.19 mmol, 1.2 eq) at -10°C. The RM was
stirred for 1 h at -10 °C. After coropletion, the reaction was quenched with water and extracted
5 with EA, dried over Nap80y, and filtered and concentrated under reduced pressure. The resulting
crude was purified by Biotage column chromatography (0-60% ethy] acetate/bexanes) to give

compound 8 as a beige solid (7 g, 52%). LCMS and 'H-NMR correspond with product.
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Aqueous NHsOH solution (50 mi) was added to a solution of compound 8 (6.8 g, 98
10 mmol, 1 eq) in THF (50 mL), and the mixture was stirred for 3h at room temperature. After
completion of the reaction, water was added and extracted with DCM, dried over NaxSQOy,
filtered, and concentrated under reduced pressure. The resulting crude was purified by Biotage

column chromatography (110 DCM/MeOH) to give 3 as a beige solid (4 g, 70%).
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To a stirred solution of the uridine derivative 9 (4.5 g, 7.143 romol, 1 eq) in anhydrous
CHRON (50 mL) was added DMAP (462 mg, 3.784 mmol, 2 eq), triethylamine (0.527 ml, 3.784
mmol, 2 eq}, and TiPSCl (1.146 g, 2.3 784 mmol, 2 eq). The reaction was stirred at rt for 2 h.
Concentrated ammonium hydroxide (50% v/v in Ho(0) (10 mL) was added to the reaction. The
reaction was stirred overnight. The crude reaction was concentrated under reduced pressure. The
residue was partitioned between DCM and sat. NHaCl. The aqueous layer was extracted with
DCM (1x100 mL). The organic fayers were collected, dried over NaySQy, filtered, and
concentrated. The residue was purified by Biotage colurman (25 g, 20 uM) using 0-5% MeOH in

DCM in 10 CV 10 3.4 g of cytosine (91%) as an off-white solid.
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Compound 9 {4 g, 6.83 mmol, | eq} and benzoic anhvdride (3.09 g, 13.67 mmol, 2 eq)
were dissolved in 50 mL of dry DMF, and the reaction mixture was stirred for 24 h at 25 °C. Py
{2 ml) was then added, and the reaction was stirred another 12h at RT. After completion of the
reaction, the excess DMF was removed under reduced pressure and the crude product was
purified by using silica gel column chromatography (0-100% Ethylacetate/Hexane) to obtain

compound 12 as a beige solid (2.8 g 77%).
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To a stirred solution of TBS-ether 12 (1.4 g, 2.031 mmol, 1 eq) in THF (30 mL) was
added TBAF (I g 4.063 mmol, 2 eq). The reaction was stirred for 3h at RT. The reaction mixture

was diluted with EtOAc and washed with NaHCOs and brine. The organic layer was dried over

gl

5 NaxSQq, filtered, and concentrated. The residue was purified by flash chromatography using 0 to

10% MeOH wn BtOAc to give 0.8 g product 13 (70 %) as a white solid.

Molscuiar Weight: 575.58
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Molscular Weight: 2485.8%

To a stirred solution of alkyne 13 (0.8 ¢, 1.39 mmol, 1 eq) and azide 11 (2.83 g, 4.45
mmol, 3.2 eq) in THF (40 mL) were added CuS04 5SHO (6.17g, 0.64 mmol, 0.5 eq) in water {5
10 mL) followed by sodium ascorbate (0.2g, 1.04 mmol, 0.75 eq) in water (5 mL). The mixture was
stirred for 3h at room temperature. LCMS showed complete product formation and disappearance
of alkyne. The reaction mixture was diluted with aq. Saturated NaHCOs (50 mL) and extracted
with DCM (2x 50 mL). The organic layers were combined and washed with brine solution (100
ml), dried over NaySO4, and concentrated, and the resulting crude was purified by column
1S chromatography using 0-30% MeGH/DCM as an eluent. Pure fractions were combined and

concentrated, and the resulting solids were co-evaporated with toluene and dried under high
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vacuum to obtain tris-triazole (2.7 g 78%) as a white solid. LCMS and NMR correspond with the

product.
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To a stirred solution of alcohol 14 (1.8 g, 0.724 mmol, 1 eq) and diisopropylethylamine

Wh

{0.56 g, 4.346 muuol, 6 eq), tn DCM (20 k), was added 2-cyanoethyl N, N-diisopropy!
chlorophosphoramidite (0.51 g, 2.173 mmol, 3 eq) dropwise. The reaction mixiure was stirred at
room temperature for 30 min. LCMS showed completion of the reaction. The reaction mixture
was quenched with Aq. Saturated NaHCOs solution (20 mL), extracted with DCM (2x30mL),
washed with brine (20 mL), dried over MN2304, and the evaporated crude product was loaded onto
10 pre-equilibrated (1% EN-MeOH: 1%DCM (1:10) Biotage silica gel column (S0 g 20 pm) and
purified by flash chromatography using 0-10% MeOH/DCM containing 1% EtsN as an additive.
Pure {ractions were collected and concentrated to obtain 1.5 g amidite 15 (80%) with >95%

HPLC purity. NMR and mass correspond with the product.
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&-Chloropurine riboside (5 g, 17.483 mmol) and 1,3-dichiore-1,1,3,3~
tetraisopropyldisiloxane compound (6.6 g, 20.978 mmol) were dissolved in anhydrous DMF (50
ml.}). To the reaction mixture was added TEA (7.25 mL, 52 447 mmod), followed by DMAP
{0.2g, 1.75 mmol). The reaction mixture was stirred for 6h at RT. The reaction mixture was then
poured into water (100 rol.), and the resulting suspension was extracted with dichloromethave (3
# 50 mL}. The combined organic extracts were washed with brine (1 x 20 mL), dried over
magunesium sulfate, and concentrated under reduced pressure. The resulting crude was purified by
Biotage column chromatography (0-60% Hexane/Ethyl acetate) to give compound 2 (8 g, 86%6} as

a white solid.
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To a stirred mixture of 2 (5 g, 9452 mmol) and bromo compound 3 (2.42 g, 11.342 mmol)
in DMF (50mL) was added NaH {(0.272 ¢, 11342 mmol} at -10 °C. The RM was stirred for 1
hour at -10 °C. After completion of the reaction, ice cold water was added to the RM. Precipitated
solid was filtered and redissolved in DCM, dried with Na;8O;, filtered, and concentrated. The

crude product was was used for the next step without further purification.
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To a stirred solution of di-silyl ether 4 (4 g, 6.042 mmol) in THF (50 mL) was added
TBAF (3.13 g, 12.085 mmol}. The reaction mixture was stirred at RT for 3 h. LCMS showed
complete deprotection. Water was added to the reaction mixture (50 mL)}, extracted with DCM
{2X 50 mL}, dried over NaySQy, filtered, and concenirated. The residue was purified by column
chromatography on silica gel using 0-10% DCM/MeOH as an eluent, and pure fractions were

combined and concentrated to obtain diol 8 (2 g, 80%) as a white solid.
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To a stirred solution of diol (2 g, 4.773 mmol) in DCM (20 mbL) was added TEA (0.9¢,
9.54 mmol) and DMAP (0.1 g) followed by the addition of TBDMSCI (0.86 g, 5.728 mmol). The
reaction mixture was stirred at RT for 12 h. LCMS showed that the reaction was complete. The
reaction mixture was quenched with water (S0 mL), extracted with DCM (2X 40 mL), dried over
NaxS(u, filtered, and concentrated. The residue was purified by column chromatography on silica
gel using 0-60% Hexane/EA as an eluent, and pure fractions were combined and concentrated to

obtain product 6 {1 8 g, 75%) as a white solid.
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To a stirred mixture of alcohol 6 (1.8 g, 3.371 mmol} and bromo compound 7 (0.71 g,
4045 mmol) in DMF (20 mL) was added NaH (0.097 g, 4.045 mmol) at -10°C. The RM was
stirred for 1 hat -10°C. After completion, the reaction was quenched with water, extracted with
5 EA, washed with brine, dried over Nax50y, filtered, and concenirated under reduced pressure.
The resuiting crude was purified by Biotage column chromatography (0-60 Hexane/ethyl acetate)

to obtain product 8 {1.3 g 60%) as a white solid.

) (
SO W

8

A mixture of 8 (0.1 g, 0.159 mmol), aq. NH: (2 mL), and dioxane (5 mL} in a sealed tube
10 was heated for 12h at 70°C. After completion of the reaction, the excess of dioxane and water
was reruoved under rotavap. The resulting crude was purified by Biotage column chromatography

using 0-100 Ethyl acetate to give (0.075 g, 70%) as a beige solid.
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To a stirred solution of amine 9 (0.1 g, 0.164 ramol) in Py (5 mL) was added BzC1 (0.023
mL, 0.328 mmol). The RM was stirred for Zh at 0°C. Afier completion of the reaction, 2N HCl
was added and extracted with DCM, and the organic layer was separated and dried over Na:SOq,
filtered, and concentrated under rotavap. The resulting crude mixture of 10 & 10b was used as is

for the next step.
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To a stirred solution of crude 10 & 10b (0,15 g) in THF (5 mL) was added NH4OH (2
mL}. The RM was stirred for 3h at 0 °C. After completion of the reaction, to the RM was added
2N HCl and extracted with DCM, and the organic layer was separated and dried with NaxSQu,
filtered, and concentrated under rotavap. The resulting crude mixture was used for the next step

without any purification.
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To a stirred solution of crude compound 12 {0.12 g} in THF {10 mL} was added TBAF
{0.1 g). The reaction mixture was stirred at RT for 3 h. LCMS showed complete deprotection. To
the reaction mixiure was added water (30 mL), and then the reaction mixture was extracted with
DCM (2X 30 mL), dried over NazSQy, filtered, and concentrated. The residue was purified by
column chromatography on silica gel using 0-10% DCM/MeOH as av eluent, and pure fractions
were combined and concenirated to obtain (0.06 g 43%) as a white solid. Product was confirmed
by LCMS and NMR.

CuB0y,, sodium ascorbate
THF, HaOQ

N SN
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LAY ~g

54 NHAc

10 To a stirred solution of alkyne 13 (135 g, 2.25mmol) and azide 11 {3.93 g, 7.21 romol} in

THF (50 mL}, were added CuS04-3H(O (0.28 g, 1.12 mmol), and Na-ascorbate (0.32 g, 1.62

mmol} in water {10+10mi), and the mixture was stirred for 3h at room teroperature. LCMS

showed product formation and complete disappearance alkyne. The reaction mixture was diluted

with ag. Saturated NaHCO; (100 L) and extracted with DCM 2x100 mL, and the organic layer
226
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was washed with brine solution (100 mL). The combined extracts were dried over NapSQOs and
concentrated, and the resulting crude was purified by column chromatography using 0-50%
MeQOH/DCM as an eluent. Pure fractions were combined and concentrated, and the resulting
solids were co-evaporated with toluene and dried under high vacuum to obtain tris-triazole (4 g,

82%) as a white solid.
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To a stirred solution of alcohol 14 {(0.68 ¢, 0.688 mmol) and diisopropylethylamine (0.51
g, 4.008 mmol), in DCM (10 mL), was added 2-cyanocethy! N, N-diisopropyl
chlorophosphoramidite (0.47 g, 2.004 mmol) dropwise. The reaction mixture was stirred at room
ternperature for 15 min. LCMS showed completion of the reaction. The reaction mixture was
quenched with Aq. Saturated NaHCO; solution (20 mL)}, extracted with DCM (2x30}) ml, washed
with brine (20 mL), dried over NaySQy, and evaporated. The crude product was then loaded on to
pre-equilibrated (19 EN-MeOH: 19%DCM (1:20) bictage silica gel column (50 g 20 pm) and
purified by flash chromatography using 0-30% MeOH/DCM containing 1% EtN as an additive.
Pure fractions were collected and concentrated to obtain amidite 15 (1.6 g 74%) as an off-white

solid with >95% HPLC purity. Mass and NMR correspond with the product.
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Example 21

Exemplary compounds falling within the scope of the present disclosure could be

synthesized according to the following scheme:
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Example 23

0 NHR

R = PEG,-GalNAc

Exemplary compounds falling within the scope of the present disclosure could be

synthesized according to the following scheme:
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The contents of all references (including literature references, issued patents, published

patent applications, and co~-pending patent applications) cited throughout this application are

hereby expressly incorporated herein in their entireties by reference.

)
Egquivalents
Those skilled in the art will recoguize, or be able to ascertain using no more than routine
experimentation, many equivalents of the specific embodiments of the invention described herein.
Such equivalents are intended with be encompassed by the following claims.
10
Embodiments
Additional embodiments of the invention include:
1 A compound of Formuda (I-a), (I-b), (I-¢), or {I-d), or a salt, solvate, or hydrate thereof
Ryt A —Ry Ry B —-R,
Ry Rj Ry Ry
Formula (I-a) Formuls (I-b}
)
N
re Yz
15 Formula (I-¢) Formula (I-d)

wherein:

A
\\\«/ is Ring A, wherein each Ring A is independently optionally substituted carbocyclyl or

optionally substituted heterocyelvl;
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(s )

o/ is Ring B, wherein each Ring B is independently optionally substituted aryl or optionally
substituted heteroaryl;

each n is independently 0, 1, 2, 3, or 4;

each Y is independently O, CHz, 8, S(=0), S(=0), NH, substituted amino , NHC{=0),
C{=0INH, P=0)-0-, PE=0)=8)-0, PE=8S)-0, -O-PEOR-0-, -0-P(=0)=8)-0-, -0-P(=8}-0-,
-O-P(=0)z-, -0-P(=0)=8)-, -0-P(=8)-;

sach Z is independently an optionally substituted allyl group, an optionally substituted alkenyl
group, an optionally substituted alkynyl group, or ethylene glycol;

each Ry is independently alkyl-O-phosphoramidite, alkyl phosphoramidite, optionally substituted
alkenyl phosphoramidite, or optionally substituted alkynyl phosphoramidite;

Ry and Rs are each independently optionally substituted alkyl-0-GalNAc, polyethylene glveol-0O-
GalNAc, optionally substituted alkenyl-O-GallNAe¢, optionally substituted alkynyl-O-GalNAc,
alkyl-S8(=0}-aikyl-GalNAc, alkyl-S(=0}-atkyl-GalNAg, alkyl-S(=0}-NH-alkyl, allkyl-S(=0}:-
NH-alky!-GalNAc, alkyl-P PEOY-0-3-NH-alkyl-GalNAc, alkyl-O-P(=0}-0-)-0-alkyi-GalNAc,
alkyl-O-P-0-3(=8)-0-alkyl-GalNAc, or alkyl-O-P{-S-){=8)-0-alkyi-GalNAg;

Rs and Rs are each independently optionally substituted alkyl-O-GalNAc, optionally substituted
alkenyl-O-GalNAc, optionally substituted alkynyl-O-GalNAc, alkyl-S(=0}-alkyl-GaiNAc, alkyl-
SE=0R-alky-GalNAg, alkyl-SEG-NH-alkyl, alkyl-S(=0)n-NH-alkyl-GalNAc¢, alkyl-P PEOX-
O-)-NH-alkyl-GalNAc, alkyl-O-P=0)-0-)-0-alkyl-GalNAc¢, alkyl-O-P-0-)=8)-O-alkyl-
GalNAg, or alkyl-O-P(-S-}=5}-0-alkyl-GalNAc; and

gach Ry is independently optionally substituted alkyl-0O-GalNAc, optionally substituted alkenyl-
O-GallNAc, optionally substituted alkynyl-O-GalNAc, alkyl-S{=0}-alkyl-GalNAc, alkyl-S(=0)-
alkyl-GalNAc, alkyl-S(=(3}-NH-alkyl, alkyl-S(=0):-NH-alkyl-GalNAc, alkyl-P P(=0)(-0-)-NH-
alkyl-GalNAc, alkyl-O-P{(=0)(-0-}-0-alkyl-GalNAc, alkyl-O-P{-0-)}=S)-0-alkyl-GalNAc, or
alkyl-O-P(-8-}=8)-O-alkyl-GalNAc.

2. The compound of embodiment 1, or a salt, solvate, or hydrate thereof, baving Fornoula (I~
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3. The compound of embodiment | or 2, wherein Rz and Rs are the same.

4, The compound of embodiment 1, or a salt, solvate, or hydrate thereof, having Formula (I-
cl.

5. The compound of any of embodiments 1-4, or a salt, solvate, or hydrate thereof, wherein

Ring A is optionally substituted carbocyclyl.

6. The compound of any of embodiments 1-4, or a salt, solvate, or hydrate thereof, wherein

Ring A is optionally substituted heterocyclyl.

3

The compound of embodiment 1, or a salt, solvate, or hydrate thereof, having Formula (I-

b).

3. The compound of embodiment | or 7, wherein Ry and R are the same,

9. The compound of embodiment 1, or a salt, solvate, or hydrate thereof, having Formula (I-
d).

10. The compound of any of embodimentis 1 or 7-9, or a salt, solvate, or hydrate thereof,

wherein Ring B is optionally substituted aryl.

11. The compound of any of embodiments 1, or 7-9, or a salt, solvate, or hydrate thereof,

wherein Ring B is optionally substituted heteroaryl.

12. A compound of Formula (Il-a), (I1-b), or ({I-¢), or a salt, solvate, or hydrate thereof:

236
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Ry, O R Rs\((z);h SN
LIQ\ Rﬁ /"MLZ‘J
Rs Y Y Ry Ry Y Ry
{ .
i, B (2~
Rg Ra Rs
Formula (iI-a} Formuida (I1-b)
RS\T/(Z}%YAQ Rg
Ry ST
YR
gz’n
R7“““<\
Rg

Formula (If-c}
wherein:
gach n is independently 0, 1, 2, 3, or 4;
each Y is independently O, CHa, §, S(=0), S(=0);, NH, substituted N group , NHC(=0),
C(=0NH, PEOYR-0-, PEOK=S8)-0, P(=8S)-0, -0-PEO)-0-, -0-PEOH=8)-0-, -O-P(=8)-0-,
-0-P(=0)2~, -O-PEOY=8)-, ~-O-P(=8)z~;
each Z 13 independently an optionally substituted alkyl group, an optionally substituted alkenyl
group, an optionally substituted alkynyl group, or ethylene glycol;
each R is tndependently alkyl-O-phosphoramidite, optionally substituted alkenyl
phosphoramidite, or optionally substituted alkyny! phosphoramidite;
Rs, Re, Ry, and R are each independently optionally substituted alkyi-O-GalNAc, polyethylene
glycol-0-GalNAc, optionally substituted alkenyl-O-GalNAc, optionally substituted alkynyl-CG-
GalNAg, alkyl-8(=0}-alkyl-GalNAc, alkyl-5(=0);-alkyl-GalNAg, alkyl-S(=0)-NH-alkyl, alkyi-
S{(=0p-NH-alkyl-GalNAc, alkyl-P PEOH-0-)-NH-alkyl-GalNAc, alkyl-0-P(=0}-0~)-O-alkyl-
GalNAgc, alkyl-O-P(-0O-¥=8}-0-alkyl-GalNAc, or alkyl-O-P(-8-}{(=5)-0-alkyl-GalNAc,; and

Ry 1s H, adenine, guanine, thymine, cytosine, uracil, inosine (I}, or a nucleobase variant,

13. The compound of embodiment 12, or a salt, solvate, or hydrate thereof, having Formula

(11-a).

A\
4
NS
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14. The compound of embodiment 12, or a salt, solvate, or hydrate thereof, having Formula

(11-b),

15, The compound of embodiment 12, or a salt, solvate, or hydrate thereof, having Formula

{t-c).

16. The compound of any of embodiments 12-15, or a salt, solvate, or hydrate thereof,
wherein three of Rs, Re, R7, and Rs are cach independently optionally substituted alkyl-O-
GalNAgc, polyethyiene glycol-O-GallNAg, optionally substituted alkenyl-(-GalNAc, optionally
substituted alkynyl -O-GalNAg, alkyl-8(=0})-alkyl-GalNAc, alkyl-8{(=0)-alkyl-GalNAc, alkyl-
S{=0)NH-alkyl, alkyl-S{(=Ch-NH-allkyl-GalNAc, alkyl-P P(=0)-0-)}-NH-alkyl-GalNAc, alkyl-
O-P(=0Y-0-)-0-alkyl-GalNAc, alkyl-0-P(-0-}=8}-0-alkyl-GalNAc, or alkyl-O-P{-8-}{=8)-0-
alkyl-GalNAc, and the remaining one of Rs, Re, Ry, or Ry is independently H, alkyl, alkenyl,

alkynyl, halogen, substituted amine, thiol, or amide.

17. The compound of any of embodiments 12-16, or a salt, solvate, or hydrate thereof,

wherein two of Rs, Rs, B, and Rs are each the same.

18. The compound of any of embodiments 12-16, or a salt, solvate, or hydrate thereof,

wherein three of Rs, Rg, Ry, and Re are each the same.
19, The compound of any of embodiments 12-16, or a salt, solvate, or hydrate thereof,
wherein three of Rs, Re, Ry, and Rg are each the same, and the remaining one of Rs, Re, Ry, or Rg

is independently H, alkyl, alkenyl, alkynvl, halogen, substituted amine, thiol, or anude.

20. The compound of any of embodiments 12-19, or a salt, solvate, or hydrate thereof,

wherein Rois H.

238
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~

21 The compound of any of embodiments 12-19, or a salt, solvate, or hydrate thereof,

wherein Ro is adenine, guanine, thymine, cytosine, or uracil.

22, A compound of Formula (111-a) or (Ili-b) or a salt, solvate, or hydrate thereof:

| = ” i]\\\

R R N A _NH-R

2 o) P 0O 4 sz M 4
o]

(o N QO Q.
R Ry

Formula (1i-a} Formuda (IH-b)

wherein:

each Ry is independently alkyl-O-phosphoramidite, alky! phosphoramidite, optionally substituted
alkenyl phosphoramidite, or optionally substituted alkynyl phosphoramidite;

each R is independently optionally substituted alkyl-O-GalNAc, polyethyiene glycol-G-GalNAcg,
optionally substituted alkeny!-O-GallNAc, optionally substituted alkynyl-O-GallNAg, alkyl-S{(=0)-
alkyl-GalNAc, alkyl-S(=0p-alkyl-GalNAc, alkyl-S{=0)-NH-alkyi, alkyl-S{=0)-NH-alkyl-
GalNAc, alkyl-P PEO)-0-)-NH-alkyl-GalNAc, alkyl-O-P(=0}-0-)-0-alkyl-GalNAc, alkyl-O-
P(-G-¥=83-0-alkyl-GalNAc, or alkyl-O-P(-8-}=8)-0-alkyl-GalNAc;

each Rs is independently optionally substituted alkyl-G-GalNAc, polyethylene glycol-0O-GalNAc,
optionally substituted alkenyl-O-GallNAc, opticonally substituted alkynyi-O-GallNAc, alkyl-S{=0)-
alkyl-GalNAc, alkyl-S(=0}p-alkyl-GalNAc, alkyl-S(=0)-NH-alkyl, alkyl-S{(=0}-NH-alkyl-
GalNAc, alkyl-P PEOY-0-3-NH-alkyl-GalNAc¢, alkyl-O-P(=0}-0-}-0-alkyl-GalNAc, alkyl-O-
P(-0-}=5}-0-alkyl-GalNAc, or alkyl-O-P{-8-}=8)-0-alkyl-GalNAc; and

each Ry is independently optionally substituted allyl-03-GalNAc, polyethylene glycol-O-GalNAc,
optionally substituted alkeny!-O-GallNAc, optionally substituted alkyny!-0-GalNAc, alkyl-S(=0)-
alkyl-GalNAc; alkyl-S(=0)-alkyl-GalNAc, alkyl-8(=0)-NH-alkyl, alkyl-S{(=0)-NH-alkyi-
GallNAgc, alkyl-P P(=0)-0-)-NH-alkyl-GalNAc, alkyl-O-P(=0)-0-}-C-alkyl-GalNAc, alkyl-O-
P-O-)=58)-0-alkyl-GalNAc, or alkyl-O-P-S-)=8)-O~alkvl-GalNAc.
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23. The compound of embodiment 22, or a sali, solvate, or hydrate thereof, having Formula
(HI-a).
24, The compound of embodiment 22, or a salt, solvate, or hydrate thereof, having Formula
5 (Hi-b).
25. A compound of the formula:
Lo
# TN
P
NG~ o ©
-
HA

;
0
BN
BaiAc I N )
H m

SaliN Acf‘c\/’\\/’\v”‘\r/\\/ N

or

o)
ng O A
NH
Q
o ¥ - 2 / -
GalNAC™ ‘v’”ﬁ‘@"\o: NG TN | (U.mg‘
H m
7

) (ON} X O
GaENAc’G\/TQ/\\{};QV’\QNNWQ d NN NN T G

s i e AN YN

ZX 2ZX

10
or a salt, solvate, or hydrate thereof,
wherein:
each n is independently an integer 0-10, inclusive;
each m is independently an integer 0-10, 1inclusive; and

15 base is adenosine, uracil, thymine, cytosine, inosine, of guanosine.
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26. A compound of Formula (IV-a), (IV-b), (IV-c}, or (IV-d}:
\T/’

i Id
pawg N P/D\ o Y i /I
i 1

Z-X &

=
x o ~.

v Sy, OuyMoy PN Ny
3 I ¢ i o
o7 = )né Qr")\\"/ o n4

N X o > o
N e © v 1, O
! \g" A= vy Oj\’ns T ‘)&‘
TN - N
S o X =N O
Y ! Wl
Y NN,
¥
(IV-a) (1V-b) (IV-c)

or a salt, solvate, or hydrate thereof,

wherein:

W

nl is independently an integer 1-10, inclusive;
n2 is independently an integer 1-10, inclusive;
13 is independently an integer 1-10, inclusive;
n4 is independently an integer 1-10, inclusive;
10 each X is independently H, alkyl-GalNAc, or PEG-GallNAc; and
each Y is independently H, alkyl-GalNAc¢, or PEG-GalNAc.

~3

&
Q H 1 H ¥
)n., ‘J\NJP\Q/WVX:JT;O % //J\pr\ﬁ/ﬁ\'t'z:d 0 D‘__N,
PN 67, “w Py Ou N, Pl N_A
1,
B
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A modified oligonucleotide comprising the compound of any one of embodiments 1-26.

15 28, The modified oligonuclectide of embodiment 27, wherein the oligonuclestide comprises

an siRNA, an miRNA, an ADAR recruiting molecule, an ADAR targeting molecule, a guide

RNA, or an antisense nuclete acid.

29, A compound of Formula (V}), or salt, solvate, or hydrate thereof:
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R

Formula (V)

wherein:

R'is H, adenine, guanine, thymine, cytosing, or uracil;

A

NG, B,
Yo v . . Ty -
R”is H, Protecting Group (PG), e Y

L' is alkyl, or alkyl-C{(=0)-NH-alkyl;

L2 is alkyl, or alkyl-C(=0)-NH-alkyl;

R” is H, -C=(0)-NH-(CH,CH;0)-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0}-alkyl-0-GalNAc;
RYis H, -C(O)-NH-(CHCHOn-GalNAg, or -C(=0)-NH- alkyl-NH-C{(=O)-alkyl-0-GalNAc;
R is -C={(O)-NH-{CHCH;O0}w-GalNAc, or -C(=0)-NH- alkyl-NH-C{=0)-alkyl-0-GalNAg;
R is -C={0)-NH-(CHCH20)-GalNAc, or -C(=0)-NH- alkyl-NH-C{=0)-alkyl-O-GalNAg;

1 is an integer 1-10, inclusive;

kis an integer 1-10, inclusive;

m is an integer 1-10, inclusive; and

n is an integer 1-10, inclusive.

30. The compound of embodiment 29, or a salt, solvate, or hydrate thereof, wherein R°, R,

B> and R® are the same.

3t The compound of embodiment 29 or 30, or a salt, solvate, or hydrate thereof, wherein R?,

R, and R® are the same.
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32, The compound of any one of embodiments 29-31, or a salt, solvate, or hydrate thereof,

wherein R or R*is H.

33, The compound of any one of embodiments 29-32, or a salt, solvate, or hydrate thereof,

wherein L' and L? are the same.

34. The compound of any one of embodiments 29-33, or a salt, solvate, or hydrate thereof,
wherein

L' and L7 are each independently alkyl;

R? is H, -C=(O)-NH-(CH,CH:0)-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-GalNAc;
R* is H, -C=(O)-NH-(CHCH O -GalNAc, or -C(=0)-NH- alky-NH-C(=0)-alkyl-0-GalNAc;
R® is -C=(O)-NH-(CH:CH2O)u-GalNAg, or -C(=0-NH- alkyl-NH-C{(=0)-alkyi-O-GalNAc;
RO is -C{OWNHACH:CHO)o-GalNAg, or -C(=0)-NH- alkyl-NH-C (=0 -alkyl-O-GalNAc.

3S. The compound of any one of embodiments 29-34, or g salt, solvate, or hydrate thereof,
wherein

L' and L” are each independently alkyl-C(=0)-NH-alkyl;

R3 is H, <O=(O)-NH-(CH,CH:0)-GalNAe, or -C(=0-NH- alkyl-NH-C{=0)-atkyl-O-GalNAc;
RY is H, -C=(0)-NH-(CH:CHO)-GalNAc, or -C(=0}-NH- alkyl-NH-C(=0)-alky1-O-GalNAc:
R is -C=(0)-NH-CHCHO)m-GalNAC, of -C(=0)-NH- alkyl-NH-C(=0)-alky1-0-GalNAc:
R i -C=(0)-NH-(CH:CH:0)e-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-GalNAc.

36.  The compound of any one of embodiments 29-35, or a salt, solvate, or hydrate thereof,

wherein R* is H.

37. The compound of any one of embodiments 29-36, or a salt, solvate, or hydrate thereof,
wherein
L' and L? are each independently alkyl;

R3 s -C=(0)-NH-(CHCH0)-GalNAg, or -C(=0)-NH- alkyl-NH-C(=0)-atkyl-O-GalNAc;
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RYisH:
R i -C=(0)-NH-(CH,CHy O - GalN A, or ~C(=0)-NH- alkyl-NH-C(=0)-aikyl-O-GalNAc;
R is -Co(0)-NH-(CHCH,O)0-GalNAG, of -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-GalNAc.

38, The compound of any one of embodiments 29-37, or a salt, solvate, or hydrate thereof,
wherein

L' and L? are each independently alkyl-C(=0)-NH-alkyl;

R’ is -C=(0)-NH-(CHCH0)-GalNAc, or -C{=0)-NH- alkyl-NH-C(=0}-alkyl-O-GalNAc;
RYis H;

R is -C{O)-NHACHCH O hn-GalN A, or -C(=0)-NH- alkyl-NH-C(=0)-alkyi-0O-GalNAc;
Rf is -C=(0)-NHACHCH20)-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0}-alkyl-O-GalNAc.
39 The compound of any one of embodiments 29-38, or a salt, solvate, or hydrate thereof,
wherein

R is -C=(0)-NH-(CHCH20)-GalNAc;

RYis H;

R® is -C={0)-NH-(CHCH2O)u-GalNAG;

R®is -C=(O)-NH-(CH,CH2O0)o-GalNAc.

40.  The compound of any one of embodiments 29-39, or a salt, solvate, or hydrate thereof,
wherein

R’ is -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-GalNAc;

RYis H;

R’ is -C{=0)-NH- alkyl-NH-C(=0}-alkyl-0-GalNAc;
RS is -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-GalNAc.

41, The compound of any one of embodiments 29-40, or salt, solvate, or hydrate thereof,

wherein j, m, and n are each independently an integer 4-10, inclusive.

2,‘} 4
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42, The compound of any one of embodiments 29-41, or salt,

wherein j, m, and n are each the same integer 4-10, inclusive.

43, The compound of any one of embodiments 29-42, or salt,

wherein R is HL

44, The compound of any one of embodiments 29-43, or salt,

wherein R! is adenine, gnanine, thymine, cytosine, or uracil.

45, The compound of any one of embodiments 29-44, or salt,

wherein R is adenine.

46.  The compound of any one of embodiments 29-45, or salt,

wherein R' is guanine

47. The compound of any one of embodiments 29-46, or salt,

wherein R is thymine.

48, The compound of any one of embodinments 29-47, or salt,

wherein R! is cytosine.

49, The compound of any one of embodiments 29-4¥, or salt,

wherein R is uracil.

$0.  The compound of any one of embodiments 29-49, or salt,

wherein R is H.

51, The compound of any one of embodiments 29-50, or salt,

wherein R” is Protecting Group (PG).

solvate,

solvate,

solvate,

solvate,

solvate,

solvate,

solvate,

solvate,

solvate,

solvate,

PCT/US2021/054318

or hydrate thereof,

or hydrate thereof,

or hydrate thereof,

or hydrate thereof,

or hydrate thereof,

or hydrate thereof,

or hydrate thereof,

or hydrate thereof,

or hydrate thereof,

of hydrate thereof,
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52. The compound of any one of embodiments 29-51, or salt, solvate, or hydrate thereof,

wherein PG is an oxygen protecting group.

53, The compound of any one of embodiments 29-32, or salt, solvate, or hydrate thereof,
/1\ \?/k
N, B,
. I . \\//\\ -~
wherein R? is oY

54, The compound of any one of embodiments 29-53, or salt, solvate, or hydrate thereof]

wherein for use as a reagent in a chemical reaction.

55 A compound of Formula (VI), or salt, solvate, or hydrate thereof:

Ry

Formula (V1)

wherein:

Rlis H, adenine, guanine, thymine, cytosine, or uracil;

R? is an oligonucleotide sequence;

L'is alkyl, or alkyl-C(=0)-NH-alkyl;

L% is alkyl, or alkeyl-C(=03-NH-alkyl:

R? is H, -C={(0)-NH-(CH,CH:O)-GalNAc, or -C(=0}-NH- alkyl-NH-C(=0)-alkyl-O-GalNAc;

R*is H, -C=(O)-NH-(CHCH:O%-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0-GalNAc;

R® is -C=(O)-NH-(CH:CH2O)n-GalNAg, or -C(=0-NH- alkyl-NH-C{(=0)-alkyi-O-GalNAc;
246
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RO is -C=(O)-NHACHCHO4-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-GalNAc;
} 18 an integer 1-10, inclusive;

k is an tnteger 1-10, inchusive;

m is an integer 1-10, inclusive; and

1 i3 an integer 1-10, inclusive.

Sé. A modified oligonucleotide comprising the coropound of embodiment 85, wherein the
oligonuclectide comprises an siRNA, an miRNA, an ADAR recruiting molecule, an ADAR

targeting molecule, a guide RNA, or an antisense nucleic acid.

$7.  An oligonucleotide comprising a moiety of Formula (VIL), or salt, solvate, or hydrate

thereof:

Formula (VII)

wherein:

R'is H, adenine, gnanine, thymine, cytosine, or uracil;

R’ is a bond;

Lis atkyt, or alkyl-C(=0)-NH-alkyl;

L7 is alkyl, or alkyl-C{=0)-NH-alkyl;

R? is H, -C=(0)-NH-(CH,CH,0)-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-GalNAc;
RYis H, -C(O)-NH-(CHCHOn-GalNA¢, or -C(=0)-NH- alkyl-NH-C{(=O)-alky}-0O-GalNAc;
R is ~C=(O)-NH-CHCH20)u-GalNA¢, or -C(=0)-NH- alkyl-NH-C(=0}-alkyl-0-GalNAc;
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RO is -C=(O)-NHACHCHO4-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-O-GalNAc;
} 18 an integer 1-10, inclusive;

k is an tnteger 1-10, inchusive;

m is an integer 1-10, inclusive; and

1 i3 an integer 1-10, inclusive.

$8.  The compound of embodiment 29, where the oligonucleotide comprises an siRNA, an
miRNA, an ADAR recruiting molecule, an ADAR targeting molecule, a guide RNA, oran

antisense nucleie acid.

59. A composition comprising a compound of any of embodiments 1-58, and a

pharmaceutically acceptable carrier.

60, A method for modulating protein function in a subject, comprising administration of a

compound of any of embodiments 1-58 to the subject.

61. A method for treating or ameliorating a disease, disorder, or symptom thereof in a subject,

comprising administration of a compound of any of embodiments 1-38 to the subject.

62. A compound of Formula {I-a) or (I-¢), or a salt, solvate, or hydrate thereof:

Ry @‘ Rq

Ry Rj

Formula (I-a)

Ry ‘f/g” Ry
\/

LY
Rg” \Z,

Formula (I-c)
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wherein:

O

o is Ring A, wherein each Ring A is independently optiounally substituted carbocyclyl; each
n is independently 0, 1, 2, 3, or 4;

each Y is independently O, CHz, 8, S(=0), S(=0), NH, substituted amino , NHC{=0),
C{=0INH, P=0)-0-, PE=0)=8)-0, P80, -O-PEOR-0-, -0-P(=0)=8)-0-, -0-P(=8}-0-,
-O-P(=0)z-, -0-P(=0)=8)-, -0-P(=8})z-;

sach Z is independently an optionally substituted allyl group, an optionally substituted alkenyl
group, an optionally substituted alkynyl group, or ethylene glycol;

each Ry is independently alkyl-O-phosphoramidite, alkyl phosphoramidite, optionally substituted
alkenyl phosphoramidite, or optionally substituted alkynyl phosphoramidite;

Ry and Rs are each independently optionally substituted alkyl-0-GalNAc, polyethylene glveol-0O-
GalNAc, optionally substituted alkenyi-O-GallNAc, optionally substituted alkynyl-O-GalNAc,
alkyl-S8(=0}-aikyl-GalNAc, alkyl-S(=0}-atkyl-GalNAg, alkyl-S(=0}-NH-alkyl, allkyl-S(=0}:-
NH-alky!-GalNAc, alkyl-P PEOY-0-3-NH-alkyl-GalNAc, alkyl-O-P(=0}-0-)-0-alkyi-GalNAc,
alkyl-O-P(-G-}=8)-C-alkyl-GalNAc, or alkyl-O-P(-S-}=8)-0-alkyi-GalNAg;

Rs and Rs are each independently optionally substituted alkyl-O-GalNAc, optionally substituted
alkenyl-O-GalNAc, optionally substituted alkynyl-O-GalNAc, alkyl-S(=0}-alkyl-GaiNAc, alkyl-
SEOR-alkyl-GalNAc, alkyl-S(=0)-NH-alkyl, alkyl-S(=0)~-NH-alkyl-GalNAc, alkyl-P P(=0}X-
O-)-NH-alkyl-GalNAc, alkyl-O-P=0)-0-)-0-alkyl-GalNAc¢, alkyl-O-P-0-)=8)-O-alkyl-
GalNAg, or alkyl-O-P(-S-}=5}-0-alkyl-GalNAc; and

gach Ry is independently optionally substituted alkyl-0O-GalNAc, optionally substituted alkenyl-
O-GallNAc, optionally substituted alkynyl-O-GalNAc, alkyl-S{=0}-alkyl-GalNAc, alkyl-S(=0)-
alkyl-GalNAc, alkyl-S(=(3}-NH-alkyl, alkyl-S(=0):-NH-alkyl-GalNAc, alkyl-P P(=0)(-0-)-NH-
alkyl-GalNAc, alkyl-O-P{(=0)(-0-}-0-alkyl-GalNAc, alkyl-O-P{-0-)}=S)-0-alkyl-GalNAc, or
alkyl-O-P(-8-}=8)-O-alkyl-GalNAc.

63, The compound of embodiment 62, wherein Ring A 18 not cyclopentyl.
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64, A compound of Formula {1-a) or (I-c), or a salt, solvate, or hydrate thereof

R&’QR

R Ry

Formula (I-a)

Formuls (I-¢)

wherein:

®

’ is Ring A, wherein each Ring A is independently optionally substituted heterocyclyl;

each nis independently 0, 1, 2, 3, or 4;

each Y is independently (O, CHo, 8§, S(=0), S{(=0);, NH, substituted amino , NHC(=0),
C(=0INH, P(=00-0-, P=0YN=5)-0, PESR-0O, -0-PEOR-O-, -O-PEOH=5)-0-, -0-P(=8)-0-,
-G-P(=0-, ~O-P(=0)(=8)-, ~0-P(=5h~,

each Z is independently an optionally substituted alkyl group, an optionally substituted alkenyl
group, an optionally substituted alkyny! group, or ethylene glycol;

each Ry is independently alkyl-O-phosphoramidite, alky! phosphoramidite, optionally substituted
alkenyl phosphoramidite, or optiovally substituted alkyny! phosphoramidite;

Ry and Rs are each independently optionally substituted alkyl-0-GalNAc, polyethylene glycol-O-
GalNAg, optionally substituted alkenyl-O-GallNAc, optionally substituted alkynyl-0-GalNAc,
alkyl-S(=0}-alkyl-GalNAc, alkyl-8(=0)-alkyl-GalNAc, alkyl-8(=0)-NH-alkyl], alkyl-8{(=C)-
NH-alkyl-GalNAc, alkyl-P P(=0)-0-)}-NH-alkyl-GalNAc¢, alkyl-O-P(=0)-0-)-0-alkyi-GalNAc,
alkyl-O-P-0-)=8)-0-alkyl-GalNAg, or alkyl-O-P(-S-(=8)-0-alkyi-GalNAc;

R3 and Rs are each independently opticonally substituted alkyl-O-GalNAc, optionally substituted
alkenyl-O-GalNAc, optionally substituted alkyunyl-O-GalNAe, alkyl-8(=0)-alkyi-GalNAc, alkyi-
S${(=0)z-alkyl-GalNAc, alkyl-S(=0}-NH-alkyl, alkyl-8(=0});-NH-alkyl-GalNAc, alkyl-P P(=0}-
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(-3NH-alkyl-GalNAc, alkyl-0-P(=0}-0-)-0-alkyl-GalNAg¢, alkyl-O-P-O-)=8)-C-alkyl-
GalNAg, or alkyl-O-P(-S-}=8}-0-alkyl-GalNAc; and

gach Ry ts independently optionally substituted alkyl-0O-GalNAc, optionally substituted alkenyl-
O-GallNAc, optionally substituted alkynyl-0-GalNAc, alkyl-S{(=0}-alkyl-GalNAc, alkyl-S(=0)-
alkyl-GalNAc, alkyl-SE=0-NH-alkyl, alkyl-S(=0})-NH-atkyl-GalNAc, alkyl-P P(=0}-0-}-NH-
alkyl-GalNAc, alkyl-Q-P(=0)(-0-}-0-alkyl-GalNAc¢, alkyl-O-P-0-}=5)-0-alkyl-GalNAcg, or
alkyl-0-P(-8-)(=8)-0O-alkyl-GalNAc.

65, The compound of embodiment 64, wherein Ring A (i) contains only one heteroatorm,
which is oxygen, (i} comprises at least oune hetercatom that is 8, or (iti) contains no nitrogen

heteroatoms.

66. The compound of embodiment 64 or 65, wherein Ring A is oxetanyl, tetrahydrofuranyl, or

tetrahydropyranyl.

67.  The compound of any one of embodiment 64-66, wherein Rivg A is tetrahydrofuranyl.
68. The compound of embodiment 64, wherein Ring A 18 not pyrrolidinyl, pipenidinyl, or
morpholinyl

69, A compound of Formula (I-b) or (§-d), or a salt, solvate, or hydrate thereof
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o a
Ry Ra

Formula (I-b)

Rs/i\ﬁ Z}r:Y

Formula (I-d

wherein:

®

\\\8 is Ring B, wherein each Ring B is independently optionally substituted aryl;

each nisindependently 0, 1,2, 3, or 4;

each Y is independently O, CHy, 8, S(=0), S(=0),, NH, substituted amino , NHC(=0),
C(=0INH, PEOR-0- PEOY=8)-0, PESH-O, -C-PEO)-0-, -0-PE=ON=810-, -O-P(=8,-0-,
-0-P(=0}s-, -O-P(=0)=S)-, -0-P(=8)-;

each Z is independently an optionally substituted alkyl group, an optionally substituted alkenyl
group, an optionally substituted altkynyl group, or ethylene glycol;

each R; is tudependently alkyl-O-phosphoramidite, alkyl phosphoramidite, optionally substituted
alkeny! phosphoramidite, or optionally substituted alkyny! phosphoramidite;

R, and Rs are each independently optionally substituted alkyl-0-GalNAc, polyethylene glveol-0O-
GalNAc, optionally substituted alkenyl-O-GallNAc, optionally substituted alkyayl-O-GalNAc,
alkyl-S8(=0)-alkvl-GalNAc, alkyl-S(=0})-alkyl-GalNAg, alkyl-S(=0)-NH-alkyl, alkyl-S(=0}-
NH-alkyl-GalNAc, alkyt-P P(=0)(-(-}-NH-alkyl-GalNAc, alkyl-O-P=0Y-0-)-0-alkyl-GalNAc,
alkyl-O-P(-G-}=8)-0-alkyl-GalNAc, or alkyl-O-P(-S-}=8}-0-alkyi-GalNAg;

Rs and Rs are each independently optionally substituted alkyl-(-GalNAc, optionally substituted
alkenyi-0O-GalNAc, optionally substituted altkynyl-O-GalNAc, alkyl-S(=0}-alkyl-GalNAc, alkyl-
SE=0Op-alky-GalNAg, alkyl-SE=0-NH-alkyl, alkyl-S(=0)-NH-alkyl-GalNAc, alkyl-P PEO)-
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(-3NH-alkyl-GalNAc, alkyl-0-P(=0}-0-)-0-alkyl-GalNAg¢, alkyl-O-P-O-)=8)-C-alkyl-
GalNAg, or alkyl-O-P(-S-}=8}-0-alkyl-GalNAc; and

gach Ry ts independently optionally substituted alkyl-0O-GalNAc, optionally substituted alkenyl-
O-GallNAc, optionally substituted alkynyl-0-GalNAc, alkyl-S{(=0}-alkyl-GalNAc, alkyl-S(=0)-
alkyl-GalNAc, alkyl-SE=0-NH-alkyl, alkyl-S(=0})-NH-atkyl-GalNAc, alkyl-P P(=0}-0-}-NH-
alkyl-GalNAc, alkyl-Q-P(=0)(-0-}-0-alkyl-GalNAc¢, alkyl-O-P-0-}=5)-0-alkyl-GalNAcg, or
alkyl-0-P(-8-)(=8)-0O-alkyl-GalNAc.

70, The compound of embodiment 69, wherein Ring B is not phenyl.
71 A compound of Formula {I-b) or (I-d), or a salt, solvate, or hydrate thereof:

'/f"
oy
RS Ry
Formula (I-b}

Formula (I-d}

wherein:

-
K B

" 13 Ring B, wherein cach Ring B is independently optionally substituted heteroaryl;
each nisindependently 0, 1,2, 3, or 4;
each Y is independently O, CHy, S, 8(=0), 5(=0)2, NH, substituted amino , NHC(=0),
CEOINH, PEOR-O-, PEOYES)HO, PESR-O, -0-P(=01-0-, -O-PEOHES)-0-, ~0-P(=8)-0-,
~0-P(=0)-, -0-P(=0)=8)-, -O0-P(=S )~
each 7 is independently an optionally substituted alkyl group, an optionally substituted alkeoyl

group, an optionally substituted atkynyl group, or ethylene glycol;

OS]

25

¢



10

15

20

25

WO 2022/076922 PCT/US2021/054318

each Ry is independently allyl-O-phosphoramidite, aiky! phosphoramidite, optionally substituted
alkeny! phosphoramidite, or optionally substituted alkynyl phosphoramidite;

Rz and Rs are each independently optionally substituted alkyl-O-GalNAc, polyethylene glycol-O-
GalNAg, optionally substituted alkenyl-0O-GallNAc, optionally substituted alkynyl-0-GalNAc,
alkyl-5(=0)-alkyi-GalNAc, alkyl-S(=0)-alkyl-GalNAc, allyl-8{(=0)-NH-alkyl, alkyl-8{=0}-
WH-alkyl-GalNAc, alkyl-P P(=0)-0-)-NH-alkyl-GalNAc, alkyl-O-P(=0){(~-0-}-0-alkyl-GalNAc,
alkyl-O-P(-0-)(=5)-0-alkyl-GalNAc, or alkyl-O-P{-S-3(=8)-0-alkyi-GalNAg;

Rs and Rs are each independently optionally substituted alkyl-O-GalNAc, optionally substituted
alkenyl-O-GalNAc, optionally substituted alkynyl-O-GalNAc, altkyl-8(=0)-alkyi-GalNAc, alkyi-
S{(=0p-alkyl-GalNAc, alkyl-S(=0-NH-alkyl, alkyl-S(=0}-NH-alkyl-GalNAc, alkyl-P P(=0)-
O-)-NH-alkyl-GalNAc, alkyl-O-P(=0){(-0-)-0-alkyl-GalNAc¢, alkyl-O-P(-0-}=S)-O-alkyl-
GalNAg, or alkyl-O-P(-8-}(=8)-0-allyl-GalNAc; and

each Ry is independently optionally substituted alkyl-O-GalNAc, optionally substituted alkenyl-
0-GalNAc, optionally substituted atkynyl-0-GalNAc, alkyl-S(=0)-alkyl-GalNAc, alkyl-SE=0)-
alkyl-GalNAc, alkyl-8(=0}-NH-alkyl, alkyl-8(=0);-NH-alkyl-GalNAc, alkyl-P P(=0)(-0-}-NH-
alkyl-GalNAc, alkyl-O-P{=0)(-0-)-0-alkyl-GalNAc, alkyl-O-P(-0-}(=S}-0-alkyl-GalNAc, or
alkyl-O-P(-8-)(=8)-O-alkyl-GalNAc.

72.  The compound of embodiment 71, wherein Ring B is not pyridiny!, 1,3-pyrimidiny}, 1,4-

pyrimidinyl, 1-quinolinyl, or SH-purinyl.

73 A compound of Formula (IV-a} or (IV-d):
\\:*E/ Q . ~ \\l‘// O ’\\
BT Ny A"
r 0\ )m ),( Oi\ )“1 X
< O N Os-N.
! : j) Y /E j/} !
X o \Y el X 0 o
Y‘N\R,LJ ha QS\)“ Y,N\WJJ e ol]n3
a o N,X Q oF N..X
¥ ¥
(v-a) {{V-d)

or a salt, solvate, or hydrate thereof,
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wherein:

nl is independently an integer 1-10, inclusive;

02 is independently an integer 1-10, inclusive;

n3 is independently an integer 1-10, inclusive;

nd is independently an integer 1-10, inclusive;

each X is independently H, alkyi-GalNAc, or PEG-GalNAc; and
each Y is independently H, alkyl-GalNAc, or PEG-GalNAc.

74. A modified oligonucleotide comprising the compound of any one of embodiments 1-26,
wherein: (i} heterocyclyl contains only one heteroatom, which is oxygen, (it) heterocyclyl

comprises at least one heteroatom that is §; or (iit) heterocyclyl contains no nitrogen heterpatoms.

75 The modified oligonucleotide of embodiment 74, wherein the oligonucleotide comprises
an siRNA, an miRNA, an ADAR recruiting molecule, an ADAR targeting molecule, a guide

RNA, or an antisense nucleic acid.

76.  The modified oligonuclectide of embodiment 27 or 28, wherein Ring A is not cyelopentyl,

pyrrofidinyd, piperidinyl, or morpholinyt.

77. A modified oligonucleotide coraprising the coropound of any one of embodimenis 1-26,
wherein: (i) heteroaryl contains no nitrogen hetercatoms; (i1} heteroaryl contains only one

heteroatom, which is oxygen; or (iii) heteroary! contains only one hetercatom, which is sulfur

78.  The modified oligonucleotide of embodiment 77, wherein the oligonucleotide comprises
an siRNA, an miRNA, an ADAR recruiting molecule, an ADAR targeting molecule, a guide

RNNA, or an antisense nucleic acid.

79. The modified oligonucleotide of embodiment 27 or 2¥, wherein Ring B is not phenyl,

pyridinyl, 13-pyrimidinyl, 1,4-pyrimidinyl, T-quinolinyl, or 9H-purinyl.
255
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20, A compound of Formula {VII), or salt, solvate, or hydrate thereof:

R2G

A

Formula (VI

wherein:
RYis H, adenine, gnanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
10 wracil, each comprising a Protecting Group (PG), a moditfied nucleobase, optionally substituted

alkyl, optionally substituted aryl, or optionally substituted hetercaryl;

JUR

NG P,
5. . - AN ;
R2is H, Protecting Group (PGy, 7 ey

Zlis
RS 7»‘,,
Rii
AcO OAe o

Q NH
AcO O\/\Ox\/ﬁ\v/\ o0 E\{/\\_/ o
NHAG NN ’

Ohe DAc

o}
AcD o

NHAC \/\0"'\/0
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7t
ﬂ{'\ Rt
L2_< or
RB
”Kfa
N
N
{'(N\%\‘?\E
[O2:X N i’g N
AcO ¢ ["/
o L5
AcO v"\O/‘“v \f\Q
NHAC oA
AcO /o 0
o I
NHAC

L' is alkyl, or alkyl-C(=0)-NH-alkyl;

1.2 is allyl, or alkyl-C{=O)-NH-alkyl;

R* is H, -C=(O)-NH-(CHCH20)-GalN A, or -C(=0)-NH- alkyl-NH-C(=0}-alkyl-0-GalNAc;
RYis H, -C=(0)-NH-(CH,CHOn-GalNAc, or -C(=Q)-NH- alkyl-NH-C{=0}-alkyl-0O-GalNAc;
R is -C(O)-NHACHCH O n-GalN A, or -C(=0)-NH- alkyl-NH-C(=0)-alkyl-0O-GalNAc;
R® is -C=(0O)-NH~-CHCH20)-GalNAc, or -C(=0)-NH- alkyl-NH-C(=0}-alkyl-0-GalNAc;

W

jis an integer 1-10, inclusive;
10 kis aninteger 1-10, inclusive;
m is an integer 1-10, inclusive; and

11 is an integer 1-10, inclusive.

81. A compound of Formula (IX), or salt, solvate, or hvdrate thereof

N
31
NG
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o

N R

RO L T

Y\; ’/Yz

on (), Une

AcO ¢ ; Ys Ye

%o NH N

AcC /TA/O\,//\O O\JAO/’\“,.N\//\\}bJ

NHAC Jos NEN 7
ig\j N’N

ACO / 7 /{ ir
ACOX,/T\\/O\/’\G Q\/"\Q O

NHAC
OAC

“@4@

Formula (IX

wherein:
R”is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted aryl, or optionally substituted heteroaryl;

A

S . o ) ) ) NG /P .
R*is H, Protecting Group (PG), or TNy

Yiis
YoisQ;
Y3 is CO, 8Oz, PO, CH2-0-C(0), CH-NH-C(0), CH2-NH-SO:, or CHy;
Yais €O, 8Oy, POYO, CH-0-C(0), CH-NH-C(O), CH-NH-8O», or CHy;

mist, 2,34 5 or6;

3

gach ny, 3, ng and ns is independently 0, 1, 2,3, 4, 5, or 6.

82. A compound of Formula (X), or salt, solvate, or hydrate thereof:

258
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o)
R
R,0 i
aco FA¢ VoY
§ (¢ Unz
AcO T\\V'Q\/’\O C Q/\VIN\/\\J ‘Efa
NHAGC s N=N (fN
7
7 i;\; {\
N~—© "_j

AcO 0\/’ ™, ’\»{ V%
N HAc
AcC { /q/
NHAG

Formula (X}

wherein:
5 R%is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted aryl, or optionally substituted heteroaryl;

A

S . o ) ) ) ) NG /P .
R* is H, Protecting Group (PG), or TNy

Yiis
10 Yris@Q,
Y4 is CO, SGy, PIO)YG, CH2-0-C(0), CH-NH-C(0), CH-NH-SO:, or CHy;

mis 1 2,3, 4,5 or6;

3

each ny, n3, ng and ns is independently 0, 1, 2,3, 4, 5, or 6.

15 83, The compound of embodiment 81 that is:
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Ac O{ié; o:{> Ljﬁg

QWGA\/G\\’A\Q%N‘/:\\}.JNH (

NHAc N=N /AR
NS N
260 QOAc NwN i -
-Q o o )/ 0
ACQ‘\L—#W "\//\\0/\\/ \\/\G
NHAC oA H
AcO € O
So oS
AcO- ’T‘\\k./ \.//.\0
MHAC

or salt, solvate, or hydrate thereof.

84,  The compound of embodiment 82 that is:

PPN

{
NCM\,Q—’?“Q f’//\fg

N
AcO L0 SN
O /0P
NHAG CERN NN = g;ﬁ
O N
GACOAC N
AcG -8 0\/\ SN o
NHAG o DS S W UL A
Nepg
-
/\/0‘/\ ©
CAc .
AcQ 0./ "0
AcO NHAG

or salt, solvate, or hydrate thereof.
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&5, A compound of Formula (X1}, or salt, solvate, or hydrate thereof
O
R
Y, Y,
on (D)t Une
AcO /7 ° 1 T?’ T4
o N N
AcO O\/\O O\f/\g/\\/ N/‘\\}J’
\ N=N
NHAG g e
\ i -
N-N _jN

AcO G
-3
AcO e o
NHAG s
Formula (XI)

5 wherein:

R?is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a medified nucleobase, optionally substituted
alkyl, optionally substituted aryl, or optionally substituted heteroaryl;
R?is an oligonucleotide sequence;

10 YiisO;
Yyis O
Y318 CO, SOy, P(OYO, CH:-G-C(O), CHp-NH-C({O), CH-NH-80», or CHg;
Y415 CO, 8Os, P(OH0, CHy-0-C{O), CH-NH-C(0), CHa-NH-50,, or CHy;
npis1,2,3, 4,5, 016

1S each ny, n3, ng and nsis independently 0, 1, 2,3, 4, 5, or 6.

86, A compound of Formula (XI1), or salt, solvate, or hydrate thereof:

261
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o)
R
R,0 i
aco FA¢ VoY
§ (¢ Unz
AcO T\\V'Q\/’\O o Q/\\/N/\\-J ‘Efas
NHAGC s N=N (fN
7
7 i;\; 4\
N~—© "_j

AcO 0\/’ ™, ’\»{ V%
N HAc
AcC { /q/
NHAG

Formula (X1

wherein:

R”is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, or optionally substituted heteroaryl;

R? is an oligonucleotide sequence;

Yyis O

Yyis O

Yais CO, SOy, P(OYO, CHy-G-C(0), CH-NH-C(O), CH2-NH-SO», or CHy,

mis 1 23,4, 5 or6;

gach my, ns, ny and ns is independently 0, 1, 2,3, 4, 5, or 6.

87.  Au oligonucleotide comprising a moiety of Formula (XII), or salt, solvate, or hydrate

thereot’
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O
N R
R L T
Y\; ’/Yz
on (), Une
Ao S 1 TS ‘ifaz
%o NH N
AcC /TA/O\,//\O O\JAO/’\“,.N\//\\}bJ
NHAG Jy N )y
ig\j N’N
N

AcO {fAc . /{N‘ !_,J
ACOX,/T\\/O\/’\G Q\/"\Q

NHAC
OAC

“@4@

Formula (X1}

wherein:

R”is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, or optionally substituted heteroaryl;

R?is a bond;

Y1150

Yois

Y3 is O, SOy, P(OYO, CHy-G-C(0), CH-NH-C(O), CH-NH-SO», or CHy,

Yiis CO, SOz, P(OY0, CH:-0-C{0), CH,-NH-C{0), CH;-NH-80», or CH;;

mpist, 2,3,4, 5 or6;

each ny, n3, n4 and ns is independently 0, 1,2, 3,4, 5, or 6.

8. An oligonucleotide comprising a moiety of Formula (XIV), or sali, solvate, or hydrate

thereof:
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O
R
R,0 i
Ao PR Yoo
§ ()t Uz
AcO T\\V'Q\/’\O C Q/\VIN\/\\J ‘Efas
NHAC s N=N (fN
/N
“ N 4\
AGO QAc N~ N "_j
Lo, 5
AcC /ﬁ// \V/\Q
NHAC
Ac
AcC { /q/
NHAG
Formula (X1V})
wherein:

R”is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, or optionally substituted heteroaryl;

R?is a bond;

Y1150

Yyis O

Yais CO, SOy, P(OYO, CHy-G-C(0), CH-NH-C(O), CH2-NH-SO», or CHy,

mis 1 23,4, 5 or6;

gach my, ns, ny and ns is independently 0, 1, 2,3, 4, 5, or 6.

&9, A compound of Formula (XV), or a salt, solvate, or hydrate thereof:

264
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n3

K;g\/ Yg ‘;,4
o} NH N
NHAC N=RN /“N
@

G

Ko WS
RE wH

Formula (XV)

wherein:
R”1is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, or optionally substituted heteroaryl;
R*is an oligonucleotide sequence;
Yi1is O
Y215 O

Y5 is CO, SC2, PO, CHR-O-C{0O), CH2-NH-C(O), CHa-NH-8O:, or CHa;
Y s CO, SOy, B(OYO, CH2-0-C(0), CH-NH-C(O), CH~-NH-S0:, or CHy;
mis 1 23,4, 5 or6;

gach ny, na, ng and ns 18 independently 0, 1, 2,3, 4, 5, or 6.

90. A compound of Formula (XVI), or a salt, solvate, or hydrate thereof:



W

10

15

WO 2022/076922 PCT/US2021/054318

OH Vi Y,
HOA 0O o R Vi
NHAC . N=N N~

OH N-N
o / r~
HO —\A/O\Jf\gf\\{é\/%}g) (?
NHAc nd
OHQH r O
Qoo
HO 13O
NHAG Ll

Formula (XVD

wherein:

R”1is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, ¢ytosine, or
uracil, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted
alkyl, optionally substituted arvi, or optionally substituted heteroaryl;

R? is an oligonucleotide sequence;

Yiis O

Yo is O

Y s CO, SOy, B(OYO, CH2-0-C(0), CH-NH-C(O), CH~-NH-S0:, or CHy;

mis 1,23, 4, 5 or6;

gach ny, na, n4 and ns 18 independently 0, 1, 2,3, 4, 5, or 6.

91, An oligonuclectide comprising a motety of Formula (XVI), or a salt, solvate, or hydrate

thereot’
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n3

K;g\/ Yg ‘;,4
o} NH N
NHAC N=RN /“N
@

G

Ko WS
RE wH

Formula (XVID

wherein:
R”1is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, or optionally substituted heteroaryl;
R’ is a bond,
Yi1is O
Y215 O

Y5 is CO, SC2, PO, CHR-O-C{0O), CH2-NH-C(O), CHa-NH-8O:, or CHa;
Y s CO, SOy, B(OYO, CH2-0-C(0), CH-NH-C(O), CH~-NH-S0:, or CHy;
mis 1 23,4, 5 or6;

gach ny, na, ng and ns 18 independently 0, 1, 2,3, 4, 5, or 6.

92.  An oligonuclectide comprising a motety of Formula (XVIH), or a salt, solvate, or hydrate

thereot’
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oo Y, Y

7 5 { \/) a K) )
HG —-T«L/o\/’\ o ”\,/N ' Tcl
NHAC N-

( \.,
o

OH NN

1\
e

Ho\\wT\\_v/O\/\ -~ \/}\

NHAC,
HO- —-T\X/ ~" Mo
NHAC .
Formula (XVHI)
wherein:
R”1is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or

uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted aryl, or optionally substituted heteroaryl;

R’ is a bond,

Yi1is O

Yo is (O

Y4 15 CO, 8Oz, F(OYO, CH2-0-C(0), CH:-NH-C(0), CH-NH-SO:, or CHy;
mis1,2,3,4,5, or 6

each iy, n3, ng and ns is independently 0, 1, 2,3, 4, 5, or 6.

93,

The compound of any of embodiments 80-82 or 85-92, wherein R” is H, adenine, guanine,

thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or uracil, each comprising a

Protecting Group (PG).

94,

The compound of any of embodiments 80-82 or 85-92, wherein R’ is a modified

nucleobase.

268
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95, The compound of any of embodiments 80-82 or 85-92, wherein R’ is optionally

substituted alkyl, optionally substituted aryl, or optionally substituted heteroaryl.

96. A composition comprising a compound of any of embodiments 80-95, and a

pharmaceutically acceptable carrier.

97. A method for modulating protein function in a subject, comprising administration of a

compound of any of embodiments 80-95 or composition of embodiment 96 to the subject.

98. A method for treating or ameliorating a disease, disorder, or symptom thereof in a subject,
comprising administration of a compound of any of embodiments 80-95 or composition of

embodiment 96 to the subject.

99, The method of embodiment 98, wherein the disease, disorder, or symptom thereof is a

fiver disease, disorder, or syroptor thereof.

100, A method for making a compound of any of embodiments 80-95 comprising one or more

compounds and chemical transformations described herein, including Examples 1-4,

101, A compound of Formula (XIX)}, or a salt, solvate, or hydrate thereof

REO

Formula (XIX}

wherein:

269



WO 2022/076922 PCT/US2021/054318

R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cvtosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted aryi, or optionally substituted heteroaryl;
)\N/L\
E

) i ) ) NG /\ /P
R*is H, Protecting Group (PG}, or TN Y
X! ig

3

erss

\
GAC(OAC *\)
'\ T
ACO\R/WO\/\O "\vfa\/’\()/\/ N/\\r >
NHAC

OAKQAC e

o ~

AcQ&N/QV’\OAwQ\AGN N f
NHAC

NHAC

OAc-OAS
AcO&E@/Q\/’\ O /\\/N
Nise © ° T”\/ ‘“—“& ol T
OAg.-OAT V
o O
AcO Q\,«/\GWQ\/\G/\JN “\’”NH
Ao QA%HAC /\\,-—-*N

o
-0 0 ~/
AcO N \/’\Q/’\

NHAC



WO 2022/076922 PCT/US2021/054318

OAc.DAS ,N\J
“

.
AcO »—WO\/A\Q/\/CV’\O”\\/ N
NHAC

N=
g erts NO\X\O
AcO NHAC ,or

DAg.OAG N
\/ o o &
ACDD A N NI NN Ny
¢ o T N
NHAC =N N

OAC (,OAc
AcO N R N g R N 3
g
OAg.-OAc O /1\\\
H
( o N—\(\O HN O
Ac(- WQ\/\‘Q/’\/OV/\GN B
NHAG OAc, DA
AcO "‘\\X/ ‘\/A‘G’/\v’ \//\\0
NHAC ! and

X*is H, alkyl, or Protecting Group (PG).

102, A compound of Formula (XX), or a salt, solvate, or hydrate thereof:

OAg-COAC

Ac()&\\/"@vavf\@/\/i;

NHAC

Formula (XX)

wherein:
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R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cvtosing, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted aryl, or optionally substituted heteroaryl;

A

E
R*is H, Protecting Group (PG}, or ey
X% is H, alkyl, or Protecting Group (PG);
X s O,
X*is CO, SO, P(O)O, CHR-0-C{0), CH-NH-C{0), CH3-NH-80,, or CH;; and

3

gach my, ns, ny and ns s independently 0, 1, 2,3, 4, 5, or 6.

103, A compound of Formula (XXI}, or a salt, solvate, or hydrate thereof:

OAG (OAC R*O
: c H N X
AcO O~ /\/{O\/’ A NYOUN y
N T L S SR
O
|

0Ac.-OAC
5 0 =
0 i A/ 0
Amkiiigxxo\ff\Of\\4é\ff$@fN\/N { T\
NHAC it J
o

DA N o
C
OAc ) HN 2" /
9]
AcO O~ Q/\/{O\/ﬁ?‘ o o
NHAC b
Formula (XXI)

wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracii, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted arvl, or optionally substituted heteroaryl;

U

. o Mo ™
R*is H, Protecting Group (PG), or T e Y

X% is H, alkyl, or Protecting Group (PG);
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X3 is O,
X is €O, 802, P(0)0, CH3-0-C(0), CHy-NH-C(O), CH,-NH-802, or CHa: and

gach ny, ns, ne and ns is independently ¢, 1, 2, 3, 4, 5, or 6.

S 104, A compound of Formula (XXI1, or a salt, solvate, or hydrate thereof:

Q 8
R
R ()"
x3‘ ©
‘\ %2
OAc OAC m
Aca&vﬁwemﬂ\/}of\/?*)\
NHAG i
QAC OAC /{\
AcO —-"?;5\/’0\.//\@/\—{’ \/}\O’,\\,«N
NHAC 3
0 o
OA@ a4
\/ o G L n3
AC(;S:/QNHAC
Formula (XXII)

wherein:
R”1is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, ¢ytosine, or
10 wracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted arvl, or optionally substituted heteroaryl;
yi, 0p ) i s 3 )

PPN

.. o . RSN N
R*is H, Protecting Group (PG), or ~ o Y

X?is H, alkyl, or Protecting Group (PG);
X' is O,

15 each ny, n3, ng and ns is independently 0, 1,2, 3,4, 5, or 6.

105, A compound of Formula (XX}, or a salt, sclvate, or hydrate thereof

B
~3
[9S)
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G 9
R
X o
{ 2
X
OagOAc ;(4} )n‘i
H
-0 Hoo\
Acewgwﬁmgﬁx/%\?/\/?\; N Q
NHAC n
Oag, OAc OH l
‘Xwo N Oun"o
AcO- —-WG\/’\O/\\ > Q/\/ O 1/
NHAC nd
OAg . -QAC \\
Qo otd
ACO-N dr ~0 O
NHAG i
Formula (XX}

wherein:

R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or

(o

uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted aryi, or optionally substituted hetercaryl;

U

Nc\/\o/")\\f

b}

R? is H, Protecting Group (PG), or
X? is H, alkyl, or Protecting Group (PG);
X3 s O

10 X*is €O, SOz, P(O)0, CH-0-C(0), CH2-NH-C(O), CH-NH-8Oy, or CHy; and

gach ny, ns, ny and ns is independently 0,1, 2,3, 4, 5, or 6.

106, The compound of embodiment 102 that is:

B
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or a salt, solvate, or hydrate thereof

107, The compound of ernbodiment 103 that s

e -0 H
AGO&E/’O\AQ/\\/G\/’\O/\/ N
NHAC

HN

~-0 4 o
ACO A AN TN
NHAC

or a salt, solvate, or hydrate thereof,

108,  The compound of embodiment 104 that is:

PCT/US2021/054318

Q
Bz
, N
)\NL (}E{N/&Q

‘ o N o
Py
NG~ "0 .
N g orss
4
= o
o =
0 -
Jg\ \},NH
H d
- N ]
4 N W,
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OAg,-OAs

-Q
AcO O O gAY

NHAc N
OAc-OAC ¢
O N
AcO /«q.\/c\/’\g/\vfg\/’\o/\w-&g/% ,,‘P‘%i
NHAG N=N N
/...../
8]
Oac,ORe ) NO\.,/\
g -0, 0~/ "0
AcQO NHAc

or a salt, solvate, or hydrate thereof,

109, The compound of embodiment 105 that is:

g orss
3
OAc-DAC GQ(
-0 o o Hoo\
AcO N e SN N R N

NHAC ,;x,".../

OAc - OAC

¢
H ~3 /4\5
0 N HN O
AcC VQ\AQW\/QV’\GN —g g
NHAC

OAC(QAC

-
AcO —-WO\,/’\O/\/O\/\Q
NHAc

or & salt, solvate, or hydrate thereof.
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110, A compound of Formula (XXI1V), or a salt, solvate, or hydrate thereof

X!'n‘ R‘j
~ P
/O .
X5 32
Formula (XXIV)

wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
10 wuracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted

alkyl, optionally substituted aryl, or optionally substituted hetercaryl;

A

M N

X*is H, alkyl, or Protecting Group (PG);

X is H, Protecting Group (PG), or ; and

e = -
AcO I\A,/OV/\Q/\VG\/\QA\JN\N Zh 0 "\/_»N
NHAs
OAc -CAC o’ (
e /%(A
AcC \Mov’\()/\\/{}\,/\@f\/ N\N
AcO ,,\\\/QV'\O/\VO\/\Q/\, N\N’ N
NHAe -

-
L

111 A compound of Formula (XXV), or a salt, solvate, or hydrate thereof.

]
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Formula (XXV}
wherein:
R’ is H, adenine, guanine, thymine, cvtosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted

alkyl, optionally substituted aryl, or optionally substituted hetercaryl;

PPN

|
NC\«/’"\Q/’F\\?;

X" is H, alkyl, or Protecting Group (PG,

X7 is H, Protecting Group (PG), or
X is O
X*is CO, SOz, P(OYO, CH-0-C(0), CH2-NH-C{0), CH2-NH-802, or CHy; and

each ny, n3, ng and ns 18 independently 0, 1, 2,3, 4, 5, or 6.

2

112, The compound of embodiment 111 that is:
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QAc;(QAc P ~ o \\( /Q\(j

Ae:o\ifwﬂvf\ o PN N >/ g | ores
NHAC i
OAc (,OAC /\[4 o F’\N
ACO&&MQ\VAQ/\\/OVI\O/\J / <N
NHAG ON

or a salt, solvate, or hydrate thereof

113, An oligonuclecotide comprising the compound of any one of embodiments 101-112.

H

114. A composition comprising a compound of any one of embodiments 101-112, or an

oligonucleotide of embodiment 113, and a pharmaceutically acceptable carrier.

115, A method for modulating protein function in a subject comprising administration of a
10 compound of any one of embodiments 101-112, an oligonucleotide of embodiment 113, ora

composition of embodiment 114 to the subject.

116, A method for treating or ameliorating a disease, disorder, or symptom thereof in a subject,
comprising adroinistration of a compound of any one of embodiments 101-112, ap

15 oligonuclestide of embodiment 113, or a composition of embodiment 114

117, The method of embodiment 116, wherein the disease, disorder, or symptom therecf'is a

Hiver disease, disorder, or symptom thereof

20 118 A method for making a compound of any one of embodiments 101-112 comprising one or
more compounds and chemical transformations deseribed herein, including Example 5.
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119. A compound of Formula (I), or a salt, solvate, or hydrate thereof:

Ria, O RQMHHS(J)/\H/NH&
Mﬁ " " O
Y4 Y,
Hetﬁ—/jn H;Hetz
b (Y-
RsHN NHRg

wherein: 0 Formula (1) 0

each n is independently 1, 2, 3, 4, or 5;
each m is independently 0, 1,2, 3,4, 5, or 6;
each o is independently 0, 1, 2, 3, 4, 5, or 6;
each Y is independently O, CH(R®), S, S(=0), S(=0)>, NH, substituted N group , NHC(=0),
C(=0)NH, P(=0)2-O-, P(=0)(=5)-0, P(=S5):-0, -O-P(=0)2-O-, -O-P(=0)(=S)-O-, -O-P(=5)2-0O-
, -0-P(=0)2-, -O-P(=0)(=S)-, -O-P(=S)2-;
each Y2 is independently O, CH(RP), S, S(=0), S(=0)2, NH, substituted N group , NHC(=0),
C(=0)NH, P(=0)2-O-, P(=0)(=5)-0, P(=S):-0, -O-P(=0)2-O-, -O-P(=0)(=S)-O-, -O-P(=5):-0O-
, -0-P(=0)2-, -O-P(=0)(=S)-, -O-P(=S5)2-;
each of Het;, Hety, and Hets is independently optionally substituted heteroaryl or optionally
substituted heterocyclyl;
each R is independently alkyl-O-phosphoramidite, optionally substituted alkenyl
phosphoramidite, optionally substituted alkynyl phosphoramidite, OH, NH2, NHR?, N3,
C(=0)0OH, C(=0)X, CN, SH, SSH, SO:X, C(=O)NHNH», NHNH;, C(=S)NHNH., C(=S)NH2,
NHOH, C(=0)CH:X, malonyl, alkyl, alkenyl, dienyl, alkynyl, heteroalkyl, -OP(=S)X, -C(=O)H,
-C(=0)R?, -N=C=0, -N=C=NR?, -N=C=S§, CHX, -OP(=0)OH, phosphane, alkoxyphosphane,
-C(R%), a Michael acceptor, a protein, or a therapeutic agent for modulating hepatocytes or
treating liver disease, wherein X is a leaving group;

0O—" ~OAc

LS draas @
0 : "OAC

each Rs, Re, and R7 is independently AcHN OAc
Ry is optionally substituted heterocyclyl;

280
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each R* s independently H, atkyl, halo, OR®, or SR®
each RY is independently H, alkyl, halo, OR®, or SR®; and

gach R° is independently H or alkyl.

120, The compound of embodiment 119, or a salt, solvate, or hydrate thereof, wherein Ro 15 an

optionally substituted nitrogen-containing heterocyclyl.

121, The compound of embodiment 119, or a salt, solvate, or hydrate thereof, wherein Ro is an

optionally substituted pyrimidinyl.

122, The compound of embodiment 119, or a salt, solvate, or hydrate thereof, wherein Rois a

4H-12% 30 pyrimidine-2,4-dione.

23, The compound of embodiment 119, or 5 salt, solvate, or hydrate thereof, wherein Ro is

FY
xz\ﬂ/\s

124, The compound of any of embodiments 119-123, or a salt, solvate, or hydrate thereof,
wherein each of Hety, Hetz, and Hets is independently optionally substituted nitrogen-containing

heterocyclyl or optionally substituted nitrogen-containing heteroaryl.

125, The compound of any of embodiments 119-123, or 3 salt, solvate, or hydrate thereof,

wherein each of Hety, Het, and Hets is independently optionally substituted 1, 2, 3 — triazoiyl,

126.  The compound of any of embodiments 119-123, or a salt, solvate, or hydrate thereof,

wherein each of Hety, Hety, and Hets is independently optionally substituted 1372, 3-triazol-4-y1,

281
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127, The compound of any of embodiments 119-123, or a salt, solvate, or hydrate thereof,

R,

—
/

’E{/N\N//d/ "

wherein each of Hety, Heto, and Hets is independently

128, The compound of any of embodiments 119-127, or a salt, solvate, or hydrate thereof,

wherein two of Rs, Rs, and Ry are each the same.

128, The compound of any of embodiments 119-127, or a salt, solvate, or hydrate thereof,

wherein Rs, and Re are each the same.

130.  The compound of any of embodiments 119-127, or a salt, solvate, or bydrate thereof,

wherein three of Rs, Re, and Ry are each the same.

131, The compound of any of embodiments 119-13C, or a salt, solvate, or hydrate thereof,

wherein o 15 the same in each of Bs, Re, and Ry,

132, The compound of any of embodiments 119-130, or a salt, solvate, or hydrate thereof,

wherein o is the same in each of Rs and Rs.

133, The compound of any of embodiments 119-132, or a salt, solvate, or hydrate thereof,
wherein R is alkyl-O-phosphonamidite, optionally substinited alkenyl phosphonamidite, or

optionally substituted alkynyl phosphonamidite.

134, The compound of any of embodiments 119-132, or a salt, solvate, or hydrate thereof]

A

NC. P,
. . \\/'/\0/ \o/\\y
wherein Ry is )
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135, A compound of Formula (11}, or a salt, solvate, or hydrate thereof:

z Ae e
Hﬁtjv“"{ M_Héi'z

| } \J’m#\
RsHN 4/ NHRg
o]

O
Formula {11}

W

wherein,

each nis independently 1,2, 3 4, or 5;

each mis independently 0, 1, 2,3, 4, 5, or 6;

each oisindependently 0, 1,2,3, 4,5, o8 6;

each Y1 is independently O, CH(R®), S, 8(=0), S(=0});, NH, substituted N group , NHC(=0),

10 CEOINH, PEOR-O-, PEOY=S)-0, P(=Sh-0, -0-P(=01,-0-, -O-P(=0}(=58)-0-, -0-P(=5)-0- |
~G-P(=0)-, ~-O-P(=03=8)-, -O-P(=8)-;

each Y» is independently O, CH(R?), S, S(=0), $(=0),, NH, substituted N group , NHC(=Q),
C(=0INH, P(=0)-0- P=0)=5)-0, PES)-0, -C-PEOR-0-, -0-PEOH=81-0-, -O-P(=83-0-,
-O-P(=0Y-, ~O-P(=0)=8)-, ~-0-P{=5Sh-~,

15 each of Hety, Hets, and Hets is independently optionally substituted heteroary} or optionally

\(\/{r \/\}\ /\/GJ,Q‘\\\GAC

‘5
AcHN OAe
gach Rs, Ry, and Ry is independently Ohc

substituted heterocyclyl;

Ry is optionally substituted heterocyclvl; and
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PPN
N

- !
R?is H, Protecting Group (PG), TNy ;
each R?1s independently H, alkyl, halo, OR®, or SR®;
each RY is independently H, alkyl, halo, OR®, or SR®; and

gach R is independently H or alkyl.
136.  The compound of embodiment 135, or a salt, solvate, or hydrate thereof, wherein R? is H.

137.  The compound of embodiment 135, or a salt, solvate, or hydrate thereof, wherein R® is

Protecting Group (PG

138.  The compound of embodiment 135, or a salt, solvate, or hydrate thereof, wherein R” is

A

NC\/\O/P\?

139, The compound of any of embodiments 135-138, or a salt, solvate, or hydrate thereof,

wherein Ry is an optionally substituted nitrogen-containing heterocyclyl.
140, The compound of any of embodiments 135-138, or a salt, solvate, or hydrate thereof,
wherein Ry is an optionally substituted dihydropyrimidinyl, optionally substituted

tetrahydropyrimidinyl, or optionally substituted hexahydropyrimidinyl.

141, The compound of any of embodiments 135-138, or a salt, solvate, or hydrate thereof,

wherein Ro is a 4H-1A° 30 -pyrimidine-2 4-dione.
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142, The compound of any of embodiments 135-138, or a salt, solvate, or hydrate thereof,
8]

(/’\{
‘%{/N\l-[//N\\‘;f
G .

143, The compound of any of embodiments 135-142, or a salt, solvate, or hydrate thereof,

wherein Ry 18
wherein each of Het), Hety, and Hets is independently optionally substituted nitrogen-containing
hetercaryl.

144, The compound of any of embodiments 135-142, or a salt, solvate, or hydrate thereof,

wherein each of Hety, Hety, and Hets i3 independently optionally substituted 1, 2, 3 — triazolvl.

145, The compound of any of embodiments 135-142, or a salt, solvate, or hydrate thereof,

wherein each of Hety, Het, and Hets is independently optionally substituted 1322 3-triazol-d-y!.
146. The compound of any of embodimenis 135-142, or a salt, solvate, or hydrate thereof,
[ /{
" \N/

wherein each of Hety, Hety, and Het; is independently

147.  The compound of any of embodimenis 135-146, or a salt, solvate, or hydrate thereof,

wherein two of Rs, Rs, and Ry are each the same.

148, The compound of any of embodiments 135-146, or a salt, solvate, or hydrate thereof,

wherein Rs, and Re are each the same.
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149, The compound of any of embodiments 135-146, or a salt, solvate, or hydrate thereof,
wherein three of Rs, Rs, and R» are each the same.

156, The compound of any of embodiments 135-146, or a salt, solvate, or hydrate thereof,

wherein o is the same in each of Rs, Rs, and R

181, The compound of any of embodiments 135-146, or a salt, solvate, or hydrate thereof,

wherein o is the same in each of Rs and Rs.

152, The compound of any one of embodiments 135-151, wherein the compound is of Formula

{H-a):

£
)m A
RsHN L NHRg
o] o

Formula {(I{-a)

153. A moedified oligonucleotide comprising a motety of Formula (I1f), or a salt, solvate, or

L. O
Oligonucleotide”™ " RQWH&%\/)/\H/NHR?
: Vo4 - i
Y1 Y,
{ .
H?t«,"r/j: z\‘}’,"ﬂ‘*ﬁiz
{

hm M-

RgHN J—NHRg
0 o

hrydrate thereof:

Formula (111}
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wherein:

each nis independently 1,23, 4, or §;

each m is independently 0, 1, 2, 3,4, 5, or §;

each ois independently 0, 1,2, 3,4, S, or &,

each Y1 is independently O, CH(R), 8, 8(=0}, S(=0), NH, substituted N group , NHC(=0),
C(=0INH, P(=0)-0- P=0)=8)-0, PESR-0, -O-PEOR-O- -0-P=0OH=83-0-, -O-P(=83-0-,
-O-PEOY-, -O-PE0E=S8)-, ~O-P(=8)-;

each Y is independently O, CH(R®), 8, S(=0), S(=0}, NH, substituted N group , NHC(=Q),
CEOINH, P=0R-0-, PEOY=S)-0, P=8)-0, -0-P(=0)-0-, -0-PEON=S)-0-, -0-P(=Sp-0- |
~O-PE=Q -, ~O-PEOY=S), ~O-PES -

each of Hets, Hety, and Hetz is independently optionally substituted heteroaryl or optionally

substituted heterocyclyl;

Ngv’" }Q/‘”\\/Qi, @“\\QAG
o

AcHNT Y OAc
gach Rs, R, and R7 is independently Oac ; and

Ro is optionally substituted heterocyelyl;

L isbond, G, CHa, §, S(=0), S(=0), NH, substituted N group, NHC{(=0), C(=0)NH, atkyl,
alkenyl, dienyl, alkynyl, heteroalkyl, or a thiol-Michael adduct;

each R%is independently H, alkyl, halo, OR®, or 8R®;

each R” is independently H, alkyl, halo, ORC, or SR*; and

each R is independently H or alkyl.

154, The compound of embodiment 153, or a salt, solvate, or hydrate thereof, wherein Ry is an

optionally substituted nitrogen-containing heterocyelivl,
155, The compound of embodiment 153, or a sali, solvate, or hydrate thereof, wherein Rs is an

optionally substituted dihydropyrimidinyl, optionally substituted tetrahydropyrimidinyl, or

optionally substituted hexahydropyrimidinyl.
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156, The compound of embodiment 153, or a sali, solvate, or hydrate thereof, whereinRois a
4H-132 30 -pyrimidine-2,4-dione.

157, The compound of embodiment 153, or a salt, solvate, or hydrate thereof, wherein Ry is

O
”z/\H«/N

158.  The compound of any of embodiments 153-15

~
7
/

, or a salt, solvate, or hydrate thereof,
wherein each of Hety, Hety, and Hets is independently optionally substituted nitrogen-containing

heteroaryl,

159, The compound of any of embodiments 153-157, or a salt, solvate, or hydrate thereof,

wherein each of Hety, Hety, and Hets is independently optionally substituted 1, 2, 3 - triazolyl.

166.  The compound of any of embodimenis 153-157, or a salt, solvate, or hydrate thereof,

wherein each of Hety, Het,, and Het; is independently optionally substituted 1222 3-triazol-4-v1.
161.  The compound of any of embodiments 153-157, or a salt, solvate, or hydrate thereof,
/:” |

wherein each of Hety, Hety, and Het; is independently

162.  The compound of any of embodiments 153-161, or a salt, solvate, or hydrate thereof,

wherein two of Rs, Rs, and Ry are each the same.
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163, The compound of any of embodiments 153-161, or a salt, solvate, or hydrate thereof,

wherein Rs, and Re are each the same.

164.  The compound of any of embodiments 153-161, or a salt, solvate, or hydrate thereof,

wherein three of Rs, Re, and Ry are each the same,

165, The compound of any of embodiments 153-164, or a salt, solvate, or hydrate thereof,

wherein ¢ is the same in each of Rs, Ry, and R

166, The compound of any of embodiments 153-164, or 3 salt, solvate, or hydrate thereof,

wherein o is the same in each of Rs and Re.
167.  The modified oligonuclectide of any one of embeodiments 153-166, wherein the
oligonucleotide comprises an siRNA, an miRNA, an ADAR recruiting molecule, an ADAR

targeting molecule, a guide RNA, or an antisense nucleic acid.

168.  'The compound of any one of embodiments 119-167, or salt, solvate, or hydrate thereof,

wherein for use as a reagent in a chemical reaction.

189, An oligonucleotide comprising a moiety of Formula (IV), or salt, solvate, or hydrate

L C Rg Het
@iiganucieatide’/ H 3WNHR7
/ " "0

k3
o~

thereof

N
~
o~
-

Y, Y,
Heti‘(f/j/n N‘;’”’Hetg
(

Jm -

RsHN NHRg

Formula (IV)
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wherein:
each i is independently 1, 2, 3, 4, or 5;

~

each m is independently 0, 1,2, 3, 4, 5, or 6;

gach ois independently 0, 1, 2,3, 4, 5, or 6;

each Y1 is independently O, CH(R?), 8, S(=0}, S(=0),, NH, substituted N group , NHC{=0),
CEOINH, P=0R-0-, PEOY=S)-0, P=8)-0, -0-P(=0)-0-, -0-PEON=S)-0-, -0-P(=Sp-0- |
~-P(=0h-, ~O-PEO)=8)- -O-P(=8)-

each Y- is independently O, CH(R®), S, S(=0), 8(=0), NH, substituted N group , NHC{=0),
CEOINH, P(=00R-0-, PEOX=8)-0, P(=81R-0, -0-P(=0)-0-, -0-PEOH=S0-, -O-P(=80-0- |
-0-P(=0)2-, -O-P(=0}=8)-, -O-P(=S)-;

each of Hety, Hets, and Heis is independently optionally substituted hetercaryl or optionally
substituted heterocyclyl;

K/\./E{)\v‘/\}O/\\/GI!,,(‘“G\‘\‘\\GAC

’ AcHN® Y OA
each Rs, Re, and Ry is independently OAc

Ro is optionally substituted heterocyelyl;

Lisbond, O, CH;, S, S(=0), 8(=0}),, NH, substituted N group, NHC(=0), C(=0)NH, alkyl,
alkenyl, dienyl, alkynyl, heteroalkyl, or a thiol-Michael adduct;

each R? is independently H, alkyl, halc, ORS, or SR7;

each R is independently H, alkyl, halo, OR®, or SR®; and

sach R° is independently H or alkyl.
170, The oligonucleotide of embodiment 169, wherein the oligonucleotide comprises an

siRMNA, an miRNA, an ADAR recruiting molecule, an ADAR targeting molecule, a guide RNA,

or an antisense nucleic acid.
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171, The oligonucleotide of embodiment 169, or a salt, solvate, or hydrate thereof, wherein Ry
is an optionally substituted nitrogen-containing heterocyelyl.
172, The oligonucleotide of embodiment 169, or a salt, solvate, or hydrate thereof, wherein Ry
is an optionally substituted dihydropyrimidinyi, optionally substituted tetrahydropyrimidinyl, or

optionally substituted hexahydropyrimidinyl.

173, The oligonuclectide of embodiment 169, or a salt, solvate, or hydrate thereof, wherein Ry

is a 4H-13* 3x*-pyrimidine-2,4-dione.

The oligonucleotide of embodiment 169, or a salt, solvate, or hydrate thereof, wherein Ry

K\f
VY\?

175, 'tThe oligonucleotide of any of embodiments 169-174, or a salt, solvate, or hydrate thereof,
wherein each of Hety, Hetr, and Hets is independently optionally substituted nitrogen-containing

heteroaryl.

176.  The oligonucleotide of any of embodiments 169-174, or a salt, solvate, or hydrate thereof,

wherein each of Hety, Hety, and Hets is independently optionally substituted 1, 2, 3 - triazolyl.

177.  'The oligonucleotide of any of embodiments 169-174, or a salt, solvate, or hydrate thereof,

wherein each of Hety, Hety, and Hets is independently optionally substituted 1422 3-triazol-4-yl.
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178, The oligonucleotide of any of embodiments 169-174, or a salt, solvate, or hydrate thereof,

R,

/fﬂﬂ
’E{/N\N//d/ "

wherein each of Hety, Heto, and Hets is independently

179, The oligonucleotide of any of embodiments 169-178, or a salt, solvate, or hydrate thereof,

wherein two of Rs, Rs, and Ry are each the same.

18G.  The oligonucleotide of any of embodiments 169-178, or a salt, solvate, or hydrate thereof,

wherein Rs, and Re are each the same.

181, The oligonucleotide of any of embodiments 169-178, or a salt, solvate, or hydrate thereof,

wherein three of Rs, Re, and Ry are each the same.

182, The oligonucleotide of any of embodiments 169-181, or a salt, solvate, or hydrate thereof,

wherein o 15 the same in each of Bs, Re, and Ry,

183, The oligonuclectide of any of embodiments 169-81, or a salt, solvate, or hydrate thereof,

wherein o is the same in each of Rs and Rs.
184, A compound, or a salt, solvate, or hydrate thereof, that is Example 1.

185, A compound, or a salt, solvate, or hydrate thereof, that is one of INT-1, INT-2, INT-3,

INT-4, INT-5, INT-6, or INT-7.
186, A compound, or a salt, solvate, or hydrate thereof, that is one of INT-5 or INT-6.

187. A compound, or a salt, solvate, or hydrate thereof] that is INT-7.
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188. A composition comprising a compound of any of embodiments 119187, and a

pharmaceutically acceptable carrier.

185, A method for modulating protein function in a subject, comprising administration of a

compound of any of embodiments 119-187 1o the subject.

190. A wmethod for treating or arveliorating a disease, disorder, or symptom thereof in a subject,

comprising administration of a compound of any of embodiments 119-187 to the subject.

191, A method of making a compound of Formula (V}, or salt, solvate, or hydrate thereof:

N

o Rg Hat
o A Sl
) / 0 m O

,Yz
Hetthjﬁ M"H@t"z
Jm A

RsHN NHRg

<,

1

Formula (V)

wherein:

gach nis independently 1,2, 3,4, or §;

each mis independently 0, 1, 2,3, 4, 5, or 6;

each oisindependently 0, 1,2, 3,4, S, or 6,

each Y is independently O, CH(R?), §, 8(=0), S(=0});, NH, substituted N group , NHC{=0),
C(E=OINH, P(=00-0-, PEOW=8)-0, PESR-0O, -G-PEOR-O-, -O-PEOH=8)-0-, -0-P(=8:-0-,
-O-PEDY-, -O-P=0=S)-, ~O0-P{(=5h-;
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each Y is independently O, CH(R®), S, S(=0), $(=0), NH, substituted N group , NHC(=0),
C(E=OINH, P(=0-0-, PEON=8)Y-0, PESR-0O, -O-PEOR-O-, -O-PECOH=8)-0-, -0-P(=83-0-,
-O-PEDY-, --P=0Y=S)-, ~O0-P{(=5h-;

each of Hety, Hetz, and Het: is independently optionally substituted hetercaryl or optionally

\(\,EQ\/%\Q‘/\\/Q:, b‘w\ DAC
o

acHn” Y OAc
each Rs, Re, and Ry is independently Ohc

substituted heterocyclyl,

Ry is optionally substituted heterocyclyl;

A

NG B,
. 5. R N 5
wherein R is o Y

or a therapeutic agent for modulating hepatocytes or treating
fiver disease;

each R" is independently H, alkyl, halo, OR®, or SRS,

each RU is independently H, alkyl, halo, ORS, or SRE; and

each R® is independently H or alkyl;

comprising reacting a compound of Formula (V) wherein R: is H (and remaining variables are as

described above) with a reactant of the formula

A

NG -
TN , wherein LG is a leaving group (e g, halides, -OS{OnR, -OS{OROR, -
OC(OR, etc.; (where R is alkyl, arylalkyl, arvl, each of which may be optionally substituted)).

192, The method of embodiment 191, wherein the reactant is 3~

{({chloro{diisopropylamino)phosphaneylyoxy jpropanenitrile.

193, A method of making a compound of formula INT-7, comprising reacting a compound of
formula INT-6 with a compound of INT-3.
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194, The method of embodiment 193, further comprising a copper catalvst.

195, The method of embodiment 193, further comprising CuSQs - 5 HyO.

196.  The method of embodiment 195, further comprising sodium ascorbate.

197, The compound of any of embodiments 119-133, or a salt, solvate, or hydrate thereof,
wherein each Ry 18 independently alkyl-O-phosphonamidite, optionally substituted alkenyl

phosphonamidite, or optionally substituted alliyny! phosphonamidite.

198,  The compound of any of embodiments 119-133, or a salt, solvate, or hydrate thereof,
wherein each Ry is independently OH, NH,, NHR® N;, C(=0)0H, C=O)X, CN, SH, S8H, 802X,
CEOYNHNH,, NHNH,, CESINHNH,, CESNHL, NHOH, CEO0YCHX, malonyl, atkyl,
alkenyl, dienyl alkynyl, hetercalkyl, -OP(=8)}X, -C(=OH, -C(=0)R? -N=C=0, -N=C=NR? -
N=C=§, CHX, ~OP(=0)0OH, phosphane, alkoxyphosphane, or ~-C{R%),, wherein X is a leaving

group.

199, The compound of any of embodiments 119-133, or a salt, solvate, or hydrate thereof,
wherein each Ry is independently a Michael acceptor, a protein, or a therapeutic agent for

modulating hepatocyles or treating liver disease.



(4]

10

WO 2022/076922 PCT/US2021/054318

200, A compound of Fornwula (1X-3), or a salt, solvate, or hydrate thereof:

Acig M ‘}'4
NH N
AcO N/{ /‘}‘O/\f N/\f“’/ X_*
NHAC (/ N

\/ !N N’?\E
AcO i’ Ac - : N -
ol ]S )]
NHAG nd 1{0 J
AcO o) ot nd
Ac@\éﬁ;yf
NHAC

Formula {(IX-a)
wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted

carbocyelyl, optionally substituted heterocyclyl, or a nuclecbase isostere;

A

R?is H, OH, O-Protecting Group (PG), NC\"’/\‘G/F\O’}L’ , a hinker, an axide, a carboxylic
acid, or an amine;

Y118 O, optionally substituted NH, CHz, or CH:O;

Y2 is O, optionally substituted NH, CHz, or CH(3;

Y3 is CO, 8G2, POY0, CH2-0-C(0), CH-NH-C(0), CHz~NH~SOz, or CHy;

Y1 is CO, SOy, POYD, CH»-0-C(O), CHu-NH-C{O), CH-NH-800, or CHy;

mis0, 1,2 3,4, 5 or6; and

each ny, ns, vy and ns 1s independently 0, 1,2,3,4,5,6,7, 8,9, or 10.
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201, The compound of embodiment 200, wherein R” is uracil comprising a protecting group.

202.  The compound of embodiment 200 or 201, wherein R’ is uracil comprising a benzoyl

protecting group.

203, The compound of any one of embodiments 200-202,

(PG).

204.  The compound of any one of embodiments 200-203,

205, The compound of any one of embodiments 200-204,

206. The compound of any one of embodiments 200-208,

207.  The compound of any one of embodiments 200-206,

208.  The compound of any one of embodiments 200-207,

209, The compound of any one of embodiments 200-208,

210.  The compound of any one of embodiments 200-209,

211, The compound of any one of embodiments 200-210,

Ys are CO.

212, The compound of any one of embodiments 200-211,

297

wherein R? is O-Protecting Group

|
“C\,,/\O/“\O/}a,

wherein R?is

wherein Y115 O.

wherein Y2 18 O.

wherein both Y: and Yz are O.
wherein Y3 is CO.

wherein Y1 is CO.

wherein Y3 and Y4 are CO.

wherein Yy and Yy are O, and Yz and

wherein nj is 3.
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The compound of any one of embodiments 200-212, wherein nq 15 3.

214, The compound of any one of embodiments 200-213, wherein ns 18 3.

215, The compound of embodiment 2060, wherein the compound is of Formula {(IX-b):
O

Rg
T
Y. Y,

{,> ')i‘\'i ( L\'ﬂg

Ac O QAc T3 ‘{4

E e NH N
AcCG WOV’\O/\VO\//\(}NN‘/\»—/ (f
NHAS N=N FN
‘/, 3\5 N”N
AcO DA N-N . §
A o /{ 0
AcC ,«T\\/ TN TN YN Ny
NHAC H
AcO QA o
i
AcO ~0
NHAG
Formula (IX-b)
wherein:

R”is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, ¢ytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted

carbocyclyl, optionally substituted heterocyclyl, or a nucleobase isostere;
/kN)\
). . ! ™™ /i\ ,:})‘11 . . .
R*is H, OH, O-Protecting Group (PG), o7 o , a linker, an azide, a carboxylic
acid, or an amine;

Y1 is O, optionally substituted NH, CH;, or CH(;

Y2 is 3, optionally substituted NH, CHa, or CHO;
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Y3 is CO, SOy, POYO, CH-G-C(O), CHL-NH-C(O), CH-NH-SO», or (Hy;
Ysis CO, SOy, P(O)YO, CH:-0-C(0), CHy-NH-C{0), CH-NH-50, or CHy;
npis 0, 1,2, 3,4, 5, or 6; and

n0,1,.2,3,4,56,7,8 9, or 10.

216, A compound of Formula (XV-a}, or a salt, solvate, or hydrate thereof:

Ya o Y2
¥
o oo
! N
HG;E/TA, 0 o N ;; e
NHAG a N e O
2
(gH j /—J
e o)
HO hv%)\%\a H
NHAC a4
’ ']
MO n&
NHAGC

Formula (XV-a)
wherein:
R’ is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (P(), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryi, optionally substituted heteroaryl, optionally substituted
carbocyelyl, optionally substituted heterocyclyl, or a nuclecbase isostere;
1. is a bond, a phosphodiester bond, a phosphorothicate bond, a triazole, a tetrazole, an amide, a
reverse-amide, a carbamate, a carbonate, urea, alkyl, or heteroalkyl;
R?is an oligonucleotide sequence;
Y1is O, CH;, CH20, or optionally substituted NH;
Y, is O, CHy, CHL0, or optionally substituied NH;
Y3 is CO, 8O3, POYO, CH2-G-C(O), CHL-NH-C(O), CH-NH-SO», or (Hy;
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Ya is CO, SOy, PO, CHy-G-C(0), CHR-NH-C(O), CHu-NH-SO2, or CHy,

mis0, 1,2, 3,4, 5, or6; and

gach ny, ns, na and ns is independently 0, 1,2, 3,4,5,6,7, &, 9, or 10.

217.

219,

The compound of ernbodiment 216, wherein Y is O,

The compound of embodiment 216 or 217, wherein Y is O,

The compound of any one of embodiments 216-218, wherein both Yy and Y» are O.

The compound of any one of embodiments 216-219, wherein Y3 is CO.

The compound of any one of embodiments 216-220, wherein Ys is CO.

The compound of any one of embodiments 216-221, wherein both Y3 and Y4 are CO.

N

The compound of any one of embodiments 216-222, wherein Yy and Y2 are O, and Ys and

Yy are CO.

225.

227

7
I

The compound of any one of embodiments 216-223, wherein n3 15 3.

The compound of any one of embodiments 216-224, wherein ng is 3.

The compound of any one of embodiments 216-225, wherein ns is 3.

The compound of any one of embodiments 216-226, wherein the oligonucleotide

comprises an siRNA, an miRNA, an ADAR recruiting molecule, an ADAR targeting molecule, a

guide RNA, or an antisense nuclejc acid.
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228, The compound of any one of embodiments 200-227, or salt, solvate, or hydrate thereof,

for use as a reagent in a chemical reaction.

229, A compeosition comprising a compound of any one of embodiments 200-227, and a

pharmaceutically acceptable carrier.

230. A method for modulating protein function in a subject, coruprising administration of a
compound of any one of embodiments 200-227, or a composition of embodiment 229, to the

subject.
231, A method for treating or ameliorating a disease, disorder, or symptom thereof in a subject,

comprising administration of a compound of any one of embodiments 200227, or a composition

of embodiment 229, to the subject.

232,  'The method of embodiment 231, wherein the disease, disorder, or symptom thereof is a

Hver disease, disorder, or symptom thereof,

233, A method for making a compound of any of embodiments 200-229 comprising one or

more compounds and chemical transformations described herein, including Examples 1-23.
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What is claimed:

1. A compound of Formula (IX-a), or a sali, solvate, or hydrate thereof’
O Rg
T
AT
\({> )n‘i ( 1\;;;2
AcO OAC i3 | 4
NH N
AOXA © o N\/}J e
NHAC v NTN N
@ uN ’N

n
Ac() Q
ACQ\&K
ACO NHAC

Formula (1X-a)
wherein:
R?is H, adenine, gnanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG}, a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted heteroaryi, optionally substituted

carbocyclyl, optionally substituted heterocyclyl, or a mucleobase isostere;

A

R*is H, OH, O-Protecting Group (PG), e \ / , a linker, an azide, a carboxylic
acid, or an aming;

Y1 is O, optionally substituted NH, CH», or CHL0;

Y2 is O, optionally substituted NH, CHs, or CH:0;

Y3515 CO, 8C2, PIHO, CHL-O-C{O), CH-NH-C(O), CHa-NH-8(y, or CHa;

Y4 is CO, 8G2, PO, CH2-0O-C(0), CHa-NH-C(0O), CH-NH-SO:, or CHy;

mis0, 1,2, 3,4, 5 or6; and
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each ny, 03, ng and ns is independently 0, 1,2,3,4,5,6,7, 8,9, or 10.

2. The compound of claim 1, wherein R” is uracil comprising a protecting group.
5 3 The compound of claim 1 or 2, wherein R is uracil comprising a benzoy! protecting
Sroup.
4. The compound of any one of claims 1-3, wherein R? is O-Protecting Group (PG).
- . . . 2. MO T /szg‘
5 The compound of any oue of clairos 1-4, wherein R is o o’ 5
6. The compound of any one of claims 1-5, wherein Y1 is O.
7. The compound of any one of claims 1-6, wherein Y215 O
15
8. The compound of any one of claims 1-7, wherein both Y1 and Y3 are O.
9. The compound of any one of claims 1-8, wherein Y3 is CO.
20 10, The compound of any one of claims 1-9, wherein Y4is CO.
11, The compound of any one of claims 1-10, wherein Ys and Yy are CO.
12, The compound of any one of claims 1-11, wherein Yy and Yy are O, and Y5 and Y4 are
25 CO.
13 The compound of any one of claims 1-12, wherein nz 1s 3.
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14, The compound of any one of claims 1-13, wherein ns is 3.
15, The compound of any one of claims 1-14, wherein ns is 3.
)
16. The compound of claim 1, wherein the compound is of Formula (IX-by:
O
X4
Y, Y,
{,> ')i‘\'i ( L\’ni?.
ACQ QAc \?:3 ‘{4
A0 NH o N
AcO TL\/OV’\Q/\VO\/AO/’\V«N‘/}J e
NHAG N=N Fy
‘/, ;5\5 N”N
OAC NN

Ac(? ! 'r
A o /{ 0

NHAC
aco FA° o
0 oS
AcQ ~ N

NHAC
Formula (IX-b)
wherein:
10 Ris H, adening, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, cytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
alkyl, optionally substituted aryl, optionally substituted hetercaryl, optionally substituted

carbocyclyl, optionally substituted heterocyclyl, or a nucleobase isostere;
/kN)\
| -

Y . - - . - NG " LL: . N *
R*is H, OH, O-Protecting Group (PG), TN N , a linker, an azide, a carboxylic

pnt
Wh

acid, or an amine;
Y1 is O, optionally substituted NH, CH;, or CH(;

Y2 is 3, optionally substituted NH, CHa, or CHO;
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Y3 is CO, SOy, POYO, CH-G-C(O), CHL-NH-C(O), CH-NH-SO», or (Hy;
Ysis CO, SOy, P(O)YO, CH:-0-C(0), CHy-NH-C{0), CH-NH-50, or CHy;
npis 0, 1,2, 3,4, 5, or 6; and

ni0,1,.2,3,4,56,7,8 9, or 10.

)
17. The compound of claim 1, wherein the compound is of the formula:
4
N/k\ o [P
: N
o’ j M
Na 0 Q “‘\( ) (\ér B2
g ©
O
AcO QAc o ¥
e N
Ao O\/\O/\\,fo\/\()’/\v«'b{% } N
N=N /)
NHAC & ,E\i fo?\f
Ac igc (N“N !,_,1
Q
AcO »‘{«-&f()\f\ﬂ/\\/@\/\(}/
NHAG on H
AcO /0 0
° o /(
AcO \/\0
NHAC
or a salt, solvate, or hvdrate thereof.
10 18 The compound of claim 1, wherein the compound is of the formula:
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S~ e

NG~/ 0 GA{j YN Bz

O i
Ac Q OAc O } ~ "3
AcO ”T\\’ N T T N e f\,,NN \N Va }
NHAG O(OAQ /‘\ N
AcQ E«T\E‘/ O Of"\/o\/’\ N G\/’\Q "‘*/ S
NHAC CAc 10
AcO /__./
£SO '\S\/Q\/’\O/\\/O\"/\O/\‘/O
NHAc
or a salt, solvate, or hydrate thereof,
19, A compound of Formula (XV-a), or a salt, solvate, or hydrate thereof:
G
R
Rz\L/\(-}f"‘ 9
i
(D) Une
nr
N M-
Q\/’ O/\\/ N‘/}—‘/ \
i ~ 15\5 NN
T §r
] O
HO O o . H
NHAC n4OH
f?fi 0
:"~ »‘0 =
HO ™

Formula (XV-a}
wherein:
R”is H, adenine, guanine, thymine, cytosine, or uracil, or adenine, guanine, thymine, ¢ytosine, or
uracil, each comprising a Protecting Group (PG), a modified nucleobase, optionally substituted
10 alkyl, optionally substituted aryl, optionally substituted heteroaryl, optionally substituted

carbocyclyl, optionally substituted heterocyelyl, or a nucleobase isostere;
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L 1s a bond, a phosphodiester bond, a phosphorothicate bond, a triazole, a tetrazole, an annde, a
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reverse-amide, a carbamate, a carbonate, urea, alkyl, or heteroalkyl;

R?is an oligonucleotide sequence;

Y1is O, CH,, CH0, or optionally substituted NH;

Y2 is 3, CHy, CHO, or optionally substituted NH;

Y3 is CO, SOy, P(OYO, CH:-G-C(0), CH-NH-C{O), CH-NH-8O», or CHy;
Y4158 CO, 8Oy, PIHO, CH-O-C{O), CH-NH-C(O), CHy-NH-80;, or CHa;

n2180, 1,2, 3,4, 5, or&; and

each ni, n3, n4 and ns is independently 0, 1, 2,3, 4,5, 6,7, 8,9, or 10,

20.

b2
b2

o]
(o)

26.
Co.

The compound of claim 19, wherein Yiis O.

The compound of claim 19 or 20, wherein Y215 Q.

The compound of any one of claims 19-21, wherein both Y and Y; are .

The compound of any one of claims 19-22, wherein Y5 is CO.

The compound of any one of claims 19-23, wherein Y4 is CO.

The compound of any one of claims 19-24, wherein both Y3 and Ya are CO.

The compound of any ove of clairos 19-25, wherein Yy and Y2 are O, and Ys and Y are

The compound of any one of claims 19-26, wherein 03 1s 3.

The compound of any cne of claims 19-27, wherein ng i3 3.

The compound of any one of claims 19-28, whersin ns is 3.
Y ,
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30, The compound of claim 19, wherein the compeund is of the formula:
R= Qiigo 0= P\ NH
Ri=0or§ 0/&\(7& \ff
o ) %

A
Q i
Hoiz‘\\ N TN e ;\;\T\/ 4 V/ ,
NHAC §
HO Ot %\'E\; N”N

O
HO 0\/\0,\/0\/\0/"\/’ [
9]
NHAc H ? O S/

O

i o]
NHAC

or a salt, solvate, or hydrate thereof.

31, The compound of claim 19, wherein the compound 15 of the formula:
N0
R = {ligo o= p \\,AN
~0 NH
R=Oorg A(_ \'f’
g t)
OH #0

HO / ok
N
HO /‘TA/O\/’\ /\/O\./\ P TSN /\/?\i/\\\f / e

X‘N
NEN
NHAC HQO!-' é?“ &

N
N—

z=

H

HO- »—-\\/ 0\/’\0/‘\/@\/’\0/‘\/0\/'\0/ ~
NHA O
o HO

) d
HO-‘X/Y\X-/’O\/\O/\/Q\/\QN
NHAC

N
Ie) /
-—JI’

of a salt, solvate, or hydrate thereof.

32, The compound of any one of claims 19-31, wherein the oligonucleotide comprises an
siRNA, an miRNA, an ADAR recruiting molecule, an ADAR targeting miolecule, a guide RNA,
or an antisense nucleic acid.
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33. The compound of any one of claims 1-32, or salt, solvate, or hydrate thereof, for use as a

reagent in a chemical reaction.

34, A composition comprising a compound of any one of claims 1-32, and a pharmaceutically

acceptable carrier.

35. A method for modulating protein function in a subject, comprising administration of a

compound of any one of claims 1-32, or a composition of c¢laim 34, to the subject.
36, A method for treating or ameliorating a disease, disorder, or symptom thereof in a subject,
comprising administration of a compound of any one of claims 1-32, or a composition of claim

34, to the subject.

37. The method of claim 36, wherein the disease, disorder, or symptom thereof'is a Hver

disease, disorder, or symptom thereof.

38, A method for making a compound of any of claims 1-32 comprising one or more

compounds and chemical transformations deseribed herein, including Examples 1-23.
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