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P-ALKYE MODIFIED RIBOSE DERIVATIVES AND METHODS OF USE

RELATED APPLICATION

(0001} This application claims priority to, and the benefit of, U.S. Application No. 63/229,628,

filed on August 5, 2021, the entire conients of which are incorporated herein by reference.

BACKGROUND

0002} Effictent delivery of genetic materials such as RNA to cells in vive reguires specific
targeting and protection from the extracellular environment, particularly serum proteins. One
method of achieving specific targeting is to conjugate a targeting moiety to the nucleic acid (e.g,,
oligenucleotide). The targeting moiety helps direct the mucleic acid to the site of interest A
targeting motety can improve delivery by receptor-mediated endocytosis. This process is
initiated via activation of a cell-surface or membrane receptor following binding of a specific
figand to the receptor. Many receptor-mediated endocytotic systems are known, including those
that recognize sugars such as galactose, mannose, mannose-G-phosphate, peptides and proteins
such as transferrin, asialoglycoprotein, vitamun B12, insulin, and epidermal growth factor (EGF).
The asialoglvcoprotein receptor {ASGP-R) 15 a high capacity receptor and is highly abundant on
hepatocytes. The ASGP-R shows a high affinity for N-Acetyl-D-Galactosylamine (GalNAc¢) than
D-Gal Recently, certain carbohydrate conjugates have been shown to be a valuable alternative to
fiposomes for nucleic acid delivery. Moreover, after saccessful delivery into cells, the stability of
the nucleic acid 1o the cellular environment 1s important for achieving the desirable therapeutic
effects.

[0003] Thus, there continues to be a need for novel linkers and conjugates for nucleic acid

delivery. The present disclosure addresses this need.

SUMMARY

[0004] In some aspects, the present disclosure provides a compound of Formula (1) or (T}
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(1}
or a pharmaceutically acceptable salt thereof, wherem:

Wois H, C-Cs alkyl optionally substituted with one or more halogen, or an amino
substitation group,;

X is H, halogen, or -ORY;

R¥is H, Ci-Cs alkyl, or {Ci-Co alkyD-{Ce-Cio aryl), wherein the €1-Cs alkyl or -{C1-Cs
alky-(Co-Cio aryl) is optionally substituted with one or more R™;

each R™ independently is halogen, C1-Cs alkyl, or -0-(C1-Cs alkyl), wherein the Ci-Cs
alkyl or ~G-{C1-Cs alkyl) is optionally substituted with one or more halogen;

Y is H, C1-Cs alkyl optionally substituted with one or more halogen, -P(R" ), -
PORYYN(R )2}, -P(=0}ORYIRY, -PESHORVRY, -P(=0HSRYRY, -P(=S}SRYIRY, -
P(=OXORY Y, -P(=SHOR po, -P(=0XSRY ), -P(=S}SR )2, or a hydroxy protecting group;

each RY independently is H or Ci-Cs alky! optionally substituted with one or mare
halogen or cyano;

Z is H, or C1-Cs alkyl optionally substituted with one or more halogen, -P(R% ), -
P{ORAN(R n), -P(=ONORYIR?, -P(=S)ORAR?, -P(=0)}SR*)R”, -P(=S){(SR%JR?, -
P(=0)OR% ), -P(=SHOR™),, -P(=0) SR}, -P(=S}SR%}:, or a hydroxy protecting group;

each RZ independently is H or C1-Cs alkyl optionally substituted with one or more
halogen or cvano;

or Y and Z in Formula (1), together form -Si{RE1-0-Si(RE -, wherein each RF

independently is H or C-Ce alkyl;

3]
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each R® independently is H, halogen, or C1-Cs alkyl optionally subsiituted with one or
more halogen; or two R* on two adjacent carbon atoms, together with the two adjacent carbon
atoms, form a double bond,

each R® independently is H, halogen, or U1-Cs alkyl optionally substituted with one or
more halogen;

R'is H, halogen, or C1-Cs alkyl optionally substituted with one or more halogen;

R? is H, halogen, or C;-Cs alkyl optionally substituted with one or more halogen;

R? is H, halogen, or C1-Cs alkyl optionally substituted with one or more halogen;

R*is H, halogen, or C;-Cs alky! optionally substituted with one or more halogen;

each R independently is H, halogen, or C1-Cs alkyl optionally substituted with one or
maore halogen; and

n is an integer ranging from about 0 to about 10.
[0005] 1n some aspects, the present disclosure provides a scaffold or a pharmaceutically
acceptable salt thereof, wherein the scaffold comprises:

(U a Ligand; and

(1t} a Linker Unit, wherewn the Linker Unit 1s:

wherein variables B!, R? RY, RY R, X Y. Z, R®, R® and n are described herein, and # indicates
an attachment to the Ligand.
[0006] 1n some aspects, the present disclosure provides a scaffold or a pharmaceutically
acceptable salt thereof, wherein the scaffold comprises:

(i) one or more Nucleic Acid Agent; and

(i1} one or more Linker Unit, wherein each Linker Umit independently 1s:
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wherein variables RL R R® RY B3, W, X, Y. 7. R® R® and n are described herein, and ##
indicates an attachment io the Nucleic Acid Agent.
[0007] In some aspects, the present disclosure provides a conjugate or a pharmaceutically
acceptable salt thereof, wherein the conjugate comprises:

(1) one or more Nucleic Acid Agent;

{11} one or more Ligand; and

{111} one or more Linker Unit, wherein each Linker Unit independently is:
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wherein variables R, B2 R°. RY R®, XU Y, Z. R%. R® and n are described herein, # indicates an
attachment to the Ligand, and ## indicates an attachment to the Nucleic Acid Agent.

[00081 In some aspects, the present disclosure provides a compound being an isotopic derivative
of a compound disclosed heremn.

[0009] In some aspects, the present disclosure provides a pharmaceutical composition
comprising a compound, scaffold, or conjugate described herem.

(00101 In some aspects, the present disclosure provides a method of modulating the expression
of a target gene in a subject, comprising administering to the subject a conjugate described

herein.

i
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[0011} Insome aspects, the present disclosure provides a method of delivering a Nucleic Acid
Agent to a subject, comprising administering to the subject a conjugate described herein.

[0012} Insome aspects, the present disclosure provides a method of treating or preventing a
disease in a subject in need thereof, comprising administering to the subject a therapeutically
effective amount of a conjugate described herein,

(00131 Insome aspects, the present disclosure provides a use of a conjugate described herein mn
the manufacture of a medicament for modulating the expression of a target gene in a subject.
[0014] Insome aspects, the present disclosure provides a use of a conjugate described herein in
the manufacture of a medicament for delivering a Nucleic Acid Agent to a subject.

[00151 1n some aspects, the present disclosure provides a use of a conjugate described herein in
the manufacture of a medicament for treating or preventing a disease in a subject in need thereof.
(00161 Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In the specification, the singular forms also include the plural unless the context clearly
dictates otherwise. Although methods and roatenals similar or equivalent to those described
herein can be used in the practice or testing of the present disclosure, suitable methods and
materials are described below. All publications, patent applications, patents and other references
mentioned herein are incorporated by reference. The references cited herein are not admitted to
be prior art to the claimed invention. In the case of conflict, the present specification, mcluding
definitions, will control. In addition, the materials, methods and examples are ilustrative only
and are not mtended to be lumiting. In the case of conflict between the chemucal structures and
names of the compounds disclosed herein, the chemical structures will control.

[0017] Other features and advantages of the disclosure will be apparent from the folfowing

detailed description and claims.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 shows the gene silencing activity of siRNA duplexes on target gene 2 in liver on
day S after a single 0.5 mg/kg s.c. mjection of CD-1 female mice, followed by HDI dosing on
day 4 {plasrmd of target human gene 2, 20 pg}.

(00191 FIG. 2 shows the gene silencing activity of siRNA duplexes on target gene 1 in liver on

day 5 after a single 0.5 mg/kg s.c. igjection of UD-1 fernale mice, followed by HDI dosing on

[ox
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day 4 (plasmid of target human gene 1, 10 pg).

DETAILED DESCRIPTION
[0020} The present disclosure provides compounds, linkers, scaffolds, and conjugates described
herein for nucleic acid delivery. The present disclosure also relates to uses of the compounds,
finkers, scaffolds, and conjugates, e.g., in delivering nucleic acid and/or treating or preventing
diseases.
Linker Compounds of the Present Dizsclosure

0021} In some aspecis, the present disclosure provides a compound of Formeula (I} or (1}

{1y,
or a pharmaceutically acceptable salt thereof, wherein:

W is H, C1-Cs alkyl optionally substituted with one or more halogen, or an amino
substitution group;

X is H, halogen, or -OR%;

R¥ is H, C1-Ce alkyl, or (Ci-Cs alkyD-(Ce-Cio aryl), wherein the C1-Cs alkyl or -(C1-Cs
alkyl}-{Cs-Cio aryl) is optionally substituted with one or more R™;

each R™ independently is halogen, C1-Cs alkyl, or -0-(C1-Cs alkyl}, wherein the Ci-Cs
alkyl or -0-{C-Ce alkyl} is optionally substituted with one or more halogen;

Y is H, C1-Ce alky! optionally substituted with one or more halogen, -P(RY), -
PORYUN(R 1}, -P(=0O}ORVIRY, -P(=S}(ORVIRY, -P(=0}SRVIRY, -P(=S}SRVIRY, -
P=OYOR ), -P(=S}ORY ), -P(=0}(SRY )1, -P(=S)}8RY)s, or a hydroxy protecting group;

~}
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each RY independently is H or Cy-Cs alkyl optionally substituted with one or more
halogen or cyano;

7 is H, or C1-Cs alkyl optionally substituted with one or more halogen, -P(R%), -
P(OR“YN(R ), -PEONORYIR?, -P(=8)(OR%IR” -P(=O} SRR, -P(=8){SR )R, -
PE=0YORYY:, -P(=SHOR™Y,, -P(=0) SR}, -P(=S)(SR*}):, or a hydroxy protecting group,

each R* independently is H or C1-Cs alkyl optionally substituted with one or more
halogen or cyano;

or Y and Z in Formula (1}, together form -Si(R*)-0-Si(R -, wherein each R-
independently is H or C1-Ce alkyl;

each R® independenily is H, halogen, or Ci-Cs alky! optionally substituted with one or
more halogen; or two R on two adjacent carbon atoms, together with the two adjacent carbon
atoms, form a double bond;

each R independently is H, halogen, or Ci-Cs alkyl optionally substituted with one or
more halogen;

R!is H, halogen, or C1-Cs alkyl optionally substituted with one or more halogen;

R? s H, halogen, or Ci-Ce alkyl optionally substituted with one or more halogen;

R? is H, halogen, or C1-Cs alky! optionally substituted with one or more halogen;

R*is H, balogen, or C1-Cs alky! optionally substituted with one or more halogen;

each R” independently is H, halogen, or Ci-Cs alky! optionally substituted with one or
more halogen; and

n 13 an integer ranging from about O to about 10,

(00227 I 1s understood that, for a compound of the present disclosure, variables W, X, R®, R,
Y, RY, Z, RE RY RYRE R R R3 R R, and n can each be, where applicable, selected from
the groups described herein, and any group described herein for any of variables W, X, RX, R,
Y, RY, Z, RE RY R RY R R R’ RY R and n can be combined, where applicable, with any
group described herein for one or more of the remainder of variables W, X, RS, R® Y RY, Z,
R RM RYRY RN R R RY RS andn.

Variable W, X, RY, ™, ¥, RY, Z, R*, and I

00231 In some embodiments, W is H.
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0024} In some embodiments, W is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, t-propyvl, n-butyl, i-
butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally substituted with one or more halogen {e.g, F,
Ci, Br, or I).

00257 In some embodiments, W is Ci-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl, i-
butyl, s-butyl, t-butyl, pentyl, or hexyt}.

[0026] In some embodiments, W is methyl, ethyl, or propyl.

[0027] In some embodiments, W is an amino substitution group, 1.€., a group suitable for
substituting a hydrogen of an amino motety, such as an amino protecting group.

[0028] In some embodiments, W is an amino protecting group, including, but not limited to,
fluorenyimethyloxycarbonyl (Fmoe), tert-buiyloxycarbony! (BOC), benzyloxyearbonyl (Chz),
optionally substituted acyl, trifluorcacetyl (TFA), benzyl, triphenylmethyl (Tr), 4.4'-
dimethoxytrityl (DM Tr), or toluenesulfonyi (Ts).

[00291 In some embodiments, W is optionally substituted acyl {e.g., ~-C(=0XCi-Cso alkyl},

o]
9 9 .
/’ N
O . o

wheren the C1-Cso alkyl 13 optionally substituted).

00301 In some embodiments, W is substituted acyl {e.g.,

and
(0031} In some embodiments, W is triflucrcacetyl (TFA).

[0032] In some embodiments, W 1s an amino substitution group, 1.€., a group suitable for
substituting a hydrogen of an aromno motety, such as ~-C{=0XC1~Cap alkvl), -CEONHC-Cro
alkyl), ~-C(=8YCi-Cao alkyl}, or -C(=S)NH(C1-Cso alkyl), wherem the C1-Cso alky] 1s optionally
substituted. To some embodiments, W 1s -C{=0}{{1-Css alkyl), ~-C(=0INH{C-Cos alkyl), -
C(=8SHCy-Cos alkyl), or ~-CESINH{C-Cos alkyl), wherein the C-Cas alkyl is optionally
substituted.

00331 In some embodiments, X 13 H

(00341 In some embodiments, X is halogen {e.g., F, CL, Br, or T},

0035} In some embodiments, X is F or CL.

9
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0036} In some embodiments, X is F.

[0037] In some embodiments, X is -OR™.

0038} In some embodiments, X is ~-OH.

0039} In some embodiments, X is ~0-(C1-Cs alkyl} (e.g., wherein the C1-Co alkyl is methyl,
ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, peniyl, or hexyl} optionally substituted
with one or more R,

[00401 In some embodiments, X 15 -0-{C1-Cs alkyl) (e.¢., wherein the C1-Cs alkyl is methyl,
ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentvl, or hexyl.

[0041] In some embodiments, X 1s -OCH;, -OCHCH;, or -OCHCH,OCH;.

(0042} In some embodiments, X is ~OCH; or -OCH>CHa.

00431 In some embodiments, X is -OCHCHOCH;.

0044} In some embodiments, X 15 ~0-(C1-Cs alkyl}-0-{C1-Cs alkyl) (e.g., wherein the Ci-Cs
alkyl is methyl, ethyl, n-propyl, t-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl).
(00457 In some embodiments, X 1s ~0-{C1-Cs alkyD-(Ce-Cro aryl) optionally substituted with one
or more R%®,

[0046] In somae embodiments, X is ~O-{C1-Cs alky-{(Ce-Cro arvl).

’?7;{) :
[0047% In some embodiments, X is

O

[0048] In some embodiments, X is tzlz optionally substituted with one or more R*%

o)
00491 In some embodiments, X is %2 optionally substituted with one or more

halogen.

O OO

O
00501 In some embodiments, X is (lLi optionally substituted with one or more Ci-
s abloyl or -0-{C1-Cs alkyl), wherein the C1-Cs alkyt or -0-(C1-Cs alkyl) is optionally
substituted with one or more halogen.

(00511 In some embodiments, R¥ is H.
{0051
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[0052] In some embodiments, R* is C1-Co alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butyl, t-butyl, pentyl, or hexy!) optionally substituted with one or more R*.

[0053] In some embodiments, R* is C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butvl, t-butyl, peniyl, or hexyl} optionally subsiituted with one or more halogen (e.g., F,
Ci, By, or I} or -0-(C1-Cs alkyly {e.g., wherein the C1-Cs alkyl is methyl, ethyl, n-propyl, &
propyl, n-butyl, -butyl, s-butyl, t-butyl, pentyl, or hexyl} cptionally substituted with one or more
halogen.

[0054] In some embodiments, R® is €1-Cs alky! (e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
-butyl, s-butyl, t-butyl, pentyl, or hexvl}.

[0055] In some embodiments, R¥ is methyl, ethyl, or propyl.

[0056] In some embodiments, R™ is methyl.

[0057] In some embodiments, R¥ is C1-Cs alkyl {e.z., methyl, ethyl, n-propyl, i-propyl, n-butyl,
-hutyl, s-butyl, t-butyl, pentyl, or hexyl) substituted with one or more halogen (e.g, F, Cl, Br, or
I

[0058] In some embodiments, R* is Ci-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i~butyl, s~butyl, t-butyl, pentyl, or hexyl) substituted with one or more ~-O~{Ci-Cs alkyl) (e g.,
wherein the C1~C alkyl s methyl, ethyl, n-propyl, i-propyl, n-butyl, +-butyl, s-butyl, t-buty],
pentyi, or hexvl}, wherein the -O~(C1-Cs alkyl) is optionally substituted with one or more
halogen.

[0059] Tn some embodiments, RX is -(C1-Co alky-(Cs-Cho aryl) optionally substituted with one
or more RX®,

[0060] In some embodiments, RX 15 -(C1-Co alkyD-(Co-Cho aryl) optionally substituted with one
or more halogen (e.g., F, CL, By, or 1), C1-Ce alkyl (e g., methyl, ethyl, n-propyl, i-propvi, n-
butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexvly, or -O-(Cy-{s alkvl} {e.g., wherein the C1-Ce
alkyt1s methyl, ethyl, n-propyl, t-propyl, n-butyl, i-butvl, s-butyl, t-butyl, pentyl, or hexyl},
wheremn the C1-Cs alky! or -O-{T-Cs alkyl} 1s optionally substituted with one or more halogen.
[0061] In some embodiments, RY is -{T-Ce alkyD-(Te-Cio aryl) optionally substituted with one
or more halogen {e.g., F, Cl, Br, or I,

[0062] Tn some embodiments, R is -{C-Ce alkyD-(Ce-Cio aryl) optionally substituted with one
or more C1-Ce alkyl (e g, methyl, ethyl, n-propyl, i-propyl, n-butyl, +-butyl, s-butyl, t-butyl,

pentyi, or hexyl), wherein the C1-Cs alkyl is optionally substituted with one or more halogen.

i1
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[0063] In some embodiments, R* is -(C1-Co alkyl}-(Co-Cio aryl} optionally substituted with one
or more -O-{C1-Cs alkyl) {e.g., wherein the C1-Cs alkyl is methyl, ethyl, n-propyl, 1-propvl, n-
butyl, i-butyl, s-butvl, t-butyl, pentyl, or hexyl}, wherein the -O-{(C1-Cs alkyl} is optionally
substituted with one or more halogen.

[0064] In some embodiments, R” is -(C1-Cs alkyl}-(Co-Cro aryl).

[0065] In some embodiments, R¥ is benzyl.

[0066] In some embodiments, at least one R is halogen (e.g., F, C1, Br, or I},

[0067] In some embodiments, at least one R* is C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally substituted with one or more
halogen {ep, ¥, CL Br,or 1),

[0068] In some embodiments, at least one R™ is -0-(C1-C alkyl) {e. g, wherein the Ci-Cs alkyl
is methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl} optionally
substituted with one or more halogen (eg, F, CL, Br, or 1.

(00691 In some embodiments, Y s H.

(00701 In some erabodiments, Y 1s C-Cs alky] (e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl, 1-
butyl, s-butyl, t-butyl, pentyl, ot hexyl) optionally substituted with one or more halogen {e.g, F,
Ci, Br, or 1)

(0071} In some embodiments, Y 1s $1-Cs alkvl (e.g., methyl, ethyl, n-propvl, +-propyl, n-butyl, i-
butyl, s-butyl, t-butyl, pentvl, or hexyl}.

(0072} In some embodiments, Y 1s methyl, ethyl, or propyl.

[0073] In some embodiments, Y is -P(RY ), -PIORTHNRY)2), -PEONORIRY, -P(=SHORYIRY,
PEONSRORY, -PESHSRMIRY, -P(=0OX0ORY )y, -PESHORY ), -PEONSRY),, -P=SHSR L.
0074] In some embodiments, Y is -P(R¥ ).

ey e

0075] In some embodiments, Y 1s -PH;.

0076] In some embodiments, Y is -PLORV{N(R ).

0077 In some embodiments, Y 1s -P{OH}NH;).

0078} In some embodiments, Y 18 -P{O{Ci-Co alky HUN(C1-Cs alkyl)z), wheren the C-Cs alkyl

e preemy e

is optionally substituted with one or more halogen or cyano.
[0079] In some embodiments, Y is -P(=0)}ORVRY,
[0080} In some embodiments, Y is -P(=0)}OHYC1-Cs alkyl), wherein the C-Cg alkyl 1s

optionally substituted with one or more halogen or cyano.

i2
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[0081] In some embodiments, Y is -P(=S){ORVIRY.

[0082] In some embodiments, Y s -P(=S Y OHNC1-Cs alkyl}, wherein the C1-Cs alkyl 1s
optionally substituted with one or more halogen or cyano.

[00%3] In some embodiments, Y is -P=0YSRVRY.

0084} In some embodiments, Y is -P(=0)}SH}X1-Cs alkyl), wherein the Ci-Cs alkyl s
optionally substituted with one or more halogen or cyano.

[0085] In some embodiments, Y is -P(=S)}(SRY)RY.

0086} In some embodiments, Y s ~-P(ES)SHNC1-Cs alkyl), wherein the C1-Cs alkyl is
optionally substituted with one or more halogen or cyano.

[0087] In some embodiments, Y is -P(=0)}ORY),.

[0088] In some embodiments, Y is -P(=0){OH),.

[0089] In some embodiments, Y is -P(=S}OR'),.

00901 In some embodiments, Y is -P(=S)}{OH),.

[0091] In soroe embodiments, Y is -P(=0)}SRY ).

(00921 In some ermabodiments, Y 15 -P(=0SH).

[0093] In sore embodiments, Y is -P(=8)}SR ).

[0094

F0095

1] In some embodiments, Y 15 -P(=S){(8H),.

] In soroe embodiments, Y is a hydroxy protecting group {e.g., silyl, Tr, DMTr, acyl, or
benzyi).

(00961 In some embodiments, Y 1s syl (e.g., trimethyisilyl, triethylsilyl, tert-butyldimethylsidyl,
tert-butyldiphenylsilyl, or trisopropylsiiyl).

(0097} In some emboduments, Y 1s triphenylmethyi (Tr) or 4,4-dimethoxyirityl (DM Ty),

[00SE] In some embodiments, Y is optionally substitited acyl {e.g., optionally substitated acetyl)
or benzyl

[0099] In some embodiments, at least one RY s H.

[0100] In some embodiments, each RY is H.

[0101] In some embodiments, at least one RY is C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, -butyl, s-butyl, t-butyl, pentyl, or hexvl} optionaily sebstituted with one or more

halogen {e.g., F, Cl, Br, or I} or cyano,

[
3
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[0102] In some embodiments, each RY is £1-Ce alkyl (e.o., methyl, ethyl, n-propyl, i-propyl, n-
butyl, 1-butyl, s-butyl, t-butyl, pentyl, or hexy!l} optionally substituted with one or more halogen
{e.g., F, ClL, Br, or I} or cyano.

[0103] In some embodiments, at least one RY is H, and at least one RY is C1-Cs alkyl {e.g.,
methyl, ethyl, n-propyl, 1-propvl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally
substituted with one or more halogen or cyano.

[0104} In some embodiments, ¥ s H

[0105] In some embodiments, Z 1s Ci-Cs alkyl {e.g., methyl, ethyl, n-propvl, i-propyl, n-butyl, -
butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally substituted with one or more halogen {(e.g., F,
ClL, Br, or I).

[0106} In some embodiments, ¥ is C;-Cs alkvl {e.g., methyl, ethyl, n-propyl, i-propyi, n-butyl, -
butyl, s-butyl, t-butyl, pentyl, or hexyl).

[0107} In some embodiments, 7 1s methyl, ethyl, or propyl

[0108] In some embodiments, Z is -P(R%), ~P(ORTHN(R ), -P(=O}ORAR?, -P(=S)}OR*)R%, -
P(=0)SRHR%, -P(=S)(SRAR?, -P(=0}(OR% ), -P(=SYOR%),, -P(=0)SR% ), -P(=S)}(8R%),.
[0109] In soroe embodiments, Z, is -P(R%).

[0110] In some embodiments, ¥ s -PH,.

[0111] In sorse embodiments, Z is -PORDN(R p).

[0112] In some embodiments, 7 15 -P{OH}NH2).

(0113} In some embodiments, Z is -P{O{C-Co alkyDN(C1-Cs alkyh), wheren the C1-Co alkyl
i3 optionally substuuted with one or more halogen or cyano.

[0114] In some embodiments, Z is -P(=OYORHRZ.

[0115] In some embodiments, 7 15 -P(=O}OH}-Cs alkyl}, wherein the Cy-Ce atkyl s
optionally substituted with one or more halogen or cyano.

[0116] In some embodiments, 7 is -P(=S}{ORERZ.

[0117] In some embodiments, Z 1s ~-PESHOHNCi-Cs alkyl), wherem the Ci-Cs alkyl s
optionally substituted with one or more halogen or cyano.

[0118] In some embodiments, 7 is -P(=0XSRYR?.

[0119] In some embodiments, 7 13 -P(=O}SH}C-Cs alkyl), wherein the Ci-Cs alkyl is
optionally substituted with one or more halogen or cyano.

{0120} In some embodiments, Z is -P{=8}{SR*)R*.

14
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[0121} In some embodiments, Z is -P(=SHSH}C1-Cs alkyl}, wherein the C1-Cs alkyl is
optionally substituted with one or more halogen or cyano.

[0122] In some embodiments, Z is -P(=0}OR% ).

[0123] In some embodiments, Z 15 -P{(=0}OH}),.

[0124] In some embodiments, 7 is -P(=S OR ).

[0125] In some embodiments, Z 1s -P(=S)}(CH).

[0126] In some embodiments, 7 is -P(=0}SR%).

[0127] In some embodiments, Z 1s -P(=0)}SH),.

[0128] In some embodiments, 7 is -P(=S}(SR%}..

(01291 In some embodiments, Z is -P{(=S}{(SH),.

[0130] In some embodiments, ¥ 15 a hydroxy protecting group {e.g., silyl, Tr, DMTr, acyl, or
benzyi).

[01311 In some embodiments, ¥ 1s silyl {e g., trimethylsilyl, triethylsilyl, tert-butyldimethylsilyl,
tert-butvldiphenylsilyl, or trusopropylsiyl).

[0132] In some embodiments, £ s triphenvhuethyl (Tr) or 4,4"-dimethoxytnity]l (DMTr).

[0133] In some embodiments, Z 18 substituted acyl (e.g., optionally substituted acetyl} or benzyl.
[0134] In some embodiments, at least one R is H.

[0135] In soroe embodiments, each R% s H.

[0136] In some embodiments, at least one RZ is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, --butyl, s-butvl, t-butyl, pentyl, or hexvl) optionally substituted with one or more
halogen {e.g., F, CL, Br, or I} or cyano,

[0137] In some embodiments, each R is C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-
butyl, 1-butyl, s-butyl, t-butyl, pentyl, or hexyl} optionally substituted with one or more halogen
{e.g, F, Cl Br, orI) or cvano.

[0138] In some embodiments, at least one RZ 18 H, and at least one R 15 C1-Cs alkyl (e g,
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally
substituted with one or more halogen {e.g., F, C, Br, or I} or cyano.

[0139] In some embodiments, Y and Z in Formula (1) together form -Si(R*)p-0-8iRY)-.

0140} In some embodiments, Y and Z in Formula (I} together form -Si{C-Ce alkyth-0-8:(Cs-
Ce alkylp-.
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[0141} In some embodiments, ¥ and Z in Formula (1) together form -SiH{C1-Cs alleyl}-0-8(Cy-
s alloyl)s-.

[0142} In some embodiments, ¥ and Z in Formula (1) together form -S#(C:-Cs alkyl)z-O-S1H(Cr-
Cs albleyl)-.

[0143} In some embodiments, ¥ and Z in Formula (1) together form -SiH{C-Cs alky}-O-
SiH(C1-Cs alkyl)-.

[0144] In some embodiments, Y and Z in Formula (1) together form -Si{(iPry-O-S1(iPris-.

[0145] In some embodiments, at least one R is H.

[0146] In some embodiments, each R" independently is Ci-Cs alkyl.

[0147] In some embodiments, each RY independently is methyl, ethyl, or propyi {(e.g., iPr).
Variables R°, B B/ R R’ R* K and n

[0148} In some embodiments, each R¥ is H.

[0149] In some embodiments, at least one R is halogen {e.g., F, CL, Br, or D or C1-Cs alkyl (e g,
methyl, ethyl, nepropyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl} optionally
substituted with one or more halogen {e.g, F, CL, Br, or I).

[0150] In some embodiments, at least one R* 18 halogen {e.g, F, Cl, Br, or I},

[0151] In some embodiments, at least one R* s F or CL

[0152] In some embodiments, at least one R 18 Ci-Cs alkyl {e.g., methyl, sthyl, n-propyl, i~
propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl} optionally substituted with one or more
halogen{eg., F, CL, Br, or I},

[0153] In some embodiments, at least one R 15 C-Cs alkyl {e.g., methy], ethyl, n-propyl, i-
propyl, n-butyl, i-butyi, s-butyl, -butyl, pentyl, or hexyi}.

[0134] In some embodiments, at least one R 15 C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, 1
propyl, n-butyl, 1-butyi, s-butyl, t-butyl, pentyl, or hexyl} substituted with one or more halogen
{feg, F,ClL Br,ori}

[0155] In some embodiments, each R® is FL

[0156] In some embodiments, at least one R” is halogen {e.g., F, CL, Br, or 1) or C1-Co alkyl {e.g,
methyl, ethyl, n-propyl, t~propyvi, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally
substituted with one or more halogen {e.g., F, Cl, Br, or .

[0157] In some embodiments, at least one R® is halogen (e.g., F, CI, Br, or I).

[0158] In some embodiments, at least one R” is F or Cl.
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[0159] In some embodiments, at least one R® is C1-Cs alkyl {e.g., methyl, ethyl, n-propyi, i-
propyl, n-butyl, 1-butyl, s-butyl, t-butyl, pentyl, or hexyl} optionally substituted with one or more
halogen {e.g., ¥, Cl, Br, or ).

[0160] In some embodiments, at least one R® is {1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyi}.

[0161] In some embodiments, at least one R is €1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl} substituted with one or more halogen
{eg . F,ClL Br,orI}.

[0162} In some embodiments, R! is H.

[0163] In some embodiments, R' is halogen {eg,F C,Br,or ).

[0164] In some embodiments, R is F or CL.

[0165] In some embodiments, R! is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
-hutyl, s-butyl, t-butyl, pentyl, or hexyl) optionally substituted with one or more halogen (e.g., F,
Cl, Br,or 1)

[0166] In some embodiments, R! is C)-Ce alkyl (e g, methyl, ethyl, n-propyl, i-propyl, n-butyl,
i~butyl, s~butyl, t-butyl, pentyl, or hexyl).

[0167] In some embodiments, R is C1-Ce alkyl (e g, methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butyl, t-butyl, pentyl, or hexyl) substituted with one or more halogen {e.g., F, Cl, Br, or
I

[0168] Tn sorme embodiments, R? is H.

[0169] In some embodiments, R” is halogen {e.g., F, C1, Br, or I).

[0170] In some embodiments, R? is F or C1.

[0171] In some embodiments, R® is {1-Ce alkyl (e g, methyl, ethyl, n-propyl, i-propyl, n-butyl,
-butyl, s-butyl, t-butyl, pentyl, or hexyl} optionally substituted with one or more halogen (e.g, F,
L Br, or ).

[0172] In some embodiments, R? is C1-Cs alkyl {e.g, methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butyl, t-butyl, pentyl, or hexyl}.

[0173] In some embodiments, R? is C1-Cs alkyl {e.g, methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butyl, t-butyl, pentyl, or hexyl} substituted with one or more halogen (e.g., F, Cl, Br, or
0.

[0174] In some embodiments, R” is H.
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[0175] In some embodiments, R® is halogen (e, F, C1, Br, or I).

[0176] In some embodiments, R is F or CL.

[0177] In some embodiments, R® is C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butvl, t-butyl, pentyl, or hexyl} optionally substituted with one or more halogen (e.g., F,
Ci, Br, or 1)

[0178] In some embodiments, R” is C1-Cs alkyl (e g, methyl, ethyl, n-propyl, i-propyi, n-butyl,
i-butyl, s-butyl, t-butyl, pentyl, or hexvl}.

[0179] In some embodiments, R’ is C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
-butyl, s-butyl, t-butyl, pentyl, or hexvl) substituted with one or more halogen (e g, ¥, Cl, Br, or
1)

[0180] In some embodiments, R* is H.

[0181] In some embodiments, R* is halogen {e.g., F, C1, Br, or I}.

[0182] In some embodiments, R* is F or CL.

[0183] In soroe embodiments, R* 15 C1-Cs alkyl {e.g , methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally substituted with one or more halogen (e.g., F,
Ci, B, ot I

[0184] In some embodiments, R is C1-Ce alkyl (e ., methyl, ethyl, n-propyl, t-propyl, n-butyl,
i-butyl, s-butyl, t-butyl, pentyl, or hexyl).

[0185] In some embodiments, R* is C1-Ce alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
-butvl, s-butvl, t-butyl, pentyl, or hexyl) substituted with one or more halogen {e.g., F, Cl, Br, or
I

[0186] In some embodiments, each R® is L

[0187] In some embodiments, at least one R is halogen (e.g., F, Cl, Br, or I or C1-Cs alkyl {e.g,
methyl, ethyl, n-propyl, i-propvl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally
substitated with one or more halogen {e.g., F, Cl, Br, or .

[0188] In some embodiments, at least one R is halogen {e.g., F, CI, Br, or I).

[0189] In some embodiments, at least one R* is F or C1.

[0190] In some embodiments, at least one R is C1-Cs alky! {e.g., methyl, ethyi, n-propyl, i-
propyl, n-buiyl, 1-butyl, s-butyl, t-butyl, pentyl, or hexyl} optionally substituted with one or more

halogen {e.g., ¥, CL, Br, or ).
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[0191] In some embodiments, at least one R is C1-Cs alkyl {e.g., methyl, ethyl, n-propyi, i-
propyl, n-butyl, -butyl, s-butyl, t-butyl, pentyl, or hexyl).

[0192] In some embodiments, at least one R is C1-Cs atkyl {e.g., methyl, ethyi, n-propvi, i-
propyl, n-butyl, 1-butyl, s-butyl, t-butyl, pentvl, or hexyl} substituted with one or more halogen
{e.g., F,CLBr,orl).

[0193] In some embodiments, each of R%, R®, RY, R* R* R* and RO is H.

[0194] In some embodiments, n is an integer ranging from about 1 to about 10

[0195] In some embodiments, n 18 an integer ranging from about 2 to about 10,

[0196] In some embodiments, n is an integer ranging from about 3 to about 10, from about 4 to
about 10, from about 5 to about 10, or from about 6 to about 10.

[0197] In some embodiments, n is an integer ranging from about 1 to about 8, from about 1 to
about 7, from about 1 to about &, from about 1 to about 3, from about 1 to about 4, or from about
1 to about 3.

(0198} In some embodiments, n 13 an mteger ranging from about 2 1o about 8, from about 2 to
about 7, from about 2 to about 6, from about 2 to about §, from about 2 to about 4, or from about
2 to about 3.

[0199] In some embodiments, nis O,

[0200] In sorae embodiments, n s 1
02017 In some embodiments, nis 2.
(0202} In some embodiments, n 15 3.
02031 In some embodiments, nis 4,
[0204] In some emboduments, n1s S,
[0205] In some embodiments, n is 6,
0206} In some embodiments, n s 7.
02071 In some embodiments, n is 8,
]

[0208] In some embodiments, n 13 9.
[0209] In some embodiments, nis 10,
Exemplary Embodiments of the Compounds

(0210} In some embodiments, the compound 15 of Formula (I’-1), ("-2), (IT'-1}, or (IU-2):
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Y (I0-1y or

(r-23,
or a pharmaceutically acceptable salt thereof.
[0211} In some embodiments, the compound is of Formula (§-A) or (H-A):

H
o N~

p W
4 O n

Y {(1-A); or
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X O.
Y (fI-A):

or a pharmaceutically acceptable salt thereof.
(02121 In some embodiments, the corapound s of Formula (J-A7-1), (I-A7-2), (J1-A°-1), or (11-
A2

Y~ (-A’-1),

(1-A"-2);

(II-A7-1) or

N
O & W
Fd O n
X 0.
Y (I-A’-2);

or a pharmaceutically acceptable salt thereof.

[0213] In some embodiments, the compound s of Formula (I-B) or (11-B):
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N
O { W
Z G n
O OCH
Y : {I-B); or
§
O W
V4 G n
H,CO O
’ Y (11-B);

or a pharmaceutically acceptable salt thereof.
[0214] In some embodunents, the compound is of Formula (I-B™-1), (1-B’-2), (I1-B°-1), or (I-B’-

2y

& o.

HsC
¢ Y (II-B’-1); or
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N
B & W
rd O n
HCO O,
¢ Y (IL-B’-2);

or a pharmaceutically acceptable salt thereof

(02151 In some embodiments, Y 1s a hydroxy protecting group (e.g., silyl, Tr, DMTr, acyl, or
benzyly, and Z s a hvdroxy protecting group {(e.g., silyl, Tr, DMTy, acyl, or benzyl} or Y and Z
n Formula (D), (-1, (-2), (-A), (1-A°-1), (I-A7-2), (I-B), (-B°-1), or (I-B7-2) together form -
SHRMY-0-81(R)-, wherein each RY independently is H or Ci-Cs alkyl.

[0216] In some embodiments, Y is a hydroxy protecting group {e.g., silyl, Tr, DMTr, acyl, or
benzyly, and 7 15 a hyvdroxy protecting group {e.g., silyl, Tr, DMTr, acyl, or benzyl).

[0217] In some embodiments, Y and Z i Formula (0), (I"-1), U-2), (I-4), -A7-1), (-A7-2), (1-
B), (I-B’-1), or (I-B’-2) together form -Si{R,-0-Si{R™),-, wherein each R* independently is H
or C1-Cs alkyl.

(0218} In some embodiments, the compound 1s:

Z/O\\E j}L\ Z;O\\E ) e;?
Lo e TN
O T NN NG C50) iy o F NH™ NG 4-Cag) alicyd
Y’G OMe , Y'O OMe ,
Z’O\E ﬁ\ ZHQ\E ) s
05 N G -Ca0) alkyt O N N N NN NG G iy
Y"O OMe , Y"Q Ohle
0 o e o
o \NHJLﬁ.,-{c‘;—cm atky! g%,f\mﬁ\/\w)&ﬁfwrcw alky
¥-O OMe -0 OMe
Z"O S Zfo §
By /\/\NH/U\N/(CVCM) aliyl \WW’\\/\NH)LN’(CFCM} aliyl
H o H
y~0 OMe , v-C OMe ,

b
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2,0 ?{\ Z,,O j‘i Z,.Q Q
\k‘g‘?/"\vf'\NHx CrsHat \Iﬁ?/N;WNH \C15H31 O ’\NH/E\CE"H“
y-0 OMe -0 OMe y-0 OMe
£ o ) o
z SN /U\ z 33 NN J‘\ N ]
s ~ N NHT CE N
¢-O OMe ¢-O OMe o
A g g 3
27 i 2° ) 8 2° i‘u\
o PN -} e N P .
g g T Crghlay 2 Badiag aHa o i CarHea
YfO CMe Y«D OMe Y’O Ohe
e [ RN S o)
? A, © Ay
-0 N NCE, O™ g
A 4
y-0 OMe ¢-Q OMe 7
Z’O G RN o]
O, A\’/\NH)LN"C"“H“ L0 ";;\\/\/\NH/[L“N"'C‘SHS‘
H
Y——Q OiMe , YfQ OhMie ,
o) [e] P o]
Y o M e S N z° i 3
O ™™y E/ 21743 Q NH ﬁ/ 3 O- /\,/\NH/\NA\/N (
H
y~0 OMe v-0 OMe ¥-0 OMe °
z° 7 AN 3
\Lg;ﬁy/\/\NH’lLN"C‘sHN WANHJ\N"C"’"‘HM
b H H
¥-0 OMe ¢ OMe ,
Pl S NG
“ ey et 2 i S
[y N N g NH g,/ 217843 G \//\NH/’*\ﬁfCFs O ’\\/'\NH ﬁ/\\/NW\
¢-0 OMe ¢-0 OMe ¢-0 ONe ©

>

or a pharmaceutically acceptable salt thereof, wherein:

Y is PR ), -PORVYN(R ), -PEOHORNRY, -P(=SHORVRY, -P(=0)SRORY, -
P=SHSRRY, -P(=0)ORY )y, -P(=S)OR):, -P(=0}SR" ), -P(=8XSR "), or a hydroxy

protecting group {e.g., silyl (e.g., trimethyisilyl, triethylsilyl, tert-butyldimethylsilyl, tert-

butyldiphenyisilyl, or tritsopropylsilyl}, triphenvimethyl (Tr), 4,4’ -dimethoxyteigyl (DM Tr),

substituted acyl {e.g., optiovally substituted acetyl), or benavi);

each RY independently is H or C1-Cs alky! optionally substituted with one or more

halogen or cyano;
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7 is -P(R%);, -PORTYN(RDY), -P(=OXORDRE, -P(=8){ORDRY, -P(=0)}SRHRZ, -
P(=S)SRYR?, -P(=0)}OR )y, -P(=SHOR ), -P(=0)SR?):, -P(=S}SR ), or a hydroxy
protecting group {&.g., silvl {e.g., trimethylsilyl, trethylsilyl, tert-butyldimethylisilyl, tert-
butyldiphenylsilyl, or tnisopropylisilyly, triphenylmethyl {17}, 4,4’ -dimethoxytrity! (DMTr),
substituted acyl {e.g., optionally substituted acetyl}, or benzvl); and

each R* independently is H or C1-Cs alkyl optionally substituted with one or more
halogen or cyano, and

wherein the C1-Czp alkyl 15 optionally substituted.

[0219] In some embodiments, the compound 1s selected from the compounds described in Table
L and pharmaceuiically acceptable salts thereof

Tabie L

Compound No, Stracture
DMTIO o

NC
L-1 o

~0 /\/’\NH’K(C.!-CSO)aikya
*;‘:.»0 OMe
N{Prla
wherein the atkyl is optionally substituted
DMTYO o]
o N /\\’/’;\\/’\\/”\NH»‘jl

N\ . T{G1-Cyo) alky!
L-2 OO OMe
?*Li(ﬂmr}g
wherein the alkyl is optionally substituied
DMTQ O

O O Cg sty
Nc-\ NH ﬁ
-3 0

\;_‘,—‘o OMe
N{Fr)s
wherein the alkvl is optionallv substituted
DMTrG Q
NC-—--\ O™’ \’?&\//\*’A\NH’R\M/{‘C“ -Cag) alkyi
L-4 QO

i H
p"O Ope

K‘(;Pf)z
wherein the alkvl is optionally substituted
DMTrO 8

0 TN NG -G alky

NC .
I_."‘S G“ P"Q QME
NP1

wherein the alkyvl is optionally substituted

b
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Compound Ne, Structure
DMTIO.
L6 Ne— *‘0: i g Y i\(C«,—Cm)alkyi
Oip 0 OMe
i"J(!Pr)g
DMTIO.,
N L;?,Q/A\//\Nii/l\ G q-Cap alkyl)
-7 o P,o Ote
N(/Pr}z ,
wherein the alkvl is optionally substituted
DMTYO. s
g NCW\— \\&%\,/\\//\NH.»}:\ﬁ/(CVC;gg) aliyl
Cip0 OMe
iil(ipr)z
DMTIO
L9 k_,]"”\v"\Nh CzHar
pfO Ohe
N(»"PU?.
DMTIC o
110 NC-— 05 NN
Osp-0 OMe
N{Pr),
DMTIO
111 \kjn\ gt Cz1“43
‘5—0 C‘Ma
N(Prl,
DMTIO o]
PN
Le12 Nc»\w NH™ CFy
CGprO OMe
N{P,
DMTrO 8
13 NG— O T ONHT Oty
00 OMe
NPTy
DMTFO. s
L4 N o YT o
~p~Q OMe
N{Pr),
DMTO 3
L-15 NG :OI /\V/A\NH/L\CMHQ
Oup-0 OMe
N(Fr),
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Compound No. Structure
DMTYO 5
i NG— o- /\NH’E “CF,
L-16 o
“p-—Q OMe
?E(:Pr)g
RITIO O
NG 2 /\/\NH)L‘(CrCm} aliyl
L-17 OO
NEP,
wherein the alkyl is optionallv substituted
OMTTO. Q
N e 00
L-18 TOep0
NI ‘
wherein the alkvlis opt‘iomiiv substituted
DMTIO
o \LT____{\/\NH g (G0 8k
i-19 P_,Q
N(;Pr)2
wherein the alkyl is optionally substituted
DMTIO 0
G g E e A A ) iRy
NC"’\\—— NH ﬁ
~20 .-o
N(J'Pr)z
wherein the alkyl is optionallv substituted
DMTHO. 8
N\
NG *ﬁm;/ NH" (G y-Cyg) alky!
1-21 \' 5-0
NPry,
wherein the altkvl is optionally substituted
DMTrO
o T\Tm?/\/\“/\"/\NHJ\(C’a -Cia) aliyl
N(r?’r);g
BMTIO._ 8
N ,J\ AC4-Cpq alkyl)
NG W NH' ¢
~23 “mG\P"O
1
N(IP?)Z
wherein the alkyl is optionally substituted
OMTrO._ §
NN NN pg (C1-Caal alkyl
y NO- NH"
1.-24 \—0 H
\ng
NPT,
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Compound No. Structure
DMTTO L e}
o g
< NC NH" "CygHas
~LD
-2 “\\‘0\ B
g
N{Prip
DMTrO
. NC—\ N T T
~2f 0. [
2
NP,
DMTYO O
o > A
- NG L«?/\/ NHT CyyHyg
=27 i
L2 o3
e
NGPP),
BMTIO__ )
-0 RN /ﬁ\
, NH CF
1.-28 Ne— ¢
oo
e
N{#P)s
DMTO )
- NC \%-?;D/NV/\NH’J'L\C'.;:,HM
1.-29 g P
e
N{P1}a
DMTrO g
E *\\5” - N ,-’u\.
130 No %9;3/ g T T
-3 o b
3
N{Pr),
DMTrO §
) NG %....lo“ /\//\NH/LI\CMHQ
L-31 _\MO“F}-‘O
l\‘d(ﬂ?rpz
DMTC jsj\
1o N P e
NH Fa
1-32 NC— ¢
....0\ _O
i
N{Prin

[0220] In some aspects, the present disclosure provides a compound which is an isotopic
derivative {e.g., 1sotopically labeled compound) of any one of the compounds of the Formulae
disclosed herein.

[0221] Tt 1s understood that the 1sotopic derivative can be prepared using any of a variety of art-

recognized technigues. For example, the sotopic derivative can generally be prepared by

28



WO 2023/014938 PCT/US2022/039517

carrying out the procedures disclosed in the Schemes and/or in the HExamples herein, by
substituting an isotopically labeled reagent for a non-isotopically labeled reagent.

[0222} In some embodiments, the isotopic derivative i3 a deutertum labeled compound.

[0223} In some embodiments, the isotopic derivative is a deutertum labeled compound of any
one of the compounds of the Formulae disclosed herein.

[0224] The term “isotopic derivative”, as used herein, refers to a derivative of a compound in
which one or more atoms are 1sotopically enriched or labelled. For example, an isotopic
dertvative of a compound of Formula (1) or (11} 1s isotopically enriched with regard to, or
labelled with, one or more isotopes as compared to the corresponding compound of Formula ()
or {11}, In some embodiments, the isotopic dervative is enriched with regard to, or labelled with,
one or more atoms selected from 7H, 1’C, ¥C, PN, 180 2°S1. P, and *S. In some embodiments,
the isotopic derivative is a deuterium labeled compound (i.¢., being enriched with “H with regard
to one or more atoms thereof). In some embodiments, the compound is a “H labeled compound.
In some embodiments, the compound is a 1*C labeled compound or a #C labeled compound. In
some embaodiments, the compound is a '°F labeled compound. In some embodiments, the
compound is a 1P labeled compound, a Y] Iabeled compound, a !>1 labeled compound, a '2°1
labeled compound, a ' labeled compound, a '**1 labeled compound, or any combination
thereof. In sore embodiments, the compound is a 7P labeled compound or a *?P labeled
compound. In some embodiments, the compound is a *°S labeled compound, a ™S labeled
compound, a 8 labeled compound, a *°8 labeled compound, or any corabination thereof,

02257 ¥ s understood that the sotopic derivatives can be prepared using any of a variety of art-
recognized techniques. For example, the sotopic derivatives can generally be prepared by
carrving out the procedures disclosed in the Schemes and/or in the Examples described herein,
by substitating an 1sotope labeled reagent for a non-isotope labeled reagent.

[0226] It 1s also understood that isotopical substitution may afford certain therapeutic advantages
resulting from greater metabolic stability, e.g., increased 7# vivo half-life or reduced dosage
fequirements.

[0227] For the avordance of doubt, 1t 1s 1o be understood that, where in this specification a group
15 qualified by “described herein”, the sard group encompasses the first occurring and broadest
definition as well as each and all of the particular definitions for that group.

[0228] It will be understood that while compounds disclosed herein may be presented in one
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particular configuration. Such particular configuration s not to be construed as imiting the
disclosure o one or another isomer, tautomer, regicisomer or stereoisomer, nor does it exclude
mixtures of isomers, tautomers, regioisomers or sterecisomers. In some embodiments, the
presentation of a compound herein in a particular configuration intends to encompass, and to
refer to, each of the available isomers, fautomers, regioisomers, and stereoisomers of the
compound, or any nuxture thereof, while the presentation further intends to refer to the specific
configuration of the compound.

[0229] It will be understood that while compounds disclosed herein may be presented without
specified configuration (e g , without specified stereochenustry). Such presentation intends to
encompass all available isomers, tautomers, regioisomers, and steresisomers of the compound.
In some embodiments, the presentation of a compound herein without specified configuration
mtends to refer to each of the available isomers, tautomers, regioisomers, and sterecisomers of
the compound, or any mixture thereof

(02301 As used herein, the term “isomerism” means compounds that have identical molecular
formulae but differ 10 the sequence of bouding of their atoms or 10 the arrangement of their
atoms in space. Compounds that have the same molecular formula but ditfer 1n the nature or
sequence of bonding of their atoms or the arrangement of their atoms 1 space are termed
“isomers”. Isomers that differ in the arrangement of thetr atoms in space are termed
“stercotsomers”. Stereoisomers that are not mirror images of one another are termed
“diastereomers” and those that are noun-superimposable mirror images of each other are termed
“enantiomers”. When a compound has an asymmetric center, for example, it 1s bonded to four
different groups, a pair of enantiomers is possible. An enantiomer can be charactenized by the
absolute configuration of its asymmeiric center and 1s described by the R- and S-sequencing
rules of Cahn and Prelog, or by the manner i which the molecule rotates the plane of polarized
hight and designated as dextrorotatory or levorotatory (1e., as (+} or {-}-1somers respectively}. A
chural compound can exist as etther individual enantiomer or as a muxture thereof. A mixture
containing equal proportions of the enantiomers 15 called a “racemic mixture”,

0231} The compounds of this disclosure may possess one or more asymmetric centers; such
compounds can therefore be produced as individual (R}~ or {S}-stereoisomers or as mixtures
thereof. Unless indicated otherwise, the description or naming of a particular compound in the

specification and claims 13 intended to include both individual enantiomers and mixtures,
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racemic or otherwise, thereof. The methods for the determination of stereochemistry and the
separation of steresisomers are well-known in the art (see discussion in Chapter 4 of “Advanced
Organic Chemistry”, 4th edition J. March, John Wiley and Sons, New York, 2001}, for example
by synthesis from optically active starting materials or by resolution of a racemic form. Some of
the compounds of the disclosure may have geometric isomeric centers {E- and Z~ isomers). It is
to be understood that the present disclosure encompasses all optical, diasterecisomers and
geometric isomers and mixtures thereof that possess inflarnmasome inhibitory activity.

[0232] As used herein, the term “chiral center” refers to a carbon atom bonded to four
nonidentical substituents.

(02331 As used herein, the term “chiral isomer” means a compound with at least one chiral
center. Compounds with more than one chiral center may exist either as an individual
diastereomer or as a mixture of diastereomers, termed “diastereomeric mixture.” When one
chiral center is present, a sterecisomer may be characterized by the absolute configuration (R or
S} of that chiral center. Absolute configuration refers to the arrangement in space of the
substitnenis attached to the chiral center. The substituents attached to the chiral center under
consideration are ranked 1o accordance with the Seguence Rule of Cahn, Ingold and Prelog.
{Cahn ef al., Angew. Chem. fnter. Fdit. 1966, 5, 385; errata 511; Cahun et af., Angew. Chem.
1966, 78, 413; Cahn and Ingold, .J. Chem. Soc. 1951 (London), 612; Cahn et al., Fxperientia
1956, 12, 81, Cahn, J. Chem. Fduc. 1964, 41, 116).

[0234] As used herein, the term “geometric isomer” means the diastereomers that owe their
existence to lindered rotation about double bonds or a cycloalkyl linker {e.g., 1,3-cyclobutyl).
These configurations are differentiated in their names by the prefixes cis and trans, or Z and E,
which indicate that the groups are on the same or oppostie side of the double bond in the
molecule according to the Cahn-Ingold-Prelog rules.

[0235] It 1s to be understood that the compounds of the present disclosure may be depicted as
different chiral 1somers or geometric somers, I 18 also to be understood that when compounds
have chiral isomeric or geometric isomeri¢ forms, ail isomeric forms are intended to be included
n the scope of the present disclosure, and the naming of the compounds does not exclude any
isomeric forms, 1t being understood that not all isomers may have the same level of activity.
[0236} I is to be understood that the structures and other compounds discussed in this disclosure

mcltude all atropic 1somers thereof. 1t is also to be understood that not all atropic isomers may
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have the same level of activity.

[02371 As used herein, the term “atropic 1somers” are a type of steregisomer i which the atoms
of two isomers are arranged differently in space. Atropic isomers owe their existence to a
restricted rotation caused by hindrance of rotation of large groups about a central bond. Such
atropic isomers typically exist as a mixture, however as a result of recent advances in
chromatography techniques, it has been possible to separate mixtures of two atropic iIsomers in
select cases.

[0238] As used herein, the term “tautomer” is one of two or more structural isomers that exist in
equitibrium and is readily converted from one isomeric form to another. This conversion results
m the formal migration of a hydrogen atom accompanied by a switch of adjacent conjugated
double bonds. Tautomers exist as a mixture of a tautomeric set in solution. In solutions where
tautomerization 15 possible, a chemical equilibrium of the tautomers will be reached. The exact
ratio of the tautomers depends on several factors, including temperature, solvent and pH. The
concept of tautomers that are interconvertible by tautomerisations is called tautomerism. Of the
various types of tautomerism that are possible, two are commonly observed. In keto-enol
tantornerism a siroultaneous shift of electrons and a hvdrogen atom occurs. Ring-chain
tautomerism arises as a result of the aldehyde group ((CHG) i a sugar cham molecule reacting
with one of the hydroxy groups (-OH) in the same molecule to give it a cyclic {ring-shaped} form
as exhibited by glucose.

(02391 K is to be understood that the compounds of the present disclosure may be depicted as
different tautomers. It should also be understood that when compounds have tautomeric forms,
all tautomeric forms are intended to be included in the scope of the present disclosure, and the
naming of the compounds does not exclude any tastomer form. It will be understood that certain
tantomers may have a higher level of activity than others.

02401 It 1s to be understood that the compounds of any Formula deseribed herewn include the
compounds themselves, as well as their salts, and thewr solvates, if applicable. A salt, for
example, can be formed between an anion and a positively charged group {e.g., aminc)on a
substituted compound disclosed herem. Suitable anions include chloride, bromide, 10dide,
suffate, bisulfate, sulfamate, nitrate, phosphate, citrate, methanesulfonate, irifluoroacetate,
glutamate, glucuronate, glutarate, malate, maleate, succinate, fumarate, tartrate, {osylate,

salicylate, lactate, naphthelenesulfonate, and acetate (e.g., triffuorcacetate).
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0241} As used herein, the term “pharmaceutically acceptable anion” refers to an anion suitable
for forming a pharmaceutically acceptable salt. Likewise, a salt can also be formed between a
cation and a negatively charged group (e.g., carboxylate} on a substituted compound disclosed
herein. Suitable cations include sodium ion, potassium ion, magnesium ion, calcium ion, and an
ammoniunm cation such as tetramethylammonium ion or diethylamine ion. The substituted
compounds disclosed herein also include those salts containing quaternary nitrogen atoms.
[0242] It is to be understood that the compounds of the present disclosure, for example, the salts
of the compounds, can exist in either hydrated or unhydrated (the anhydrous) form or as solvates
with other solvent molecules. Nonlimiting examples of hydrates inchude moncohydrates,
dihydrates, etc. Nonlimiting examples of solvates include ethanol solvates, acetone solvates, etc.
[02431 As used herein, the term “solvate” means solvent addition forms that contain either
stoichiometric or non-stoichiometric amounts of solvent. Some compounds have a tendency {0
trap a fixed molar ratio of solvent molecules in the crystalline solid state, thus forming a solvate.
If the solvent 13 water the solvate formed 1s a hydrate; and if the solvent 15 alcohol, the solvate
formed 15 an alcoholate. Hydrates are formed by the cornbination of one or more molecules of
water with one molecule of the substance 10 which the water retans 1ts melecular state as HaO.
[0244] As used herein, the term “analog” refers to a chemical compound that is structurally
similar to another but differs shightly n composition {as in the replacement of one atom by an
atom of a different element or in the presence of a particular functional group, ot the replacement
of one functional group by another functional group). Thus, an analog 15 a compound that is
stmilar or corparable in function and appearance, but not in structure origin to the reference
compound.

02451 As used herein, the term “derivative” refers to compounds that have a common core
structure and are substituted with various groups as described hereim.

[0246] As used herein, the term “bioisostere” refers to a compound resulting from the exchange
of an atom or of a group of atoms with another, broadly similar, atom or group of atoms. The
objective of a bicisosteric replacement is 1o create a new compound with similar biological
properties to the parent compound. The bioisosteric replacement may be physicochemically or
topologically based. Examples of carboxylic acid bioisosteres include, but are not hmited to, acyl
sulfonamides, tetrazoles, sulfonates and phosphonates. See, e.g., Patani and LaVoie, Chem. Rev.

96, 3147-3176, 1996,

€43
(%]



WO 2023/014938 PCT/US2022/039517

[0247% I 15 also to be understood that certain compounds of any one of the Formulae disclosed
herein may exist in solvated as well as unsolvated forms such as, for example, hydrated forms. A
suitable pharmaceutically acceptable solvate 15, for example, a hydrate such as hemi-hydrate, a
monoe-hydrate, a di-hydrate or a tri-hydrate. It is to be understood that the disclosure
encompasses all such solvated forms that possess inflammasome inhubitory activity.

0248} i 15 also to be understood that certain compounds of any one of the Formulae disclosed
herein may exhibit polymorphism, and that the disclosure encompasses all such forms, or
mixtures thereof, which possess inflammasome inhibitory activity. It is generally known that
crystalline materials may be analysed using conventional techniques such as X-Ray Powder
Diffraction analysis, Differential Scanning Calorimetry, Thermal Gravimetric Analysis, Diffuse
Reflectance Infrared Fourier Transform (DRIFT) spectroscopy, Near Infrared (NIR)
spectroscopy, solution and/or solid state nuclear magnetic resonance spectroscopy. The water
content of such crystalline materials may be determined by Karl Fischer analysis.

02491 Compounds of any one of the Formulae disclosed herein may exist in a number of
different tautomeric forms and references to compounds of any one of the Formulae include all
such forms. For the avoidance of doubt, where a compound can exist 1o one of several tautomeric
forms, and only one 15 specifically described or shown, all others are nevertheless embraced by
the Formulae disclosed herein. Examples of tavtomeric forms include keto-, enol-, and enolate-
forms, as in, for example, the following tautomeric paus: keto/enol (illustrated below),
mune/enamine, amide/imimo alcohol, amidine/amidine, mitroso/oxime, thioketong/enethiol, and

nitro/act-nitro.

Too W OH H o
—C—C C=C — =0

| AN / AN M J “\

keto enol anolate

[0250] Compounds of any one of the Formulae disclosed herein containing an amine function
may alse form N-oxides. A reference herein to a compound of any one of the Formulae herein
that contains an amine function also includes the N-oxide. Where a compound contains several
amine functions, one or more than one nitrogen atom may be oxidized to form an N-omxde.
Particular examples of N-oxides are the N-oxides of a tertiary amine or a nitrogen atom of a

nitrogen-contatning heterocycle, N-oxides can be formed by treatment of the corresponding
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amine with an oxidizing agent such as hydrogen peroxide or a peracid {e.g. a peroxycarboxylic
acid), see for example Advanced Organic Chemistry, by Jerry March, 4th Edition, Wiley
Interscience, pages. More particularly, N-oxides can be made by the procedure of L. W. Deady
{Syn. Comm. 1977, 7, 509-514) in which the amine compound is reacted with meta-
chloroperoxybenzoic acid (mCPBA), for example, in an nert solvent such as dichloromethane.
02511 The compounds of any one of the Formulae disclosed herein may be administered in the
form of & prodrug which s broken down in the human or animal body to release a compound of
the disclosure. A prodrug may be used to alter the physical properties and/or the pharmacokinetic
properties of a compound of the disclosure. A prodrug can be formed when the compound of the
disclosure contains a suitable group or substituent to which a property-modifying group can be
attached.

102521 Accordingly, the present disclosure includes those compounds of any one of the
Formulae disclosed herein as defined hereinbefore when made avatlable by organic synthesis and
when made available within the human or aumal body by way of cleavage of a prodrug thereof
Accordingly, the present disclosure includes those compounds of any one of the Formulae
disclosed herein that are produced by organte synthetic means and also such compounds that are
produced n the buman or arumal body by way of metabolism of a precursor compound, thatis a
compound of any one of the Formulae disclosed herein may be a synthetically-produced
compound or a metabolically-produced compound.

(02531 A suitable pharmaceutically acceptable prodrug of a compound of any one of the
Formulae disclosed herem is one that 15 based on reasonable medical judgment as being suitable
for administration to the human or animal body without undesirable pharmacological activities
and without undue toxicity. Various forms of prodrug have been described, for example in the
following documents: a} Methods in Enzymology, Vol. 42, p. 309-396, edited by K. Widder, et
al. {Academic Press, 1985); b} Design of Pro~drugs, edited by H. Bundgaard, (Elsevier, 1985); ¢}
A Textbook of Drug Design and Development, edited by Krogsgaard-Larsen and H. Bundgaard,
Chapter 5 “Design and Application of Pro-drugs”, by H. Bundgaard p. 113-191 (1991}; &) H.
Bundgaard, Advanced Dirug Delivery Reviews, &, 1-38 {1992); e} H. Bundgaard, et al, Journal
of Pharmaceutical Sciences, 77, 285 (1988}; {} N. Kakeya, et al., Chem. Pharm. Bull, 32, 692
{1984); ¢} T. Higuchi and V. Stella, “Pro-Drugs as Novel Delivery Systems”, A.C.8. Symposium

Series, Volume 14; and hy E. Roche (editor), “Bioreversible Carriers in Drug Design”, Pergamon
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Press, 1987,
[02541 The in vivo effects of a compound of any one of the Formulae disclosed herein may be
exerted in part by one or more metabolites that are formed within the human or animal body after
administration of a compound of any one of the Formulae disclosed herein. As stated
hereinbefore, the in vive effects of a compound of any one of the Formulae disclosed herein may
also be exerted by way of metabolism of a precursor compound {(a prodrug).
02551 Suitably, the present disclosure excludes any individual compounds not possessing the
biological activity defined heremn.
Scatfolds and Conjugates Containing the Linkers
[0256] As used herein, the term “scaffold” refers to a compound or complex that comprises a
linker of the present disclosure, wherein the linker is covalently attached to either a ligand ora
Nucleic Acid Agent.
[0257% As used herein, the term “conjugate” refers to a compound or complex that comprises a
Nucleic Acid Agent being covalently attached to a hgand via a linker of the present disclosure,
[0258] In some aspects, the present disclosure provides a scaffold or a pharmaceutically
acceptable salt thereof, wherein the scaffold comprises:

(U aLagand; and

(i1} a Linker Ungt, wherein the Linker Unit is:

wherein variables R, R?, R, R® R®, X, Y. Z, RY, R®, and n are described herein, and # indicates
an attachment to the Ligand.

[0259] In some embodiments, the attachment “#” is a direct attachment to the Ligand, i.e,
without any finking moiety.

[0260] In some embodiments, the attachment “#” is an indirect attachment to the Ligand, ie
there is a linking moiety between the Linker Unit and the Ligand. In some embodiments, the
linking motety is a C1-Cis alkylene chain, wherein optionally one or more carbon atoms in the

alkvlene chain may be independently replaced with one or more -C{Q)-, -C{O)Q-, -OC(0)-, -
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C(OINH-, -NHC(O)-, -NHC{OWH-, -((8)-, -C(S)}0-, -OC(8)-, -C(S)NH-, -NHC(8})-, or -
NHC(S)NH-, and wherein the alkylene chain is optionally substituted, for example, with one or
more groups independently selected from Cy-Us alkyl, halogen, OH, NH;, Ci-Cs alkoxy, N, and
COOH. In some embodiments, the linking moiety is a branched alkylene chain comprising two,
three, or more C;-Cis alkylene chains, wherein optionally one or more carbon atoms in each of
the alkylene chain may be independently replaced with one or more -C{O}-, -C{(0)YO-, -OC(QO})-, -
C{ONH-, -NHC(O)-, -NHC(O)NH-, -C(8}-, -C(5)0-, ~-OC(8}-, -C(S)NH-, -NHC(S}-, or -
WNHC(S)NH-, and wherein each of the alkylene chain i1s independently optionally substituted, for
example, with one or more groups independently selected from Ci-Cs alkyl, halogen, OH, NH;,
C1-Cs alkoxy, CN, and COOH. In some embodiments, the linking moiety is a branched alkylene
chain comprising two C1-Cis alkylene chains. In some embodiments, the linking moiety is a
branched alkylene chain comprising three C1-Cis alkylene chains. In some embodiments, the
iinking moiety 15 a branched alkylene chain comprising four C1-Cis alkylene chains.
(02611 In some aspects, the present disclosure provides a scaffold or a pharmaceutically
acceptable salt thereof, wherein the scaffold comprises

(1) one ot more Nucleic Actd Agent; and

{1} one or more Linker Unit, wheretn each Linker Unit independently s
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wherein variables R), R? R R R, W, X, Y, Z, R®, RY, and n are described herein, and ##
mdicates an attachment to the Nucleic Acid Agent.

[0262} In some embodiments, the attachment “##” 1s a direct attachment to the Nucleic Acid
Agent, 1e., without any linking moiety.

[0263} In some embodiments, the attachment “##” is an indirect attachment to the Nucleic Acid
Agent, Le, there s a linking moitety between the Linker Unit and the Nucleic Acid Agent. In
some embodiments, the inking moiety is a radical formed from any of the groups as defined for
Y or Z herein. For example, the linking moiety 18 -PN(CH: 2O}, 1.¢, a radical formed from -
PN(CH3p}{(OH). In some embodiments, the linking moiety 15 a radical formed from any of -
PRY ), -PORVHNRY Y}, -P(=0)ORVIRY, -PESHORVRY, -PEONSRVRY, -P(=8)(SRYIRY, -
P(=0YORY ), -P(=SHORYY),, -P(=0})SR"}2, or -P(=8¥SR ), or from any of -P(R*), -
P{ORAHN(Rp), -P(=O)ORYIR?, -P(=S)ORAR?, -P(=0)}SR)R?, -P(=S){SR%JR?, -
P(=0XOR Y, -P(=S}{OR"),, -P(=0NSR%}, or -P(=S)}(SR*).

[0264] In some embodiments, the scaffold comprises a double strand RNA {e g., double strand
siRNA}).

[0265] In some embodiments, the scaffold comprises a double strand RNA (e g., double strand
siRNA) and one or more Linker Units.

[0266] In some embodiments, the scaffold comprises a double strand RNA (e ¢., double strand
siRNA} and from 1 to 10 Linker Units {e.g,, from 1 to 10, from | t0 9, from 1 10 §, from 1 to 7,

from 1 to 6, from 1 to S, from | to 4, or from 1 to 3 Linker Units), from 2 to 10 Linker Unuts
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{eg,from2i0 10, from2t0 9, from 210 & from 210 7, from 210 6, from 2 to 5, from 2 to 4, or
from 2 to 3 Linker Units}, from 3 to 10 Linker Units {e.g., from 3 to 10, from 3 t0 9, from 3 to &,
from 3 to 7, from 3 to 6, from 3 to 5, or from 3 to 4 Linker Units), from 4 to 10 Linker Units
{eg, from4 1o 10, from 4109, from 4 {0 8, from 4 to 7, from 4 to 6, or from 4 to 5 Linker
Units}, from 5 t¢ 10 Linker Units {e.g., from 5 t0 10, from S0 9, from Sto 8, from St0 7, or
from 5 to 6 Linker Units), or from 6 to 10 Linker Units (e.g., from 6 to 10, from 6 to 9, from 6 to
8, or from 6 to 7 Linker Units).

[0267] In some embodiments, the scaffold comprises a double strand RNA (e g., double strand
siRNA) and 1 Linker Units, 2 Linker Units, 3 Linker Units, 4 Linker Units, S Linker Units, 6
Linker Units, 7 Linker Units, 8 Linker Units, © Linker Units, or 10 Linker Units.

02681 In some embodiments, the scaffold comprises a double strand RNA (e g, double strand

siRNA) and one or more Linker Units, wherein:

cne of more Linker Untis {e.g., from 1 to 3 Linker Units) are consecutively or discretely
attached to the sense strand {e.¢., at the 37- or 3”- terminal posttion) of the double strand RNA
{e.g., double strand siRNA);

one or more nucleosides or nucleotides at one or more consecutive or discrete nternal
positions {positions between the 37- and §7- terminal positions) of the sense strand of the double
strand RNA (e.g., double strand siRNA) are replaced with the one or more Linker Units (e.g.,
from 1 to 3 Linker Units);

one or more Linker Units {e.g, from 1 to 3 Linker Units) are consecutively or discretely
attached fo the antisense strand (e.g., at the 37~ or 3’~ terminal position) of the double strand
RNA {e.g., double strand siRNA}, and/or

one or more nucleosides or nucleotides at one or more consecutive or discrete internal
position of the antisense strand are replaced with the one or more Linker Unit (e.g., from 1 to 3
Linker Unut).
[0269] In some embodiments, the scaffold comprises a double strand RNA (e.g., double strand
siRNA} and one or more Linker Units, wherein:

one or more Linker Units {e.g, from 1 to 3 Linker Units) are consecutively or discretely
attached 1o the sense strand {e.g., at the 3°- or 57~ termunal position} of the double strand RNA
{e.g., double strand siRNA}; and

one or more nhucleosides or nucleotides at one or more consecutiive or discrete internal
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positions {positions between the 37- and 57~ terminal positions) of the sense strand of the double

<

strand RNA (e.g., double strand siRNA} are replaced with the one or more Linker Units {e.g.,
from 1 to 3 Linker Units).
[0270] In some embodiments, the scaffold comprises a double strand RNA {e.g., double strand
siRNA} and one or more Linker Units, wherein:

one or more Linker Units {e.g, from 1 to 3 Linker Units) are consecutively or discretely
attached to the antisense strand (e.g., at the 37~ or 5°- terminal position} of the double strand
RNA (eg., double strand siRNA}; and

cne of more nucleosides or nucleotides at one or moere consecutive or discrete internal
position of the antisense strand are replaced with the one or more Linker Unit{e g, from 1 to 3
Linker Unit).
(0271} In some embodiments, the one or more Linker Units {e.g., from 1 to 3 Linker Uniis) are
consecutively or discretely attached to the sense sirand (e.g., at the 3’- or §"- terminal position)
of the double strand RNA (e.g., double strand siRNA).
(02721 In some ermabodiments, the one or more Linker Unuts {e.g., from | to 3 Linker Uruts) are
consecutively or discretely attached to the sense strand at the 37~ termunal position of the double
strand RNA {e g, double strand siRNA}.
(0273} In some embodiments, the one or more Linker Unuis {e.g., from 1 to 3 Linker Unus) are
consecutively or discretely attached to the sense strand at the 5°- termmnal position of the double
strand RNA {e.g., double strand siRNA).
[02741 In some embodiments, one ot more nucleosides or nucleotides at one or more consecutive
or discrete internal positions of the sense strand of the double strand RNA {e.g., double strand
stRNA} are replaced with the one or more Linker Units {e.g., from 1 to 3 Linker Units).
(0275} In some embodiments, the one or more Linker Units {e.g., from 1 to 3 Linker Units) are
consecutively or discretely attached to the antisense strand (e.g., at the 3~ or 57~ terminal
position} of the double strand RNA {e.g., double strand siRNA),
[0276] In some embodiments, the one or more Linker Units {e.g., from 1 t0 3 Linker Units) are
consecutively or discretely attached to the antisense sirand at the 37~ ternunal position of the
double strand RNA (e.g., double strand siRNAJ.
(0277} In some embodiments, the one or more Linker Units {e.g., from 1 to 3 Linker Units) are

consecutively or discretely attached to the antisense strand at the 5”- termunal position of the
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double strand RNA (e.g., double strand siRNA).
[0278} In some embodiments, one or more nucleosides or nuclestides at one or more consecutive
or discrete internal positions of the antisense strand of the double strand RNA {e g, double
strand siRNA) are replaced with the one or more Linker Units {e.g., from 1 to 3 Linker Units}.
(0279} In some embodiments, the scaffold s (Linker Unithe-{{(Nucleic Acid Agent}-(Linker
Unit}sh-{Nucleic Acid Agent)y, wherein:

each Lioker Unit 1s independent from another Linker Unit, and each Nucleic Acid Agent
is independent from another Nucleic Acid Agent;

each r independently is an mteger ranging from 0 to 10;

each s independently is an integer ranging from 0 to 10,

p is an integer ranging from 0 to 10;

gisOor1; and

the scaffold comprises at least one Linker Untt and at least one Nucleic Acid Agent.
(02801 In some emboduments, the scaffold s (Linker Unit)p-{{Nucleie Acid Agent)-(Linker
Unttls)~-{Nuclete Acid Agent).
(02811 In some embodunents, the scaffold s (Linker Untt)p-{{(Nucleie Acid Agent)-(Linker
Unit)s)r.
[0282] In some emboduments, the scaffold is (Linker Unit)p-{Nucleic Acid Agent).
02831 In some embodiments, the scaffold is (Nucleic Acid Agent)-(Linker Unit}-(Nucleic Acid
Agent).

[0284] In some embodiments, the scaffold is

o~

OAc

o AcHN,, S\KOAQ

20 ) NH’lL\/\/\Q"'EQ’i‘j
: /n OAc

v-O OMe

or a pharmaceutically acceptable salt thereof, wherein
Y is -P(RY ), -PLORVUN(R ), -P(=0}ORVRY, -P(=S)}ORVIRY, -P(=0)}SR"R", -

PE=SHSRORY, -PE=ONORY Y, -PE=SHOR Y, -PEOHSRY ), -P(=S)SR ), or a hydroxy

protecting group {e.g,, silyl {e.g., ttimethylsilyl, triethylsilyl, tert-butyldimethylsilyl, tert-
butyldiphenylsilyi, or trusopropylsilvh), triphenylmethyl (Tr), 4,4 -dimethoxyirityl (BMTr},

substituted acyl (e.g., optionally substituted acetyl}, or benzyl);
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each RY independently is H or Cy-Cs alkyl optionally substituted with one or more
halogen or cyano;

Z 15 -PR Y, -P{ORDN(R ), -P(=ONORMRY, -P=SYORDRY, -P(=OHSRYRY, -
P(=SHSRHRY, -P(=O)OR )y, -P(=SHORM, -P(E0NSR):, -P(=S)SR),, or a hydroxy
protecting group {e.g., silyl (e.g., trimethylsilyl, triethylsilyi, tert-butyldimethyisilyl, tert-
butyldiphenylsilyl, or trusopropylsilyD), triphenylmethyl (Tr), 4,4°-dimethoxytrityl (DMTr),
substituted acyl {e g, optionally substituted acetyl), or benzyl);

each R? independently is H or C1-Cs alkyl optionally substituted with one or more
halogen or cyane; and

n is an integer ranging from about 0 to about 10,

[0285] In some embodiments, the scaffold is formed by linking a Linker Unit based on any of
the Linker Compounds described herein with a Ligand.

[0286} In some embodiments, the scaffold 1s formed by linking a Linker Unit based on any of
the Lanker Compounds selected from
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with a Ligand.

[02871 In some embodiments, the scaffold is formed by linking a Linker Unut based on any of
the Lanker Compounds selected from Table L with a Ligand.

02881 In some embodiments, the Ligand 1s GalNAc,

(02891 In some embodiments, the scaffold s selected from the scaffolds described 1o Table S

Table 81
Compound Neo, Stracture
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Compound No, Structure
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Compound No, Structure
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Compound No, Structure
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[02901 In some embodiments, the scaffold 1s
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or a pharmaceutically acceptable salt thereof, wheren:
W is an amino substitution group {e.g., fluorenylmethyloxycarbony! (Fmoc), tert-

butyloxycarbonyl (BOC), benzyloxycarbonyl {Chz), optionally substituted acyl, trifluorcacetyl
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{TFA), benzyl, triphenyvimethyl (Tr), 4,4'-dimethoxytrityl (DMTr), or toluenesulfonyl {Ts), acyl

{e.g., ~CEOYWCH-Chp alkyl}), substituted acyl {e.g., ,and

@
. /} 3, triflaoroacetyl (TFA}), -CEONCI-Cso alkyl), -CEOINH(C-Ca alky ),
~C{E=SHC1-Cao alkyly, or -CESINH(C-Cho alkyl), wheren the C-Cyo alkyl 15 optionally

substituted), and

n is an integer ranging from about O to about 10.
[0291] In some embodiments, the scaffold is formed by linking a Linker Unit based on any of
the Linker Compounds described herein with a Nucleic Acid Agent.
[0292] In some embodiments, the scaffold is formed by linking a Linker Unit based on any of
the Linker Compounds selected from
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with a Nucleic Acid Agent.
02931 In some embodiments, the scaffold is formed by linking a Linker Unut based on any of
the Lanker Compounds selected from Table L with a Nucleic Acid Agent.

[0294] In some embodiments, the scaffold is selected from the scaffolds described in Table 82.

Table 52
Compound No. Structure
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[0295] In some aspects, the present disclosure provides a conjugate or g pharmaceutically

acceptable salt thereof, wherein the conjugaie comprises:

(1) one or more Nucleic Acid Agent;

(i1} one or more Ligand; and

{111} one or more Linker Unit, wherein each Linker Unit independently is:
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wherein variables R, R2 RY, R R, X Y, Z, R, RP, and n are described herein, # indicate an
attachment to the Ligand, and ## indicates an attachment to the Nucleic Acid Agent.

[0296] In some embodiments, the attachment “#” is a direct attachment to the Ligand, 1.e,
without any hinking moiety.

[0297} In some embodiments, the attachment “#” 15 an indirect attachment to the Ligand, ie,
there 1s a linking motety between the Linker Unit and the Ligand. In some embodiments, the
finking moiety is a C1-Cs alkylene chain, wherein optionally one or more carbon atoms in the
alkylene chain may be independently replaced with one or more -C{O}-, -C{G)O-, -OC{(G)-, -
C{ONH-, -NHC(O)-, -NHC(O)NH-, -C(8}-, -C(8)Y0-, ~-OC(S)-, -C(SINH-, -NHC(S)-, or -
NHC(8)NH-, and wherein the alkvlene chain 15 optionally substituted, for example, with one or
more groups independently selected from C1-Ce alkyl, halogen, OH, NH,, C1-Cs alkoxy, CN, and
COOH. In some embodiments, the linking moiety is a branched alkylene chain comprising two,
three, or more C1-Cis alkyiene chains, wherein optionally one or more carbon atoms in each of
the alkylene chain may be independently replaced with one or more -C(G)-, -C{OYO-, -OC(0)-, -
C{OMNH-, -NHC(O)-, -NHC(O)NH-, -C(8)-, -C(8)YO-, -OC(8)-, ~-C{(SINH-, -NHC(S)-, or -
NHC(SINH-, and wherein each of the alkvlene chan 1s independently optionally substituted, for
example, with one or more groups independently selected from C1-Cs alkyl, halogen, OH, NH;,
Cy-Ce alkoxy, CN, and COOH. In some embodiments, the hinking moiety is a branched alkylene
chain comprising two Ci-Cis alkylene chains. In some embodiments, the linking motety 1s a
branched alkylene chain comprising three Ci~Cis alkylene chatns. In some embodiments, the
linking moiety is a branched alkylene chain comprising four C1-Cis alkylene chains.

[0298] In some embodiments, the attachment “##” 13 a direct attachment to the Nucleic Acid
Agent, e, without any linking moiety.

[0299] In some embodiments, the attachment “##7 15 an indirect attachment to the Nucleic Acid
Agent, e, there 1s a linking moiety between the Linker Unit and the Nucleic Acid Agent. In

some embodiments, the hinking moiety 15 a radical formed from any of the groups as defined for

h
(=)
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Y or Z herein. For example, the linking mosety is -PON(CH:1:3(0)-, 1.2, a radical formed from -
P(N(CH:»COH). In some embodiments, the linking motety is a radical formed from any of -
PRY),, -P(ORVINR)), -PEOWORVRY, -PESHORMRY, -PEOHSRYIRY, -PES(ERHRY, -
PEOYORY Y, -PESHOR Yy, -PEOWSR ), or -P(=S)SRY):, or from any of -P(R*),, -
PORF}N(R ), -P(=OXORYR?, -P(=S)ORMR?, -P(=0KSRYIR?, -P(=S)(SRHIR” -
P(=0)OR" ), -P(=8)(OR%)s, -P(=0XSR%}, or -P(=S}SR ).
03001 In some embodiments, the conjugate comprises a double strand RNA (e.g., double strand
siRNA), one or more Ligand, and one or more Linker Units.
[0301] In some embodiments, the conjugate comprises a double strand RNA (e g., double strand
siRNA) and from 1 to 10 Linker Units (e.g., from 1 t0 10, from 1 t0 9, from 1 to B, from 1 t0 7,
from 1 1o 6, from 1 1o 5, from 1 to 4, or from 1 to 3 Linker Units), from 2 o 10 Linker Units
{eg fromZto 10, from2t0 9, from2t0 8, from2t0 7, from 2106, from 210 5, from 2 t0 4, or
from 2 to 3 Linker Units), from 3 to 10 Linker Units {e.g., from 3t0 10, from 3 10 9, from 3 t0 §,
from 3 to 7, from 3 to 6, from 3 to 3, or from 3 to 4 Linker Units), from 4 to 10 Linker Units
{e.g, from4 1o 10, from4 1o 9, from 4 10 §, from 4 t0 7, from 4 to &, or from 4 to S Linker
Unitg}, from 5 to 10 Lanker Unuts (e.g., from 510 10, from 510 9, from 510 8, from St0 7, or
from 5 to 6 Linker Units), or from 6 to 10 Linker Units (e.g., from 610 10, from 6 t0 9, from 6 to
8, or from 6 to 7 Linker Units).
[0302] In some embodiments, the conjugate comprises a double strand RNA (e.g., double strand
siRNA) and 1 Linker Units, 2 Linker Units, 3 Linker Units, 4 Linker Unus, 5 Linker Units, 6
Linker Unats, 7 Lanker Units, 8 Linker Units, 9 Linker Unuts, or 10 Linker Units.
03031 In some embodiments, the conjugate comprises a double strand RNA (e.g., double strand
siRNA}, one or more Ligand, and one or more Linker Units, wherein:

one or more Linker Units {e.g,, from 1 to 3 Linker Units) are consecutively or discretely
attached to the sense strand {e.g., at the 37- or 57~ termunal position} of the double strand RNA
{e.g., double strand s1IRNA};

one or more nucleosides or nucleotides at one or more consecutive or discrete mternal
position of the sense sirand of the double strand RNA (e.g, double strand siRNA} are replaced
with the one or more Linker Unmit {e.g., from 1 to 3 Linker Units);

one or more Linker Units {e.g, from 1 to 3 Linker Units} are consecutively or discretely

attached to the antisense strand {e.g., at the 3'- or 5"~ terminal position) of the double strand

4
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RNA {e.g., double strand siRNA}; and/or

one or more nucleosides or nucleotides at one or more consecutive or discrete internal
position of the antisense strand are replaced with the one or more Linker Unit(eg., from 1 t0 3
Linker Units).
0304} In some embodiments, the conjugate comprises a double strand RNA (e.g., double strand
siRNA), one or more Ligand, and one or more Linker Units, wherein:

one or more Linker Uniis (e g., from 1 to 3 Linker Uniis) are consecutively or discretely
attached to the sense strand (e g., at the 3°- or 57~ terminal position) of the double strand RNA
{e.g., double strand siRNA}; and

one or more nucleosides or nucleotides at one or more consecutive or discrete internal
position of the sense strand of the double strand RNA (e g, double strand siRNA) are replaced
with the one or more Linker Unit (e g., from 1 to 3 Linker Units).
030531 In some embodiments, the conjugate comprises a double strand RNA (e.g., double strand
3siRNA), one or more Ligand, and one or more Linker Units, whereimn:

one or more Linker Unuts {e.g., from 1 o 3 Linker Units) are consecutively or discretely
attached to the antisense strand (e g., at the 37- or 57~ termnal posttion) of the double strand
RNA (e.g., double strand siRNA}); and

one or more nucleosides or nucleotides at one or more consecutive ot discrete internal
posttion of the antisense strand are replaced with the one or more Linker Untt {e.g., from 1 10 3
Lanker Units).
[0306] In some embodiments, the one or more Linker Unit {e.g., from 1 to 3 Linker Units) i
consecutively or discretely attached to the sense strand {e.g., at the 37- or 37~ terminal position)
of the double strand RNA (e.g., double strand siRNA).
(0307} In some embodiments, the one or more Linker Unit (e.g., from 1 to 3 Linker Units} s
consecutively or discretely attached to the sense strand 37- termunal position of the double strand
RNA {e.g., double strand siRNA).
[0308] In some embodiments, the one or more Linker Unit {e.g., from 1 to 3 Linker Units) is
consecutively or discretely attached to the sense strand 57~ terminal position of the double strand
RNA {(e.g., double strand siRNA}.
[0309% In some embodiments, one or more nucleoside or nucleotide at one or more consecutive

or discrete internal position of the sense strand of the double strand RNA {e.g., double strand
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siRNA} is replaced with the one or more Linker Unit (e.g, from 1 to 3 Linker Units).
[0310} In some embodiments, the one or more Linker Unit {e.g., from 1 to 3 Linker Uniis} is
consecutively or discretely attached to the antisense sirand {e.g., at the 3~ or 5"~ terminal
posttion} of the double strand RNA (e g., double strand siRNA).
(0311} In some embodiments, the one or more Linker Unit {e.g., from 1 to 3 Linker Units} is
consecutively or discretely attached to the antisense strand at the 3°- terminal position of the
double strand RNA {e g., double strand siRNA).
[0312] In some embodiments, the one or more Linker Unit {e.g., from 1 to 3 Linker Units) is
consecutively or discretely attached to the antisense sirand at the §7- terminal position of the
double strand RNA (e.g., double strand siRNA).
03131 In some embodiments, one or more nucleoside or nucleotide at one or more consecutive
or discrete internal position of the antisense strand of the double strand RNA {e.g., double strand
siRNA} s replaced with the one or more Linker Unit {(e.g., from | to 3 Linker Units).
(03141 In some emboduments, the conjugate 1s {Linker Unut-{(Ligand)o-i Jp-({Nucleic Acid Agent)-
{Linker Unut-(Lagandjo. Jsh-{ Nucleic Acid Agent)q, wherein:

each Linker Uunit is independent from another Linker Untt, each Nucleic Acid Agent is
mdependent from avother Nucleic Acid Agent, and each Ligand is independent from another
Ligand;

each r independently 1s an mnteger ranging from 0 to 10;

each s mdependently 1s an integer ranging frorn 0 to 10;

p 13 an ioteger ranging from O to 10;

qisOor1;and

the conjugate comprises at feast one Linker Umit, at least one Nucleic Acid Agent, and at
ieast one Ligand.
[0315] In some embodiments, the conjugate 1s (Linker Unit-{Ligand)o.t Jo-{(Nucleic Acid Agent}-
{Linker Unit-(Tagandloa)sh-(Nucleic Acid Agent).
0316} In some embodiments, the conjugate 15 (Linker Unit-{Ligand)o. Jp-{({(Nucleic Acid Agent)-
{Linker Unit-(Ligand)o-1}s)
[0317] In some embodiments, the comjugate 15 (Linker Unit-{Ligand)o. Jp-(Nucleic Acid Agent}.
[0318} In some embodiments, the conjugate 1s (Nucleic Acid Agenti-(Linker Unit-(Ligand}o.1 )s-

{Nucleic Acid Agent}.
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[03191 In some embodiments, the conjugate 1s selected from the conjugates described in Table
€, wherein the Nucleic Acid Agent is attached at ##, and ## is a direct or indirect attachment

described herein.

Table C
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Linker Units
0320} As used herein, a “Linker Unit” or “linker unit” refers to a moiety cosresponding to a
Linker Compound in which wherein W, Y, and/or £ is replaced with an attachment to a Ligand
and/or a Nucleic Acid Agent. In some embodiments, the attachment, e g, # or ## describad
herein, is a direct or indirect attachment described herein.
03211 In some embodiments, the Linker Unit is of Formula (1), wherein W is replaced with an
attachment to the Ligand. In some embodiments, the attachment, e g, # described herein, isa
direct or indirect attachment described herein.
(0322} In some embodiments, the Linker Unit is of Formula (1), wherein Y and/or Z 15 replaced
with an attachment to the Nucleic Acid Agent. In some embodiments, the attachment, e g, ##
described berein, s a direct or indirect attachment described herein,
03237 In some embodiments, the Linker Unit 13 of Formula (1), wherein:

W 1s replaced with an attachment to the Ligand; and

Y and/or Z 1s replaced with an attachment to the Nucleic Acid Agent.
[0324] In some emboduments, the Linker Umit is of Formwla (T'-1), (I'-2), (IT-1), or (I"-2),
wherein W s replaced with an atiachment to the Ligand.
(03251 In some embodiments, the Linker Unit is of Formula (-1}, (I'-2), (U-1), or (IF-2),
wherein Y and/or £ 18 replaced with an attachment 1o the Nucleic Acid Agent.
0326} In some embodiments, the Linker Uwmt 1s of Formula (1-A) or (H-A}, wherein W is
replaced with an attachment to the Ligand.
[0327] In some embodiments, the Linker Unit 1s of Formula (]-A) or (II-A), wheremn Y and/or 7
15 replaced with an attachment to the Nucleic Acid Agent.
0328} In some embodiments, the Linker Uit is of Formula (I-A) or (1A}, wherein:

W is replaced with an attachment to the Ligand; and

Y and/or Z 15 replaced with an attachrent to the Nucleic Acid Agent.

[0329] In some embodiments, the Linker Unit s of Formula (J-A7-1}, (1-A7-2), (L-A7-1}, or (11~
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A2y, wherein W is replaced with an attachment to the Ligand.
[0330} In some embodiments, the Linker Unit 18 of Formula (:FA°-13, (1-A7-2), (L-A7-1), or (11-
A’-2), wherein Y and/or Z 1s replaced with an attachment to the Nucleic Acid Agent.
0331} In some embodiments, the Linker Unit s of Formula (-A7-13, (1-A7-2), (L-A7-1}, or (11~
A’-2}), wherein:

W s replaced with an attachment to the Ligand; and

Y and/or Z 1s replaced with an attachment to the Mucleic Acid Agent.
[0332] In some embodiments, the Linker Unit is of Formula (1-B) or (I1-B), wherein W is
replaced with an attachment to the Ligand.
[0333] In some embodiments, the Linker Unit 1s of Fornmwla (1-B) or (1I-B), wherein Y and/or 2
is replaced with an attachment to the Nucleic Acid Agent
03341 In some embodiments, the Linker Unit is of Formula (1-8) or (II-B), wherein:

W is replaced with an attachment to the Ligand; and

Y and/or Z 1s replaced with an attachment to the Nucleic Acid Agent.
03357 In some embodiments, the Linker Unit 1s of Formula (8-B7-1), (1-B°-2), (I1-B™-1}, or (I1-
B’-2), wherem W 1s replaced with an attachment to the Ligand.
0336} In some ernbodiments, the Livker Unit 1s of Formula (-B7-1), (1-B°-2), (I1-B™-1), or (I1-
B’-2), wherein Y and/or £ 15 replaced with an attachioent to the Nucleie Acid Agent.
[0337] In some embodiments, the Linker Unit is of Formula (I-B°-1), I-8-2), (II-B -1}, or (i1~
B’-23, wheremn:

W is replaced with an attachment to the Ligand; and

Y and/or Z 15 replaced with an attachrent to the Nucleic Acid Agent.
[0338] In some embodiments, the Linker Unit, prior to attachment, is a linker compound
described herein
03391 In some embodiments, the Linker Unit, prior to attachwent, is a compound of Formula (D)
or a pharmaceutically acceptable salt thereof.
0340} In some embodiments, the Linker Unit, prior to attachment, 18 a compound of Formula
(=13, (T-2), (IF°-1), or (IF"-2} or a pharmaceutically acceptable salt thereof.
[0341] In some embodiments, the Linker Unit, prior to attachment, is a compound of Formula (I-

A} or (I-A), or a pharmaceutically acceptable salt thereof.
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(0342} In some embodiments, the Linker Unit, prior to aitachment, 1s a compound of Formula (I-
A’-1), (1-A7-2), (11-A’-13, or (H-A"-2}, or a pharmaceutically acceptable salt thereof.

[0343% In some embodiments, the Linker Unit, prior to attachment, 1s a compound of Formula (I-
B} or (I1-B), or a pharmaceutically acceptable salt thereof.

[0344} In some embodiments, the Linker Unit, prior to attachment, 1s a compound of Formula (I-
B’-1), (1-B7-2), (Ii-B’-1), or (11-B’-2}, or a pharmaceutically acceptable salt thereof.

03451 In some embodiments, the Linker Unit, prior to attachment, is a compound selected from
the compounds described in Table L and pharmaceutically acceptable salts thereof.

[0346] In any of the embodiments above, the attachment, e g, # or ## described herein, is a
direct or indirect attachment described herein.

Ligands

[03471 As used herein, the term “ligand” refers to a moiety that, when being covalently attached

to a Nucleic Acid Agent {e.g., an oligonuclectide), is capable of mediating its entry into, or

factivtating s delivery 1o, a target site {e.g., a target cell or tissue),

[0351] In some embodiments, the ligand comprises a carbohydrate motety.

03521 As used herein, “carbohydrate moiety” refers to 2 molety which comprises one or more
monosaccharide units each having at least six carbon atoms {(which may be Hinear, branched or
cychic), with an oxygen, nitrogen or sulfur atom bonded to each carbon atom. In some

embodiments, the carbohvdrate moiety comprises a monosaccharide, a disaccharide, a
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trisaccharide, or a tetrasaccharide. In some embodiments, the carbohydrate moiety comprises an
oligosaccharide containing from about 4-9 monosaccharide units. In some embodiments, the
carbohydrate motety comprises a polysaccharide {(e.g., a starch, a glycogen, a cellulose, ora
polysaccharide gum).

0353} In some embodiments, the carbohydrate moiety comprises a monosaccharide, a
disaccharide, a trisaccharide, or a tetrasaccharide.

[03541 In some embodiments, the carbohydrate moiety comprises an oligosaccharide {e.g.,
containing from about four o about nine monosaccharide units).

[0355] In some embodiments, the carbohydrate moiety comprises a polysaccharnde {(eg, a
starch, a glvcogen, a cellulose, or a polysaccharide gum).

[03561 In some embodiments, the ligand 1s capable of binding to a human asialoglycoprotein
receptor {ASGPR), e g, human asialoglycoprotein receptor 2 {ASGPR2).

[0357] In some embodiments, the carbohydrate moiety comprises a sugar {e.g., one, two, or
three sugar).

[0338] In some embodiments, the carbobydrate moiety comprises galactose or a derivative
thereof {(e.g., one, two, or three galactose or the denvative thereof).

03597 In some embodiments, the carbohydrate moiety comprises N-acetylgalactosamine or a
denivative thereof {e.g., one, two, or three N-acetylgalactosaroine or the derivative thereof).
[0360] In some embodiments, the carbohydrate moiety comprises N-acetvl-D-galactosylamine
or a dertvative thereof {e.g., one, two, or three N-acetyl-D-galactosylamine or the derivative
thereof).

(03611 In some embodiments, the carbohydrate motety comprises N-acetyvigalactosamine (e.g.,
one, two, or three N-acetyigalactosamine}.

0362} In some embodiments, the carbohydrate motety comprises N-acetyl-D-galactosylamine
{e.g., one, two, or three N-acetyl-D-galactosylamine}.

[0363] In some embodiments, the carbohydrate motety comprises mannose or a dertvative
thereof (e.g., mannose~6-phosphate}.

[0364] In some embodiments, the carbohydrate motety further comprises a linking mosety that
connects the one or more sugar (e.g., N-acetyl-D-galactosviamine) with the Linker Unit.
03651 In some embodiments the hinking motety comprises thioether {e.g., thiosuccinimide, or

the hydrolysis analogue thereof), disulfide, triazole, phosphorothicate, phosphodiestes, ester,
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amide, or any combination thereof.

0366} In some embodiments, the linking motety 1s a triantennary linking moiety.

[0367% Suitable ligands include, but are not limited to, the ligands disclosed in PCT Appl'n Pub.
Nos. WO/2015/006740, W(/2016/100401, WO/2017/214112, WO/2018/039364, and

WO/2018/045317, each of which is incorporated herein by reference.
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03841 In some embodiments, the higand comprises a hipid motety {e.g., one, two, or three lipid
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moiety).
[03851 In some embodiments the lipid moiety comprises {(e.g., one, two, of three of} Cs-Cag fatty
acid, cholesterol, vitamin, sterol, phospholipid, or any combination thergof.
[0386] In some embodiments, the ligand comprises a peptide moiety (e.g., one, two, or three
peptide moisty ).
0387} In some embodiments, the peptide moiety comprises {e.g., one, two, or three of) integrin,
msulin, glucagon-like peptide, or any combination thereof.
[0388] In some embodiments, the ligand comprises an antibody motety {e g, transferrin}.
03891 In some embodiments, the ligand comprises one, two, or three antibody moieties {e.g,,
transferrin}.
03901 In some embodiments, the higand comprises an oligonucleotide (e.g., aptamer or CpG).
03911 In some embodiments, the ligand comprises one, two, or three oligonucleotides (e.g.,
aptamer or CpG).
(03921 In some embodiments, the ligand comprises:

one, two, or three sugar {e.g., N-acetyl-D-galactosylamine};

one, two, or three lipid moteties;

one, two, or three peptide moieties,

one, two, or three antibody moieties;

one, two, or three oligonucleotides; or

any combination thereof
Nucleic Acid Agents
[0393] In some embodiments, the Nucleic Acid Agent comprises an oligonucleotide.
[0394] In some embodiments, the Nucleic Acid Agent {e.g, the oligonucleotide) comprises one
or more phosphate groups or one or more analogs of a phosphate group.
03951 In some embodiments, the Linker Unit is attached to the Nucleic Acid Agent {e.g., the
oligonucleotide} via a phosphate group, or an analog of a phosphate group, in the Nucleic Acid
Agent.
[0396] In some embodiments, the oligonucleotide has a length of from 1 to 40 nucleotides, from
10 to 40 nucleotides, from 12 to 35 nucleotides, from 15 to 30 nucleotides, from 1810 25
nucleotides, or from 20 to 23 nucleotides. In some embodiments, the oligonucleotide has a length

of 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides. In some embodiments, the oligonucleotide has a
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length of 19, 20, 21, 22, or 23 nucleotides.

[0397} In some embodiments, the Nucleic Acid Agent comprises an RNA, a DNA| or a mixture
thereof.

[0398] In some embodiments, the Nucleic Acid Agent comprises an RNA.

03991 In some embodiments, the cligonucleotide is an siRNA (e.g., a single strand siRNA {e g,
a hairpin single strand siRMNA} or a double strand siRNA), microRNA, antimicroRNA,
microRINA mimics, antimiR, antagomir, dsRNA, ssRNA aptamer, immune stimulatory
oligonucleotide, decoy oligonucleotide, splice altering oligonucleotide, triplex forming
oligonucleotide, G-quadruplexe, or antisense aligonucleotide.

(04001 In some embodiments, the Nucleic Acid Agent comprises a double stranded RNA
{dsRNA}, wherein the double stranded RNA comprises a sense strand and an antisense strand, as
described herein.

(04011 In some embodiments, the Nucleic Acid Agent comprises a double stranded siRNA (ds-
siRNA}, wherein the double stranded siRNA comprises a sense strand and an antisense strand, as
described herein.

[0402] It 1s understood that sense strand 1s also known as passenger strand, and the terms “sense
strand” and “passenger strand” are used interchangeably herein.

[0403] It 1s understood that antisense strand 1s also known as guide strand, and the terms
“antisense strand” and “guide strand” are used nterchangeably herein.

(04047 In some embodiments, the oligonucleotide 1s an IRNA,

04057 The term “1IRINA” refers to an RNA agent which can down regulate the expression of a
target gene {e.g., an siRNA}, e.g., an endogenous or pathogen target RNA, While not wishing to
be bound by theory, an tRNA may act by one or more of a number of mechanisms, including
post-transcriptional cleavage of a target mRNA (referred to in the art as RNA1), or pre-
transcriptional or pre-translational mechanisms. An iRNA can inchude a single strand or can
mclude more than one strands, e.g., it can be a double stranded IRNA. If the (RNA 13 3 single
strand it can include a 5" modification which ncludes one or more phosphate groups or one or
more analogs of a phosphate group. In some embodiments, the 1RNA is double stranded. In some
embodiments, one or both strands of the double stranded 1IRNA can be modified, e g, §
modification.

[0406] The iIRNA typically includes a region of sufficient homology to the target gene, and 15 of
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sufficient length in terms of nucleotides, such that the iIRNA, or a fragment thereof, can mediate
down regulation of the target gene. The 1IRNA 1s or includes a region which 15 at least partially,
and in some embodiments fully, complementary to the target RNA. It 18 not necessary that there
be perfect complementarity between the iIRNA and the target, but the correspondence may be
sufficient to enable the iIRNA, or a cleavage product thereof, to direct sequence specific
sifencing, e.g., by RNAI cleavage of the target RNA, e g, mRNA

[0407F The nucleotides in the iIRNA may be modified (e.g., one or more nucleotides may include
a 2'-F or 2'-0CH; group, or be nucleotide surrogates). The single stranded or double stranded
regions of an iIRNA mayv be modified or imclude nucleotide surrogates, e.g. . the unpatred region
or regions of a hairpin structure, e.g., a region which links two complementary regions, can have
modifications or nucleotide surrogates. Modification to stabilize one or more 3'- or 3'-terminus
of an (RNA, e.g., against exonucleases. Modifications can include C3 {or C, C7, C12) amine
iinkers, thiol linkers, carboxyl linkers, non-nuclectidic spacers (C3, €6, €9, C12, abasic,
triethyvlene glycol, hexaethylene glycol), special biotin or fluorescein reagents that come as
phosphoramidites and that have another DM T-protected hydroxyl group, allowing multiple
couplings during RNA synthesis. Modifications can also nclude, e.g., the use of modifications at
the 2" OH group of the ribose sugar, ez, the use of deoxyribonucleotides, e g., deoxythyraidine,
mstead of ribonucleotides, and modifications in the phosphate group, e g, phosphothicate
maodifications. In some embodiments, the different strands will include different modifications.
[0408] In some emboduments, the strands are chosen such that the IRNA mcludes a single strand
or unpaitred region at one or both ends of the molecule. A double stranded iIRNA may have an
overhang, e.g., one or two §' or 3’ overhangs (e.g., at least a 3" overhang of 2-3 nucleotides). In
some embodiments, the iIRNA has overhangs, eg., 3" overhangs, of 1, 2, or 3 nucleotides 1n
iength at each end. The overhangs can be the result of one strand being longer than the other, or
the result of two strands of the same length being staggered.

[0409] In some embodiments, the length for the duplexed regions between the strands of the
iRNA are between 6 and 30 nuclestides in length. In some embodiments, the duplexed regions
are between 15 and 30, most preferably 18,19, 20, 21, 22, and 23 nucleotides in length. In some
embodiments, the duplexed regions are between 6 and 20 nuclectides, most preferably 6, 7, 8, 9,
10, 11 and 12 nuclectides in length.

[0410] The oligonucleotide may be that described in U.S. Patent Publication Nos.

79
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2009/0239814, 2012/0136042, 2013/0158824, or 2009/0247608, each of which is hereby
meorporated by reference.

[0411} In some embodiments, the cligonucleotide is an siRNA.

[0412] In some embodiments, the oligonucleotide is a single strand siRNA.

[0413} In some embodiments, the cligonucleotide is a double strand siRNA, for example, double
strand 51RNA described herein.

[04141 A “single strand siRNA” as used herein, 13 an siRNA which 1s made up of a single strand,
which includes a duplexed region, formed by intra-strand pairing, e.g., it may be, or include, a
hairpin or pan-handle structure. Single strand siRNAs may be antisense with regard to the target
molecule.

[04131 A single strand siRNA may be sufficiently long that it can enter the RISC and participate
m RISC mediated cleavage of a target mRNA. A single strand siRNA is at least 14, and in some
embodiments at least 15, 20, 25, 29, 35, 40, or 50 nucleotides in length. In some embodiments, it
is less than 200, 100, 80, 60, 50, 40, or 30 nucleotides in length.

[0416] In some embodiments, the single strand siRNA has a length of from 10 o 40 nucleotides,
from 12 to 35 nucleotides, from 15 to 30 nucleotides, from 18 to 25 nucleotides, or from 20 t0 23
nucleotides. In some embodiments, the single strand siRMNA has a length of 18, 19, 20, 21, 22,
23, 24, or 25 nucleotides. In some embodiments, the single strand s1IRNA has a length of 20, 21,
22, or 23 nucieotides.

(04177 Hairpin 51RNAs may have a duplex region equal to or at least 17, 18, 19, 20, 21, 22, 23,
24, or 25 nucleotide pairs. The duplex region may be equal to or less than 200, 100, or 50
nucleotide pairs in length, In some embodiments, ranges for the duplex region are 15-30, 17 1o
23, 1910 23, and 19 to 21 nucleotides pairs in length, The hairpin may have a single strand
overhang or terminal anpaired region. In some embodimnents, the overhangs are 2-3 nucleotides
in length. In some embodiments, the overhang 1s at the sense side of the hairpin and 1n some
embodiments on the antisense side of the hairpm.

[0418] In some embodiments, the oligonucleotide 15 a double strand siRNA.

(04191 A “double stranded siRNA” as used herein, 15 an siRNA which includes more than one,
and n some cases two, strands 1n which interchain hybridization can form a region of duplex
structure.

[0420} In some embodiments, the sense strand of 2 double stranded siIRNA may be equal to or at
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least 14, 15,16 17,18, 19, 20, 21, 22, 23, 24, 25, 29, 40, or 60 nucleotides in length. It may be
equal to or less than 200, 100, or 50 nuclectides in length. Ranges may be 1710 25, 190 23, 19
to 21, 21 to 23, or 20 to 22 nucleotides m length.

[0421] In some embodiments, the sense strand has a length of from 10 to 40 nucleotides, from 12
to 35 nucleotides, from 15 to 30 nucleotides, from 18 to 25 nucleotides, or from 20 t0 23
nuclectides. In some embodiments, the sense strand has a length of 18, 19, 20, 21, 22, 23, 24, or
25 nucleotides. In some embodiments, the sense strand has a length of 20, 21, 22, or 23
nucleotides.

[0422] In some embodiments, the sense strand has a length of 18, 19, 20, 21, or 22 nucleotides.
(04231 In some embodiments, the antisense strand of a double stranded siRNA may be equal to
or atleast, 14, 15, 16 17, 18,19, 20, 21, 22, 23, 24, 253, 29, 40, or 60 nucleotides in length. It may
be equal to or less than 200, 100, or 50 nucleotides in length. Ranges may be 17 10 25, 1910 23,
19 t0 21, 21 t0 23, or 20 to 22 nucleotides in length.

04247 In some embodiments, the antisense strand has a length of from 10 to 40 nucleotides,
from 12 to 35 nucleotides, from 15 to 30 nucleotides, from 18 to 25 nucleotidss, or from 20 t0 23
nucleotides. In some embodiments, the antisense strand has a length of 18, 19, 20, 21, 22, 23, 24,
or 25 nucleotides. In some ermnbodiments, the antisense strand has a length of 20, 21, 22, or 23
nucleotides.

04257 In some embodiments, the antisense strand has a length of 20, 21, 22, 23, or 24
nucleotides.

[0426] In some embodiments, the sense strand has a length of 18, 19, 20, 21, or 22 nucleotides,
and the antisense strand has a length of 20, 21, 22, 23, or 24 nucleotides.

[0427] In some embodiments, the sense strand has a length of 18 nucleotides, and the antisense
strand has a length of 20 nucleotides.

[0428] In some embodiments, the sense strand has a length of 19 nucleotides, and the antisense
strand has a length of 21 nucleotides.

[0429] In some embodiments, the sense strand has a length of 20 nucleotides, and the antisense
strand has a length of 22 nucleotides.

[0430] In some embodiments, the sense strand has a length of 21 nucleotides, and the antisense
strand has a length of 23 nucleotides.

[0431] In some embodiments, the sense strand has a length of 22 nuclectides, and the antisense
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strand has a length of 24 nucleotides.

[0432} The double strand portion of a double stranded siRNA may be equal to or at least, 14, 15,
16 17, 18,19, 20, 21, 22, 23, 24, 25, 29, 40, or 60 nucleotide pairs in length. 1t may be equal to
of less than 200, 100, or 50 nucleotides pairs in length. Ranges may be 1510 30, 171623, 1910
23, and 12 to 21 nucleotides pairs in length.

04331 In some embodiments, the siRNA is sufficiently large that it can be cleaved by an
endogenous molecule, e g, by Dicer, to produce smaller siRNAs, e g, siRNAs agents

[0434] The sense and antisense strands may be chosen such that the double-siranded siRNA
includes a single strand or unpaired region at one or both ends of the molecule. Thus, a double-
stranded siRNA may contain sense and antisense strands, paired to contain an overhang, e g., one
or twa 3 or 3’ overhangs, or a 3' overhang of 1-3 nucleotides. The overhangs can be the result of
one strand being longer than the other, or the result of two strands of the same length being
staggered. Some embodiments will have at least one 3’ overhang. In some embodiments, both
ends of an siRNA molecule will have a 3" overhang. In some embodiments, the overhang 18 2
nucleotides.

(04351 In some embodunents, the length for the duplexed reglon is between 15 and 30, or 18, 19,
20, 21, 22, and 23 nucleotides m length, e.g., in the ssiRNA range discussed above. ssiRNAs can
resemble in length and structure the natural Dicer processed products from long dsiRNAs.
Frobodiments in which the two strands of the ssiRNA are attached, e.g., covalently attached are
also mcluded. Hairpin, or other single strand structures which provide the required double
stranded region, and a 3’ overhang are also contemplated.

04367 The siRNAs described herein, inchuding double-stranded siRNAs and single-stranded
siRNAs can mediate silencing of a target RNA, e.g, mRNA, e g, a transcript of a gene that
encodes a protein. For convenience, such mRNA 15 also referred to heren as mRNA to be
silenced. Such a gene 1s also referred to as a target gene. In general, the RNA to be silenced 15 an
endogenous gene or a pathogen gene. In addition, RNAs other than mRNA| e.g, tRNAg, and
viral RNAs, can also be targeted.

[0437F As used herein, the phrase “mediates RNA1” refers to the ability to silence, in a sequence
specific manner, a target RNA. While not wishing to be bound by theory, it 1s believed that
sifencing uses the RNAI machinery or process and a guide RNA, e.g., an ssiRNA of 21 t6 23

nucleotides.
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[0438] In some embodiments, an siRNA is “sufficiently complementary” to a target RNA eg. a
target mRINA, such that the siRNA silences production of protein encoded by the target mRNA.
In another embodiment, the siRNA is “exactly complementary” {6 a target RNA, e g, the target
RNA and the siRNA anneal, for example to form a hybrid made exclusively of Watson-Crick
base pairs in the region of exact complementarity. A “sufficiently complementary” target RNA
can include an internal region {e.g., of at least 10 nucleotides) that is exactly complementary to a
target RNA Moreover, in some embodiments, the siRNA specifically discriminates a single-
nuclectide difference. In this case, the siRNA only mediates RNA1 if exact complementary is
found in the region (e g, within 7 nucleotides of) the single-nuclectide difference.

(04391 MicroRNAs: Micro RNAs (miRNAs) are a highly conserved class of small RNA
molecules that are transcribed from DNA in the genomes of planis and animals, but are not
translated into protein. Processed miRNAs are single stranded "17-25 nucleotide (ot} RNA
molecules that become incorporated into the RNA-induced stlencing complex (RISC) and have
been identified as key regulators of development, cell proliferation, apoptosis and differentiation.
They are believed to play a role m regulation of gene expression by binding to the 3 -untranslated
region of specific mRNAs. RISC mediates down-regulation of gene expression through
translational inhibition, transcript cleavage, or both, RISC 15 also imphceated in transcriptional
silencing in the nucleus of a wide range of eukaryotes.

04407 The number of miRNA sequences 1dentified to date is large and growing, tlustrative
examples of which can be found, for example, 10 “niRBase: microRMNA sequences, targets and
gene nomenclature” Griffiths-Jones S, Grocock R I, van Dongen S, Batervan A, Ennight A 1
NAR, 2006, 34, Database Issue, D140-D144; “The microRNA Registry” Griffiths-Jones S.
NAR, 2004, 32, Database Issue, B109-Di11.

104411 Aatisense Oligonacieotides: In some embodiments, a nucleic acid is an antisense
oligonucleotide directed to a target polynucleotide. The termn “antisense oligonucleotide™ or

3

simply “antisense” is meant to include oligonucieotides that are complementary to a targeted
polynacleotide sequence. Antisense oligonucleotides are single strands of DNA or RNA that are
complementary 1o a chosen sequence, e.g. a target gene mRNA . Antisense oligonucleotides are
thought to mhibit gene expression by binding 1o a complementary mRNA. Binding to the target
mRINA can lead {0 inhibition of gene expression either by preventing translation of

complementary mRINA strands by binding (o 1, or by leading to degradation of the target
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mRINA. Antisense DNA can be used to target a specific, complementary {coding or non-coding)
RNA. If binding takes places this DNA/RNA hybrid can be degraded by the enzyme RNase H.
In some embodiments, antisense oligonucleotides contain from about 10 to about 50 nucleotides,
more preferably about 15 to about 30 nuclectides. The term also encompasses antisense
oligonucleotides that may not be exactly complementary to the desired target gene. Thus,
mstances where non-target specific-activities are found with antisense, or where an antisense
sequence containing one or more nusmatches with the target sequence is the most preferred fora
particular use, are contemplated.
[0442] Antisense oligonucleotides have been demonstrated to be effective and targeted inhibitors
of protein synthesis, and, consequently, can be used to specifically inhibit protein synthesis by a
targeted gene. The efficacy of antisense oligonucleotides for inhibiting protein synthesis is well
established. For example, the synthesis of polygalacturonase and the muscarine type 2
acetylcholine receptor are inhibited by antisense oligonucleotides directed to their respective
mRNA sequences (U8, Pat. Nos. 5,739,119 and 5,759,829 each of which is incorporated by
reference). Further, examples of antisense mhibition have been demonstrated with the nuclear
protein cychn, the multiple drog resistance gene (MDGH), ICAM-1, E-selectin, STK-1, striatal
GABAA receptor and human EGF (Jaskulski et al., Science. 1988 Jun. 10; 240(4858):1544-6;
Jasanthakumar and Ahmed, Cancer Convmun. 1989; 1(4):225-32; Peris et al., Brain Res Mol
Brain Res. 1998 Jun. 15; $7(2):310-20; U.S. Pat. Nos. 5,801,154; 5,789,573; 5,718,709 and
5,610,288, each of which 1s incorporated by reference). Furthermore, antisense counstructs have
also been described that inhubit and can be used to treat a variety of abnormal cellular
proliferations, e.g. cancer (1.8, Pat. Nos. 5,747,470; 5,591,317 and 5,783,683, each of which is
meorporated by reference).
04431 Methods of producing antisense oligonucleotides are known 1n the art and can be readily
adapted to produce an antisense oligonucleotide that targets any polynucleotide sequence.
Selection of antisense oligonucleotide sequences specific for a given target sequence 18 based
upon analysis of the chosen target sequence and determination of secondary structure, Tm,
binding energy, and relative stability. Antisense sligonucleotides may be selected based upon
thetr relative mabifity to form dimers, hairpins, or other secondary structures thai would reduce
or prohibit specific binding to the target mRNA in a host cell. Highly preferred target regions of

the mRNA include those regions at or near the AUG translation initiation codon and those
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sequences that are substantially complementary to 5' regions of the mRNA. These secondary
structure analyses and target site selection considerations can be performed, for example, using
v.4 of the OLIGO primer analysis software (Molecular Biology Insights} and/or the BLASTN
2.0.5 algorithm software (Altschul et al., Nucleic Acids Res. 1997, 25(17):3389-402}.

(0444} Antagomirs: Antagomirs are RNA-like oligonucleotides that harbor various
modifications for RNAse protection and pharmacologic properties, such as enhanced tissue and
celiular uptake. They differ from normal RNA by, for example, complete 2'-O-methylation of
sugar, phosphorothioate backbone and, for example, a cholesterol-moiety at 3'-end. Antagomirs
may be used to efficienily silence endogenous miRNAs by forming duplexes comprising the
antagomir and endogenous miRNA, thereby preventing miRNA-induced gene silencing. An
example of antagonur-mediated nuRNA silencing is the silencing of miR-122, described in
Krutzfeldt et al, Nature, 2005, 438: 685-689, which s expressly incorporated by reference herein
in its entirety. Antagomir RNAs may be synthesized using standard solid phase oligonucleotide
synthesis protocols. See U.S. Patent Apphication Publication Nos, 2007/0123482 and
2007/0213292 (each of which s incorporated herein by reference).

04451 An avtagomir can raclude ligand-conjugated monomer subunits and monomers for
oligonucleotide synthesis. Exemplary monomers are described in U S, Patent Application
Publication No. 2005/0107323, which is mmcorporated by reference in its entirety. An antagomir
can have a ZXY structure, such as is described in WO 2004/080406, which 1s incorporated by
reference 10 its entivety. An antagomir can be complexed with an araphipathic mowety.
Exemplary amphipathic moieties for use with oligonucieotide agents are described in WO
2004/380406, which 1s incorporated by reference in its entivety.

[0446] Aptasmmers: Aptamers are nucleic acid or peptide molecules that bind to a particular
molecule of interest with high affimty and specificity {Tuerk and Gold, Science 249:305 (1990);
Ellington and Szostak, Nature 346:818 (1990}, each of which is incorporated by reference in its
entirety ). DNA or RNA aptamers have been successfully produced which bind many different
entities from large proteins to small organic molecules. See Eaton, Cusr. Opin. Chem. Biol 1:10-
16 {1597}, Famulok, Curr. Opin. Struct. Biol. 9:324-9 (1999), and Hermann and Patel, Science
287:820-5 (20003, each of which 1s mcorporated by reference in ifs entirety. Aptamers may be
RNA or DNA based, and may include a riboswitch. A riboswitch 1s a part of an mRNA molecule

that can directly bind a small target molecule, and whose binding of the target affects the gene's
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activity. Thus, an mRNA that contains a riboswiich is directly involved in regulating its own
activity, depending on the presence or absence of its target molecule. Generally, aptamers are
engineered through repeated rounds of in vitro selection or equivalently, SELEX (systematic
evolution of ligands by exponential enrichment} to bind to various molecular targets such as
smali molecules, proteins, nucleic acids, and even cells, tissues and organisms. The aptamer may
be prepared by any known method, including synthetic, recombinant, and purification methods,
and may be used alone or in combination with other aptamers specific for the same target.
Further, as described more fully herein, the term “aptamer” specifically includes “secondary
aptamers” containing a consensus sequence derived from comparing two or more known
aptamers to a given target.

[0447F Ribogymes: According to ancther embodiment, nucleic acid-lipid particles are associated
with ribozymes. Ribozymes are RNA molecules complexes having specific catalytic domains
that possess endonuclease activity {(Kim and Cech, Proc Natl Acad Sct USA. 1987 December;
84(24).8788-92; Forster and Symons, Cell. 1987 Apr. 24; 49(2):211-20). For example, a large
number of ribozymes accelerate phosphoester transfer reactions with a high degree of specificity,
often cleaving only one of several phosphoesters in an ohigonuclectide substrate {Cech et al,,
Cell. 1981 December; 27(3 Pt 2):487-96; Michel and Westhof, J Mol Biol. 1990 Dec. §;
216(3):585-610; Reinhold-Hurek and Shub, Nature. 1992 May 14; 357{6374):173-6). This
specificity has been attributed to the requirement that the substrate bind via specific base-patring
mteractions to the mternal guide sequence (“IGS”) of the ribozyme prior to chemical reaction.
[04481 At least six basic varieties of naturally-occurring enzymatic RNAs are known presently.
Each can catalyze the hydrolyvsis of RNA phosphodiester bonds in trans {and thus can cleave
other RNA molecules} under physiological conditions. In general, enzymatic nucleic acids act by
first binding to a target RNA. Such binding occurs through the target binding portion of a
enzymatic macleic acid which 1s held i close proximity to an enzymatic portion of the molecule
that acts to cleave the target RNA. Thus, the enzymatic nuclewc acid first recognizes and then
binds a target RNA through complementary base-pairing, and once bound to the correct site, acts
enzymatically to cut the target RNA . Strategic cleavage of such a target RNA will destroy its
ability to direct synthesis of an encoded protein. After an enzymatic nucleic acid has bound and
cleaved 1ts RNA target, it is released from that RNA to search for another target and can

repeatedly bind and cleave new targets.
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[0449% The enzymatic nucleic acid molecule may be formed in a hammerhead, hairpin, 2
hepatitis & virus, group | intron or RNaseP RNA (in assoctation with an RNA guide sequence} or
Neurospora VS RNA motif, for example. Specific examples of hammerhead motifs are described
by Rossi et al. Nucleic Acids Res. 1992 Sep. 11; 20(171:4559-65. Examples of hairpin motifs are
described by Hampetl et al. {(Eur. Pat. Appl. Publ. No. EP 0360257), Hampel and Tritz,
Biochemistry 1989 Jun. 13; 28(12):4929-33; Hampel et al., Nucleic Acids Res. 1990 Jan. 25;
18(23:299-304 and U.S. Pat. No. 5,631,359, An example of the hepatitis  virus motif is
described by Perrotta and Been, Biochemistry. 1992 Dec. 1; 31(47%:11843-52; an example of the
RMaseP motif is described by Guerrier-Takada et al.| Cell. 1983 December; 35(3 Pt 2):849-57;
Neurospora VS RNA ribozyme motif is described by Collins (Saville and Collins, Cell. 1990
May 18; 61(4):685-96; Saville and Collins, Proc Natl Acad Sci USA. 1991 Ot 1; 88(19):8826-
30; Collins and Olive, Biochemistry. 1993 Mar. 23; 32(11%:2795-9); and an example of the
Group 1 intron is described in U.S. Pat. No. 4,987 071, Important characteristics of enzymatic
nucleic acid molecules used are that they have a specific substrate binding site which s
comaplementary to one or more of the target gene DNA or RNA regions, and that they have
nucleotide sequences within or surrounding that substrate binding stte which opart an RNA
cleaving activity to the molecule. Thus the ribozyme constructs need not be limited to specific
motifs mentioned heren.

04301 Methods of producing a ribozyme targeted to any polynucleotide sequence are known in
the art. Ribozymes may be designed as described in Int. Pat. Appl. Publ. Nos. WO 93/23569 and
WO 94/02595, each specifically incorporated herem by reference, and synthesized to be tested i
vitro and in vivo, as described therem.

[0451] Ribozyme activity can be optimized by altering the length of the tibozyme binding arms
or chemically synthesizing ribozymes with modifications that prevent their degradation by serum
ribonucleases (see e.g., Int. Pat. Appl. Publ. Nos. WO 92/07065, WO 93/15187, and WO
91/03162; Eur. Pat. Appl Publ. No. 92110298 4; U.S. Pat. No. 5,334,711; and Int. Pat. Appl.
Publ. No. WO 94/13688, which describe various chemical modifications that can be made to the
sugar moieties of enzymatic RNA molecules), modifications which enhance their efficacy in
cells, and removal of stem 11 bases to shorten RNA synthesis times and reduce chemical
requirements.

(0452} Inununostinadatory Gliponucieotides: Nucleic acids associated with Lipid particles may
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be immunostimulatory, including immunsostimulatory oligonuclectides (I85; single- or double-
stranded) capable of inducing an immune response when administered to a subject, which may
be a mammal or other patient. ISS include, e g, certain palindromes leading to hairpin secondary
structures {see Yamamoto S.; et al. (1992) ). Immunol. 148: 4072-4076, which is incorporated by
reference in its entirety), or CpG motifs, as well as other known IS8 features (such as multi-G
domains, see WO 96/11266, which is incorporated by reference in iis entirety).

04531 The immune response may be an nnate or an adaptive immune response. The mmune
system is divided into a more innate immune system, and acquired adaptive immune system of
vertebrates, the latier of which 1s further divided into humoral cellular components. In some
embodiments, the immune response may be mucosal.

[0454] In some embodiments, an immunostimulatory nucleic acid is only immunostimulatory
when adnuinistered in combination with a lipid particle, and is not immunostimulatory when
administered i ts “free form.” Such an oligonucleotide is considered to be immunostimulatory.
(04551 humunostimulatory nucleic acids are considered to be non-sequence specific when it is
not required that they spectfically bind to and reduce the expression of a target polynucleotide in
order to provoke an immune response. Thus, certain imomunostimulatory nucleic acids may
comprise a sequence corresponding to a region of a naturally occurring gene ot mRNA, but they
may still be considered non-sequence specific immunostimulatory nucleic acds.

04361 In some embodiments, the immunostimulatory nucleie acid or oligonucleotide coraprises
at least one CpG dinucleotide. The chigonucleotide or CpG dinucleotide may be unmethylated or
methylated. In another embodiment, the immunostimulatory nucleic acid comprises at least one
CpG dinucleotide having a methylated cytosine. In some embodiments, the nucleic acid
comprises a single CpG dinucleoctide, wheren the cytosmne n said CpG dinucleotide 1s
methylated. In an alternative embodiment, the nucleic acid comprises at least two Cpls
dinucleotides, wherein at least one ¢cyiosine in the CpG dinucleotides 1 methylated. In a further
embodiment, each cytosine n the CpG dinucleotides present in the sequence is methylated. In
another embodiment, the nucleic acid comprises a plarality of CpG dinucleotides, wheren at
{east one of said CpG dinucleotides comprises a methylated cytosine.

Attachments Between Linker Unit, Nucleic Acid Agent, and Ligand

[0457% In some embodiments, the attachment between the Linker Unit and the Nucleic Acid

Agent is a bond.
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Methods of Synthesis

[0474% In some aspects, the present disclosure provides a method of preparing a compound of
the present disclosure.

(04751 In some aspects, the present disclosure provides a compound obtainable by, or obtained
by, a method for preparing a compound as described herein.

[0476] In some aspects, the present disclosure provides an intermediate as described herein,
being suitable for use in a method for preparing a compound as described herein.

[0477] The compounds of the present disclosure can be prepared by any suitable technique
known 1o the art. Particular processes for the preparation of these compounds are descrnibed
further in the accompanying examples,

(0478} In the description of the synthetic methods described herein and 1u any referenced
syuthetic methods that are used to prepare the starting materials, it 1s to be understood that all
proposed reaction conditions, ncluding choice of solvent, reaction atmosphere, reaction
temperature, duration of the experiment and workup procedures, can be selected by a person
skilled in the art.

[0479] Tt 1s understood by one skilled in the art of organic synthesis that the functionality present
on varigus portions of the molecule must be compatible with the reagents and reaction conditions
utthired.

04801 It will be appreciated that during the synthesis of the compounds of the disclosure in the

processes defined herein, or during the synthesis of certain starting materials, it may be desirable
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to protect certain substituent groups to prevent their undesired reaction. The skilled chemist will
appreciate when such protection is required, and how such protecting groups may be put in
place, and later removed. For examples of protecting groups see one of the many general texts on
the subject, for example, ‘Protective Groups i Orgamc Synthesis” by Theodora Green
{publisher: John Wiley & Sons}. Protecting groups may be removed by any convenient method
described in the literature or known to the skilied chemist as appropriate for the removal of the
protecting group in question, such methods being chosen so as to effect removal of the protecting
eroup with the minimum disturbance of groups elsewhere in the molecule. Thus, if reactants
include, for example, groups such as amino, carboxy or hydroxy it may be desirable to protect
the group in some of the reactions mentioned herein.

04811 By way of example, a suttable protecting group for an amino or alkylanuno group 1s, for
example, an acyl group, for example an alkanoyl group such as acetyl, an alkoxycarbonyl group,
for example a methoxycarbonyl, ethoxycarbonyl, or t-butoxycarbonyl group, an
arylmethoxycarbonyl group, for example benzyloxycarbonyl, or an aroy! group, for example
benzoyl A suitable protecting group for an hydroxy or alkylhydroxy group canbe, e.g, Acetyl
{Ac), Benzoyl (Bz), Benzyl (Bn), B-Methoxyethoxymethy! ether (MEM), Dimethoxyirityl
{DMT), Methoxymethy] ether (MOM), Methoxytrityl (MMT), p-Methoxybeney! ether (PMB),
p-Methoxypheonyl ether (PMP), Pivaloyl {Piv), Tetrahydropyranyl {THP), Tetrahydrofuran
{THE), Trty! (triphenylmethyl, Tr), Silvl ether (e.g., trimethylsilyl (TMS}, tert-
butyldimethylsilyl (TBDMS), tri-iso-propylsilyloxymethyl {TOM), and tritsopropylsilyl (TIPS)
ethers), a Methy! ether, or an Ethoxyethyl ether (EE). A suitable protecting group for an 1,2-dio]
can be, e.g., acetal. A suitable protecting group for an 1 3-diol can be, e g,
tetraisopropyidisiloxanylidene (TIPDS).

[0482] The deprotection conditions for the above protecting groups necessartly vary with the
choice of protecting group. Thus, for example, an acyl group such as an alkanoyl or
alkoxycarbonyl group or an aroyl group may be removed by, for example, hydrolysis with a
suttable base such as an alkali metal hydroxide, for example hithium or sodium hydroxide.
Alternatively an acyl group such as a tert-butoxycarbony! group may be removed, for example,
by treatment with a suitable acid as hydrochloric, sulfuric or phosphoric acid or trifluoroacetic
acid and an arvimethoxycarbony! group such as a benzyloxycarbonyl group may be removed, for

example, by hydrogenation over a catalyst such as palladium on carbon, or by treatment with a

94
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Lewis acid for example boron tris{trifluoroacetate). A suitable alternative protecting group fora
primary amino group 1s, for example, a phthaloy] group which may be removed by treatment
with an alkylamine, for example dimethylaminopropylamine, or with hydrazine.

[04831 A suitable protecting group for a hydroxy group is, for example, an acy! group, for
example an alkanoyl group such as acetyi, an aroyl group, for example benzoyl, or an arylmethyl
eroup, for example benzyl The deprotection conditions for the above proteciing groups will
necessarily vary with the choice of protecting group. Thus, for example, an acyl group such as an
alkanov! or an arovl group may be removed, for example, by hydrolysis with a suitable base such
as an alkali metal hydroxide, for example lithium, sodium hydroxide or ammonia. Alternatively
an aryimethyl group such as a benzyl group may be removed, for example, by hydrogenation
over a catalyst such as palladium on carbon.

(04841 A suitable protecting group for a carboxy group s, for example, an esterifying group, for
example a methyl or an ethyl group which may be removed, for example, by hydrolysis witha
base such as sodium hydroxide, or for example a tert-butyl group which may be removed, for
example, by treatment with an acid, for example an organic acid such as trifluoroacetic acid, or
for exarople a benzy! group which may be removed, for example, by hydrogenation over a
catalyst such as palladium on carbon.

(0485} Conveniently, the reaction of the compounds is carried out in the presence of a suitable
solvent, which is preferably inert under the respective reaction conditions. Examples of suitable
solvents coraprise but are not liratted to hydrocarbons, such as hexane, petroleurn ether, benzene,
toluene or xvlene; chiormated hydrocarbons, such as trichlorethylene, 1,2-dichloroethane,
tetrachloromethane, chloroform or dichloromethane; alcohols, such as methanol, ethanol,
isopropanol, n-propanol, u-butanol or tert-butanol; ethers, such as diethyl ether, diisopropyl
sther, tetrahydrofuran (THF), Z-methyltetrahydrofuran, cyclopentylmethyl ether (CPME), methyi
tert-butyl ether (MTBE} or dioxane; glycol ethers, such as ethylene glycol monomethyl or
monoethyl ether or ethylene glycol dimethyl ether (diglyme}; ketones, such as acetone,
methylisobutylketone (MIBK) or butanone, amides, such as acetamide, dimethylacetamide,
dimethyHormamide {BMF) or N-methylpyrrolidinone (NMP}; nitriles, such as acetonitrile;
sulfoxides, such as dimethyl salfoxide (DMSO); mitro compounds, such as nitromethane or
nitrobenzene; esters, such as ethyl acetate or methy! acetate, or mixtures of the said solvents or

mixtures with water.
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[04861 The reaction temperature 1s suitably between about -100 °C and 300 °C, depending on the
reaction step and the conditions used.

[0487F Reaction times are generally in the range between a fraction of a minute and several days,
depending on the reactivity of the respective compounds and the respective reaction conditions.
Suitable reaction times are readily determinable by methods known in the art, for example
reaction monttoring. Based on the reaction temperatures given above, suttable reaction times
generally lie 1o the range between 10 minutes and 48 hours.

[0488] Moreover, by utilizing the procedures described herein, in conjunction with ordinary
skills in the art, additional compounds of the present disclosure can be readily prepared. Those
skilled in the art will readily understand that known variations of the conditions and processes of
the following preparative procedures can be used to prepare these compounds.

(04891 As will be understood by the person skilled in the art of organic synthesis, compounds of
the present disclosure are readily accessible by various synthetic routes, some of which are
exemplified in the accompanying examples. The skilled person will easily recognize which kind
of reagents and reactions conditions are to be used and how they are to be applied and adapted n
any particular instance — wherever necessary or useful — in order to obtain the compounds of the
present disclosure. Furthermore, some of the compounds of the present disclosure can readily be
synthesized by reacting other compounds of the present disclosure under suitable conditions, for
mstance, by converting one particular functional group being present in a compound of the
present disclosure, or a suitable precursor molecule thereof, into another one by applying
standard synthetic methods, bke reduction, oxidation, addition or substitution reactions; those
methods are well known to the skilled person. Likewise, the skailed person will apply ~
whenever necessary or useful — synthetic protecting {or protective} groups, suitable protecting
groups as well as methods for introducing and removing them are well-known to the person
skilled 1 the art of chemical synthesis and are described, in more detail, m, e g, PGM. Wuts,
T.W. Greene, “Greene’s Protective Groups 11 Organic Synthesis”, 4th edition (2006} (John
Wiley & Sons).

0490} General routes for the preparation of a compound of the application are described in

Scheme 1 herein.
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Scheme 1
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Biological Assays
[0491] Compounds, scaffolds, or conjugates designed, selected, prepared and/or optimized by
methods described above, once produced, can be characterized using a variety of assays known

o those skilled in the art to determine whether the compounds, scatfolds, or conjugates have

biological activity. For example, the compounds, scaffolds, or conjugates can be characterized by

conventional assays, including but not limited to those assays described below, to determine
whether they have a desired activity, e.g., target binding activity and/or specificity and/or
stability.

(04921 Furthermore, high-throughput screening can be used to speed up analysis using such
assays. As a result, 1t may be possible to rapudly screen the molecules described herein for
activity, using techniques known in the art. General methodologies for performing high-

throughput screeming are described, for example, 1n Devlin (199R) High Throughpd Screening,
> p = p & & p >
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Marcel Dekker; and U.S. Patent No. 5,763,263, High-throughput assays can use one or more
different assay techniques including, but not limited to, those described below.

[0493% Various in vitro or in vivo biclogical assays may be suitable for detecting the effect of the
compounds, scaffolds, or conjugates of the present disclosure. These in vitro or in vive biological
assays can include, but are not limited to, enzymatic activity assays, electrophoretic mobility
shift assays, reporter gene assays, #1 vitro cell viability assays, and the assays described herein.
[04941 In some embodiments, the biological assays are described in the Examples herein.
Pharmaceutical Compaositions

[0495] In some aspects, the present disclosure provides a pharmaceutical composition
comprising a compound, scaffold, or conjugate of the present disclosure as an active ingredient.
[0496] As used herein, the term “composition” is intended to encompass a product comprising
the specified ingredients in the specified amounts, as well as any product which results, direcily
or indirectly, from combination of the specified ingredients in the specified amounts.

[0497} Pharmaceutical compositions suitable for injectable use melude sterile agueous solutions
{where water soluble) or dispersions and sterile powders for the extemporaneous preparation of
sterile iyectable solutions or dispersion. For intravenous adramnistration, suitable carriers melude
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J) or
phosphate buffered saline (PBS). In all cases, the composition must be sterile and should be fluid
to the extent that easy syringeability exists. [t must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating action of microorganisms such as
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for example,
water, ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol,
and the like}, and suitable mixtures thereof. The proper fluidity can be maintained, for example,
by the use of a coating such as lecithin, by the maintenance of the required particle size 1n the
case of dispersion and by the use of surfactants. Prevention of the action of microorganisms can
be aclieved by varous antibactenal and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, thimerosal, and the ke, In many cases, it will be preferable to include
sotonic agents, for example, sugars, polyalcohols such as mannitol and sorbitol, and sodium
chloride in the composition. Prolonged absorption of the injectable compositions can be brought
about by including in the composition an agent which delays absorption, for example, alummmum

monostearate and gelatin.
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[04981 Sterile injectable solutions can be prepared by incorporating the active compound in the
required amount in an appropriate solvent with one or a combination of ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
mcorporating the active compound nto a sterile vehicle that contains a basic dispersion medium
and the required other ingredients from those enumerated above. In the case of sterile powders
for the preparation of sterile injectable solutions, methods of preparation are vacuum drying and
freeze-drying that vields a powder of the active ingredient plus any additional desired ingredient
from a previously sterile-filtered solution thereof

[0499] The formulation of the present disclosure may be in the form of an aqueous solution
comprising an aqueous vehicle. The aqueous vehicle component mayv comprise water and at least
one pharmaceutically acceptable excipient. Sustable acceptable excipients include those selected
from the group consisting of a solubility enhancing agent, chelating agent, preservative, tonicity
agent, viscosity/suspending agent, buffer, and pH modifying agent, and a nmuxture thereof.

(05001 Any suitable solubility enbanciug agent can be used. Exaroples of a solubility enhancing
agent include cyclodexinin, such as those selected from the group consisting of hydroxypropyl-8-
cyclodextrin, methvl-f-eyclodextrin, randomly methylated-B-evclodextrin, ethylated-B-
cyclodextrin, triacetyl-B-cyclodextrin, peracetylated-B-cyclodextrin, carboxymethyi-B-
cyclodextrin, hvdroxyethyl-B-cyclodextrin, 2-hvdroxy-3-(trimethylammoniojpropyl-p-
cyclodextrin, glucosyl-f-cyclodexirin, sulfated B-cyclodextrin (S-$-CD), maltosyl-p-
cyclodextrin, B-eyclodextrin sulfobutyl ether, branched-p-cyclodextrin, hydroxypropyl-y-
cyclodextrin, randomly methylated-y-cyclodextrin, and tumethyl-y-cyclodexinin, and mixtures
thereof.

05011 Any suitable chelating agent can be used. Examples of a suitable chelating agent ynclude
those selected from the group consisting of ethylenediaminetetraacetic acid and metal salts
thereof, disodium edetate, tnsodium edetate, and tetrasodiom edetate, and mixtures thereof
[0502] Any suitable preservative can be used. Examples of a preservative include those selected
from the group consisting of quaternary ammonium salts such as benzalkomum halides
{preferably benzalkonrum chloride), chiorhexidine ghuconate, benzethonium chloride, cetyl
pyridinium chlornide, benzyl bromide, phenylmercury nitrate, phenyvimercury acetate,
phenylmercury nesdecanoate, merthiolate, methylparaben, propylparaben, sorbic acid, potassium

sorbate, sodium benzoate, sodium propionate, ethyl p-hydroxybenzoate, propylammopropyl
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biguanide, and butyl-p-hydroxybenzoate, and sorbic acid, and mixtures thereof.

[05031 The aqueous vehicle may also include a tonicity ageni to adjust the tonicity (osmotic
pressure}. The tonicity agent can be selected from the group consisting of a glveol (such as
propylene glycol, diethylene glycol, triethylene glycol}, glycerol, dextrose, glycerin, mannitol,
potassium chloride, and sodium chioride, and a mixture thereof.

[0504] In order to adjust the formulation to an acceptable pH (typically a pH range of about 5.0
to about 9.0, more preferably about 3.5 to about 8.5, particularly about 6.0 to about 8.5, about 7.0
to about 8.5, about 7.2 to about 7.7, about 7.1 to about 7.9, or about 7.5 to about 8.0}, the
formulation may contain a pH modifying agent. The pH modifying agent is typically a mineral
acid or metal hydroxide base, selected from the group of potassium hydroxide, sodium
hydroxide, and hydrochloric acid, and mixtures thereof, and preferably sodium hydroxide and/or
hydrochloric acid. These acidic and/or basic pH modifying agenis are added to adjust the
formulation to the target acceptable pH range. Hence it may not be necessary to use both acid
and base - depending on the formulation, the addition of one of the acid or base may be sufficient
to bring the mixture to the desired pH range.

(05051 The aqueous vehicle may also contain a buffering agent to stabilize the pH. When used,
the buffer s selected from the group consisting of a phosphate buffer (such as sodum
dibydrogen phosphate and disodium bydrogen phosphate), a borate buffer (such as boric acid, or
salts thereof including disodium tetraborate), a citrate buffer (such as citric acid, or salts thereof
mcluding sodium citrate), and s-aminocaproic acid, and mixtures thereof,

05061 According to a further aspect of the disclosure there 15 provided a pharraceutical
composttion which comprises a compound of the disclosure as defined hereinbefore, or a
pharmaceutically acceptable salt, hydrate or solvate thereof, in association with a
pharmaceutically acceptable diluent or carrier.

05071 The compositions of the disclosure may be in a form suitable for oral use (for example as
tablets, fozenges, hard or soft capsules, agueous or oilly suspensions, emulsions, dispersible
powders or gramtles, syraps or elixirs), for topical use (for example as creams, oiniments, gels,
or aqueous or oily solutions or suspensions), for adminstration by mhalation (for example as a
finely divided powder or a liqaad aerosol), for admmisiration by msufflation (for example as a
finely divided powder) or for parenteral administration (for example as a sterile aqueous or oily

solution for intravenous, subcutaneous, intramuscular, infraperitoneal or intramuscular dosing or
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as a suppository for rectal dosing).

0508} The compositions of the disclosure may be obtained by conventional procedures using
conventional pharmaceutical excipients, well known in the art. Thus, compositions intended for
oral use may contain, for example, one or more colouring, sweeteming, flavouring and/or
preservative agents.

(05091 An effective amount of a compound of the present disclosure for use in therapy 1s an
amount sufficient to treat or prevent an nflammasome related condition referred to herein, siow
its progression and/or reduce the symptoms associated with the condition.

[0510] An effective amount of a compound of the present disclosure for use in therapy s an
amount sufficient to treat an inflammasome related condition referred to herein, slow its
progression and/or reduce the symptoms associated with the condition.

(05117 The size of the dose for therapeutic or prophylactic purposes of a compound of Formula
{1y or (3} will naturally vary according to the nature and severity of the conditions, the age and
sex of the animal or patient and the route of adnunistration, according to well-known principles
of medicine.

Metheods of Use

[0512] In some aspects, the present disclosure provides a method of modulating {e g, reducing
or elininating) the expression of a target gene in a subject, comprising administering to the
subject a conjugate of the present disclosure.

[0513] In some aspects, the present disclosure provides a method of modulating {e.g., reducing
or eliminating) the expression of a target gene n a cell or tissue of a subject, comprising
administering to the subject a conjugate of the present disclosure,

[0514] In some aspects, the present disclosure provides a method of delivering a Nucleic Acid
Agent to a subject, comprising administering to the subject a conjugate of the present disclosure.
05151 In some aspects, the present disclosure provides a method of treating or preventing a
disease 1n a subject in need thereof, comprising administering o the subject a therapeutically
effective amount of a conjugate of the present disclosure.

[0516] In some aspects, the present disclosure provides a conjugate of the present disciosure for
modulating {e.g., reducing or ehiminating) the expression of a target gene in a subject.

[0517] In some aspects, the present disclosure provides a conjugate of the present disclosure for

modulating {e.g., reducing or eliminating) the expression of a target gene in a cell or tissue of a
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subject.

0518} In some aspects, the present disclosure provides a conjugate of the present disclosure for
delivering a Nucleic Acid Agent 10 a subject.

[0519] In some aspects, the present disclosure provides a conjugate of the present disclosure for
treating or preventing a disease in a subject in need thereof.

(05201 In some aspects, the present disclosure provides use of a conjugate of the present
disclosure in the manufacture of a medicament for modulating {e.g., reducing or eliminating) the
expression of a target gene in a subject.

[0521] In some aspects, the present disclosure provides use of a conjugate of the present
disclosure in the manufacture of a medicament for modulating (e g., reducing or eliminating) the
expression of a target gene in a cell or tissue of a subject.

(0522} In some aspects, the present disclosure provides use of a conjugate of the present
disclosure in the manufacture of a medicament for delivering a Nucleic Acid Agent to a subject.
(05237 In some aspects, the present disclosure provides use of a conjugate of the present
disclosure in the manufacture of a medicament for treating or preventing a disease in a subject in
need thereof.

5241 In some embodiments, the subject 1s a cell.
525] In some embodiments, the subject 15 a tissue,
52

fo
(03
[0526] In some embodiments, the subject 1s a human,

(0527} In some embodiments, the target gene is Factor VI, Eg$, PCSK9, TPXZ, apoB, SAA,
TTR, HBV, HCV, RSV, PDGF beta gene, Erb-B gene, Src gene, CRE gene, GRB2 gene, RAS
gene, MEKK gene, INK gene, RAF gene, BErk1/2 gene, PCNA(p21} gene, MYB gene, JUN gene,
FOS gene, BOL-2 gene, Cychn D gene, VEGF gene, EGFR gene, Cychlin A gene, Cychn E gene,
WNT-1 gene, beta-catenin gene, o-MET gene, PKC gene, NFKB gene, STAT3 gene, survivin
gene, HerZ/Neu gene, topotsomerase 1 gene, topoisomerase If alpha gene, p73 gene,

p2 I{WAF1/CIP1) gene, p27(KIP1) gene, PPMID gene, RAS gene, caveolin I gene, MIB 1 gene,
MTAT gene, MO8 gene, mutations 1n furmnor SUppressor genes, p33 tumor suppressor gene,
LEPHA, or any combination thereof.

[0528] In some embodiments, the disease characterized by unwanted expression of the target
gene.

[0529] In some embodiments, the administration resulis in reduced or eliminated expression of
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the target gene in the subject.

[0530] In some embodiments, the disease is a viral infection, e g, an HCV, HBY, HPV, HSV or
HIV infection.

[0531] In some embodiments, the disease is cancer.

0532} In some embodiments, the cancer is biliary tract cancer, bladder cancer, transitional cell
carcinoma, urothehial carcinoma, brain cancer, ghiomas, astrocytomas, breast carcinoma,
metaplastic carcinoma, cervical cancer, cervical squamous cell carcinoma, rectal cancer,
colorectal carcinoma, colon cancer, hereditary nonpolyposis colorectal cancer, colorectal
adenocarcinomas, gastrointestinal stromal tumors (GISTs), endometrial carcinoma, endometrial
stromal sarcomas, esophageal cancer, esophageal squamous cell carcinoma, esophageal
adenocarcinoma, ocular melanoma, uveal melanoma, gallbladder carcinomas, galibladder
adenocarcinoma, renal cell carcinoma, clear cell renal cell carcinoma, transitional cell
carcinoma, urothelial carcinomas, wilms tumor, leukemia, acute lymphocytic leukemia (ALL),
acute myeloid leukemia (AML), chronie lymphocytic (CLL), chronic rmyeloid (CML), chronic
myelomonocytic {CMML), liver cancer, fiver carcinoma, hepatoma, hepatoceliular carcinoma,
cholangiocarcinoma, hepatoblastorna, Lung cancer, von-small cell lung cancer (NSCLC),
mesotheliona, B-cell lymphomas, non-Hodgkin lyrmphoma, diffuse large B-cell lymphoma,
Mantle cell lymphoma, T-cell lymphomas, non-Hodgkin lymphoma, precursor T-lymphoblastic
iymphoma/lenkemia, peripheral T-cell lymphomas, multiple myeloma, nasopharvngeal
carcinoma {(NPC), neuroblastoma, oropharyngeal cancer, oral cavity squamous cell carcinomas,
0Stensarcoma, Ovarian Carcingma, pancreatic cancer, pancreatic ductal adenocarcinoma,
pseudopapillary neoplasms, acinar cell carcinomas. Prostate cancer, prostate adenocarcinoma,
skin cancer, melanoma, malignant melanoma, cutanecus melanoma, small intestine carcinomas,
stomach cancer, gastric carcinoma, gastrointestinal stromal tumor (GIST), uterine cancer, or
pierine sarcoma.

[0533] In some embodiments, the cancer is liver cancer, liver carcinoma, hepatoma,
hepatoceilular carcinoma, cholangiocarcinoma, or hepatoblastoma.

[0534] In some embodiments, the disease 15 a proliferative, inflammatory, avtoimmune,
neurologic, ocular, respiratory, metabolic, dermatological, auditory, liver, kidney, or infectious
disease. In some embodiments, the disease is a disease of the liver.

Definitions
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[05351 Unless otherwise stated, the following terms used in the specification and claims have the
following meanings set out below.

05361 Without wishing to be limited by thus statement, 1t is undersiocod that, while various
options for variables are described herein, the disclosure intends to encompass operable
embodiments having combinations of the options. The disclosure may be interpreted as
exchuding the non-operable embodiments caused by certain combinations of the options.

[0537% As used herein, “alkyl”, “Ci, G, Cs, C4, Cs or Ts alkyl” or “C1-Co alkyl” is intended to
mclude Cy, Cs, Cs, Cy, Us or Cp straight chain {linear) saturated aliphatic hydrocarbon groups and
Cs, Cy, Cs or Cs branched saturated aliphatic hydrocarbon groups. For example, C-C;, alkyl is
mtends to include C,, C,, U5, Ty, Cs and C; alkyl groups. Examples of alkyl include, moieties
having from one to six carbon atoms, such as, but not limited to, methyl, ethyl, n-propyl,
-propyl, n-butvl, s-butyl, t-butyl, n-peniyl, i-pentyl, or n-hexyl In some embodiments, a straight
chain or branched alky! has six or fewer carbon atoms {e.g., C1-Cs for straight chain, C:-Cs for
branched chain), and in another embodiment, a straight chain or branched alkyl has four or fewer
carbon atoms.

[0538] As used herein, the term “optionally substituted alky!l” refers to unsubstituted alkyl or
alkyl having designated substituents replacing one or more hydrogen atoms on one or more
carbons of the hydrocarbon backboune. Such substituents can include, for example, alkyl, alkenyi,
alkynyi, halogen, hydroxyl, alkyicarbonyloxy, arvicarbonvioxy, alkoxycarbonyloxy,
aryloxvcarbonyloxy, carboxylate, alkylcarbonyl, arvicarbonyl, alkoxycarbonyl, armnocarbonyl,
albytamunocarbonyl, dialkylanminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate, phosphonato,
phosphinato, amino (including alkylamine, dialkylamino, arylamine, diarvlamino and
alkyvlarylammo}, acylamino (inclodimg atkylearbonylamino, aryicarbonylamine, carbamoyl and
ureido), amidine, mmine, sulfhyvdryi alkylthio, aryithio, thiccarboxylate, sulfates, alkylsulfinyl,
suffonato, sulfamoyl, sulfonamide, mitro, trifluoromethyl, cyano, azdo, heterocyclvl, alkylaryl,
or an aromatic or heteroaromatic moiety.

[0539] As used herein, the term “alkenyl” includes unsaturated aliphatic groups analogous in
iength and possible substitution o the alkyls described above, but that contain at least one double
bond. For example, the term “alkenyl” includes straight chain alkeny! groups {e.g., ethenyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenvl), and branched alkenv!

groups. In some embodiments, a straight chain or branched alkeny! group has six or fewer
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carbon atoms in its backbone {e.g., C2-Cs for straight chain, (3-Cs for branched chain). The term
“C3-Ce” includes alkenyl groups containing two to six carbon atoms. The term “{5-Cs” includes
alkeny! groups containing three to six carbon atoms.

[0540] As used herein, the term “optionally substituted alkenyl” refers to unsubstituted alkenyl
or alkenyl having designated substituents replacing one or more hydrogen atoms on one or more
hydrocarbon backbone carbon atoms. Such substituents can include, for example, alkyl, alkenyl,
alkynyl, halogen, hydroxyl, alkylcarbonyloxy, arvicarbonyloxy, atkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylearbonyl, arvicarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkyithiocarbonyl, alkoxyl, phosphate, phosphonato,
phosphinato, amino (including alkylamine, dialkylamino, arylamino, diarvlamino and
alkylarylaming}, acylamino (including alkvlcarbonylamine, aryicarbonylamine, carbamoyl and
ureido), amidino, imino, sulthydryi alkylthio, aryithio, thiocarboxylate, sulfates, alkylsulfinyl,
sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cvano, heterocyclyl, alkylaryl, or an
aromatic or heteroaromatic moiety.

(05411 As used hereiy, the term “alkyoyl” includes unsaturated aliphatic groups analogous in
iength and possible substitution to the alkyls described above, but which contain at least one
triple bond. For example, “alkynyl” includes straight chain alkynyl groups {e.g., ethynyl,
propynyl, butyoyl, pentynyl, hexyoyl, heptynyl, octynyl, nonynyl, decynyl), and branched
alkynyi groups. To some embaodiments, a straight chain or branched alkyny] group has six or
fewer carboun atoms i its backbone {e.g., C2-Co for straight chain, C3-Cs for branched chain).
The term “-Cs” mcludes alkvnyl groups containing two to six carboun atorns. The term “Ca~C¢”
meludes atkyny! groups containing three to six carbon atoms. As used heremn, “{r-Cs alkenyleng
huker” or “Cy-Ce alkynylene hinker” 13 intended to include Cy, Cs, 4, Cs or Cg chain {linear or
branched} divalent unsaturated aliphatic hydrocarbon groups. For example, C,-C alkenylene
fiuker 18 mtended to include Ca, Cs, Cy, Cs and Cs alkenylene linker groups.

05421 As used herein, the term “optionally substituted alkynyl” refers to unsubstituted atkynyl
or alkynyl having designated substituents replacing one or more hydrogen atoms on one or more
hydrocarbon backbone carbon atoms. Such substituents can mnclude, for example, alkyl, alkenyl,
alkvnyi, halogen, hydroxyl, alkylcarbonyloxy, arylcarbonvioxy, alkexycarbonyloxy,
arvloxycarbonyloxy, carboxylate, alkyvlcarbonyl, arylcarbonyl, atkoxycarbonyl, aminocarbonyl,

alkviaminocarbonyl, diatkylaminocarbonyl, alkyithiocarbonyl, alkoxyl, phosphate, phosphonato,
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phosphinato, amino {including alkylamine, dialkylamine, arylamino, diarylamine and
alkvlarylamine}, acylamino (including alkylcarbonylamine, aryicarbonylamino, carbamoyl and
ureido), anudino, iming, sulfhvdrvi) atkylthio, arylthio, thiscarboxylate, sulfates, alkylsulfinyl,
sulfonato, sulfamoyl, sulfonamide, niiro, rifluoromethyl, cyano, azido, heterocyclyl, alkylaryl,
or an aromatic or heterocaromatic motety.

05437 Other optionally substituted moieties {such as optionally substituted cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl} include both the unsubstituted moieties and the moieties
having one or more of the designated substituents. For example, substituted heterocycloalkyl
includes those substituted with one or more alkyl groups, such as 2,2.6,6-tetramethyl-piperidinyl
and 2,2.6,6-tetramethyi-1 2 3 6-tetrahydropyridinyl

[0544% As used herein, the term “cycloalkyl” refers to a saturated or partially unsaturated
hydrocarbon monocyclic or polycyclic {e.g, fused, bridged, or spiro rings) system having 3 o 30
carbon atoms {e.g., C3-Ciz, Ca-Cio, or C3-Cg). Examples of cycloalkyl include, but are not limited
to, cvclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclopentenyl,
cyclohexenyl, cycloheptenyl, 1,2,3,4-tetrahydronaphthalenyl, and adamantyl. To the case of
polyeyelic cveloalkyl, only one of the rings 0 the cyvcloaikyl needs to be non-aromatic.

05457 As used herein, the terro “heterocycloalkyt” refers to a saturated or partially unsaturated
3-8 membered monocyclhc, 7-12 membered bicyclic (fused, bridged, or spiro rings), or 11-14
membered tricyclic ring system {fused, bridged, or spiro rings) having one or more heteroatoros
{suchas O, N, §, P, orSe), e, tor 1-2 0r 1-3 or -4 or 1-5 or 1-6 hetercatoms, ore.g. | 1, 2, 3,
4, 5, or & heteroatoms, independently selected from the group consisting of nitrogen, oxygen and
sulfur, unless specified otherwise. Examples of heterocycloalkyl groups include, but are not
Hmited to, pipendinyl, piperazinyl, pyrrohdinyl, dioxanyl, tetrahydrofuranyl, 1somdoling,
mdolinyl, imidazolidinyl, pyrazolidinyi, oxazolidinyl, isoxazolidinyi, triazolidinyl, oxiranyl,
azetidinyl, oxetanyl, thietanyi, 1,2,3,6-tetrahydropyridinyl, tetrahydropyranyl, dihydropyranyl,
pyranyl, morpholinyi, tetrahydrothiopyranyi, 1,4-diazepanyl, 1,4-oxazepanyl, 2-oxa-5-
azabicyclof2.2. 1 heptanyl, 2,5-drazabicyelof 2.2, TTheptanyl, 2-oxa-6-azaspiro]3.3 fheptanyl, 2,6-
digzaspiro[3 3lheptanyl, 1,4-dioxa-8-azaspirof[4. 5{decanyl, 1,4-dioxaspiro[4.5]decanyl, 1-
oxaspirof4. Sjdecanyl, -azaspiro{4.5}decanyl, 3'H-spirofcyclohexane-1,1isobenzofurani-yl,
T'H-spirofcyclohexane-1,5-furo[3 4-blpyridini-yl, 3'H-spiro{eyclohexane-1,1'-furof3,4-

clpyridin}-yl, 3-azabicyclo{3.1.Cthexanyl, 3-azabicyelo[3.1.0thexan-3-vl, 1,4,5,6-
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tetrahvdropyrrolo[3,4-clpyrazolyl, 3,4,5,6,7 8-hexahydropyridof4,3-dipyrimidinyl, 4,5,6,7-
tetrahydro-1H-pyrazolo[3 4-clpyridinyl, 5,6,7 8-tetrahydropyridof4,3-dlpyrimidinyl, 2-
azaspiro|3.3lheptanyl, 2-methyl-2-azaspiro[3.3 theptanyl, Z-azaspiro[3. Sinonanyl, 2-methyl-2-
azaspiro{3.5]nonanyl, 2-azaspirol[4.5]decanyl, 2-methyl-2-azaspiro{4. S]decanyl, 2-oxa-
azaspirof3.4]octanyl, 2-oxa~-azaspiro[3.4joctan-6-yi, 5,6-dihvdro-4H-cyclopentafbithiophenyl,
and the like. In the case of multicyclic heterocycloalkyl, only one of the rings in the
heterocycloalkyl needs to be non-aromatic {e.g., 4,5,6,7-tetrahydrobenzo{clisoxazolyl).

[0546] As used herein, the term “aryl” includes groups with aromaticity, including “conjugated,”
or multicyclic systems with one or more aromatic rings and do not contain any hetercatom in the
ring structure. The term aryl includes both monovalent species and divalent species. Examples of
ary!l groups include, but are not limited to, phenyl, biphenyl, naphthy! and the like. Conveniently,
an aryl is phenyl

[0547] As used herein, the term “hetercaryl” is intended to include a stable 5- 6-, or 7-
menmbered monocychic or 7~ §~, 9-, 10-, 11- or 12-membered bicyclic aromatic heterocyclic ring
which consists of carbon atoms and one or more heteroatoms, e.g, lor -2 or -3 or 1-d or 1-5
or 1-6 heteroatoms, or e.g., 1, 2, 3, 4, 5, or 6 heteroatoms, independently selected from the group
consisting of nutrogen, oxygen and sulfur. The nitrogen atom may be substituted or unsubstituted
{i.e., N or NR wherein R 13 H or other substituents, as defined). The nitrogen and sulfur
heteroatoms roay optionally be oxidised (F.e., N—=O and S{O)y, wherep=10r 2) Ttistobe
noted that total number of 8§ and O atoms in the aromatic heterocycle 15 not more than 1.
Examples of heteroaryl groups include pyrrole, furan, thiophene, thiazole, isothiazole, imidazole,
triazole, tetrazole, pyrazole, oxazole, isoxazole, 1sothiazole, pyridine, pyrazine, pyridazine,
pyrimidine, and the like. Heteroarvl groups can also be fused or bridged with alicyclic or
heterocyclic rings, which are not aromatic 50 as to form a multieyclic system {e.g., 4.5,6,7-
tetrahydrobenzo[clisoxazolyl). In some embodiments, the hetercaryl is thiophenyl or
benzothiophenyl. In some embodiments, the hetercaryl is thiophenyl. In some embodiments, the
heteroaryl benzothiophenyl

05481 Furthermore, the terms “aryl” and “heteroaryl” mclude multicyelic aryl and heterocaryl
groups, 2.g., tricyche, bicyclic, e.g., naphthalene, benzoxazole, henzodioxazole, benzothiazole,
benzoimidazole, benzothiophene, quinoline, isoquinoline, naphthrydine, ndole, benzofuran,

purine, benzofuran, deazapurine, indohzine.
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[0549% The cycloalkyl, heterocycloalkyl, arvl, or heteroary! ring can be substituied at one or
more ring positions (e.g., the ring-forming carbon or heteroatom such as N} with such
substituents as described above, for example, alkyl, alkenyl, alkynvi, halogen, hydroxyl, alkoxy,
alkvicarbonyloxy, arvicarbonyioxy, alkoxycarbonyioxy, aryloxycarbonyloxy, carboxylate,
alkylcarbonyl, alkylaminocarbonyl, aralkylaminocarbonyl, alkenylaminocarbonyl, altkylecarbonyl,
arylcarbonyl, aralkylcarbonyl, alkenylcarbonvl, alkoxycarbonyl, aminocarbonyl,
alkylthiocarbonyl, phosphate, phosphonato, phosphinato, amino {(including alkylamino,
diatkylamino, arylamino, diaryvlamino and alkylarylamine}, acylamino (including
alkyicarbonylamino, aryicarbonylamino, carbamovi and ureido), amidino, iming, sutfhydryl,
alkvithio, arylthio, thiocarboxylate, sulfates, alkvisulfinyl, sulfonato, sulfamoyl, sulfonamido,
nitro, triflucromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
motety. Aryl and heteroaryl groups can also be fused or bridged with alicyclic or heterocyclic
rings, which are not aromatic so as to form a multicyclic system {e.g., tetralin,
methylenedioxyphenyl such as benzo[d}[ 1,3 ]dioxole-5-y1).

055071 As used herein, the term “substituted,” means that any one or more hydrogen atoms on
the designated atom 1s replaced with a selection from the mdicated groups, provided that the
designated atom’s normal valency 1s not exceeded, and that the substitution results i a stable
compound. When a substituent is oxo or keto {1.e., =0), then 2 hydrogen atoms on the atom are
replaced. Keto substituents are not present on aromatic moieties. Ring double bonds, as used
herein, are double bonds that are formed between two adjacent ring atoms {e.g., C=C, C=Nor
N=N). “Stable compound” and “stable structure” are meant to indicate a compound that 15
sufficiently robusi to survive 1solation to a useful degree of purity from a reaction mixture, and
formulation mto an efficacious therapeutic agent.

(05511 When a bond to a substituent 15 shown {0 cross a bond connecting two atoms in a ring,
then such substituent may be bonded to any atom in the ring. When a substituent is listed without
mdicating the atom via which such substituent is bonded to the rest of the compound of a given
formula, then such substituent may be bonded via any atom i such formula. Combinations of
substituents and/or variables are permissible, but only if such combinations result in stable
compounds.

[0552F When any variable {e.g., R} occuss more than one time 1n any constituent or formula fora

compound, its definttion at each occurrence is independent of its definition at every other
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occurrence. Thus, for example, if a group is shown to be substituted with 0-2 R moieties, then
the group may optionally be substituted with up to two R moieties and R at each occurrence is
selected independently from the definition of R Also, combinations of substituents and/or
variables are permissible, but only if such combinations result in stable compounds.

05531 As used herein, the term “hydroxy” or “hydroxyl” includes groups with an -OH or -0
05541 As used herein, the term “halo” or “halogen” refers to fluoro, chloro, bromo and 1odo.
05551 The term “haloalky!” or “haloalkoxy!l” refers to an alky! or alkoxyl substituted with one
or more halogen atoms.

[0556] As used herein, the term “optionally substituted haloalky!” refers to unsubstituted
haloalkyl having designated substituents replacing one or more hydrogen atoms on one or more
hydrocarbon backbone carbon atoms. Such substituents can include, for example, alkyl, alkenyi,
alkvnyi, halogen, hydroxyl, alkyicarbonyloxy, arylearbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkyiaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbony!, alkoxyl, phosphate, phosphonato,
phosphinate, amno (including alkvlamino, dialkylamivo, arylamino, diarylamino and
alkvlarylamio}, acylanuno (including alkylcarbouylamino, arvicarbonylaruino, carbamoyl and
ureido), anudine, mino, sulfhydrvi, alkylthio, arvithuo, thiocarboxylate, sulfates, alkylsulfinyl,
sulfonato, sulfamoyl, sulfonamido, nitro, triflucromethyl, cyano, azido, heterocyelyl, alkylaryl,
or an aromatic or heteroaromatic moiety.

(05571 As used herein, the term “alkoxy” or “alkoxy!” includes substituted and unsubstituted
alkyl, alkenyl and alkyoyi groups covalently attached to an oxvgen atora, Examples of alkoxy
groups or alkoxy! radicals inchude, but are not limited to, methoxy, ethoxy, 1sopropyloxy,
propoxy, butoxy and pentoxy groups. Examples of substituted alkoxy groups mclude
halogenated alkoxy groups. The alkoxy groups can be substituted with groups such as alkenyl,
alkyuyi, halogen, hydroxyl, alkyicarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxyearbonyloxy, carboxylate, alkyicarbonyl, arylcarbonyl, alkoxycarbonyl, ammocarbonyi,
alkyiaminocarbonyl, dislkylaminocarbonyl, alkyithiocarbonyl, alkoxyl, phosphate, phosphonato,
phosphimato, amine (including alkylamino, dialkylamino, arylamine, diarvlamino, and
alkyvlarylammo}, acylamino (inclodimg atkylearbonylamino, aryicarbonylamine, carbamoyl and
ureido), amudino, iming, sulfhvdrvi) atkylthio, arylthio, thiscarboxylate, sulfates, alkylsulfinyl,

sulfonato, sulfamoyl, sulfonamide, niiro, rifluoromethyl, cyano, azido, heterocyclyl, alkylaryl,
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or an aromatic or heteroaromatic moieties. Examples of halogen substituted alkoxy eroups
mclude, but are not himited to, fluoromethoxy, diftuoromethoxy, trifluoromethoxy,
chloromethoxy, dichloromethoxy and trichloromethoxy.

[0558] As used herein, the expressions “one or more of A, B, or C,” “one or more A, B, or 7
“one or more of A, B, and C,” “one or more A, B, and C,” “selected from the group consisting of
A, B, and C7, “selected from A, B, and C7, and the like are used interchangeably and all refer to
a selection from a group counsisting of A, B, and/or C, 1.e., one or more As, one or more Bs, one
or more Cs, or any combination thereof, unless indicated otherwise.

[0559] It is to be undersiood that the present disclosure provides methods for the synthesis of the
compounds, scaffolds, and conjugates described herein. The present disclosure also provides
detailed methods for the synthesis of various disclosed compounds, scaffolds, and conjugates
according to the schemes herein as well as those shown in the Examples.

[0560] It is to be understood that, throughout the description, where compositions are described
as having, including, or comprising specific components, it 1s conternplated that compositions
also consist essentially of, or consist of, the recited components. Similarly, where methods or
processes are described as having, mncluding, or comprising specific process steps, the processes
also consist essentially of, or consist of, the recited processing steps. Further, 1t should be
understood that the order of steps order for performing certain actions is immaterial so fong as
the invention remains operable. Moreover, two or more steps or actions can be conducted
simultansously.

05611 H s to be understood that the synthetic processes of the disclosure can tolerate a wide
vartety of functional groups, therefore various substituted starting materials can be used. The
processes generally provide the desired final compound at or near the end of the overall process,
although it may be desirable i certain instances 1o further convert the compound to a
pharmaceutically acceptable salt thereof.

[0562] It 1s to be understood that compounds, scaffolds, and conjugates of the present disclosure
can be prepared n a variety of ways using commercially available starting materials, compounds
known in the hierature, or from readily prepared intermediates, by employing standard synthetic
methods and procedures etther known to those skilled in the ari, or which will be apparent to the
skilled artisan i light of the teachings herein. Standard synthetic methods and procedures for the

preparation of organic molecules and functional group transformations and manipulations can be
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obtained from the relevant scientific literature or from standard textbooks in the field. Although
not limited to any one or several sources, classic fexts such as Smith, M. B, March, J., March's
Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, 5% edition, John Wilev &
Sons: New York, 2001; Greene, T.W., Wuts, P.G. M., Profective Groups in Organic Synthesis,
39 edition, John Wiley & Sons: New York, 1999; R. Larock, Comprehensive Organic
Transformarions, VCH Publishers (1989); L. Fieser and M. Fieser, Fieser and Fieser's Reagents
Jorganic Synthesis, John Wiley and Sons (1994); and L. Paquette, ed., Encyclopedia of Reagents
Jorganic Synthesis, John Wiley and Sons (1993), incorporated by reference herein, are useful and
recognized reference textbooks of organic synthesis known to those in the art

(05631 One of ordinary skill in the art will note that, during the reaction sequences and synthetic
schemes described herein, the order of certain steps may be changed, such as the imtroduction
and removal of protecting groups. One of ordinary skill in the art will recognize that certain
groups may require protection from the reaction conditions via the use of protecting groups.
Protecting groups may also be used to differentiate similar functional groups i molecules. A list
of protecting groups and how to miroduce and remove these groups can be found 1 Greene,
TW., Wuts, P.G. M., Protective Groups in Organic Synthesis, 3% edition, John Wiley & Sons:
New York, 1999,

(056471 | is to be understood that, unless otherwise stated, any description of a method of
treatment or prevention includes use of the compounds, scaffolds, and conjugates to provide such
treatment or prevention as is described herein. Tt 1s to be further understood, unless otherwise
stated, any description of a method of treatment or prevention includes use of the compounds,
scaffolds, and conjugates to prepare 8 medicament 1o freat or prevent such condition. The
treatment or prevention includes treatment or prevention of human or non-human animals
mchuding rodents and other disease models.

[0365] 1t 1s to be understood that, unless otherwise stated, any description of a method of
treatment includes use of the compounds, scaffolds, and conjugates to provide such treatment as
15 described herein. It is to be further endersiood, unless otherwise stated, any description of a
method of treatment ncludes use of the compounds, scaffolds, and conjugates o prepare a
medicament to treat such condition. The treatment mcludes treatment of human or non-human
animals mcluding rodents and other disease models.

05661 As used herein, the term “subject” is interchangeable with the term “subject in need
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thereot”, both of which refer to a subject having a disease or having an increased rigk of
developing the disease. A “subject” includes a mammal The mammal can be e.g., a human or
appropriate non-human mammal, such as primate, mouse, rat, dog, cat, cow, horse, goat, camel,
sheep or a pig. The subject can also be a bird or fowl In some embodiments, the mammal s a
human. A subject in need thereof can be one who has been previcusly diagnosed or identified as
having a disease or disorder disclosed herein. A subject in need thereof can also be one who s
suffering from a disease or disorder disclosed herein. Alternatively, a subject in need thereof can
be one who has an increased risk of developing such disease or disorder relative to the
population at large (i.e., a subject who is predisposed to developing such disorder relative to the
population at large). A subject in need thereof can have a refractory or resistant a disease or
disorder disclosed herein (i.e, a disease or disorder disclosed herein that does not respond or has
not vet responded to treatment). The subject may be resistant at start of treatment or may become
resistant during treatment. In some embodiments, the subject in need thereof received and failed
all known effective therapies for a disease or disorder disclosed herein. In some embodiments,
the subject in need thereof received at least one prior therapy.

[0567] As used herein, the term “treating” or “treat” describes the management and care of a
patient for the purpose of combating a disease, condition, or disorder and mncludes the
admirustration of a compound of the present disclosure, or a pharmaceutically acceptable salt,
polymorph or solvate thereof, to alleviate the syraptoms or complications of a disease, condition
or disorder, or to eluninate the disease, condition or disorder. The term “treat” can also include
treatment of a cell @ vitro or an anmmal model It 1s to be appreciated that references to “treating”
or “treatment” mclude the alleviation of established symptoms of a condition. “Treating”™ or
“treatment” of a state, disorder or condition therefore includes: (1) preventing or delaving the
appearance of chinical symptoms of the state, disorder or condition developing in a human that
may be afflicted with or predisposed to the state, disorder or condition but does not vet
experience or display chinical or subclinical symptoms of the state, disorder or condition, {2)
mhibiting the state, disorder or condition, 1.e., arresting, reducing or delayving the development of
the disease or a relapse thereof (in case of maintenance treatment} or at least one clinical or
subclinical symptom thereof, or (3) relieving or attenuvating the disease, 1.e., causing regression
of the state, disorder or condition or at least one of its clinical or subclinical symptoms.

[0568] 1t 1s to be understood that compounds, scaffolds, and conjugates of the present disclosure,
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or a pharmaceutically acceptable salt, polymorph or solvate thereof, can or may also be used to
prevent a relevant disease, condition or disorder, or used to identify suitable candidates for such
purposes.

[05691 As used herein, the term “preventing,” “prevent,” or “protecting against” describes
reducing or eliminating the onset of the symptoms or complications of such disease, condition or
disorder.

[05701 k is to be understood that the present disclosure also provides pharmaceutical
compositions comprising any compound, scaffold, or conjugate described herein in combination
with at least one pharmaceutically acceptable excipient or carrier.

(05711 As used herein, the term “pharmaceutical composition” 1s a formulation containing the
compounds, scaffolds, or conjugates of the present disclosure in a form suitable for
administration to a subject. In some embodiments, the pharmaceutical composition is in bulk or
in unit dosage form. The unit dosage form is any of a variety of forms, including, for example, a
capsule, an IV bag, a tablet, a single pump on an aerosol inhaler or a vial The quantity of active
ingredient {e.g., a formulation of the disclosed compound or salt, hydrate, solvate or isomer
thereof) it a unit dose of composition 1s an effective amount and 15 varied according to the
particular treatment nmvolved. One skilled m the art will appreciate that 1t 1s sometimes necessary
to make routine variations to the dosage depending on the age and condition of the patient. The
dosage will also depend on the route of admnistration. A variety of routes are contemplated,
mcluding oral, pulmonary, rectal, parenteral, transdermal, subcutaneous, ntravenous,
mtramuscular, intraperitoneal, inhalational, buccal, sublingual, intrapleural, intrathecal,
intranasal, and the like. Dosage forms for the topical or transdermal administration of a
compound of this disclosure include powders, sprays, omtments, pastes, creams, lotions, gels,
solutions, patches and inhalants. In some embodiments, the active compound 1s mixed under
sterife conditions with a pharmaceutically acceptable carrier, and with any preservatives, buffers,
or propeliants that are required.

(05721 As used herein, the term “pharmaceutically acceptable” refers to those compounds,
scaffolds, conjugates, antons, cations, matenials, compositions, carriers, and/or dosage forms
which are, within the scope of sound medical judgment, suitable for use in contact with the
tissues of human beings and animals without excessive toxicity, irritation, allergic response, or

other problem or complication, commensurate with a reasonable benefit/risk ratic.
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[05731 Asused herein, the term “pharmaceutically acceptable exciptent” means an excipient
that is useful in preparing a pharmaceutical composition that is generally safe, non-toxic and
neither biologically nor otherwise undesirable, and includes excipient that is acceptable for
veterinary use as well as human pharmaceutical use. A “pharmaceutically acceptable excipient”
as used in the specification and claims includes both one and more than one such excipient.
(05741 i 1s to be understood that a pharmaceutical composition of the disclosure s formulated to
be compatible with its intended route of admirustration. Examples of routes of administration
mclude parenteral, e.g., intravenous, intradermal, subcutaneous, oral {e.g., ingestion), inhalation,
transdermal (topical), and transmucosal administration. Solutions or suspensions used for
parenteral, intradermal, or subcutaneous application can include the following components: a
sterife diluent such as water for injection, saline solution, fixed oils, polyethylene glycols,
glycerin, propylene glyeol or other synthetic solvents; antibacterial agents such as benzyl alcohol
or methyl parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such
as ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates, and agents for
the adjustment of tomcity such as sodium chloride or dextrose. The pH can be adjusted with
acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral preparation can be
enclosed m aropoules, disposable syringes or multiple dose vials made of glass or plastic.

[0575] Tt 1s to be understood that a compound or pharmaceutical composition of the disclosure
can be administered to a subject in many of the well-known methods currently used for
chemotherapeutic treatment. For example, a compound of the disclosure may be injected into the
blood stream or body cavities or taken orally or apphed through the skin with patches. The dose
chosen should be sufficient to constitute effective treatment bui not so high as to cause
unacceptable side effects. The state of the disease condition {e.g., 3 disease or disorder disclosed
herein) and the health of the patient should preferably be closely mounitored during and for a
reasonable period after treatment.

[0576] As used herein, the term “therapeutically effective amount”, refers to an amount of a
pharmaceutical agent to treat, ameliorate, or prevent an identified disease or condition, or to
exhibit a detectable therapeutic or mhibitory effect. The effect can be detected by any assay
method known i the art. The precise effeciive amount for a subject will depend upon the
subject’s body weight, size, and health; the nature and extent of the condition; and the

therapeutic or combination of therapeutics selected for administration. Therapeutically effective
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amounis for a given situation can be determined by routine experimentation that is within the
skill and judgment of the clinician.

[0577% As used herein, the term “therapeuiically effective amount”, refers to an amount of a
pharmaceutical agent to treat or ameliorate an identified disease or condition, or to exhibita
detectable therapeutic or inhibitory effect. The effect can be detected by any assay method
known 1n the art. The precise effective amount for a subject will depend upon the subject’s body
weight, size, and health; the nature and extent of the condition; and the therapeutic or
combination of therapeutics selected for adnumstration. Therapeutically effective amounts for a
given situation can be deternuned by routine experimentation that is within the skill and
judgment of the clinician.

05781 I}t is to be understood that, for any compound, the therapeutically effective amount can be
estimated initially either in cell culture assays, e.g., of neoplastic cells, or in animal models,
usually rats, mice, rabbits, dogs, or pigs. The animal model may also be used to determine the
appropriate concentration range and route of admimstration. Such information can then be used
to determine useful doses and routes for admunustration wn huroans, Therapeutic/prophylactic
efficacy and toxicity may be determined by standard pharmaceutical procedures i cell cultures
or experinental amimals, e.g., EDso (the dose therapeutically effective in 50 % of the population)
and LDso (the dose lethal to 30 % of the population). The dose ratio between toxic and
therapeutic effects 1s the therapeutic index, and it can be expressed as the ratio, LD so/EDso.
Pharmoaceutical compostiions that exhibit large therapeutic indices are preferred. The dosage may
vary within this range depending upon the dosage form emploved, sensitivity of the patient, and
the route of administration.

05791 Drosage and admimstration are adjusted to provide sufficient levels of the active agent(s)
or to maintain the desired effect. Factors which may be taken into account include the sevenity of
the disease state, general health of the subject, age, weight, and gender of the subject, diet, time
and frequency of admimstration, drug combination{s}, reaction sensttivities, and
iolerance/response to therapy. Long-acting pharmaceutical compositions may be administered
every 3 to 4 days, every week, or once every two weeks depending on half-hife and clearance rate
of the particular formulation.

[0580% The pharmaceutical compositions containing active compounds of the present disclosure

may be manufactured in a manner that is generally known, e.g., by means of conventional
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mixing, dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating,
entrapping, or lvophilizing processes. Pharmaceutical compositions may be formulated ina
conventional manner using one or more pharmaceutically acceptable carriers comprising
excipients and/or auxiliaries that facilitate processing of the active compounds mto preparations
that can be used pharmaceutically. Of course, the appropriate formulation s dependent upon the
route of administration chosen.

[05811 Pharmaceutical compositions suitable for injectable use mclude sterile aqueous solutions
{where water soluble) or dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersion. For mtravenous adminisiration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.1.) or
phosphate buffered saline (PBS). In all cases, the composition must be sterile and should be fluid
to the extent that easy syringeability exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating action of microorganisms such as
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for example,
water, ethanol, polyol (for example, glycerol, propylene glveol, and liguud polvethylene glycol,
and the like}, and suitable mixtures thereof. The proper fluidity can be maintained, for example,
by the use of a coating such as lecithin, by the maintenance of the required particle size in the
case of dispersion and by the use of surfactants. Prevention of the action of microorganisms can
be achieved by various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, thimerosal, and the like. In many cases, 1t will be preferable to mclude
isotonic agents, for example, sugars, polyalcohols such as mannitol and sorbitol, and sodium
chiloride in the composition. Prolonged absorption of the injeciable compositions can be brought
about by including 1n the composition an agent which delays absorption, for example, aluminum
monostearate and gelatin,

(05821 Sterile injectable solutions can be prepared by incorporating the active compound in the
requited amount in au appropriate solvent with one or a combination of ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
neorporating the active compound nto a sterde vehicle that contains a basic dispersion medium
and the required other ingredients from those enumerated above. In the case of sterile powders
for the preparation of sterile injectable solutions, methods of preparation are vacuum drying and

freeze-drying that vields a powder of the active ingredient plus any additional desired ingredient
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from a previously sterile-filtered solution thereof.

[05831 Oral compositions generally include an nert diluent or an edible pharmaceutically
acceptable carrier. They can be enclosed in gelatin capsules or compressed into tablets. For the
purpose of oral therapeutic administration, the active compound can be incorporated with
excipients and used in the form of tablets, troches, or capsules. Oral compositions can also be
prepared using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier
i applied orally and swished and expectorated or swallowed. Pharmaceutically compatible
binding agents, and/or adjuvant materials can be included as part of the composition. The tablets,
pills, capsules, troches and the like can contain any of the following ingredients, or compounds
of a similar nature: a binder such as microcrystalline cellulose, gum tragacanth or gelatin; an
excipient such as starch or lactose, a disintegrating agent such as alginic acid, Primogel, or corn
starch; a lubricant such as magnesium stearate or Sterotes; a glidant such as colloidal silicon
dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such as
peppernunt, methyl salicylate, orange flavoring.

05841 For adnunistration by whalation, the compounds are delivered in the form of an aerosol
spray from pressured contamner or dispenser, which contaius a suitable propellant, e.g., a gas such
as carbon dioxade, or a nebulizer.

(0585} For intranasal administration, the compounds are delivered 1o solution or sohid
formulation. In some embodiments, the compounds are delivered in solution as a nust, a drip, or
a swab. In some embodiments, the compounds are delivered as a powder. In some embodiments,
the compound 15 included in a kit which further includes an intranasal applicator.

[0586] Systemic admmistration can also be by transmucosal or transdermal means. For
transmucosal or ransdermal administration, penetrants appropriate (o the basrier to be permeated
are used m the formulation, Such penetrants are generally known m the art, and include, for
example, for transmucosal adminstration, detergents, bile salts, and fusidic acid dervatives,
Transmucosal administration can be accomplished through the use of nasal sprays or
suppositories. For transdermal administration, the active compounds are formulated into
ointments, salves, gels, or creams as generally known in the art.

[0587] The active compounds can be prepared with pharmaceutically acceptable carriers that
will protect the compound against rapid elimination from the body, such as a controlled release

formulation, including implants and microencapsulated delivery systems. Biodegradable,
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bigcompatible polymers can be used, such as ethylene vinyl acetate, polvanhydrides,
polyglyeolic acid, collagen, polyortheesters, and polyvlactic acid. Methods for preparation of such
formulations will be apparent to those skilled in the art. The materials can also be obtained
commercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions
{including liposomes targeted to infected cells with monoclonal antibodies to viral antigens) can
also be used as pharmaceutically acceptable carriers. These can be prepared according to
methods known to those skilled in the art, for example, as described in US. Pat. No. 4,522 811,
[0588] It 1s especially advantageous to formulate oral or parenteral compositions in dosage untt
form for ease of admimstration and unifornmuty of dosage. Dosage unit form as used herein refers
to physically discrete units suited as unutary dosages for the subject to be treated; each unit
containing a predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. The specification for
the dosage unit forms of the disclosure are dictated by and directly dependent on the unique
characteristics of the active compound and the particular therapeutic effect to be achieved.

(05891 In therapeutic applications, the dosages of the pharmaceutical compositions used in
accordance with the disclosure vary depending on the agent, the age, weight, and clinical
condition of the recipient patient, and the experience and judgment of the chimician or practitioner
administering the therapy, among other factors affecting the selected dosage. Generally, the dose
should be sufficient to result in slowing, and preferably regressing, the symptoms of the disease
or disorder disclosed herein and also preferably causing complete regression of the disease or
disorder. Dosages can range from about .01 mg/kg per day to about 5000 mg/kg per day. An
effective amount of a pharmaceutical agent 15 that which provides an objectively identifiable
mprovement as noted by the chinician or other qualified observer. Improvement 1o survival and
growth indicates regression. As used herein, the term “dosage effective manner” refers to amount
of an active compound o produce the destred biological effect i a subject or cell.

[0590] It 1s to be understood that the pharmaceutical compositions can be included m a
container, pack, or dispenser together with instractions for administration.

[0591] It 1s to be understood that, for the compounds, scaffolds, or conjugates of the present
disclosure being capable of further forming salts, all of these forms are also contemplated within
the scope of the claimed disclosure.

05921 As used herein, the term “pharmaceutically acceptable salts™ refer to derivatives of the
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compounds of the present disclosure wherein the parent compound is modified by making acid
or base salts thereof. Examples of pharmaceutically acceptable salts include, but are not hmited
to, mineral organic acid salts of basic residues such as amines, alkali organic sakts of acidic
residues such as carboxylic acids, and the like. The pharmaceutically acceptable salts include the
conventional non-toxic salts or the quaternary ammoniun salts of the parent compound formed,
for exarple, from non-toxic morganic organic acids. For example, such conventional non-toxic
salts include, but are not limited to, those derived from morganic and organic acids selected from
Z-acetoxybenzoic, 2-hydroxyethane sulfonic, acetic, ascorbic, benzene sulfonic, benzoic,
bicarbonic, carbonic, citric, edetic, ethane disulfonic, 1,2-ethane sulfonic, fumaric,
eluccheptonic, ghuconic, glutamic, glveolic, glyeollvarsanilic, hexylresorcinic, hydrabamie,
hydrobromie, hydrochlorie, hydroiodic, hydroxymaleic, hydroxynaphthoie, isethionic, lactic,
lactobionic, lauryl sulfonic, maleic, malic, mandelic, methane sulfonic, napsylic, nitric, oxalic,
pamoic, pantothenic, phenylacetic, phosphoric, polvgalacturonic, propionic, salicylie, stearic,
subacetic, succinig, sulfamic, sulfanilic, sulfuric, tannic, tartaric, toluene sulfonic, and the
cormmonly occurring amine acids, e.g., glycine, alanine, phenylalanine, arginine, ete.

[0593] In somae embodiments, the pharmaceutically acceptable salt 1s a sodium salt, a potassium
salt, a calcium salt, a magnesium salt, a diethylamune salt, a choline salt, a meglummne salt, a
benzathine salt, a tromethamine salt, an aromonia salt, an arginine salt, or a lysine salt.

(05941 Other examples of pharmaceutically accepiable salis include hexanoiwc acid, ¢yclopentane
propionic acid, pyruvic acid, malonic acid, 3-{(4-hydroxybenzovlibenzoic acid, cinnamic acid, 4-
chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic
acid, 4-methylbicyclo-[2.2.2]-0ct-2-ene-1 -carboxyhic acid, 3-phenyipropionic acid,
trimethylacetic acid, tertiary butylacetic acid, muconic acid, and the like. The present disclosure
also encompasses salts formed when an acidic proton present in the parent compound either 13
replaced by a metal 1on, e.g., an alkal metal 1on, an alkaline earth ton, or an alummum 1on; or
coordinates with an organic base such as ethanolamine, digthanslaming, tricthanolamine,
tromethamine, N-methyiglocamine, and the like. In the salt form, it 15 understood that the ratio of
the compound to the cation or amion of the salt can be 1.1, or any ratio other than 1.1, e.g., 311,
20 B2, 0r 13,

[0595] It 1s to be understood that ali references to pharmaceutically acceptable salts include

solvent addition forms (solvates} or crystal forms (polymorphs) as defined herein, of the same
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salt.

[0596] The compounds, or pharmaceutically acceptable salts thereof, are administered orally,
nasally, transdermally, pulmonary, inhalationally, buccally, sublingually, intraperitoneally,
subcutanecusly, intramuscularly, intravenously, rectally, mtrapleurally, intrathecally and
parenterally. In some embodiments, the compound 1s administered oraily. One skilled in the art
will recognize the advantages of certain routes of administration.

[0597F The dosage regimen utilizing the compounds 1s selected in accordance with a variety of
factors including type, species, age, weight, sex and medical condition of the patient; the severity
of the condition to be treated; the route of administration; the renal and hepatic function of the
patient; and the particular compound or salt thereof emplaved. An ordinarily skilled physician or
veterinarian can readily determine and prescribe the effective amount of the drug required to
prevent, counter, or arrest the progress of the condition. An ordinarily skilled physician or
veterinarian can readily determine and prescribe the effective amount of the drug required to
counter or arrest the progress of the condition.

05981 Techniques for formulation and adromnistration of the disclosed compounds of the
disclosure can be found in Remingron: the Science and Practice of Pharmacy, 19 edition, Mack
Publishing Co., Baston, PA (1995). In an embodiment, the compounds described heren, and the
pharmaceutically acceptable salts thereof, are used i pharmaceutical preparations in
combination with a pharmaceutically acceptable carrier or diluent. Suitable pharmaceutically
acceptable carriers include mert solid fillers or diluents and sterile aqueous organic solutions.
The compounds will be present u such pharmaceutical compositions in amounts sufficient to
provide the desired dosage amount i the range described herein.

[0599] All percentages and ratios used herein, unless otherwise indicated, are by weight, Other
features and advantages of the present disclosure are apparent from the different examples. The
provided examples llustrate different components and methodology useful in practicing the
present disclosure. The examples do not fimit the claimed disclosure. Based on the present
disclosure the skilled artisan can identify and employ other components and methodology useful
for practicing the present disclosure.

(0600} In the synthetic schemes described herein, compounds may be drawn with one particular
configuration for simplicity. Such particular configurations are not to be construed as limiting the

disclosure to one or another isomer, tautomer, regicisomer or sterecisomer, nor does it exclude
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mixtures of isomers, tautomers, regioisomers or sterecisomers; however, it will be understood
that a given isomer, tautomer, regisisomer or sterecisomer may have a higher level of activity
than another isomer, tautomer, regioisomer oOf stereoisomer.

(06011 All publications and patent documents cited herein are incorporated herein by reference
as if each such publication or document was specifically and individually indicated to be
mceorporated herein by reference. Citation of publications and patent documents 15 not tntended
as an admission that any is pertinent prior art, nor does it constitute any admission as to the
contents or date of the same. The invention having now been described by way of written
description, those of skill in the art will recognize that the invention can be practiced in a variety
of embodimentis and that the foregoing description and examples below are for purposes of
illustration and not limitation of the embodiments and claims that follow.

Further Embodiments

[06021 Embodiment 1. A compound of Formula (1) or (1)

{1y
or a pharmaceutically acceptable salt thereof, wherein:

W is H, C1-Cs alky! optionally substituted with one or more halogen, or an amino
substitution group;

X is H, halogen, or -ORY;

R¥is H, Ci-Cs alkyl, or {Ci-Cs alky N-{Ce-Cio aryl), wherein the C1-Cs alkyl or (C1-Cs
alkyl-(Cs-Cio aryl) is optionally substituted with one or more R™:

each R™ independently 15 halogen, Ci-Ce alkyl, or -0-(C1-Cs alkyl), wherein the Ci-Cs

alkvl or ~O~(C-Cs alkyl) 1s optionally substituted with one or more halogen;
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Y is H, C1-Cs alkyl optionally substituted with one or more halogen, -P(RY),, -
PORVYNR  )), -P(=OHORVRY, -P(=SHORVIRY, -P=OHSRYRY, -PE=SHSRYRY, -
PEOYORY ), -PESHORY Y, -P=0) SR ), -P(=8)(SRY ), or a hydroxy protecting group;

each RY independently is H or C;-Cs alky! opticnally substituted with one or more
halogen or cyang;

7 is H, or C1-Cs alky! optionally substituted with one or more halogen, -P(R*),, -
PORDNR D), -P(=0)ORNR?, -P(=SYORMR?, -P(=0HSRAOR?, -P(=S)SRAORY, -
P(=0)}OR" ), -P(=S)OR%):, -P(=0}SR ), -P(=S)SR™ ), or a hydroxy protecting group;

each R” independently is H or C1-C alkyl optionally substituted with one or more
halogen or ¢yano;

or Y and Z in Formula (1), together form -Si{R“)-0-8i(R"):-, wherein each R™
mdependently 1s H or C1-Cs alkyl;

each R* independently is H, halogen, or C1-Cs alkyl optionally substituted with one or
more halogen; or two R* on two adjacent carbon atoms, together with the two adjacent carbon
atoms, form a double bound;

each R® independently is H, halogen, or C1-Cs alkyl optionally substituted with one or
more halogen;

Riis H, halogen, or Ci-Cs alkyl optionally substituted with one or more halogen;

R? is H, halogen, or C;-Cs alkyl optionally substituted with one or more halogen;

RY is H, halogen, or Ci-Cs alkyl optionally substituted with one or more halogen;

R*is H, halogen, or C1-Cs alkyl optionally substituted with one or more halogen;

each R’ independently is H, halogen, or C1-Cs alkyl optionally substituted with one or
more halogen; and

n is an integer ranging from about 0 to about 10.

(06037 Embodiment 2. A scaffold or a pharmaceutically acceptable sakt thereof, wherein the
scaffold comprises:

(1} a Ligand; and

(i1} a Linker Unit, wherein the Linker Unit is:
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wherein varigbles R RZ R RA R, XU Y, 2, R®, R, and nare described in Embodiment 1, and #
mdicate an attachment to the Ligand.
(06041 Embodiment 3. A scaffold or a pharmaceutically acceptable salt thereof, wherein the
scaffold comprises:

(1) one ot more Nuclete Actd Agent; and

{11} one or more Linker Unit, wherein each Linker Unit independently 1s:
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wherein variables RY, R2 RY RY R, W, X, Y, Z, R R, and n are described in Embodiment 1,
and #4# indicates an attachment to the Nucleic Acid Agent.
[0605] Embodiment 4. A conjugate or a pharmaceutically acceptable salt thereof, wherein the
conjugate comprises:

{1} one or more Nucleic Acid Agent;

(i1) one or more Ligand; and

{111} one or more Linker Unit, wherein each Linker Unit independently s
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wherein variables R, R2 RY, R R, X, Y, Z, R, RP, and n are described in Embodiment 1, #
indicate an attachment to the Ligand, and ## indicates an attachment to the Nucleic Acid Agent.
[0606] Embodiment 5. The compound, scaffold, or conjugate of any one of the previcus
Embodiments, wherein W is H.

[0607F Embodiment 6. The compound, scaffold, or conjugate of any one of the previcus
Embodimenis, wherein W is C1-Ce alkyl optionally substituted with one or more halogen.
[0608] Embodiment 7. The compound, scaffold, or conjugate of any one of the previcus
Embodiments, wherein W is an amino substitution group.

[0609] Embodiment 8. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein W s fluorenylmethyloxycarbonyl (Fmoc), tert-butyloxycarbony! (BOC),
benzyloxycarbonyi (Chz), optionally substituted acyl, trifluorcacetyl {TFA), benzyi,
triphenylmethyl (Tr}, 4,4'-dimethoxytrityl (DMTr), or toluenesulfonyi (Ts).

[0610] Embodiment 9. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein W is optionally substituted acyl.

[0611] Embodiment 10. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein W s trifluorcacetyl (TFA).

[0612] Embodiment 11. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein X is H.

[0613] Embodument 12, The compound, scaffold, or conjugate of any one of the previous
Ernobodiments, wherein X 1s halogen.

[0614] Embodument 13. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein X is -ORY.

[061S] Embodiment 14. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein X is -OH.

[0616] Embodiment 15, The compound, scaffold, or conjugate of any one of the previous

Embodiments, wherein X 13 -0-(Cy-Cs alkyl}.
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[0617] Embodiment 16. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein X is -0-(Ci-Cs alky}-0-(C1-Cs alkyl).

[0618] Embodiment 17. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein X is -O~(C1-Cs alky}-(Cs-Cio aryl) optionally substitited with one or
more R

[0619] Embodiment 18, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein X is -0-~(C;-Ce alky}-{Cs-Cio aryl).

[0620] Embodiment 19. The compound, scaffold, or conjugate of any one of the previous
Frobodiments, wherein RX is H.

[0621] Embodiment 20. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R* is C1-Cs alkyl optionally substituted with one or more halogen or -O-
{C1-Cs alkyl) optionally substituted with one or more halogen.

[0622] Embodiment 21. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R™ is -(C1-Cs alky1}-(Cs-Co aryl) optionally substituted with one or more
halogen,(C:-Ce alkyl, or -0~(C1-Co alkyl)y, wherein the Ci-Ce alkyl or —O~(C;-Cs alkyl) 1s
optionally substituted with one or more halogen.

[0623] Embodiment 22. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R is «(C1-Cs alky)-{(Cs-Cro aryl).

[0624] Embodiment 23. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein ¥ s H

(06251 Embodiment 24. The compound, scaffold, or coryugate of any one of the previous
Embodiments, wherein Y 1s C1-Cs alkyl optionally substituted with one or more halogen.
[0626] Embodiment 25, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein Y 1 -P(RY )2, -PORVDN(R 1}, -P(=O}ORYIRY, -P(=S)}(ORVRY, -
PEOYWSRMIRY, -PESHSRNRY, -PEOWORY),, -PESHOR ), -PEO)SRY y, -PESHSRY L
[0627] Embodiment 26. The compound, scaffold, or conjugate of any one of the previous
Ermbodiments, wherein Y is a hydroxy protecting group.

[0628] Embodiment 27. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein Y i sifyl.

[0629] Embodiment 28. The compound, scaffold, or conjugate of any one of the previous

Embodiments, wherein Y is triphenylmethy! (Tr) or 4,4'-dimethoxytrityl (DMTr}.
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[0630] Embodiment 29. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein Y is optionally substituted acyl or benzyl.

[0631] Embodiment 30. The compound, scaffold, or conjugate of any one of the previous
Fmbodiments, wherein at least one RY is H.

(06327 Embodiment 31. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein at least one RY is C1-Cs alkyl optionally substituted with one or more
halogen or cyano.

[0633] Embodiment 32. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein at least one RY is H, and at least one RY is C1-Cs alkyl optionally
substituted with one or more halogen or cyano.

[0634] Embodiment 33. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein Z 1s H.

[0635] Embodiment 34, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein Z 1s C1-Cs alkyl optionally substituted with one or more halogen.
[0636] Embodiment 35, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein Z is -P(R%), -P(ORZHN(R? 1), -P(=0}ORAR?, -P(=S}ORHR?, -
P(=0)SRORE, -P(=8}SRAR?, -P(=0)OR%),, -P(=SYOR%), -P(=0)SR?),, -P(=S)(SR% ).
[0637] Embodiment 36. The compound, scaffold, or conjugate of any one of the previous
Frobodiments, wherein 7 15 a hydroxy protecting group.

[0638] Embodiment 37. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein 7 15 silyl.

[0639] Embodiment 38, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein £ 13 triphenylmethyl {Tr} or 4,4"-dimethoxyirityl (BMTr}.

[0640] Embodiment 39, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein Z 15 substituted acy! or benzyl.

[0641] Embodiment 40, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein at least one R% is FL

[0642] Embodiment 41, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein at least one R” is C1-Cs alky! optionally substituted with one or more

halogen or cyane.
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[0643] Embodiment 42. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein at least one R is H, and at least one R? is C1-Cs alkyl optionally
substituted with one or more halogen or cyano.

[0644] Embodiment 43, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein Y and Z in Formula (1) together form -Si(R*)-0-8i(RY)-.

[0645] Embodiment 44. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein at least one R* is H.

[0646] Embodiment 45. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein each R" independently is C1-Ce alkyl.

[0647] Embodiment 46. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein each R*is H.

[0648] Embodiment 47, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein at least one R? is halogen or C1-Cs alkyl optionally substituted with one
or more halogen.

(06491 Embodiment 48. The compound, scaffold, or coryugate of any one of the previous
Embodiments, wherein each R” is H.

[0650] Embodiment 49. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein at least one R? is halogen or C1~Cs alkyl optionally substituted with one
or more halogen.

[0651] Embodiment 50. The compound, scaffold, or conjugate of any one of the previous
FErobodiments, wherein R} is H.

[0652] Embodiment 51, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R! is halogen.

[0653] Embodiment 52, The compound, scaffold, or conjugate of any one of the previous
Frobodiments, wherein R is €3-Cg alky! optionally substituted with one or more halogen.
[0654] Embodiment 53. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R is H.

[0655] Embodiment 54, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R” is halogen.

[0656] Embodiment 55 The compound, scaffold, or conjugate of any one of the previous

Embodiments, wherein R? is C-Ce alky! optionally substituted with one or more halogen.
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[0657] Embodiment 56. The compound, scaffold, or conjugate of any one of the previous
Fmbodiments, wherein R’ is H.

[0658] Embodiment 57 The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R’ is halogen.

(06597 Embodiment 58. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R’ is C1-Cs alkyl optionally substituted with one or more halogen.
[0660] Embodiment 59. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R* is H.

[0661] Embodiment 60. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R is halogen.

[0662] Embodiment 61. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R* is C1-Cs alky! optionally substituted with one or more halogen.
[0663] Embodiment 62. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R is H.

[0664] Embodiment 63. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R> is halogen.

(06651 Embodiment 64. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein R® is C1-Cs alkyl optionally substituted with one or more halogen.
[0666] Embodiment 65. The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein each of R4 RY RLRL R R and RO is H

(06671 Embodiment 66, The compound, scaffold, or coryugate of any one of the previous
Embodiments, wherein n 13 an integer ranging from about 1 1o about 10, from about 2 to about
10, from about 3 to about 10, from about 4 to about 10, from about 5 to about 10, or from about 6
to about 10,

[0668] Embodiment 67, The compound, scaffold, or conjugate of any one of the previous
Embodiments, wherein n 15 an integer ranging from about 2 to about 8, from about 2 to about 7,
from about 2 to about 6, from about 2 to about 5, from about 2 to about 4, or from about 2 to
about 3.

[0669] Embodiment 68, The compound of any one of the preceding Embodiments, wherein the

compound is of Formula (I"-1), (I"-2), (1U-1), or {1I"-2):
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Y -1y, or

ar-2,
or a pharmaceutically acceptable salt thereof
(06701 Embodiment 69. The compound of any one of the preceding Embodiments, wherein the

compound is of Formula (I-A) or (1I-A):

Y” {I-A}); or
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X O.
Y (fI-A):

or a pharmaceutically acceptable salt thereof.
(06711 Embodiment 70. The compound of any one of the preceding Embodiments, wherein the

compound is of Formula (I-A7-1), (I-A7-2), (T-A7-1), or (H-A7-2):

Y~ (-A’-1),

(-A’-2);

(II-A7-1}; or

N
O & W
Fd O n
X 0.
Y (I-A’-2);

or a pharmaceutically acceptable salt thereof
(0672} Embodiment 71. The compound of any one of the preceding Embodiments, wherein the

compound 15 of Formula (I-B) or (I1-B):
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N
O { W
Z G n
O OCH
Y : {I-B); or
§
O W
V4 G n
H,CO O
’ Y (11-B);

or a pharmaceutically acceptable salt thereof.
(06731 Embodiment 72. The compound of any one of the preceding Embodiments, wherein the

compound is of Fornmuila (1-B°-1}, (i-B”-2), (1-B°-1), or (I-B’-2):

& o.

HaC
8 Y (I-B™-1); or
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Y (I1-B-2);
or a pharmaceutically acceptable salt thereof.
(06741 Embodiment 73. The compound of any one of the preceding Embodiments, wherein:
Y 1s a hydroxy protecting group, and £ 15 a hydroxy protecting group; or
Y and Z o Formula (), (U~1), (U-2), (-A), -A-1, (BFAC-2), (B-B), (-B-1), or (1-B°-2)
together form -SiRY:-0-8i(RM):-, wherein each RY independently is H or Cy-Ci alkyl.
[00751 Embodiment 74, The compound of any one of the preceding Embodiments, wherein the

compound is:

ZﬂO s Z’O e} o
- o] [¢]
z i
M\NHAGMHM WMNHA\CFS \WNI\N}!)\V‘/\N'JQ\\

P i 4
Y—rO OMe X Y"O Obde Lor v OMea IS \/;

or a pharmaceutically acceptable salt thereof, wherein:

Y is -PRY ), -PORVUN(R Y2}, -P(=0)}ORVRY, -P(=S)}ORVIRY, -P(=0)}SR"R", -
P(=S)(SRVRY, -P(=0)ORY)s, -P(=SYORY ), -P(=O}SRY)2, -P(=S}(8RY)2, or a hydroxy
protecting group;

each RY independently is H or C;-Cs alkyl optionally substituted with one or more
halogen or cyano,

Z 15 -P(R%p, -P(ORZYN(RY), -P(=0}ORHRY, -P(=8)ORHRY, -P(=0)}SRARY, -
P(ESYSRARE, -P(=0)OR%), -P(=SHOR,, -P(=0)(8R%Y, -P(=5)SR%), or a hydroxy
protecting group; and

each R? independently is H or C1-Cs alkyl optionally substituted with one or more
halogen or cyano.

[0676] Embodiment 75, The compound of any one of the preceding Embodiments, wherein the
compound 1s selected from the compounds described in Table L and pharmaceutically acceptable
salts thereof.

[0677F Embodiment 76. A compound being an isotopic derivative of the compound of any one

of the preceding Embodiments.
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(0678 Embodiment 77. The scaffold of any one of the preceding Embodiments, wherein the
scaffold 1s (Linker Unit)p-{{Nucleic Acid Agent)-{Linker Unith)(Nucleic Acid Agent),
wherein:

each Linker Unit s independent from another Linker Unit, and each Nucleic Acid Agent
is independent from ancther Nucleic Acid Agent;

each r independently 1s an integer ranging from 0 to 10;

each s independently is an integer ranging from 0 to 19;

p ts an wnteger ranging from 0 to 10;

qisOor1;and

the scaffold comprises at least one Linker Unit and at least one Nucleic Acid Agent.
[06791 Embodiment 78. The scaffold of any one of the preceding Embodiments, wherein the
scaffold is

QAs

AcHN,, OAc
G X
0

ra P /u\/‘\,/\
\%&?/M,NH o 0”‘1 N
v-0 OMe
or a pharmaceutically acceptable salt thereof, wherein:

Y is -PRYp, -PORVN(RY 1) -PEOWORDRY, -P=SHORVRY, -P(=0)}SRVRY, -
P(=S}SRYJRY, -P(=OHORY ), -P(=S)OR )z, -P(=O)}SR "y, -P(=S}SR ), or a hydroxy
protecting group;

each RY independently is H or C1-Cs alky! optionally substituted with one or more
halogen or cyano;

Z is -P(R%),, -P(ORZHN(R ), -P(=0HOR%IR?, -P(=SHORIR?, -P(=0)SRHRZ, -
P(=S}SRHRZ, -P(=0)OR% Yy, -P(=S)OR ), -P(=0)SR%})s, -P(=S}SR?),, or a hydroxy
protecting group;

each R? independently is H or C1-Cs alky] optionally substituted with one or more
halogen or cvano; and

nis an integer ranging from about 0 to about 10.

(06801 Embodiment 79. The scaffold of any one of the preceding Embodiments, wherein the

scaffold 1s selected from the scaffolds described in Table S1.
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(06811 Embodiment 80. The scaffold of any one of the preceding Embodiments, wherein the

scaftold is

g 5
# -0, " # $-0 H
AN ~ (LN
O 0, w &2 w
Ho-p-0 OMe Ha_}‘r,‘i.fo OMe
[eN 0.
? o ¥ ;

or a pharmaceutically accepiable salt thereof, wherein:

W is an amino substitution group; and

it is an integer ranging from about O to about 10,
(06827 Embodiment 81. The scaffold of any one of the preceding Embodiments, wherein the
scaffold 1s selected from the scaffolds described in Table S2.
[06831 Embodiment 82. The comjugate of any one of the preceding Embodiments, wherein the
conjugate is (Linker Unit-(Ligand)o-1)p-{(Nucleic Acid Agent)-(Linker Unit-(Ligando-1 o)
{MNucleic Acid Agent)y, wherein:

each Linker Unit is independent from another Linker Unit, each Nucleic Acid Agent s
independent from another Nucleic Acid Agent, and each Ligand s independent from another
Ligand;

each r independently 1s an mnteger ranging from 0 to 10;

each s independently 1s an integer ranging from 0 to 10;

p 18 an ioteger ranging from O to 1Q;

gisOor1; and

the conjugate comprises at least one Linker Unit, at least one Nucleic Acid Agent, and at
feast one Lagand.
[00841 Embodiment 83, The conjugate of any one of the preceding Embaodirents, wherein the
conjugate 1s selected from the conjugates described in Table C.
(00857 Embodiment 84, The scaffold or conjugate of any one of the preceding Embodiments,
wherein the Linker Unit 1s of Formula (I}, wherein W is replaced with an attachment to the
Ligand.
(06867 Embodiment 85. The scaffold or conpugate of any one of the preceding Embodiments,
wherein the Linker Unit 15 of Formula (1), wherein Y and/or 2 1s replaced with an attachment to

the Nucleic Acid Agent.
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[0687% Embodiment 86. The scaffold or conjugate of any one of the preceding Embodiments,
wherein the ligand comprises a carbohydrate moiety.

[0688F Embodiment 87. The scaffold or conjugate of any one of the preceding Embodiments,
wherein the carbohydrate moiety comprises a monosaccharide, a disaccharide, a trisaccharide, or
a tetrasaccharide.

(06891 Embodiment 88. The scatfold or conjugate of any one of the preceding Embodiments,
wherein the carbohydrate moiety comprises galactose or a derivative thereof.

[0690] Embodunent 89, The scaffold or conjugate of any one of the preceding Embodiments,

OAc
AcHN _DAc

g
}&jﬁxi IG/E\;E)AC ,

(06911 Embodiment 90, The scaffold or conjugate of any one of the preceding Embodiments,

wherein the ligand comprises

OH
ACHN LOH
B N
00 0
* J(“T;o OH

wherein the ligand comprises
(06927 Embodiment 91. The scaffold or conjugate of any one of the preceding Embodiments,

QAc

AcHN:E\,OAc
o |
A~

i‘/u\e)/-o Q ]
- /430 OAc )

[0693] Embodunent 92. The scaffold or conjugate of any one of the preceding Embodiments,

wherein the figand comprises

OH
ACHN,,, }vm-a

o
o M o
o ANy /\Q}H
wherein the ligand comprises f130 .

[0694] Embodiment 93, The scaffold or conjugate of any one of the preceding Embodiments,

QAC
o AcHN OAc
}{"'!\\/\ /\QI ol
QA

wherein the ligand comprises
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(06957 Embodiment 94. The scaffold or conjugate of any one of the preceding Embodiments,

OH
ACHN o
o ) ;
}{'J\/‘\/\O/ Q/L\j
wherein the ligand comprises OH

[06961 Embodiment 93, The scaffold or conjugate of any one of the preceding Embodiments,

AcHN,,
y&»w@«h;

[0697% Embodiment 96. The scaffold or conjugate of any one of the preceding Embodiments,

wherein the ligand comprises

OH
AGHN;C‘\,OH
;ELL/J\//\/A\ /\7
wheren the ligand comprises OH

[0698] Embodiment 97, The scaffold or conjugate of any one of the preceding Embodiments,

,/ QA
!/ ACHN\I// OAc
o i
o
---E--'Lmkmg Mmety/‘\ J a0 Ohc /
wherein the ligand comprises A a

(06991 Embodiment 98. The scaffold or conjugate of any one of the preceding Embodiments,
/ OH

!," AcHN OH

hd

OH

Q
o . f R 0'\0 \l 11
~¢-Linking Molety- 130 o /I
13

[07007 Embodiment 99. The scaffold or conjugate of any one of the preceding Embodiments,

wherein the ligand comprises

\
b3
&
X
Z
g
<
(@)
z
-

o]
>_____ 3
Q

~$~Linking Molety—

wherein the Hgand comprises
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[0701} Embodiment 100. The scaffold or conjugate of any one of the preceding Embodiments,

O \
AcHN,,, OH

\
o"'\ ]
_{ Linking Mmety)(‘%’)/ OH /f

wherein the ligand comprises /13

(07021 Embodiment 101, The scaffold or conjugate of any one of the preceding Embodiments,

Ohc
o AGHN\//\ DA
"'?)_"'Lmkmg Mosety/ L\/\/’\ /*\0
wherein the hgand comprises OAc

(07031 Embodiment 102, The scattold or conjugate of any one of the preceding Embodiments,

Ok
5 AcHn._A__oH
~-Linking Moisty—" ~"~""0"p
wherein the hgand comprises OH
[0704] Embodiment 103, The scaffold or conjugate of any one of the preceding Embodiments,

Ohc

A HN, OA
o <l c

; A
~§~Linking Moiaty—" """ "”\o
wherein the ligand comprises OAg,

[07051 Embodiment 104, The scaffold or conjugate of any one of the preceding Embodiments,

AcHN, /[
"3~-Lmkmg Moiaty— ’J\ oy

wherein the hgand comprises

[0706] Embodiment 105 The scaffold or conjugate of any one of the preceding Embodiments,
wherein the ligand comprises a lipid.

[0707F Embodiment 106. The scaffold or conjugate of any one of the preceding Embodiments,
wherein the ligand comprises a peptide moiety.

[0708F Embodiment 107. The scaffold or conjugate of any one of the preceding Embodiments,
wherein the ligand comprises an antibody moiety.

[07097 Embodiment 108. The scaffold or conjugate of any one of the preceding Embodiments,

wherein the Nucleic Acid Agent comprises an oligonucleotide.
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[0710} Embodiment 109. The scaffold or conjugate of any one of the preceding Embodiments,
wherein the Nucleic Acid Agent comprises one or more one or more phosphate groups or one or
more analogs of a phosphate group.

(07111 Embodiment 110. The scaffold or conjugate of any one of the preceding Embodiments,
wherein the Linker Unit 15 attached to the Nucleic Acid Agent via a phosphate group, or an
analog of a phosphate group, i the Nucleic Acid Agent.

[0712} Embodiment 111. The scaffold or conjugate of any one of the preceding Embodiments,
wherein the Nucleic Acid Agent comprises an RNA.

f0713] Embodiment 112. The scaffold or conjugate of any one of the preceding Embodiments,
wherein the oligonucleotide is an siRNA, microRNA, antimicroRNA, microRNA mimics,
antimiR, antagomir, dsRNA, ssRNA, aptamer, immune stimulatory oligonucleotide, decoy
oligonucleotide, splice altering oligonucleotide, triplex forming oligonucleotide, G-quadruplexe,
or antisense oligonucleotide.

(07141 Embodiment 113, A pharmaceutical composition comprising the compound, scaffold, or
conyugate of the any one of the preceding Embodiments,

[0715] Embodunent 114, A method of modulating the expression of a target gene 10 a subject,
comprising administering to the subject the conjugate of any one of the preceding Embodiments.
[0716] Embodiment 115, A method of delivering a Nucleic Acid Agent to a subject, comprising
administering to the subject the conjugate of any one of the preceding Embodiments.

(07177 Embodiment 116. A method of treating or preventing a disease in a subject 10 need
thereof, comprising admimstering to the subject a therapewtically effective amount of the
conjugate of any one of the preceding Embodiments.

[0718] Embodiment 117, The conjugate of any one of the preceding Embodiments for
modulating the expression of a target gene i a subject.

[07191 Embodiment 118 The conjugate of any one of the preceding Embodiments for
delivering a Nucleic Acid Agent to a subject.

(07207 Embodiment 119, The conjugate of any one of the preceding Embodiments for treating
or preventing a disease in a subject in need thereof.

(07211 Embodiment 120. Use of the conjugate of any one of the preceding Embodiments in the

manufacture of a medicament for modulating the expression of a target gene in a subject.
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[0722% Embodiment 121. Use of the conjugate of any one of the preceding Embodiments in the
manufacture of a medicament for delivering a Nucleic Acid Agent to a subject.

[0723% Embodiment 122. Use of the conpugate of any one of the preceding Embodiments in the
manufacture of a medicament for treating or preventing a disease in a subject in need thereof.
[0724] Embodiment 123. The method, conjugate, or use of any one of the preceding

Embodiments, wherein the subject is a human.
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EXAMPLES
Example 1. Synthesis of U-abasic-alpha-C-alkyl-GalNAc,

;
s
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Prabasic-aipha-C-alk-GalNAe
[0725] Synthesis of (2R,3R,45,5R)-2-(acetoxymethyl)-S-allyHetrabhydrofuran-3,4-diyl
diacetate (1-2). To a solution of compound 1-1 {80.0 g, 157 1 mmol) and compound 1a (52.1 g,
455 58 mmol) in MeCN (500 mL) was added TMSOT (41.9 g, 188.52 mamol} at 0 °C and the
mixture was stirred at 15 °C for 2 h. The nuxture was then quenched with ag. NaHCO: (500
mLy and extracted with EtOQAc (500 mL). The organic layer was dried over sodium sulfate,
filtered and concentrated under vacuum. The residue was purified by column chromatography
{Si(},, petroleum ether/ethyl acetate = 5/1 to 1/1} to afford compound 1-2 (45.6 g, 96.7% vield)
as a yvellow oil. TH NMR: 400 MHz, DMSO-ds § 5.75-5.67 (m, 1H), 5.31-5.30 (m, T H}, 5.29-
5.22¢m, 1 H), 5.10(d, J= 1.6 Hz, 13}, 5.06-5.01 {m, 1 H), 425-4.16 {m, 2H), 4.09-4.06 {m, 2H),
2.50-2.24 {m, 2H), 2.09 (3, 3H}, 2.03 (5, 3H), 1.98 {5, 3H}.

10726} Synthesis of (ZR,3R,45,5R)-2-allyl-3-(hydrosymethyletrahydrofuran-3.4-diol (1-3).
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To a solution of compound 1-2 (45.6 g, 151 85 mol) m MeOH (456 mL)} was added NaOMe
{2.73 g, 15.18 mmol, 30% purity) at ¢ °C. The mixture was stirred at 15 °C for 1 h and
neutralized with AcOH (0.1 mbL). The mixture was concentrated under vacuum to afford
compound £-3 (32.1 g, crude) as a yellow oil, which was used for the next step without further
purification.

[0727] Synthesis of (6aR,8R,95,%9a5)-8-allyl-2,2,4,4-tetraisopropylietrahydro-6H-furs[3.2-f]
11,3,5,2,4]- trioxadisilocin-9-¢l (1-4). To a solution of compound -3 (26.5 g, 151 .84 mmol} in
Py (265 mb) was added TIPSCI (52.7 g, 167.03 mmol} at 0 °C. The nuxture was stired for 16 h
at 25 °C, quenched with 20 mL MeQOH, and concentrated under vacuum. The residue was then
dissolved in EtOAc (300 mL), washed with aq. citric acid (300 mL x 2} and brine (300 mL),
dried with anhydrous Na;SQy, filtered and concentrated under vacuum. The residue was purified
by column chromatography (S10s, petroleum ether/ethyl acetate=20/1 to 1/1) to afford
compound 1-4 (483 g, 76.3% vield) as a yellow oil. 'H NMR: 400 MHz, DMSO-ds & 5.82-5.73
(m, TF), 5.10-4.98 (m, 2FD), 4.71 (d, J = 4.0 Hz, 1H), 4.73-4.20 (m, 1H), 3.94-3.89 (m, 1H),
3.82-3.74 (m, 4H), 2.36-2.20 (m, ZH), 1.04-0.95 (m, 29H).

[0728] Synthesis of (6aR,8R,98,9aR)-8-aliyl-2,2.4, 4-tetraisopropyl-S-methoxyictrabydro-
6H-furo3,2-f]11,3.5,2 4lirioxadisilocine (1-5). To a solution of compound 1-4 (199 g, 4776
mmol} m DMF {199 mL) was added Mel (13.6 g, 95.51 muvol) at 0 °C, then NaH (2.9 g, 71.63
mmol) at 0 °C. The mixture was stirred at 0 °C for 0.5 h, quenched with aq. NHsCL{400 mL),
and extracted with EtOAc (400 mL x 2). The organic layers were washed with brine (400mLJ},
and dried over Nay8Q, filtered, and concentrated under vacuum. The residue was purified by
colamn chromatography (5:0s, petroleum ether/ethy] acetate = 20/1 to 3/1} to afford compound
1-5 (35.0 g, 85.1% vield) as a yellow oil. "H NMR: 400 MHz, DMSO-ds, 5 5.78-5.68 (m, 1H),
5.10-5.00 {m, 2H}, 4.35-4.32 (m, 11}, 3.97-3.80 (m, SH), 3.50 (s, 3H), 2.31-2.17 (m, 2H), 1.15-
0.91 {m, 33H).

[0729] Synthesis of 3-((6aR,8R,98,9aR)-2,2,4,4-tetraisopropyl-9-methoxytetrahydro-6H-
fure{3,2-f}[1,3.5,2. 4] trioxadisiiocin-8-yDpropan- Lol (1-6). To a solution of compound 1-5 in
THF (163.5 L) was added 3-BBN (0.5 M, 151 8 mL, 75.92 mmol) and stured at 15°C for 2 h
Then NaBO: 4(Hx0) (35.0 g, 227.76 mmol) and HG (57.0 g, 3.17 mol) was added and stirred at
15°C for 2h. The reaction mixture was washed with brine (400 mL} and extracted with ethyl

acetate (400 mly. The organic layer was dried over sodium suifate, filtered and concentrated
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under vacuum. The residue was purified by column chromatography {810, petroleum ether/
ethyl acetate = 10/1 to 0/1) to afford compound 1-6 (35 g, 96.0% vield) as a yellow oil. "H NMR:
400 MHz, DMSO-ds. 6 4.37 {t.J = 5.0 Hz, 1H), 4.34-4.31 {m, 11}, 3.82-3.80 {m, 3H), 3.68-3.66
{m, 2FD), 3.50 (s, 3H), 3.40-3.33 {m, 2H), 1.55-1.43 (m, SH}, 1.17-0.90 (m, 3CH).

[0730] Synthesis of 3-(6al 8R,98,9al}-2,2 4.4-tetraisopropyi-S-methoxytetrabydro-6H-
fure(3,2-1}}1.3,5,2 4|trioxadisilocin-8-yhpropyl methanesulfonate (1-7). To a solution of
compound 1-6 in DCM (350 mL) was added TEA (15.8 g, 155.99 mmeol). The mixture was then
cooled to 0 °C, treated with MsCl (10.8 g, 93 84 mmol) at 0 °C, and stirred at 15 °C for 1 h. The
reaction nmuxture was poured into aq. NaHCOs (400 mL), extracted with DCM (400 ml}, and
washed with brine (400 mL). The organic layer was dried over sodium sulfate, filtered and
concentrated under vacuum.  The residue was purified by column chromatography (S:0),
petroleum ether/ethyl acetate = 5/1 to O/1} to afford compound §-7 (32.5 g, 79.1% yield)as a
colorless oil. 'H NMR: 400 MHz DMSO-ds, 8 4.32-4.31 {m, 1H}, 421-4.17 (m, 2H), 3.83-3.72
(m, 5H), 3.71 (s, 3H), 3.15 (s, 3H), 1.68-1.52 (m, 4H), 1.17-0.85 (m, 20H).

[0731] Synthesis of (6aR,8R,95,9aR)-8-(3-azidopropyl)}-2.2 4. 4-teiraisopropyl-9-methexy-
tetrahydre-6H-furo3,2-11{1,3,5.2 dltrioxadisilocine (1-8). To a solution of compound 1-7
{32.5 g, 61.69 mmol) in DMF (325 ml) was added NaNz (8.0 g, 123,38 mmol) at 15 °C and then
stirred at 50 °C for 1 h. The reaction was then adjusted to pH > 9, diluted with EtOAc (5006 ml),
washed with ag. NaHCG; (500 mL x 2) and brine (500 mL). The organic phase dried with
anhydrous NaxSOq, filtered, and concentrated under vacuuro to afford compound 1-8 (284 g,
crude) as a yellow oil, which was used for the next step without further purification.

[0732] Synthesis of 2R3R 4R FR)-5-G-azidopropyl)-2-(iydroxymethyh-d-methoxy-
tetrabydrofuran-3-of (1-9). To a solution of compound 1-8 {28.4 g, 59.95 mmol} in MeGH (284
mb} was added NH.F (22.2 g, 599.47 mmol} at 15 °C and stirred at 60 °C for 2 h. The mixture
was then concentrated under vacuum and filtered. The residue was purified by colamn
chromatography {810s, petroleum sther/ethyl acetate = 5/1 to 0/1} to afford compound 1-9 (8.5 g,
68.3% vield) as a colorless oif. H NMR: 400 Mz, DMSO-dg, 6 4.85 (d, /=038 Hz, 1H},4 58 (¢,
J= 5.8 Hz, 1H), 4.03-4.00 (m, 1H), 3.85-3.52 (m, 1H), 3.60-3.52 (m, 3H), 3.49 (s, 3H), 3.42-
331 {m, 4H), 1.01-1.17 (m, 4H).

[0733] Synthesis of (2R, 3R 4R, 5R})-5-(3-azidopropyl)-2-({(bis{4-methoxyphenyl}{phenyi}-

methoxyymethyl-4-methoxytetrahydrofuran-3-of (1-10). To a solution of compound 3-8 (9.5
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g, 40.95 mmol ) m Py (95 mL) was added DMTrCl (153 g, 45.05 mmol} at 15 °C and stirred for
1 h. The reaction was dissolved in EtQAc (100 mbL), washed with ag. citric acid (100 mL x 2)
and brine (100 mi), dried with anhydrous Nax8Qy, filtered and concentrated under vacaum. The
residue was purified by column chromatography (810s, petroleum ether/ethyt acetate = 10/1 to
3/1, 0.1% TEA) to afford compound 1-18(21.5 g, 98.4% yield) as a vellow oil. 'H NMR: 400
MHz, DMSO-ds, § 7.42(d, J = 7.6 Hz, 2H), 7.32-7.19 (m, 7H), 8.05 (s, 1H), 6.87 (d, /= 8.4 Hz,
4H), 4.92(d, J="7.2 Hz, 1H), 4.08-4.06 (m, 1H), 3.93 (s, 1H), 3.80 (s, 1H), 3.73 (s, 6H), 3.55-
3.53 (m, 1H), 3.45-3.34 {m, SH), 3.06-2.94 {m, ZH), 1.73-1.17 (m, 4H)}.

[0734] Synthesis of (2R,3R 4R 5R})-5-(3-aminopropyl)-2-{{bis{4-methoxyphenyl}{phenyl)-
methexy)methyl)-4-methoxytetrahydrofuran-3-of (1-11). To a solution of compound 1-19
{10.8 g, 26.15 mmol) in THF (108 mL) was added Pd/C (4.3 g, 10% on carbon} and stirred for 1
b under Hy (15 psi). The mixture was filtered and concentrated under vacuum to afford
compound 1-11 (19.5 g, crude) as a white solid that was used directly for the next step.

[0735] Synthesis of 2R,3R 4R SR 6R)-5-acetamido-2-(acetoxymethy-6-((5-((3-

(2R IR AR SR 5-((bis{4-methoxyphenyl ) phenyhmethoxy methyl)-4-hydroxy-3-
methoxyietrabydrofuran-2-yhpropyhamino)-S-oxopentyhoxyitetrahydro-2H-pyran-3,4-
diyl diacetate {1-12}. To a solution of compound 1-11 (10.8 g, 21.18 mmol} and compound 18
{9.5 ¢, 21.18 mumol) in DMF (108 mL) was added HCTU (131 ¢, 31.77 romoly and NMM (6.4 ¢,
63.53 numoly at 15 °C. The nuxture was stured at 15 °C for 1 h. Then the reaction mixture was
quenched with aq. NaHCOs and extracted with EtOAc. The organic layer was dried over sodium
sulfate, filtered and concentrated under vacuum. The resudue was purified by column
chromatography (810, petroleum ether/ethy] acetate = 10/1 10 0/1, 0.1% TEA} to afford
compound 1-12 (23.5 g, 59.2% vield) as a yellow oif. 'H NMR: 400 MHz, DMSO-ds, & 7.81-
777 (m, 2H), 7.40 (d, J = 7.6 Hz, 2H),7.31-7.20 {m, 81}, 6.86 (d, J = 8.8 Hz, 28, 5.21 (s 1H),
4.98-4.95 {m, 1H), 487 (d, /=72 Hz, 1H), 448 (d, J= 8.4 He, 1H), 3.88-3.72 {m, 12H), 3.51-
3.32 (o, 5H), 3.07-3.04 (m, SH), 2.09 (s, 6H), 1.98 (s, SH),1.88 (5, 3H}, 1.77 {5, 3H}, 1.54-1.17
{m, 9H).

[0736] Synthesis of 2RIRARSR6R)-5-aceiamide-2-(acetoxymethyl)-6-((5-((3-
{{(ZR.3S5.4R SR )-5-((bis{4-methoxyphenyl){ phenyDmethoxy)methyl-4-(((3-
cyanoethoxy{dilisopropylamino)phosphaneyhioxy)-3-methoxytetrahydrofuran-2-

yiipropyljamineo}-S-oxopentyljoxy Metrahydro-2H-pyran-3,4-diyl diacetate (GalNAc 1a). To
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a solution of compound 1-12 (11.1 g, 11.85 mmol} 1n DCM (110 mb) was added DCI (1.5 g,
13.03 mmol}, NMI (1.5 g, 17.77 mmol) and compound a (7.1 g, 23.69 mmol} at 15 °C. The
mixture was stirred at 15 °C for 1 h and then quenched with NaHCO; (100 mL) and extracted
with DCM (100 mL). The organic layver was dried over sodium sulfate, filtered and concentrated
under vacuum. The nuxture was purified by column chromatography (810, petroleum
ether/ethyl acetate = 3/1 to 0/1, 0.1% TEA) to afford GallNAc 12 (9.8 g, 66.7% yield) as a white
solid. 'H NMR: 400 MHz, CD:CN, 6 7.45 (s, 2H), 7.35-7.31 {m, 7H), 6.87-6.84 {m, 5H), 6.50-
6.45 (m, 2H), 5.27(d, /=32 Hz, 1H}, 5.01-4.97 {(m, 1H), 451-4.49 {(m, 1H), 438-4.08 (m, 1H},
4.07-3.93 {m, 7TH), 3.78-3.76 {m, 10H), 3.65 (s, 1H), 3.52-3.20 {(m, 11H), 2.64-1.54 (m, 30H),
1.13-1.10 (m, 9H), 0.94 (d, T = 6.8 Hz, 3H).

Example 2. Synthesis of 1’-abasic-beta-C-alkyl-GalNAc,
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[0737] Synthesis of (3aR,6K,6aR)-6-(hydroxymethyl)-2,2-dimethyl-tetrahydrofure{3,4-
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d}ii,3ldioxei-4-0f {2-2). To a stirred solution of D-ribofuranoside (2-1) (50 g, 333.04 mmol, 1
equiv.) in acetone {500 mL) was added H2SQO4 (1.5 mL, 28.14 mmol, 0.08 equiv.} dropwise at
room temperature under Ar atmosphere. The resulting mixture was stirred for 12 b at room
temperature. The resulting mixture was neutralized to pH of 7 with sat. aq. NaHCGs, and
concentrated to remove most acetone (~ 400 mb). 300 mL water was added to the mixture and
the aqueous layer was extracted with EA (2 x 200 mL). The combined organic layers were
washed with brine (2 x 100 mL), dried over anhydrous NaxSO4. After filtration, the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, eluted with 3% MeOH 1 DCM to afford (3aR 6R 6aR)-O-(hydroxymethyl}-2,2-
dimethyl-tetrahydrofuro]3,4-d)[ 1, 3]dioxol-4-0l (51 g, 80.5% yield) as a yellow oil. "H NMR
(300 MHz, Chloroform-d) § 5.43 (s, 1H), 4.84 (d, J= 6.0 Hz, 1H), 4.59 (d, /= 6.0 Hz, 1H), 4.45
—4.39 (m, 1H), 3.74 (t, J = 3.0 Hz, 2H), 1.50 (s, 3H), 1.34 (s, 3H).

[0738] Synthesis of [{3aR 4K, 6aR)-6-(acetyloxy)-2,2-dimethyl-tetrahydrofuro|3,4-
d1{1,3]dioxel-4-yllmethyl acetate (2-3). To a stirred solution of (3aR,68, 6ak)-6-
{hydroxymethyh)-2,2-dimethyl-tetrahydrofuro] 3,4~-d1{1,3}dioxol-4-0l (50 g, 262.88 muool, 1
equiv.) in pyridine (200 ml) was added AcyO (107.35 g, 105155 mmol, 4 equiv.) dropwise at
room teruperature under Ar atmosphere. The reaction mixture was stitred for 4 h. The resulting
mixture was extracted with ethyl acetate {2 x 200 mL). The combined organic layers were
washed with brine, dried over anhydrous NapSC4. After filtration, the filtrate was concentrated
under reduced pressure. The residue was purified with silica gel column chromatography, eluted
with 30% PE in EA to afford [(3aR 4R 6aR)-0-{acetyloxy)-2,2~-dimethyl-tetrahydrofuro[3,4-
d1i1,3]dioxol-4-yl]methyl acetate (55 g, 76.2% yield) as a yellow oil. 'H NMR (400 MHz,
DMSO-d63 § 6.00 (s, 1H), 4.87 —4.74 (m, 2H), 440 —-4.33 (m, 1H), 4.15 - 4.01 (m, 2H), 2.05
(s, 3H), 2.02 (s, 3H), 1.42 (s, 3H), 1.29 (s, 3H).

10739] Synthesis of [(3aR 4R 68,6a8)-2.2-dimethyl-6-(prop-2-en-1-yi)-tetrahydrofuro[3,4-
dii1,3dioxol-4-vi] methyl acetate (2-4). To a stured solution of [{(3aR 4R 6aR})-6-(acetyloxy -
2, 2-dimethyi-tetrahydrofurc{3,4-d|[1,3idioxol-4-ylimethyl acetate {50 g, 182.31 mmol, 1 equiv.}
and ZnBr: (102.64 g, 455.75 mmol, 2.5 equiv.) in nitromethane (1 L) was added trimethyi{prop-
2-en-1-yisilane (93.74 g, 826.36 mmol, 4.5 equiv.) dropwise at room temperature under Arx
atmosphere. The resulting mixture was stirred for 1 h at room temperature under Ar atmosphere.

The resulting mixture was diluted with 200 mi. sat. aq. NaHCOs and the precipitated solids were
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removed by filtration and washed with DCM (3 x 50 mL). 300 mL water was added to the
filtrate and the agueous layer was re-extracted with DCM (3 = 300 mL). The combined organic
iayers were collected, washed with brine (150 mL), dried over anhydrous Nax80s, concentrated
under vacuum to give a crude product. The crude product was then purified with silica gel
colomn chromatography, eluted with 40% EA in PE to give [{3aR,41,658,6a5}-2,2-dimethy -6~
{prop-Z-en-1-yl}-tetrahydrofure] 3,4-411,31dioxol-4-ylimethyl acetate (36 ¢, 77.1% vield)as a
yellow oil. "H NMR (300 MHz, Chioroform-«} § 5.93 — 5.74 {m, 1H}, 5.25 - 5.08 {m, 2H), 4.53
—4.46 (m, 1H), 444 —4.37 (m, 1H), 434 - 424 (m, 1H), 418 - 4.07 {1, 2H), 4.05 - 3.98 {m,
1H), 2.45 =236 (m, 2H), 2.11 (s, 3H}, 1.55 (5, 3H). 1.36 (5, 3H).

[0740] Synthesis of [(3aR 4R, 658,6a8)-2,2-dimethyil-6-{prop-2-en-1-yi)-tetrahydrofuro3.4-
d}i1,3|dioxel-4-vi] methanel (2-5). To a stirred solution of [(3aR 4R 65,6a8)-2,2-dimethyl-6-
{prop-Z-en-1-y1}-tetrahydrofuro]3.4-411,31dioxol-4-ylimethyl acetate (36 g, 140.46 munol, 1
equiv. } in MeQOH (450 mL) was added 30% sodium methylate in MeQOH solution (Smol/L, 337
ml, 1.2 equiv.) dropwise at 0 °C under Ar atmosphere. The resulting nmixture was warmed to
room temperature and stured for 1 b The mixture was neutralized with NH.Cl The precipitated
solids were removed by filtration and washed with MeOH (3 x 50 mL). The resulting mixture
was concentrated under reduced pressure and was partitioned between ethyl acetate (250 mL) /
water (200 mL). The aqueous layer was re-extracted with ethyl acetate (2 x 100 mL}. The
combined organic layers were collected, washed with brine (100 mL}, dried over anhydrous
NazSQu, concentrated under vacuum to give a yvellow syrup. The residue was then purified with
stlica gel colurmn chromatography, eluted with 50% ethyl acetate in PE to give [(3aR 4R 65,6a5)-
2. 2~-dimethyl-6-(prop-2-en-1~-yi}-tetrahydrofuro]3,4-d}{ 1,3]dioxol-4-yi}methanot (21 g, 69.7%
yield) as a yellow oil. 'H NMR (400 MHz, Chioroform-) & 5.89 — 5.77 (m, 1H), 5.24 -~ 5.06 {m,
2H}, 4.64 —4.54 (m, 1H), 441 - 4.33 {m, TH), 4.06 - 3.93 (m, 2H), 3.86 - 3.79 (m, 1H), 3.70
3.64 (m, 1H), 245 - 236 (m, ZH), 1.54 (5, 3H), 1.34 (5, 3H).

[0741] Synthesis of ZRIS 4R, 55)-2-{hydroxymethyl)}-S-(prop-2-en-i-yijoxolane-3,4-disl (2-
6}. To a stirred solution {(3aR,4R,05,6a8)-2,2-dimethyl-6-(prop-2-en-1-yl-tetrabydrofuro] 3,4~
dli1,3]dioxol-4-yijmethanol (21 g, 98.01 mmol, 1 equiv.} in EtOH {120 mL) was added 1 M aq.
HCHO.8 mi, 0.1 equiv.} at O °C under Ar atmosphere. The resulting mixture was stirred for 12 h
at room temperature under Ar atmosphere. The mixture was neutralized with ag. NaCOs. The

precipitated solids were removed by filtration and washed with MeOH (3 x 30 mL). The
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resulting mixture was concentrated under reduced pressure to give a yellow residue, which was
further purified with silica gel column chromatography, eluted with 16% MeOH in DCM to give
(2R, SS,L'@R,SS‘)—E-(}Wdroxvmethv!)-5~{pi‘0p—2—eil—1—vl)oxolane—3,4-dioi (13g,76.1% vield}as a
yellow oil. 'H NMR (400 MHz, DMSO-ds) § - 5.76 (m, 1H), 5.14 — 4.95 (m, 2H), 4.69 (d, J
=1.6 Hz, 1H), 4.67 (d, J= 2.2 Hz, 1H), 4.62 — 4.56 {m, 1H), 3.75 - 3.69 {m, 1H), 3.65 -~ 3.57
{m, 2H), 3.54 —3.50 {m, 1H), 3.46-338 (m, 1H}, 3.39-3.35 (m, 1H}, 2.33 - 2.25 {(m, 1H)},
2.23-2.09(m, 1H).

[0742] Synthesis of (daR,68,75,7a8)-2.2-di-fert-butyl-6-{ prop-Z-en-1-yi)-tetrahydro-4 H-
fure]3,2-#}{1,3,2] dioxasilin-7-¢f {2-7}. To a stirred solution of (2R 3848 58)-2-
{hydroxymethyl)-S-(prop-2-en-1-vhoxolane-3,4-diol (13 g, 74 62 mmwol, 1 equiv.) in pyridine
{150 mL} was added di-rers-butyl[{trifluoromethane)sulfonyloxyisilyl trifluoromethanesulfonate
{36.16 g, 82.09 munol, 1.1 equiv.) dropwise at 0 °C under Ar atmosphere. The resulting mixture
was stirred for 15 min at 0 °C under Ar atmosphere. The reaction mixture was concentrated and
then partitioned between DCM (100 mL) and cold water {100 mL). The orgaunic layer was
collected, washed with sat. NaHCO5 (2 x 50 mL) and brine (50 mL), dried over anhydrous
NaxSQy, filtered and concentrated under vacuum to give a vellow syrup. The crude product was
further purified with silica gel column chromatography, eluted with 15% PE in EA to give

{4aR 68,78, 7a8)-2,2-di-tert-butyl-6-{prop-2-en-1 -vlj-tetrahydro-4 FH-turo]3,2-41[ 1,3, 2 idioxasiln-
7-0l (15 g, 63.9% vield) as a yellow oil. "H NMR (400 MHz, DMSO-ds) 5 5.81 - 5.72 (m, 1H),
S14-502(m, 2H), 499 (d,J=36Hz, 1H), 431 =424 {m, 1H),3.91 -3.85(m, 1H), 384 -
3.72 (m, 3H), 3.71 = 3.64 (m, 1H), 2.27 - 2.21 (m, 2H), 1.03 —0.96 (m, 18H),

[0743] Synthesis of (4aR,68,78,7aR)-2,2-di-tert-butyl-T-methoxy-6-(prop-2-en-1-yi)-
tetrahydro-4H-fure {3,2-d1{1,3,2|dioxasiline (2-8). To a solution of {4aR,638,75,7a8)-2,2-di-

R 2

1 equiv.) m THF (200 mL) was added sodium hydride (60% m otl, 2.86 g, 71.54 mmol, 1.5

teri-butyl-6-(prop-2-en- 1-yi}-tetrahydro-4H-furof3,2-d1{ 1,3, 2 dioxasilin-7-ol {15 g, 47.69 mmol,

equav. y at O °C. The muxture was stirred for 30 mmn. Mel (10,15 g, 71. 54 mmol, 1.5 equuv. } was
added and then the mixture was allowed to warm to room temperature and stirred for another 2 b
The reaction mixture was quenched by the addition of 150 mL sat. ag. NHaClat 0 °C. The
aqueous layer was re-extracted with EA (3 x 100 mL}. The combined organic layers were
collected, washed with brine (100 mL), dried over anhydrous Na;SQy, concentrated under

vacuum to give a vellow syrup. The residue was then purified with silica gel column
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U]

chromatography, eluted with 8% EA in PE to give (4aR 68,78, 7aR)-2,2-di~fert-butyl-7-methoxy-
&-{prop-2-en-1-yi}-tetrahydro-4H-furof3,2-41{1,3, 2 Jdioxasiting (10 g, 63.8% yield} as a yellow
oil. "H NMR (300 MHz, Chioroform-d) § 5.85 — 5.7 {m, 1H), 5.20 — 5.06 {m, 2H), 4.44 — 434
(m, 1H), 4.02 ~ 3.75 (m, 4H), 3.59 - 3.49 (m, 4H), 2.46 — 2.18 (m, 2H), 1.06 — 0.99 (m, 18H).
[0744] Synthesis of 3-[{4aR,658,78,7aK)-2,2-di-sert-butyl-7-methoxy-tetrahydro-4 H-fure{3,2-
d1{1,3,2|dioxasilin-6-ylipropan-1-¢f (2-9). To a stirred solution of (4aR, 65,75, 7aR)-2,2-di-teri-
butyl-7-methoxy-6-(prop-2-en-1-yl}-tetrahydro-d H-fure]3,2-d}[1,3, 2 {dioxasiline (10 g, 30.43
mmol, 1 equiv.} in THF (150 mL} was added 1T M BHs m THF (91 mL, 91.31 mmol, 3 equiv.)
dropwise at 0 °C under Ar atmosphere. The resulting mixture was stirred for 3 h at O °C under Ar
atmosphere. The reaction was quenched with 300 mL 3 M NaQOH agueous solution at 0 °C,
followed by the addition of 300 mL 30% H,0» solution. The reaction mixture was warmed to
room temperature and stirred for another 1.5 h. The resulting mixture was extracted with DCM
{2 x 300 mL}. The combined organic lavers were collected, washed with brine {200 mbL), dried
over anhydrous NapxS{s, concentrated under vacuum to give a vellow syrup. The residue was
then purified with silica gel column chromatography, eluted with 35% A in PE to give 3~
[(4ak 68,75, 7TaR)-2,2-di-tert-butyl-T-methoxy-tetrahy dro-4 FH-turo[3,2-d1 1,3, 2 Jdioxasilin-6-
vipropan-1-0 (8 g, 75.8% vield) as a yellow oil. TH NMR (400 MHz, Chioroform-) 6 4.40 —
4.35 (ro, 1H), 3.96 - 3.78 {m, 4H), 3.70 = 3.63 {m, 2H), 3.57 = 3.50 {m, 4H), 1.79 - 1.54 (m,
4H), 1.06 — 1.01 (m, 18H).

[0745] Synthesis of (4aR.68,78,7af)-6-3-azidopropyl)-2,2-di-fert-butyl-7-methoxy-
tetrabydro-4H-fure [3,2-4}{1.3,2]dioxasiline {2-18). To a stirred solution of 3~
[(4aR,68,78,7aR)-2,2-di-tert-butyl-T-methoxy-tetrahy dro-4H-furo|3,2-4]{1,3,2 Jdioxasihin-6-
viipropan-1-0} {8 g, 23.08 mumol, 1 equiv.y and DBU (5.27 g, 34,62 mmol, 1.5 equav.} in toluene
{100 mL} was added DPPA (8.26 g, 30.01 mmol, 1.3 equiv.} dropwise at O °C under Ar
atmosphere. The resulting muxture was warmed to 110 °C and stirred for 6 h. 150 mL water was
added and the agueocus layer was extracted with EA (3 x 100 mL}. The combined organic layers
were collected, washed with brine (120 mL), dried over anhydrous NaxSOy, concentrated under
vacuum o give a yellow syrup. The residue was then purified with sifica gel colunm
chromatography, eluted with 20 % EA n PE to give (4ai,68,78,7aR)-6-(3-azidopropy}-2,2-di-
tert-butyl-7-methoxy-tetrahydro-4H-fure[3,2-4}{ 1,3, 2 dioxasiline (6.2 g, 72.2% yieldyas a
yellow oil. 'H NMR (400 MHz, Chioroform-d} § 4.39 —4.34 (m, 1H), 3.95 —3.74 (m, 4H), 3.58
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(s, 3H), 3.52 ~ 3.49 (m, 1H), 3.35 ~ 3.29 (m, ZH), 1.73 — 1.57 (m, 4H), 1.08 — 1.01 {m, 18H).
[0746] Synthesis of 3-[{4aR,65,78,7aR)-2,2-di-feré-butyl-7-methoxy-tetrahydro-d H-furs]3,2-
d}11,3,2] dioxasilin-6-yi|propan-1-amine {2-11}. To a stirred solution of {(4aR 65,75,7aR)-6-(3-
azidopropyl)-2, 2-di-fert-butyl-7-methoxy-tetrahy dro-4 H-fure[3,2-d1{ 1,3, 2 ldioxasiline (4 g, 10.76
mmol, 1 equiv.} in THF (50 mL) and water (5 mL) was added trimethylphosphane (2.46 g, 32.29
mmol, 3 equiv.} dropwise at 0 °C under Ar atmosphere. The resulting nuxture was stirred for 3 h
at room termperature under Ar atmosphere. The resulting mixture was concentrated under
reduced pressure to give the crude product, which was further purified with silica gel column
chromatography, eluted with 10 % MeOH in DCM to give 3-[{4ak 65,78, 7aR)-2,2-di-fert-butyl-
7-methoxy-tetrahydro-4H-furo] 3,2-411,3,2 ]dioxasilin-6-vlipropan-1-amine {3.25 ¢, 90.0%
yield) as a yellow oil. 'H NMR (400 MHz, Chioroform-d} § 439 — 4.35 (m, 1H), 3.96 - 3.76 (m,
4H), 3.57 — 3.48 (m, 4H), 2.75 — 2.69 (m, 2H), 1.64 — 1.47 (m, 4H), 1.07— 1.01 (m, 18H).

[0747] Synthesis of [(2R,3R,4R,5R,6R)-6-[4-({3-[{4aR,68,78,7aR)-2,2-di-tert-butyl-7-
methoxy-tetrabydro-4H-fure[3,2-d1{1,3,2 [dioxasilin-6-yijpropyl} carbamoylbuioxy]-3,4~
bis{acetylosy)-S-acetamidooxan-2-yllmethyl acetate (2-12), To a stirred solution of 3-
[(4ak 68,75, 7TaR)-2,2-di-tert-butyl-T-methoxy-tetrahy dro-4 FH-turo[3,2-d1 1,3, 2 Jdioxasilin-6-
vipropan-1-amine {900 mg, 2.60 mmol, 1 equaiv.), S-{{{ZR3R 4R SR 6R)-4,5-bis{acetyloxy}-6-
[{acetyloxymethyl]-3-acetamidooxan-2-yijoxy t pentanoic acid (1.17 g, 2.60 mmol, I equiv.},
HOBT (422,32 mg, 312 mmol, 1.2 equiv.) and EDC-HCI (848.79 mg, 442 mmol, 1.7 equiv.} in
DCM (30 ml} was added 2.4,6-trimethylpyridine (946.84 mg, 7.81 mmol, 3 equiv. ) dropwise at
0 °C under At atmosphere. The resuiting roixkture was warmed to room temperature and stirred
for 16 h. 30 mL water was added and the aqueous layer was re-extracted with BCM (3 x 30 mlL).
The combined organic layers were collected, washed with brine (30 mL), dried over anhydrous
Nax 54, concentrated under vacuoum to give a crude product. The crude product was then
purified with silica gel colomn chromatography, eluted with 5% MeOH m DCM to give

[(2ZR 3R AR SR 6R}-6-[4-({3-[(4aR 65,78, 7aR)-2,2-di-tert-butyl-T-methoxy-tetrahy dro-4H-
furof3,2-d1[ 1,3, 2{dioxasilin-0~yljpropyl} carbamoybutoxy|-3,4-bis{acetyloxy }-5-
acetamidooxan-2-yiimethyt acetate {1.05 g, 52.1% vield) as a white solid. MS ESI (m/z) =
775.50 [M+H]". 'H NMR (400 MHz, Chioroform-c) 8 6.03 - 5.99 (m, 2H), 5.38 ~5.34 (m, 1H),
5.21-5.15 (m, 1H), 4.60 (d, J = 8.4 Hz, 1H), 4.40 —4.33 (m, 1H), 4.21 — 4.06 (m, 3H), 3.97 -
3.75 (m, 6H), 3.58 - 3.48 (m, SH), 3.33 — 3.21 (m, 2H), 2.27 -2.11 (m, 5H), 2.05 (s, 3H), 2.01 (s,
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3H), 1.96 (s, 3H), 1.85 — 1.76 (m, 1H), 1.68 ~ 1.53 (m, 7H), 1.09 ~ 0.99 {m, 18H).

[0748] Synthesis of [{(2R,3K,4R,5R,6/)-3,4-bis{acetyloxy)-S-acetamido-6-[4-({3-

[(28,3R 4R, 58)-4-hydroxy-S-(hydroexymethyi)-3-methoxyoxolan-2-ylipropyljcarbamoyi)-
butoxy|exan-2-ylimethy! acetate (2-13). To a stirred solution of [(2R 3R 4R, 5R 6K}-6-[4-({3-
[(4aR 65,78, 7aR)-2,2-di-tert-butyl-T-methoxy-tetrahy dro-4 H-furo{3,2-41{1,3,2 | dioxasihin-6-
vilprepyl}carbamovlbutoxy]-3,4-bis(acetyloxy}-5-acetamidooxan-2-yljmethyl acetate (1 g, 1.29
mmol, 1 equiv.} in DCM (15 mL) was slowly added a solution of 65% HF-pyridine (0.23 mb,,
2.58 mamol, 2 equiv.) in pyrichine (15 mL) at 0 °C under Ar atmosphere. The resulting mixture
was stirred for 1 h. The resulting nuxture was concentrated under reduced pressure to give a
crude product, which was further purified with silica gel column chromatography, eluted with
15% MeOH in DCM to give a [(2R 3R 4R SR 6R)-3 4-bis(acetyloxy)-S-acetanmido-6-[4-{{3-

[(2S3R AR SRY-4-hydroxy-5-(hydroxymethyl}-3-methoxyoxolan-2-
vllpropyiicarbamoylibutoxyloxan-2-viimethyl acetate (618 mg, 75.4% yield) as a white solid.
MS ESI (m/z) = 635.20 [M+H]" 'H NMR (300 MHz, Chloroform-d) 8 6.59 — 6.28 (m, 2H), 5.36
(d,J=33Hz, 1H), 5.22 - 5.14 (m, 1H), 461 {d, J= 8.1 Hz, 1H), 424 — 4.05 (m, 4H), 3.98 —
378 (ro, SH), 3.73 - 3.63 (m, 1H), 3.57 - 3.51 {m, TH), 347 -3.38 {m, SH}, 333 -3.19 (m,
1H), 234 =212 (m, 9H), 2.05 (3, 3H), 2.01 (5, 3H), 1.98 (5, 3H}, 1.83 — 176 {ro, 1H}, 1.71 -
1.54 (m, TH).

[0749] Synthesis of [(2R3R,4R,5R.6R)-3,4-bis{acetyloxy)-6-[d-({3-[{28.3R,4R,5R)-5-{[bis(4-
methoxyphenyl) (phenvhmethoxylmethyl}-4-hydroxy-3-methoxyoxelan-2-yljpropyi}-
carbamoylbutoxy]-5-acetamidooxan-2-yljmethyl acetate (2-14). A mixture of

[(ZR,3R AR SR 6R)-3 4-bis{acetyloxy )-S-acetanido-6-[4-{ { 3-[{25,3 R 4R, 5R}~-4-hydroxy-5-
{hydroxymethyh)-3-methoxyoxolan-2-yljpropyl} carbamoyDbutoxy joxan-2-yljmethyl acetate
{600 mg, 0.94 mmol, 1.00 equav.) and DMAP (11.55 g, 0.09 mmol, 0.1 equiv.) was co-
evaporated with dry pyridine (3 x 5 mL) and then re-dissolved in Pyridine (10 mL} ander Ar
atmosphere. To the mixture was added BN (143 49 mg, 1.41 mmol, 1.5 equiv.) dropwise,
followed by the addition of 1-[chloro(4-methoxyphenyibenzyl]-4-methoxybenzene (480,47 mg,
1.41 mmol, 1.5 equiv.} in 5 mL Pyridine (10 mL}. The reaction mixture was stirred at room
temperature overmight. The resulting mixtare was partitioned between EA (30 mL)} / water (30
mb}. The aqueocus layer was re-extracted with EA (2 x 20 mL}. The combined organic layers

were collected, washed with brine (10 mL), dried over anhydrous Na; SOy, concentrated under
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vacuum to give a crude product. The residue was purified with reverse flash chromatography
with the following conditions: column, C18 silica gel; mobile phase, ACN 1y water, 5% to 95%
gradient in 35 mun; detector, UY 254 nm. The collected fresh solution of pure product from
mobile phase was concentrated under reduced pressure to give [{(ZR,3R 4R 5K 6R)-3,4-
bis(acetyloxy }-6-{4-{ {3-[{25,3K 4R, 58})-5- {{ bis(d-methoxy pheny ¥ phenyDmethoxymethyi} -4~
hydroxy-3-methoxyoxolan-2-yljpropyl} carbamoyl}butoxy]-S-acetamidooxan-2-yimethyl
acetate (580 mg, 65.4% yield) as a white solid. MS ESI (m/z) = 935.40 [M - H]" '"H NMR (30¢
MHz, Acetonitrile~-ds) 8§ 7.55 = 7.44 {m, ZH), 7.39 - 7.22 (m, TH), 6.95 - 6.87 (m, 4H), 6.49{d, .J
=9 1Hz 2H}, 532-52%9(m, 1H}, 5.06 -4.98 {(m, 1H)}, 452 (d, /=84 Hz, 1H),417-4.10
(m, TH), 4.08 —3.92 (m, 4H), 3.84 — 3.77 (m, 8H), 3.53 — 3.38 (m, SH), 3.24 - 3.16 {m, 3H),
310 -2.96 (m, 2H), 2.19 (s, ZH), 2.12 (s, 3H), 2.01 (s, 3H), 1.94 (s, 3H), 1.85 (s, 3H), 1.72 —
1.47 {(m, 8H}.

[0750] Synthesis of [{{ZR,IBARSK,6K)-3.4-bis{acetyloxy }-6-{4-({3-[(28,35 4K SR)-5-{ [bis{4-

el

methoxyphenyl) (phenvhmethoxyimethyl}-4-{{(Z3-cyanocthoxy)(ditsepropylamine)-
phosphanyljoxy}-3-methoxyoxolan-2-vljpropylicarbamoyhbutoxy]-S-acetamidooxan-2-
vilmethyl acetate (GallNAc 1b). A portion of [(2R3R 4R, SR,6R)-3 4-bis(acetyloxy)-6-[4~-({3-
[(25,3R 4R 5R)-5-{[bis{4-methoxypheny ) phenvhmethoxy]methyl} -4-hydroxy-3-
methoxyoxolan-2-ylipropyl i carbamoylbutoxy]-S-acetamidooxan-2-yijmethyl acetate (350 mg,
0.58 mmol, 1.00 equav.) was co-evaporated with dry MeCUN { 3 x 10 mL) and then re-dissolved
m DCM (10 ml), marked as solution A which was protected with Ar before being used. 3-
{[bis[{propan-2-ylaminojphosphanylioxy)propanenitrile (26537 mg, 0.88 mmol, 1.5 equiv.)
was also co-evaporated with dry MeCN {3 x 10 mL) then re-dissolved in DCM (10 mL.), marked
as solution B. TH-imidazole-4,5-dicarbonitrile (5545 mg, (.47 mmol, 0.8 equuv.} was added into
the solution B, followed by the addition of solution A at ambient temperature. The resulting
mixture was charged with argon and stirred at room temaperature for 1 h. After completion of the
reaction, the mixture was diluted with DCM (60 mL}, washed with saturated NaHCO; (50 mL
2y and brine (50 mL), respectively. The combined organic layers were dried over anhydrous
NaxS04 and filtered. The filtrate was concentrated iz vacuo. The residue was purified by reverse
flash chromatography with the following conditions: Column, C18 silica gel; Mobile phase:
ACN i water, 5% to 95% gradient in 40 min; Detector: UV 254 nm. The product-containing

fractions were combined and rofo-evaporated in vacuo to give [(QR 3R 4R SR 6K}-3 4~
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bis(acetyloxy}-6-{4-{{3-[(28,38 4R 5R}-5-{| bis{4-methoxyphenv]}{pheny imethoxy imethyl} -4-
{{(2-cyanoethoxy)-{(dissopropylamine)phosphanyljoxy}-3-methoxyoxolan-2-

vijpropyl} carbamoyli-butoxy -5-acetamidooxan-2-ylimethvi acetate (406 mg, 60.8% vield}as a
white solid. M8 ESI (m/z) = 1137.70 [MHH]". 'H NMR {400 MHz, Acetonitrile-ds) § 7.54 — 7.45
(m, 2H), 7.43 ~ 731 (m, 6H), 7.29 — 7.20 (m, 1H), 6.92 ~ 6.86 (m, 4H), 6.52 — 6.45 {m, 2H),
5.31—528 (m, 1H), 5.04 — 4.99 (m, 1H), 4.53 (4, J=8.4 Hz, 1H), 429 - 4.21 {m, 1H), 418 —
3.93 (m, 6H), 3.88 — 3.74 {m, 9H), 3.66 — 3.44 (m, 5H), 3.42 — 336 (m, 3H), 3.27 - 3.15 (m,
3HY, 3.05-2.97(m, 1H), 269 -2.63 (m, 1H), 215 -2.07 (m, SH), 2.01 (s, 3H), 1.94 (s, 3H),
1.85(s, 3H), 1.73-1.49(m, 8H), 1 21 —1.11 (m, 8H), 1.02 (d, /= 6.8 Hz, 4H).

(07511 Preparation of Conjugate {-~1, The sense and antisense strands of C-1 were generated
by solid-phase synthesis, which were then annealed to afford C-1 duplex. 81-1 and 2”-modified
nucleoside phosphoramudites, such as 2°-F or 27-OMe, were used in the oligonucleotide
synthesis. The synthesis was conducted on a solid support in the 3”7 to 57 direction using standard
oligonucleotide synthesis procedures. Generally, the coupling time was 300 seconds with 3-
ethylthio-1H-tetrazole (ETT) as an activator. The generated phosphite triester was oxidized by
iodine in the presence of pyridine and water. The phosphorothioate hukages were generated
using a solution of 3-[{dimethylanunomethylenejamino}-3H-1,2 4-dithiazole-S-thione (BDTT).
The synthesized ohigonucleotide was then deprotected, cleaved from solid support, and purified
with SAX-HPLC. The pure fractions were combined, concentrated, desalted, and lyophulized to
afford the sense and antisense strands of C-1. The sense and antisense strands were redissolved
i water and their concentrations were determined by OD. Based on their concentrations, the two
single strands were annealed to afford the duplex C-1 with >95% purity. Conjugate C-2, C-3,
and C-4 were prepared using similar procedures as described above o generate C-1.

Example 3. mRNA Knochdown Activity of siRNA Duplexes Conjugated with GalNAc G1b
to Target Gene 2

[0752] The gene silencing activities were studied with sSiIRNA duplexes listed i Table 1. These
sIRNA duplexes were conjugated with either GalNAc GC3 {Glen Research, catalog # 10-1974)
or GalNAc G1b for hepatic delivery to target gene 2. As shown in FIG. 1, GalNA¢ G1b provides
better delivery efficiency and knockdown activity than GalNAc GC3.

[0753] CD-1 female mice were administrated subcutaneously with 0.5 mg/ke siRNA duplexes

conjugated with GalNAc. A control group was dosed with phosphate buffered saline (PBS). Four

e
i
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days post treatment, animals were then hydrodynamically injected (HDI) through tail vein with
20 pg target gene 2 in pcDNA3.1 (+). The mice were sacrificed one day post-treatment. Liver
tissues were collected, stored in RNAlater® overnight at 4 °C, and transferred to -80 °C after
RNA later removal, for mRNA analysis. Reduction of target mRNA was measured by qPCR
using CFX384 TOUCH™ Real-Time PCR Detection System (BioRad Laboratories, Inc.,
Hercules, CA). All samples were normalized to the PBS treated control animals and plotted
using GraphPad Prism software (GraphPad Software Inc., La Jolla, CA).

Table 1. Sequence information of siRNA duplexes tested in Example 3

Puplex | [mUs][fGs][fA][mG] [fA][mC][fA][mC][mG][fA][mG][mG][mU][{U][mU][fG][mG][mA][mU] [mAs][mCs][mC]

[mUs][mAs][mU][mC][mC][fA][mA][fA][fC][fC][fU][mC][mG][mU][mG][mU][mC][mUs][mCs][mA][GC3][GC3][GC3]

Duplex 2

[mUs][fGs][fA][mG][fA][mC][fA][mC][mG][fA]mG][mG] [mU][fU][mU][fG][mG][mA][mU][mAs][mCs][mC]

[mUs][mAs][mU][mC][mC][fA][mA][fA][fC] [fC][fU][mC] [mG][mU][mG][mU] [mC] [mUs] [mCs][mA][G1b][G Lb][GLb]

The lower-case letters of “f” and “m” indicate 2'-deoxy-2'-fluoro (2'-F) and 2'-O-methyl (2'-OMe) sugar
modifications, respectively, to adenosine, cytidine, guanosine and uridine; the letter “s” indicates phosphorothioate
(PS) linkage; EP indicates ethyl phosphonate modification at 5°-end; and GC3 and G1b indicate the GalNAc
structures as shown below:

OH OH OH OH MeO, o
O. N o N
Ho NHAc H/\/\/\g/ o\ﬁﬂ Ho NHAc \/\/\g/ o OH
GalNAc GC3 (Glen Research, catalog # 10-1974) GalNAc Glb

Example 4. mRNA Knockdown Activity of siRNA Duplexes Conjugated with GalNAc G1b
to Target Gene 1

[0001] The gene silencing activities were studied with siRNA duplexes listed in Table 2. These
siRNA duplexes were conjugated with either GaINAc¢ L96 or GalNAc¢ G1b for hepatic delivery
to target gene 1. As shown in FIG. 2, GalNAc G1b provides better delivery efficiency and KD
activity than GalNAc L96.

[0002] CD-1 female mice were administrated subcutaneously with 0.5 mg/kg siRNA duplexes
conjugated with GalNAc. A control group was dosed with phosphate buffered saline (PBS). Four
days post treatment, animals were then hydrodynamically injected (HDI) through tail vein with
10 pg target gene 1 in pcDNA3.1 (+). The mice were sacrificed one day post-treatment. Liver
tissues were collected, stored in RNAlater® overnight at 4 °C, and transferred to -80 °C after
RNA later removal, for mRNA analysis. Reduction of target mRNA was measured by qPCR
using CFX384 TOUCH™ Real-Time PCR Detection System (BioRad Laboratories, Inc.,
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Hercules, CA). All samples were normalized to the PBS treated control animals and plotted
using GraphPad Prism software (GraphPad Software Inc., La Jolla, CA).
Table 2. Sequence information of siRNA duplexes tested in Example 4

[mCs][mUs][mA][mG][mA][mC][fC][mU][fG][mU] [dT][mU][mU] [mG] [mC] [mU][mU] [mU] [mU] [mG][mU][L96]

DI 3] s fmA A IEAIEATm G mA AT mA mAYmC A mGFG] U ECl U] mA Gl mAsfmA]

(mUs][mAs][mG] [mA][mC][{C][mU][{G][fU][fU][fU][mU][mG} [mC] [mU] [mU][mU][mU][mG] [mA][L96]

puplex ¢ [mUS][fCs] [fA][mA][fA][mA][fG][mC][mA][fA][mA][mA][mC][fA][mG] [{G][mU][mC][mU][mAs][mGs|[mA]

[mUs][mAs][mG] [mA][mC] [fC] [mU] [fG] [FU] [fU][fU] [mU] [mG] [mC] [mU] [mU] [mU] [mU] [mG] [mA][L96]

DUDIeX 3} e U11£Cs] A [mA] [FAjm AT [G][mC]fmA] FATmATmATjmC] [FA]mGIG][mU][mC]mU][mAs] mG] [mA]

Duplex 6 [mUs][mAs][mG] [mA] [mC][{C][mU][{G] [fU][{U] [({U][mU][mG][mC] [mU][mU] [mU][mU][mG] [mA][Gbs] [G1bs] [G1b]

[mUs][mAs][mG] [mA] [mC][fC][mU][fG][fU][fU] [fU][mU] [mG][mC] [mU] [mU] [mU][mU][mG] [mA][G1b][G1b][G1b]

Puplex 7 [EPmUs] [fCs][fA][mA][fA][mA][fG][mC][mA] [fA][mA]ImA][mC] [fA][mG][{G][mU][mC][mU][mAs] [mGs| [mA]

]

[
[EPmUs][£Cs][fA][mA][fA][mA][fG][mC][mA][fA][mA][mA][mC][fA]mG][fG][mU] [mC][mU][mAs][mGs][mA]

[

]

[

[mUs][mAs][mG][mA] [mC][fC][mUfG][fU][fU][fU][mU] [mG][mC] [mU][mU][mU][mUs][mGs][mA][G1b] [GLb][G 1b]
[EPmUs][£Cs][fA][mA][fA][mA][fG][mC][mA] [FA][mA][mAl[mC]FA] mG][fG][mU] [mC][mU][mAs] [mGs][mA]

Duplex 8

The lower-case letters of “f” and “m” indicate 2'-deoxy-2'-fluoro (2'-F), and 2'-O-methyl (2'-OMe) sugar
modifications, respectively, to adenosine, cytidine, guanosine and uridine; the letter “s” indicates phosphorothioate
(PS) linkage; EP indicates ethyl phosphonate modification at 5°-end; and L96 and G1b indicate the GaINAc
structures as shown below:

o o [} Q
- OH OH MeOQ, O
K¢ 0 N0 4 :\/\/O\_
H H o
NHAcO\/\/INH NHAc \/\/\‘[D]/ ¢} OH
GalNAc L96 GalNAc Glb
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EQUIVALENTS

[07561 The details of one or more embodiments of the disclosure are set forth in the
accompanying description above. Although any methods and materials similar or equivalent to
those described herein can be used in the practice or testing of the present disclosure, the
preferred methods and materials are now described. Other features, objects, and advantages of
the disclosure will be apparent from the description and from the claims. In the specification and
the appended claims, the singular forms include plural referenis unless the context clearly
dictates otherwise. Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. All patents and publications cited in this specification are incorporated by
reference.

(07571 The foregoing description has been presented only for the purposes of lustration and is
not intended to limit the disclosure to the precise form disclosed, but by the claims appended

hereto.
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CLAIMS

1. A compound of Formula (I) or (H):

(1},
or a pharmaceutically acceptable salt thereof, wherein:

Wos H, C-Cs alkyl optionally substituted with one or more halogen, or an amino
substitution group;

X is H, halogen, or -ORY;

R is H, Ci-Cs alkyl, or {Ci-Cs alkyD-{Ce-Cio aryl), wherein the €1-Cs alkyl or -{C1-Cs
alkyD-(Cs-Cro aryl) is optionally substituted with one or more R,

each R™ independently is halogen, C1-Cs alkeyl, or -0-(C1-Cs alkyl), wherein the Ci-Cs
alkyl or -0-(C-Ce alkyl) is optionally substituted with one or more halogen;

Y is H, C-Ce alkyl optionally substituted with one or more halogen, -P(R¥), -
PORYYN(R )2}, -P(=0}ORYIRY, -PESHORVRY, -P(=0}SRYRY, -P(=S}SR"IRY, -
PEONORY Y, -PESHOR b, -PEOWSRY ), -P(=SYHSR ), or a hydroxy protecting group;

each RY independently is H or C1-Cs alky! optionally substituted with one or more
halogen or cyano;

Z is H, or C1-Cs alkyl optionally substituted with one or more halogen, -P(R%), -
PORZD)(N(R? ), -P(=OXORYIR?, -P(=S)ORZIR”, -P(=0}SRHR, -P(=S)(SRF)R?, -
P(=0YOR? ), -P(=SYOR™ ), -P(=0}S8R ), -P(=S)SR?}:, or 3 hydroxy protecting group;

each RZ independently is H or C1-Cs alkyl optionally substituted with one or more

halogen or ¢vano;
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or Y and Z in Formula (1), together form -SH{RY,-0-Si{R -, wherein each R>
mdependently s H or C-Ce alkyl;

each R* independently is H, halogen, or C1-Cs alkyl optionally substituted with one or
more halogen; or two R* on two adjacent carbon atoms, together with the two adjacent carbon
atoms, form a double bond,

each R® independently is H, halogen, or C;-Cs alky! optionally substituted with one or
more halogen;

R is H, halogen, or C1-Cs alkyl optionally substituted with one or more halogen;

R? is H, halogen, or C;-Cs alkyl optionally substituted with one or more halogen;

R? is H, halogen, or C1-Cs alky! optionally substituted with one or more halogen;

R*is H, halogen, or C1-Cs alkyl optionally substituted with one or more halogen;

each R® independently is H, halogen, or C1-Cs alky! optionally substituted with one or
more halogen; and

n1s an integer ranging from about 0 to about 10

2. A scatfold or a pharmaceutically acceptable salt thereof, wherein the scaffold comprises:
(U aLagand; and

(i1} a Linker Unst, wheren the Linker Unit is:

wherein R\, R% R, RY RY X ¥, Z, R® R, and n are defined in claim 1, and # indicate an

attachment to the Ligand.

3. A scaffold or a pharmaceutically acceptable salt thereof, wherein the scaffold comprises:
(1) one or more Nucleic Acid Agent; and

(i1} one or more Linker Unit, wherein each Linker Unit independently is:
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wherein variables RU RZ R° RY R’ W, X, Y. 7. R® R®, and n are defined in claim 1, and ##

indicates an attachment io the Nucleic Acid Agent.

4. A conjugate or a pharmaceutically acceptable salt thereof, wherein the conjugate
COMPrises:

(1) one or more Nucleic Acid Agent;

{1t} one or more Ligand; and

(u1) one or more Linker Unit, wherein each Linker Unit independently is:
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wherein variables R, R? R®, RE R® XU Y, 2, R®, R®, and n are described in claim 1, # indicate an

attachment to the Ligand, and ## indicates an attachment to the Nucleic Acid Agent.

(v

The compound, scaffold, or conjugate of any one of the previous claims, wherein W is H.

6. The compound, scaffold, or conjugate of any one of the previous claims, wherein W is

C1-Cs alkyl optionally substituted with one or more halogen.
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=

7. The compound, scaffold, or conjugate of any one of the previous claims, wherein W is an

amino substitution group.

& The compound, scatfold, or conjugate of any one of the previous claims, whergin W is
flyorenyimethyloxycarbonyl (Fmoc), tert-butyloxycarbonyl (BOC), benzyloxycarbonyl (Chbz),
optionally substituted acyl, trifluorcacetyl (TFA), benzyl, triphenyimethy! (Tr), 4,4'-

dimethoxvirityl (DMTr), or toluenesulfonyl (Ts).

9. The compound, scaffold, or conjugate of any one of the previous clamms, wherein X s H.
10, The compound, scaffold, or conjugate of any one of the previous claims, wherein X is
halogen.

i1 The compound, scaffold, or conjugate of any one of the previous claims, wherein X i3 -
ORX

12. The compound, scaffold, or conjugate of any one of the previous claims, wheren Y s H
13, The compound, scaffold, or conjugate of any one of the previous claims, wheremn ¥ 15 Cs-

Cy alky! optionally substituted with one or more halogen.
14, The compound, scaffold, or conjugate of any one of the previous claims, wherein Y 13 -
P(RY ), -PORVHN(RY ), -P=ONORVIRY, -PESHORVRY, -PEONSRYRY, -P(=8)(SRVIRY, -

PEONOR ), -PESHORYY,, -P(=OXSR 1, -P=S)SR ).

15. The compound, scaffold, or conjugate of any one of the previous claims, wherein Y is a

hydroxy protecting group.

16, The compound, scaffold, or conjugate of any one of the previous claims, wheremn Z is H
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17. The compound, scaffold, or conjugate of any one of the previous claims, wherein 7 is Cs-

Cs alleyl optionally substituted with one or more halogen.

18, The compound, scaffold, or conjugate of any one of the previous claims, wherein 7 is -
PRy, -PFORPHN(R ), -P(=O) ORNR?, -P(=8}ORR?, -P(=0)SRYR?, -P(=8)(SRIR”, -
P(=0)OR™),, -P(=SHOR%):, -P(=0XSR ), -P(=S)(SR ).

19, The compound, scaffold, or conjugate of any one of the previous claims, wherein Z s a

hydroxy protecting group.

20. The compound, scaffold, or conjugate of any one of the previous claims, wherein Y and

7 in Formula (I} together form -Si{RM2-0-Si{R -

21 The compound of any one of the preceding claims, wherein the coropound 15 of Formula

(-1, (U-2), (-1}, or (AU-2);

(Ir-1y or
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(1-2);
or a pharmaceutically acceptable salt thereof.

22, The compound of any one of the preceding claims, wheremn the compound is of Formula

(I-A), (11-A), (1-A’-1), (I-A’-2), (II-A’-1), or (II-A°-2):

N
O “w
Z G n
O X
Y (I-A},
§
O W
Z C n
X O.
Y (fI-A):

(1-A°-2),
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X O.

Y (H-A’-1); or
N
O o ~
N
X 0.
Y (1-A"-2);

or a pharmaceutically acceptable salt thereof.

23 The compound of any one of the preceding claims, wherein the compound is of Formula

(I-B), (I1-B), (I-B°-1), (1-B°-2), (11-B°-1), or (I1-B’-2);

N
O 4 ~w
V4 O n
O OCH.
Y ’ (-B);
§
O W
H.CO O
? Y (I-B);

6 o

cH
? (1B-1);

164



WO 2023/014938 PCT/US2022/039517

A (IB-2);
N
o W
Z
H,CO 0.
? Y (1-B’-1); or
N
0o & W
H,CO O,
? Y (H-B°-2).
or a pharmaceutically acceptable salt thereof.
24, The compound of any one of the preceding claims, wherein the compound is selected

from the compounds described in Table L and pharmaceutically acceptable salts thereof.

25, The scatfold of any one of the preceding claims, wherein the scaffold 15 (Linker Unut)p-
{{Nucleic Acid Agent)-(Linker Unit)sh~(Nucleic Acid Agent)q, wherein

each Linker Unit is independent from another Linker Uunit, and each Nucleic Aaid Agent
is independent from another Nuclewe Acid Agent;

each r independently is an nteger ranging from 0 to 10,

each s mdependently is an integer ranging from 0 to 10;

p is an integer ranging from O to 10;

gisDor 1 and

the scaffold comprises at least one Linker Unit and at least one Nucleic Acid Agent.

26. The scaffold of any one of the preceding claims, wherein the scaffold s
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OAc
o AcHN, OAc
0
z o \é‘/\’,NHk/\/\G 0/\1
¥ /n OAc
on QM&

or a pharmaceutically acceptable salt thereof, wherein:

Y is -PR ), ~PORVN(R )2}, -PEOHORDHRY, -PESHORIRY, -PE=0)SRYIRY, -
PESHSRORY, -PEONORY ), -PESHORY ), -PEOHSRY Y, -P(=SHSRY ), or a hydroxy
protecting group;

each RY independently is H or Cy-Cs alkyl optionally substituted with one or more
halogen or ¢yano;

Zis -P(R%y:, -P(ORPDN(R ), -P(=0)ORHR® -P(=SHORDR?, -P(=0}SRYR?, -
PESYHSRYRE, -P(=0)ORYy, -P(ESHOR Y, -P(=0MSR):, -P(=8)SR ), or a hydroxy
protecting group,

each R% independently is H or 1-Cs alkyl optionaily substituted with one or more
halogen or cyane; and

n is an integer ranging from about 0 to about 10

27. The scaffold of any one of the preceding claims, wherein the scaffold is selected from the

scaffolds in Table S1.

28. The scaffold of any one of the preceding claims, wherein the scaffold is
#H %—0 ## g-—Q
3 ol
S W 05w
o0 OMe Ho-B-0 OMe
O or OF g ;

or a pharmaceutically acceptable salt thereof, wherein:
W is an amino substitution group; and

n 13 an joteger ranging from about O to about 10,

29. The scaffold of any one of the preceding claims, wheren the scaftold 1s selected from the

scaffolds in Table 82.
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30. The conjugate of any one of the preceding claims, wherein the conjugate 1s (Linker Unit-
{Ligand}o.1)p-{{Nucleic Actd Ageni}-(Linker Unit-(Ligand}e. )s)-{ Nucleic Acid Agent},, wherein:

each Linker Unit s independent from another Linker Unit, each Nucleic Acid Agent is
independent from another Nucleic Acid Agent, and each Ligand s independent from another
Ligand;

each r independently is an integer ranging from 0 to 10;

each s independently 15 an integer ranging from 0 to 10;

p is an integer ranging from 0 to 10;

gisOor1; and

the conjugate comprises at least one Linker Unit, at least one Nucleic Acid Agent, and at

least one Ligand.

3L The conjugate of any one of the preceding claims, wherein the conjugate 15 selected from

the conjugates in Table C.

/
13 Or

32. The scaffold or conjugate of any one of the preceding claims, wherein the ligand
OAc OH
ACHN.__A__OAc AcHN A OH
o 0
@ JL{\A /D/\\iéj; o )’\[\/\r,O’ &)
cene = VT oac . 5 U7 OH
comprises 130 or 130 .
33, The scaffold or conjugate of any one of the preceding claims, wherein the ligand
/ oA\ /’ OH \
[ AcHN.____oac ‘\\ | AcHN. A _OH |
i OIGI | 9 Q};jw |
. L ) T . ——J\e/}f i
$-Linking Molety \\ faa Oac /i $~Linking Mme‘ly/k\\ a0 o /
-3

comprises N

34 The scaffold or conjugate of any one of the preceding claims, wherein the ligand

comprises a lipid, a peptide moiety, or an antibody moiety.
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35 The scaffold or conjugate of any one of the preceding claims, wherein the Nucleic Acid

Agent comprises an oligonucleotide.

36. A pharmaceutical composition comprising the compound, scaffold, or conjugate of the
any one of the preceding claims.

37. A method of modulating the expression of a target gene in a subject in need thereof,
delivering a Nucleic Acid Agent to a subject in need thereof, or treating or preventing a disease
in a subject in need thereof, comprising administering to the subject a therapeutically effective

amount of the conjugate of any one of the preceding claims.

38. The conjugate of any one of the preceding claims for modulating the expression of a
target gene in a subject in need thereof, for delivering a Nucleic Acid Agent to a subject in need

thereof, or for treating or preventing a disease in a subject 10 need thereof.

39, Use of the conjugate of any one of the preceding claims in the manufacture of a
medicament for modulating the expression of a target gene 1 a subject in need thereof, for
delivering a Nucleic Acid Agent to a subject in need thereof, or for treating or preventing a

disease in a subject in need thereof.



