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(57) Abstract: The present disclosure provides to linker compounds of Formula (I) or (I); pharmaceutically acceptable salts thereof,
and related scaffolds and conjugates. More specifically, compounds of formula (1-A) are disclosed. The present disclosure also relates
to uses of the linker compounds, scaffolds, and conjugates, e.g., in delivering nucleic acid and/or treating or preventing diseases.
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2'-ALKYL OR 3'- ALKYL MODIFIED RIBOSE DERIVATIVES FOR USE IN THE IN-VIVO DELIVERY OF
OLIGONUCLEOTIDES

RELATED APPLICATION

00017 This application claims priority to, and the benefit of, U.S. Application No. 63/246,870,
F00017 This appl laims priority to, and the benefit of, U.S. Appl No. 63/246,870,

filed on September 22, 2021, the entire contents of which are incorporated herein by reference.

BACKGROUND

0002} Efficient delivery of genetic materials such as RNA to cells in vivo requires specific
targeting and protection from the extracellular environment, particularly serum proteins. One
method of achieving specific targeting is to conjugate a targeting molety {o the nucleic acid {e.g.,
oligonucleotide}. The targeting moiety helps direct the nucleic acid to the site of miterest. A
targeting motety can improve delivery by receptor-mediated endocytosis. This process is
mitiated via activation of a cell-surface or membrane receptor following binding of a specific
higand to the receptor. Many receptor-mediated endocyiotic systems are known, mcluding those
that recognize sugars such as galactose, mannose, mannose-6-phosphate, peptides and proteins
such ag transferrin, asialoglycoprotein, vitamim B1Z, msuhin, and epidermal growth factor (EGF).
The asialoglycoprotein receptor (ASGP-R) 15 a high capacity receptor and 15 highly abundant on
hepatocytes. The ASGP-R shows a hugh affiruty for N-Acetyl-D-Galactosylamine {GalNAc) than
D-Gal. Recently, certain carbohvdrate conjugates have been shown to be a valuable alternative to
liposomes for nucleic acid delivery. Moreover, after successtul delivery 1nto cells, the stability of
the nucleic acid in the cellular environment 15 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] Tnsome aspects, the present disclosure provides a compound of Formula (I) or (I}
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or a pharmaceutically acceptable salt thereof, whereinu

B 13 H or a nucleobase moiety,

W s H, C1~Ce alkyl optionally substituted with one or more halogen, or an anino
substitution group;

Y is H, Ci-Cs alkyl optionally substituted with one or more halogen, -P(RY), -
PIORVINRY)), -PEONORVRY, -PESHORTIRY, -PEONSRYIRY, -PES)(SRYRY, -
P(=0HORY ), -PESHORY Y, -PEONSRY Y, -P=S)SR Y ), or a hydroxy protecting group;

each RY independently is H or £1-Cy alky! optionally substituted with one or more
halogen or cyano,

Z is H, or C1-C¢ alky! optionally substituted with one or more halogen, -P(R™), -
PORD(N(R ), -PE=OY)ORNRY, -PESYORNRY, -PEONSRYR?, -P=SHERDRY, -
PEOYOR™Y, -P(=SHOR Y, -PEONER Y, -PESY SR, or a hydroxy protecting aroup,

each R” independently is H or €1-Cs alkyl optionally substituted with one or more
halogen or cyano,

or Y and 7 in Formula (1) together form -Si(R*)-0-81(R*)o-) wherein each R*

independently s H or 4-Cs alkyl;

[N
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each R* independently 1s 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 C1-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 Ci-Cs alkyl optionally substituted with one or more halogen:

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

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

n is an integer ranging from about O to about 10,
[0003] In some aspects, the present disclosure provides a compound being an isotopic derivative
of a compound disclosed herein.
[0006] Insome aspects, the present disclosure provides a scaffold or s pharmaceutically
acceptable salt thereof, wherein the scaffold coroprises:

(U afagand; and

(11} a Livker Unat, wherewn the Linker Unut s

or ,
wherein variables B, R, R7. RY R* R’ Y, Z, R R® and n are described herein, and # indicates
an attachment to the Ligand.
(0007} Insome aspects, the present disclosure provides a scaffold or a pharmaceutically
acceptable salt thereof, whereain the scaffold comprises:

(1} one or more Nucleic Acid Agent; and

{11} one or more Linker Unit, wherein each Linker Uit independently s
AL : Y
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, OF

wherein variables B, R, RE R RY R® W, Y, 7, R® RP and n are described herein, and ##
indicates an attachment to the Nucleic Acid Agent.

[00087 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;
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{1t) one or more Ligand; and
{111} one or more Linker Unit, wherein each Linker Unit independently is:

wherein variables B, RY, RE R, RY R®, ¥, Z, R RY, and n are described herein, # indicates an

attachment to the Ligand, and /¢ indicates an attachment 1o the Nucleic Acid Agent.

(¥ 4]
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[0009] insome aspects, the present disclosure provides a compound being an 1sotopic derivative
of a compound disclosed heren.

[0010] insome aspects, the present disclosure provides a pharmaceutical composition
comprising a compound, scaffold, or conjugate described herem.

[0011] Insome 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.

[0012] 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.

[0013] 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 heremn.

[0014] In some aspects, the present disclosure provides a use of a conjugate described herein in
the manufacture of a medicarnent for modulating the expression of a target gene 10 a subject
(00137 Insome aspects, the present disclosure provides a use of a comyugate described herein in
the manufacture of a medicarent for delivering a Nucleie Acid Agent to a subject.

[0016] In some aspects, the present disclosure provides a use of a conjugate described heremn in
the manufacture of a medicament for treating or preventing a disease w a subject in need thereof.
[0017] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordimary skill in the art to which this disclosure
belongs. In the specification, the simgular forms also 1clude the plural unless the context clearly
dictates otherwise. Although methods and materials sumilar or equivalent to those deseribed
herein can be used in the praciice or testing of the present disclosure, suitable methods and
materials are described below. Al publications, patent applications, patents and other references
mentioned herein are incorporated by reference. The references cited heremn are not admiited to
be prior art to the clavmed mvention. In the case of conflict, the present specification, mcluding
definitions, will control. In addition, the materials, methods and examples are illustrative only
and are not mtended to be himiting. In the case of conflict between the chemical structures and
names of the compounds disclosed herein, the chemical stractures will control.

[0018] Other features and advantages of the disclosure will be apparent from the following

detailed description and claims.

[
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BRIEF DESCRIPTION OF DRAWINGS
[0019] FIG. 1 1s a graph showing the gene silencing activity of siRINA duplexes in liver on day §
after a single 0.5 mg/kg s.¢. injection of C'D-1 female mice, followed by HDI dosing on day 4

{plasnud of human target gene 1, 10 pg).

BETAILED DESCRIPTION

[00Z07 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,
hinkers, scaffolds, and conjugates, e.g. | in delivering nucleic acid and/or treating or preventing
diseases.

Linker Compounds of the Present Disclosare

(0021} insome aspects, the present disclosure provides a compound of Formula (I} or ()

or a pharmaceutically acceptable salt thereof, wheremn:
B 15 H or a nucleobase moiety,
W is H, C1-Cs alkyl optionally substiinted with one or more halogen, or an aming

substitution group,
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Y is H, C1-Cs alkyl opticnally substituted with one or more halogen, -P(R");, -
P{ORVYN(RY ), -P(=OYORMRY, -PESHORMRY, WPEONSRYOIRY, WPESHSRMHRY, -
P(=0NORY ), -PESHOR Y, -P(EOY)SR Y, -P(=S)SR h, or a hydroxy protecting group,

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

7 is H, or C1-Cs alky! optionally substituted with one or mare halogen, -P(R"), -
P(ORIDYN(R YY), -P(=OXORTR”, -P(=SHORIR?, -PEOWSRORY, -P(=S)SRHRY, -
P(=0}OR ), -P(=S}OR?)z, -P(=0YSR )2, -P(=S){SR?),, or a hydroxy protecting group;

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

or Y and 7 in Formula (1) together form -Si(R>)-O-Si(R*)-, wherein each RV
independently s H or C-Cs alkvl;

each R* independently 15 H, halogen, or C1-Ce 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 C1-Ce alkyl optionally substituted with one or
maore halogen;

RY is H, halogen, or Ci-Ce alky! optionally substituted with one or more halogen;

R? 15 H, halogen, or C1-Ce alkyl optionally substituted with one or more halogen;

R3 is H, halogen, or C-Cs alkyl optionally substituted with one or rmore halogen;

R*1s H, halogen, or C:i-Ce 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 1s an integer ranging from about O to about 10,

[0022] It is undersiood that, for a compound of the present disclosure, variables B, W, Y. Z, RY,
R% RY REORY RY RY RY R RY, and ncan each be, where applicable, selected from the groups
described herein, and any group described herein for any of variables B, W, ¥, Z, RY, R“ ®M RY,
RP, RY RZ R R RS and ncan be combined, where applicable, with any group described hersin
for one or more of the remainder of variables B, W, Y. Z, RY, RY RY R* R" R R* R RY R,
and n.

Variable B
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f0023] insome embodiments, B s H

[0024] Insome embodiments, B i a nuclecbase motety.

[0025] The term, “nucleobase motety”, as used herein, refers to a nucleobase that is attached to
the rest of the compound, e.g., via an atom of the nucleobase or a functional group thereof.
(0026} Insome embodiments, the nuclesbase molety 1s adenne {A), cytosmne (C), guamne (G},
thymine (T}, or uracit {U).

(00271 Insome embodiments, the nuclesbase moiety is a modified nuclecbase.

10028} insome embodiments, the modified nuclechase 15 S-methyleytosine.

[00297 Insome embodiments, the modified nuclecbase 1s hypoxanthine, xanthine, or 7-
methylguanine.

[0030] Insome embodiments, the modified nucleobase is 5 6-dihvdrouracil, S-methyicytosine,
or S-hydroxymethyvicvtosing

F0031] In some embodiments, the nucleohase moiety is an artificial nuclechase.

(00321 Insome embodiments, the artificial nucleobase 18 1soguanine, 1socytosing, 2-amino-6-{2-
thienyDipurine, or pyrrole-2-carbaldehyde,

Variable W, Y, RY, 7, F, and R"

[0033] In some embodiments, W 1s H.

10034] Insome emboduments, W is Ui-Ce alkyl (e g, methyl, ethyl, n-propyl, t-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 ).

(003371 Insome erobodiments, W s (1-Ce alkyl (e g, methyl, ethyl, n-propyl, i-propyl, n-butyl,
-butyl, s~butyl, t-butyl, pentyl, or hexyt).

[0036] Insome embodiments, W 1s methyl, ethyl, or propyl

[0037] Insome embodiments, W is an amumo substifution group, 1.e., a group suitable for
substituting a hydrogen of an amino moiety, such as an amino protecting group.

[0038] Insome embodiments, W is an amino protecting group, mchuding, but not limited to,
fluorenyimethyloxycarbonyl {Fmoc), tert-butyloxycarbonyl (BOC), benavioxycarbonyl {(Chz},
optionally substituted acyl, trifluoroacety! (TFA), benzyl, tnphenyimethyl (Tr), 4,4°-
dimethoxytrityl {DMTr}, or toluenesulfonyi (Ts).

[0039] insome embodiments, W is optionally substituted acyt {e.g., ~C(=0NC1-Cae alkyl),

wherein the C1-CUso atlkyl is optionally substituted).

G
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L
(00407 In some embodiments, W is substitiited acyl {e.g., o ,

@ or Z /\—’ﬂ/ ).
[0041] Insome embodiments, W is trifluoroacety] (TFA)

[0042] Insome embodiments, W is optionally substituted thuocacyvl {e.g., ~-C{=S}T-Cso allyl},

S O
oy
\

O ).

{0045} Insome embodiments, Y 1s U1-Cs alkyl (e g, methyl, ethyl, n-propyl, 1-propyi, n-butyl,

wherem the C)~Uso alkyl 1s optionally substituted).

[0043] Insome embodiments, W is substituted thioacyl {e.g.,

00441 Insome embodiments, ¥V s H.
]

-butyl, s-butyl, t-butyvl, pentyl, or hexvl) optionally substituted with one or more halogen (e.g., F,
i, Br, or I},

[0046] Insome embodimenis, Y 15 Ci-Cs alkyl {e.g., methyl, ethyl, n-propyl, 1-propyl, n-butyl,
i-butyl, s-butvl, t-butyl, peniyl, or hexyl}.

(00477 Insome embodiments, Y is methyl, ethyl, or propyl

[0048] Insome embodiments, Y is -P(RY Y, -PCORTYNR YY), -P(=0NORNRY, -
P=SYORVRY, -P=0)SRYRY, -P(=S)BRIRY, -P(=OYORY ), -P(=8YOR ), -P(=OHSR Y, -
P=S}S8R

[0049] In some ernbodiments, ¥V is -P(R ).

10050] Insome embodiments, Y s -PHz.

[0051] Insome embodiments, Y is -P{ORVIN(R ).

100521 Insome embodiments, Y s ~-P(OHMNH:}

F0053] Insome erobodiments, Y s ~P{O(C-Co alkyDHN(C1-Cs alkyi)), wheremn the C1-Cs
alkyl s optionally substituted with one or more halogen or ¢yvano.

[0054] Insome ernbodiments, Y is -P(=0}ORYVRY.

10
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f0055] insome embodiments, Y 18 -P=OHOHYC1-Cs alkyl), wherein the C1-Cs alkyl s
optionally substituted with one or more halogen or cyano.

[0056] Insome embodiments, Y is -P{=S}{OR"IRY.

00571 Insome embodiments, Y i1s -P(=S Y OH}C-Cq alkyl), wherem the C;-Co alleylis
optionally substituted with one or more halogen or cyano.

[0058] Insome embodiments, Y is -P(=0}SR™IRY.

[0059] Insome embodiments, Y 1s -POWSHNC-Co alkyl), whereint the Ci-Co alkyl s
optionally substituted with one or more halogen or cyvano.

[0060] Insome embodiments, Y is -P{=S}{SR"R".

100617 Insome embodiments, Y is ~-P(=SHSHY}C;-Cs alkyly, wherein the C;-Ce alkyl is
optionally substituted with one or more halogen or cyano.

[0062] Tnsome embodiments, Y is -P(=0}ORY),.

[00631 Insome embodiments, Y is -PE=OY0OH,

[0064] Insome embodiments, Y 15 -P(=S}OR ).

(00637 Insome embodiments, Y 1s -PESHOH L

[0066] Insome embodiments, Y 5 -P(=0}SR¥ ).

[00671 In some embodiments, Y 1s ~PE0OXSHY

(00681 I some embodiments, Y 5 -P(=8}(SR" ).

{0069} In some erobodiments, Y is -PESHESH),

[0070] Insome embodiments, Y 15 a hydroxy protecting group {e.g., silvl Tr, DMTr, acyl, or
benzyl).

(00711 Insome embodiments, Y 1s silyl (eg, ttiimethylsiyl, triethylsiyi, tert-
butyldimethylsilyl, tert-botyldiphenylsilyl, or trisopropylsilyl).

100721 Insome embodiments, Y s tniphenyhmethyl (Tr) or 4,4'-dimethoxytrityl (BMTr}.
[0073] Insome embodiments, Y is optionally sobstituted acyl {e.g., ophionally substituted
acetyl) or benzyl.

[0074] In some erobodiments, at least one RY 1s H.

[0075] Insome embodiments, each RY is .

[0076] In some ervbodiments, at least one RY 15 Ci-Cs alkyl {e.g., methyvl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl s-butyl, t-butyl, pentyl, or hexyl} optionaily substituted with one or more

halogen {e.g., ¥, Cl, By, or I} or ¢vano,

i
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00771 Insome embodiments, each RY is (1-Cs alkyl (e g., methyl, ethyl n-propyl, i-propyl, n-
butyl, -butvl, s-butyl, t-butyl, pentyl, or hexyl} optionally substituted with one or more halogen
{e.g., F, Cl, Br, or i} or cyano.

[0078] Insome embodiments, at least one RY is H, and at least one RY is C1-Cs alkyl (e,
methyl, ethyl, n-propyl, i-propyi, n-butyl, --butyl, s-butyl, t-butyl, pentyl, or hexyl}y optionally
substituted with one or more halogen or cyano.

(007971 Insome embodiments, # s H

[0080] insome embodiments, 2 is C1-Cs alkyl {e g, methyi ethyl s-propyl, i-propyl, n-butvi i-
butyl, s-butyl, t-butyl, pentyl, or hexyl} optionally substituted with one or more halogen (e g | F,
Cl, Br,or I},

[O0817 Insome embodiments, 7 is C1-Ce alkyl (e g, methyl ethyl, n-propyl, i-propyl, n-butyl, -
butyl, s-butyl, t-butyi pentyl, or hexyl).

[O082} Insome embodiments, 7 is methyl, ethyl, or propyl

[0083] Insome embodiments, Z is -P(R%):, -PIORTHNR ), -PEOHORYIR?, -P(=S)ORMRZ,
PEONSRARE, -P=SHSRARE, -P(=00OR )y, -P(=S)OR Y, -P(=0X8R), -P(=5)}(SR% ).
[0084] In some embodiments, 7 is -P(R%)..

[O083] Insome emvbodiments, 4 15 -PH;,

[0086] In some embodiments, Z is -P{OR“HN{R%)).

{0087} Insome emvbodiments, 7 15 -P{OHH(NH,).

[0088] Insome embodiments, Z s ~P{O(C-Cr alkyINC-Cs alkyly), wheremn the Ci-Cs alkyl
15 optionally substituted with one or more halogen or cyano.

[0089] Insome embodiments, 7 is -P(=O)} ORZHRE,

[0020] Insome embodiments, 7 15 -P(=O}OHNC1-Cs alkyl), wherem the Ci-Ce alkyl 1s
optionally substifuted with one or more halogen or cyano.

[0091] Insome embodiments, 7 s -P(=SORHRZ

(00921 Insome embodiments, Z s -PE=SHOHNT-Cs alkyl), wherein the U-Cg alkyl s
optionally substituted with ons or more halogen or ¢vano.

[00931 Tn some embodiments, Z is -P(=0)}{SRAR”.

(00241 Insome embodiments, 2 s -PEOHSHNG-Co alkyl), wheren the C-Co alkyl 13
opticnalty substituted with one or moreg halogen or cyano.

[0095] In some embodiments, 7 is -P(=S}SRYRA

1z
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00961 Insome embodiments, Z 1s ~-P(=SYSHNC-Ce alky!l), wherem the C-Cg alkyl s
optionally substituted with one or more halogen or cyano.

[0097] Insome embodiments, Z is -P(0OR ..

{0098} Insome embodiments, Z 15 -P{(=0}OH})..

[0099] In some embodiments, Z is -P(=SWOR ).

[0100] Insome embodiuments, Z is ~P(=S}OH}:.

[0101] In some embodiments, Z is -P(=0)}{SR*).

10102} insome embodiments, 2 is -P(=0}SH}:

[0103] Insome embodiments, 7 is -P(=S}SR%).

[0104] Insome embodiments, 7 is -P(=S¥SH}:

[01057 Insome embodiments, 7 s a hvdroxy protecting eroup {e. ¢, silvl Tr, DMTr, acyl, or
benzyi).

[0106] Insome embodiments, 7 is silyl {e g, trimethyisiivl, triethyisilvl, tert-butyldimethylsiivl,
tert-butvidiphenyisilyl, or triusopropylsibyi}).
(01071 Insome embodiments, Z 13 tuiphenyimethyl (Tr) or 4,4'-dimethoxyirity! (DMTr).

[0108] Insome embodiments, 7 s substituted acyl (e g., optionally substituted acetyl) or
benzyl

[0109] Insome embodiments, at least one R% 5 H.

[0110] In some ermnbodiments, each RZ 15 H,

[0111] Insome embodiments, at least one R 15 Ci-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-
propyl, n~butyl, 1-butyl, s~butyl, t-butyl, penivl, or hexyl} optionally substituted with one or more
halogen {e.g., F, Ci, Br, or I} or cyano.

[0112] Insome embodiments, cach R? s Ci-Ce alkeyl (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, CL By, or I} or cyano.

[0113] Insome embodiments, at least one R is H, and at least one R 15 C)-Ce alkvl {e.g.,
methyl, ethyvl, n-propyl, -propyl, n-butyl, t-buityl, s-butyl, t-butyl, pentyl, or hexyl} optionally
substituted with one or more halogen {e.g., F, Cl, Br, or I) or cyano.

[0114] Insome ervbodiments, Y and Z in Formula (I) together form -Si{RY1-0-Si{R -,

[0115] Insome embodiments, Y and Z in Formula () together form -S{Ci-Co alkyl)-O-8S1{C-

Co aikﬁ"i}z“
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[0116] insome embodiments, Y and Z in Formula (1) together form -Si{(iPri-O-81(iPrj-.
[0117] Insome embodiments, at least one R™ is HL

[0118] insome embodiments, each R independently is C1-Cs alkyl

[0119] Insome embodiments, each R™ independently is methyl, ethyl, or propyl {e.u., iPr).
Viriables R R, R W OR R R and n

[0120] In some embodiments, each R" s H

[0121] In some embodiments, at least one R 15 halogen {e.g., F, CL, Br, or B or C1-Cs alkyl (e g,
methyl, ethvl, n-propvl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyi pentyl or hexyl) optionally
substituted with one or more halogen{e g, ¥ Cl Br, or 1)

[0122] In some embodiments, at least one R* is halogen {e.g, F, Cl, Br, or I},

[01237 In some embodiments, at least one R* 15 F or CL

[0124] In some embodiments, at least one R 15 Ci-Ce alkyl {e g, methyl, ethvl, n-propvl, 1-
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}.

[01253] In some embodiments, at least one R* 15 01-Ce alkyl {e.g., methvl, ethyl, n-propvl, &
propyl, o-butyl, 1-butyl, s-butvl, t-butyl, pentyl, or hexyl),

[0126] In some embodiments, at least one R* 15 U1-Cs alkvl (e g, methvl, ethyl, n-propyl, +
propyl, o-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexvl) substituted with one or more halogen
{e.g, F, CL By, or i)

[0127] In some embodunents, at feast two R on two adjacent carbon atoms, together with the
two adjacent carbon atoms, form a double bond.

[0128] In some embodiments, each R® is H.

[0129] In some embodiments, at least one R 15 halogen (e.g., F, C1, Br, or I} or C1-Cs alkyl {e g,
methyl, ethyl, n-propyl, i-propvi, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally
substituted with one or more halogen (e, F, T}, By, or I},

[0130] In some embodiments, at least one RY is halogen {e.g., F, Cl, Br, or I).

F01311 In some embodiments, at least one R” is F or C1.

[0132] In some embodiments, at least one RY 35 C1-Co 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., ¥, CL, Br, or I}.

i4
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[0133] In some embodiments, at least one RY is 1-Ce alkyl {e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, 1-butyl, s-butyl, t~butyl, pentyl, or hexyl}.

[0134] In some embodiments, at least one RY is C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, 1-butyl, s-butyl, t~butyl, pentyl, or hexyl} substituted with one or more halogen
{e.g., F, CL, Br, or i}.

[0135] In some embodiments, R' is H.

[0136] In some embodiments, R' is halogen {e p, F, C1, Br, or §),

[0137] In some embodiments, R' is F or CL.

[0138] In some embodiments, R' is C1-Cs alkyl (e g, methyl, ethyl, n-propyl, i-propyl. n-butyl,
i-butyl s-butyl, t-butyl, peniyl, or hexyl) optionally substituted with one or more halogen {e.g. F,
CL Br,or I},

[0139] In some embodiments, R is Ci-Cs alkyl {e.g, methyl, ethyl, n-propyl, i-propyl, a-hutyl,
byl s-butyl, t-butyl, pentyl, or hexyl).

[0140] In some embodiments, R! 15 C1-Cs alkyl (e.g., methvl, ethyl, n-propyl, t-propyl, n-butvl,
i-butyl, s-butyl, t-butvl, pentyl, or hexyl) substituted with one or more halogen {e.g,, F, Cl, Br, or
D).

(01417 In some embodiments, R is H.

[0142] In some embodiments, R? s halogen (e g, F, C1, Br, or I},

[0143] In some embodiments, RY is For C1

[0144] In some 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, Br, or ).

[0145] In some embodiments, R? is T1-Cs allyl (e g, methyl, ethyl, n-propyl, i-propyl, n-butyl,
-butyl, s-butyl, t-butyl, pentyl, or hexyt).

[0146] In some embodiments, R” is C;-Ce alkyl (.., methyl, ethyl, n-propyl. i-propyl, n-butyl,
-butyl, s-butyl, t-butyl, pentyl, or hexyl) substituted with one or more halogen {e.g., F, Cl, Br, or
D).

[0147] In some embodiments, R 15 H.

(0148} In some embodiments, R ig halogen {e.g, F, Cl, Br, or [}.

(01497 In some embodiments, R® is F or CL.

Ju—
(4
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[0150] 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.y., F,
Ci, Br, or [},

[0151] In some embodiments, R is C-Cs alkyl (e g, methyl, ethyl, n-propyl, i-propvl, n-butyl,
-butyl, s-butyl, t-butvi, pentyl, or hexyl}.

[0152] In some embodiments, R’ is C1-Cs alkyl (e o, methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butyl, t-butvl, pentyl, or hexyl) substituted with one or more halogen (eg, F, Cl, Br, or
).

[0153] In some embodiments, R* is H.

[0154] In some embodiments, R* is halogen (.o, F, C1 Br, or I},

01557 In some embadiments, R* is F or CL.

[0156] In some embodiments, R* is Ci-Cs alkyl {e.g, methyl, ethyl, n-propyl, i-propyl, a-hutyl,
byl s-hutyl, t-butyi, pentyl, or hexyl) optionally substituted with one or more halogen{e.g., F,
CL Br,or I

[0157] In some embodiments, RY is Ci-Ce alkyl (e g, methyl, ethyl, n-propyl, t-propyl, n-butyl,
1-butyl, s~butyl, t-butvl, peniyl, or hexyl).

[0158] In some embodiments, R* is C;-Ce alkyl (e g, methyl, ethyl, n-propyl, t-propyl, n-butyl,
i-butyl, s-butyl, t-butvl, pentyl, or hexyl) substituted with one or more halogen {e.g., F, Cl, Br, or
b

[0159] In some embodiments, each R 15 H.

[0160] In sonme embodiments, at least one R 15 halogen {e.g., ¥, Cl, Br, or I} or C1-Cs alkyl (e g,
methyl, ethyl, n-propyl, i-propvi, n-butyl, i-butyl, s-butyl, t-butyi, pentyl, or hexyl) optionally
substituted with one or more halogen (eg., F, T}, By, or I},

[0161] In some embodiments, at least one R is halogen {e.g., F, Cl, Br, or I).

[0162] In some embodiments, at least one R® 15 F or €1

[0163] In some embodiments, at least one R 15 C1-Cs alkyl {e.g., methyl, ethyl, n-propyi, i-
propyl, n-butyl, 1-butyl, s-butyl, t-butyl, pentyl, or hexyi} optionally substituted with one or more
halogen{e.g., F. Cl, Br, or I},

[0164] In some embodiments, at lsast one R’ is T alkyl (e.g., methyl, ethyl, v-propyl, i~

propyl, n-butyl, i-butyl s-butyl, t-butyl, pentyl, or hexyl}.

6
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[0165] In some embodiments, at least one R is 1-Ce alkyl {e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, 1-butyl, s-butyl, t-butyl, pentyl, or hexyl} substituted with one or more halogen
{e.g., F, Cl, Br, ori}.

[0166] In some embodiments, each of R% R®, R} R RY R* and RV is HL.

[0167] In some embodiments, n is an integer ranging from about 1 to about 10,

[0168] In some embodiments, o 1s an integer ranging from about 2 to about 10,

[01697 In some embeodiments, 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,

[01707 In some embodiments, n is an integer ranging from about 1 to about 8, from about | to
about 7, from about 1 to about &, from about 1 to about 5, from about 1 1o about 4, or from about
1 to about 3.

[0171] In some embodiments, 0 1s an integer ranging from about 2 to about §, from ahout 2 to
about 7, from about 2 to about 6, from about 2 to about 3, from about 2 to about 4, or from about
2 to about 3.

(01721 In some embodiments, nis O,

(01731 In some emboduments, nis 1

[0174] In some embodiments, nis 2,

[0175] In some embodunents, ni1s 3.

(0176} In some embodiments, nis 4,

(01777 In some embodunents, n1s S

(01787 In some embodiments, nis 6,

{01797 In some embodiments, nis 7.

[0180] In some embodiments, nis 8,
[0181] In some embodiments, n 13 9.

[0182] In some embodiments, nis 10,
Exemplary Embodiments of the Compounds

[0183] Insome embodiments, the compound s of Formula (N} or (1P}

17
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(I,
or a pharmaceutically acceptable salt thereof.

[0184] In some embodiments, the compound 18 of Formula (I-A) or (H-A):

O
z o P

(IL-A);
or a pharmaceutically acceptable salt thereof.

(0185} Insome embodiments, the compound s of Formula (-A) or ({°-A}:

SUBSTITUTE SHEET (RULE 26)
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(ar-A),
or a pharmaceutically acceptable salt thereof,

[0186] Insome embodiments, the compound is of Formula (I-B) or (II-B):

HO
o B
HO NH;
i

{I-B);
HO
O B

(1-B);
or a pharmaceutically acceptable salt thereof.

(01871 Insome embodiments, the compound is of Formula (I-B) or (iI'-B);

HO
N\

:.MNHE

g

Q’ii;

H

(r-Bj;
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HNo o
M

or a pharmaceuatically acceptable salt thereof.

ll;”“”

(LM
o

H
(Ir"-B);

[O188] In some embodiments, Y s a hydroxy protecting group (e g, siiyl, Tr, DMTr, acyl, or
benzyl), and 7 15 a hydroxy protecting group (e g, silyl, Tr, DMTr, acyl, or benzyl) or Y and 7
i Formula (1), (), (I-A), (T-A), (1-B), or (-B) together form -StRY1-0-Si{R" -, wherein each
R" independently is H or C1-Cs alkyl.

[0189] In some embodiments, Y 13 a hydroxy protecting group (e.g., stlvl, Tr, BMTr, acyl, or
benzyl), and £ 15 a hydroxy protecting group (e.g., sulyl, Tr, DMTr, acyl, or benzyl).
10190} In some embodiments, Y and Z w Formula {8}, (M), (-A), (I7-A), (I-B), or (I"-B) together
form -Si{RY):-0-8H{RY);-, wherein each R* independently is H or €1-Cs alkyl.

(01917} In some embodiments, the compound is:

Z"’Q\: Z"'O\\:
Loy B L. B

OB

-0 o 0 |
i _u o B

NH'M?‘? ) \'g

Py
0 2
Z-0._
—“Q B Z “0\
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Q\.
o § Q
a i N
Mg N
NH ﬁ o

or a pharmaceutically acceptable salt thereof, wheren:

B 1s a nucleobase mowety {e.g., adenine (A}, evtosine {C), guanme (G}, thymme (T), or
wracil (U3}

Y is PRy, -PORV(N(R ), -PEOXORMIRY, -PE=SHORNRY, -P=0XSRYHRY, -
PESHSRORY, -P(=0)ORY Y, -PESHOR ), -PEONSRY o, -P(=8)SR "), or a hvdroxy
protecting group {e.g., silvl {e.g., trimethylsily], tnethylalvl, tert-butyldimethyisilyl, tert-
butyldiphenylsilyl, or tnisopropyisilyly, triphenyimethyl {1}, 4,4"-dimethoxytrityl (DM Tr),
substituted acyl {e.g., optionally substituted acetyl), or benzyi);

each RY independently is H or C1-Cq alkyl optionally substituted with one or more
halogen or cyang;

Z is -P(R%), -P(ORF(N(R )}, -P=ONHORYIRE, -P(=8)ORAIR?, -P(=0O}SRAR?, -
PESHSRAORE, -P(=0OHOR Y, -PESHOR ), -PE0)SR ), -P(=SHSR% ), or a hydroxy
protecting group {e.g., silyl {e.g., trimethyisilyl, triethyisilyl, tert-butyldimethvisilyl, tert-
butyldiphenylsilyl, or frisopropylsilyl}, triphenylmethyl (T}, 4,4" -dimethoxyteityl (DM Tr),
substituted acyl {e.g., optionally substituted acetyl), or benzyl); and

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

halogen or cyano.

21
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[0192] In some embodiments, the compound is:

O o)

Ny B z 7 B
o I O
T !

g
-0 e BN N i

>

20N w 20N s
L0 O
7 il 0
-0 Lo -0 s |
Y NN N e, Y il WNH/J\{CVCE‘GaikyE)
L
X X
NH Cqghay CaqHaa
2" B
O
bt 1
3 NN ! -0 N
VT NN N N T N O k) Y NN NG oM
o
s
/\/NV
Cl){ ?
Q
e g g Ay (-G aly)
NH N
H
G
5 NH/L:\N/CMHAS
H
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el

7 B 277N B
O H
3

&
5
-0 k\f’/\/\/f\\ »j“i\N;f(CrCsaaikyi) y-0 %MNH/LE\N»CmHm
M

NH
H
Z’Q B
3
g
Y"‘Q 5 NHJ‘[\N’CQ‘!H%
, OF H ,

or a pharmaceutically acceptable salt thereof, wheremn:

B 1s a nucleobase motety {e.g., adenine (A}, cvtosine (€}, guanme (G}, thyrome (T}, or
uract! {(U});

Y is -P(R"Y, -PORYI(N(R ), -PEONORMRY, -P=SYORNRY, -PEOYSRYRY, -
PESYHSRNORY, -P(=0)ORY ), -P(=8YORY),, -P(EONSR ), -P(=8)} SR ), or a hydroxy
protecting group {e.g., silyl (e.g., trimethylsilyl, tnethylsilyl tert-butyldimethyisilyl, tert-
butyldiphenylsilyl, or trnisopropylsilyl}, triphenyimethyl (Tr), 4,4’ -dimethoxytrityl (DM Tr),
substituted acyl {e.g., optionally substituted acetyl), or benzyl);

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

7 15 -P(R* ), -PORAYN(R ), -P(=0HORYRA, -P(=8}OR“IR?, -P(=0)(SR4R”, -
P(=SHSROR?, -P(=OYOR):, -P(=SYOR% ), -P(=0)SR%),, -P(=SHSE*}), or a hydroxy
protecting group {e.g, silyl (e.g., trimethylsilyl, tnethylsilyl, tert-butyldimethylstlvl tert-
butyldiphenylsilyl, or trisopropylsilyly, triphenvimethyvl (11}, 44" -dimethoxyirityl (DM Tr),
substituted acyl (e g., optionally substituted acetyl), or benzyl);

each RZ independently is H or C;-Cg aliyl opticnally substituted with one or more
halogen or cyano; and

wherein the Ci-Cap alkyl is optionally substituted.

[0193] In some embodunents, the compound 1s selected from the compounds described m Table

L and pharmaceutically acceptable salts thereof.

J
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Compound No.

Structure

L1

DMTIO.,

1-3
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~ DMTrO
1.-8 r N 5
L0
NC
__‘\‘*O“ -0
¢ L
N{Prla LS o
i e
H
TG DMTrO
I r 8
O
NC—,
>>>>OR },O
E:‘ H S
NePr: L L er,
P N
H
1-10 DMTO.. g
NG, w2 0
) ; ;
S BN -
A \/f\\/’\xff\'NHfL\(Crﬁggakﬁ)
N{Pr),
wheremn the C1-Cao alky] is optionally substuuted
-11 DMTIO 5
NC—\_ 2 0
-3
P \\’A\“f\“/N‘NH)Lxcrcwamw)
N(:Pr)g
wheremn the C1-Cre alkyl 18 optionally substituted
.12 DMTIO
o jw o
-
Y H"u\(c1~c3o alicyl)
N{Pr),
wherein the C1-Cse alkyl is optionally substituted
I-13 DMTIO. g
NG
ey
114 BMTIO
NG
O
Y15 DMTO
NC‘—\ ®
--“G\.F:,.O
N{Pr)
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1-16
P17
E-18
- RN N N
o0 TN Caiblg
N(!‘Pl’)g
£-19 DTG 8
fo N
NG
M‘\“‘Qx 0O .
FI’ SN TN R
NP, -
1.-20 DMTrO g
O H
NC”"\\_
“0‘;?—'(} 1‘\,/"\\,«-"'\\/"\
NP
131 DMTO. g
-0
NC }m«ri
“\—'O\ ‘_0 wa . -~
B N A N
i NH,
NPTl
.07 OMTIO. g
o ey
| N i N -
? ] i\v/ \\//\\_,/ \NHJ\CFS
N(:"F’r)z
1-23 DMTIO 5
NCW"\\.., s { I [0}
G\P‘O L\V/A\//\\/’\NH/U‘\
i CFg
NP,
L.04 DMTIO B
NG— e
O -
- NN
5‘}’{3 s NH/U\CFg
N{/Pey,
.75 DMTIO
NC , 5
M\wO“P“é PPN
A i TN N0 -G alkyl)
N{iPris
wherein the C1-Csp allevl 1s optionally substituted
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126 DMTO. o
NG w2 s
-3 .
e H/U\(C'!“C'so alicyly
N(ipr)z
wherein the C-Cso alioyl s optionally substituted
127 DMTO N
ol
NG 8
0\ = P~
£ S NH {Cy-Cyp alicyl)
NP1,
wherein the C1-Cao alky! is optionally substituted
£-28 DMTO B
N(:--\ O s
~Q._ . f e
P I V/\'NHJLCﬁHm
NPT,
1-20 DMTIO B
NE— wa s
=0, -~
v N e \//\NHJL\QSHM
N(T),
£-30 BMTIO B
No kgi s
O. - o ~, -~
e N TN \NH/LLCﬁHi“t
N{iPry
131 DMTIO 8
'\i-“'"‘\— k(zi s
O.,.
;l; o . ’/\\’A“/\NH'J\C“HQ
N{IPr
132 DM a
NG 07 S
Ou. . N
PO N \NH'JJ ity
N{iPr)y
133 DMTro 3
NE i}-—i”o" "
I " P
PO NP \\‘/\NHJ\’(@, Has
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1-34 BMTIO B
Ol
NG—--\\—G : 8
‘;?—-0 \,-&"\/\/\NHJ\CFS
NPT
1-35 BMTYO a
NC""\-— Tam. 3
0*;;;43 ~ J\"KNA\NH'JI\CF_;
Ny,
136 BMTIO a
-3 N
O , 5
0,5 L, o
-0 N \NH’L\CF};
R,
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E-37

O

-'\EH)LN’(Q“C"’O alkyt)
H

wherein the C1-Csp alkyl is optionally substituied
138 DMTIO.,

j
%o?
NG—, o
.

p-O I\“’/\"/\*’/\'NH'J\ ATy akyl)

| N
N{P1), H
wheremn the C1-Cse alkyl 18 optionally substituted
1.-39 DMTOL g
NC O G
mﬁ‘pwﬁ "\«/f’\\/\,/\NHJi\N,(CrCsO Akl
N{Pr), H
wherein the C1-Cao alkyl 15 optionally substituted
L_ 4() DMTEO. 8
NG ===, - o)
\“0‘?—0 k;m/\NHJLN,GﬁHM
NP1 o
141 DMTIO
1
ACisHag
N 15Ha
H
£-42
1
.G
N 15Ha4
H
.43
O
N N N H’M\N AaiHag
H
1.-44
1
LGy
NH N 217743
H
1-45
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NN Caqtag
H
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E-46 OO

[-48 DMTIO

149 DTS
o]

NC’\\- g ]
Ovp0 Ny o AC - Cao iy

NPT, H
wheremn the C1-Cso alky] is optionally substituted
1-50 DMTIO 5
e

N C\

C. 3-.3-—@ L\'/\“’/\/\NHJ\N’(C’-C’SQ akkyl)
N(Pr, H
wherein the C1-Cso alkyl 1s optionally substituted

151 BMTIO 5
O
NC~\_ lmi} S
SN v\,ﬂ\w\NHJ{Nf(chmaikyn
H

NPT
wherein the C1-Csp alkyl s optionally substituted
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[0194] In some aspects, the present disclosure provides a compound which 18 an sotopic
dentvative {e.g., 1sotopically labeled compound} of any one of the compounds of the Formulae
disclosed herein.

[0195] It s understood that the 1sotopic derivative can be prepared using any of a variety of art-

recognmzed techniques. For example, the isotopic derivative can generally be prepared by
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carrying out the procedures disclosed in the Schemes and/or in the Examples herein, by
substituting an sotopically labeled reagent for a non-sotopically labeled reagent.

[0196] In some embodiments, the isotopic dertvative is 2 deuterrum labeled compound.

[0197] In some embodiments, the 1sotopic dertvative 1s a deutertum labeled compound of any
one of the compounds of the Formulae disclosed herein.

[0198] The term “isotopic derivative”, as used herein, refers to a derivative of a compound 1n
which one or more atoms are isotopically enriched or labelled. For example, an sotopic
dertvative of a compound of Formula (I} or (11} 1s isotopically enriched with regard to, or
iabelled with, one or more isotopes as compared to the corresponding compound of Formula (1)
or (11} In some embodiments, the isotopic derivative is enriched with regard to, or labelled with,
one or more atoms selected from “H, PC, ¥C, PN, 180 %51 P, and 8. In some embaodiments,
the isotopic dertvative is a deuterium labeled compound (e, being enriched with H with regard
to one or more atoms thereof). In some embodiments, the compound is a “H labeled compound.
it some embodiments, the compound 1s a V'C labeled compound or a *C labeled compound. In
some enibodiments, the compound is a '°F labeled compound. In some embodiments, the
compound is a "2 labeled compound, a ¥ labeled corapound, a %1 labeled compound, a 11
labeled compound, a 1*'1 labeled compound, a °°I labeled compound, or any combination
thereof. In some embodiments, the compound 1s a >2P labeled compound or a 2P labeled
compound. In some embodiments, the compound is a 3 labeled compound, 3 8 labeled
compound, a % labeled compound, a %8 labeled compound, or any combination thereof

[01997 | s understood that the sotopic derivatives can be prepared using any of a variety of art-
recognized technigues. For example, the sotopic derivatives can generally be prepared by
carrying out the procedures disclosed in the Schemes and/or in the Examples described heremn,
by substituting an isotope labeled reagent for a non-1sotope labeled reagent.

02007 Tt 1s also understood that isotopical substitution may afford certain therapeutic advantages
resulting from greater metabolic stability, e g, increased in vive half-life or reduced dosage
requirements.

102011 For the avordancs of doubt it 18 {0 be understood that, where in thig specification a group
15 gualifisd by “described herein”, the said group encompasses the first cccurring and broadest
definition as well as each and all of the particular definitions for that group.

102027 It will be understood that while compounds disclosed herein may be presented in ong
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particular configuration. Such particular configuration is not 1o be construed as hmiting the
disclosure to one or another isomer, tautomer, regicisomer or sterecisomer, nor does it exclude
mixtures of 1somers, tautomers, regioisomers or steregisomers. In some embodiments, the
presentation of 2 compound hereint in a particular configuration intends to encompass, and to
refer to, each of the available 1somers, tautomers, regioisomers, and sterecisomers of the
compound, or any muxture thereof, while the presentation further intends to refer to the specific
configuration of the compound.

[0203] It will be understood that while compounds disclosed herein may be presented without
specified configuration {e g, without specified stereochemistry). Such presentaiion intends fo
encompass all available isomers, tautomers, regioisomers, and sterecisomers of the compound.
In some embodiments, the presentation of a compound herein without specified configuration
intends to refer to each of the available isomers, tautomers, regioisomers, and sterecisomers of
the compound, or any mixture thereof

[0204] As used herem, the ferm “isomerism’” means compounds that have identical molecular
formulae but differ 1n the sequence of bonding of their atoms or m the arrangement of ther
atoms 10 space. Compounds that have the same molecular formula but differ 1o the nature or
sequence of bondmg of their atoms or the arrangement of their atoms it space are termed
“isomers”. Isomers that differ in the arrangement of thewr atoms 1 space are termed
“sterectsomers”. Stereoisomers that are not muror images of one another are termed
“diastereomers” and those that are noun~-superimposable murror wmages of each other are termed
“enantiomers”. When a compound has an asvmmetnie center, for example, 1t 1s bonded to four
different groups, a pair of enantiomers 1s possibie. An enantiomer can be characterized by the
absolute configuration of 1ts asymmetric cenier and 1s described by the R- and S-sequencing
rules of Cahn and Prelog, or by the manner in which the molecule rotates the plane of polarized
hight and designated as dextrorotatory or levorotatory (Le., as {+} or {-}-130mers respectively). A
chiral compound can exast as erther individual enantiomer or as a mixture thereof. A muxture
contaming equal proportions of the enantiomers 15 called a “racenmuc nuxture”,

[0205] The compounds of this disclosure may possess one of more asymmetric centers; such
compounds can therefore be produced as imdividual (R)- or {S)-stereoisomers or as mixtures
thereof. Unless indicated otherwise, the description or naming of a particular compound in the

specification and claims 15 intended to inchude both individual enantiomers and mixtures,
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racemic o1 otherwise, thereof. The methods for the determination of stereochemistry and the
separation of sterecisomers are well-known n the art (see discussion m 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 matenials or by resolution of a racemic form. Some of
the compounds of the disclosure may have geometric isomeric centers (E- and Z- 1somers). It is
to be understood that the present disclosure encompasses all optical, diasterecisomers and
geometric isomers and mixtures thereof that possess mflammmasome mhibitory activity.

10206} As used herein, the term “chiral center” refers to a carbon atom bonded to four
nonidentical substituents.

[02077 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 18 present, a sterecisomer may be characterized by the absolute configuration (R or
S} of that chiral center. Absolute configuration refers 1o the arrangement in space of the
substituents attached to the chural center. The substituents attached to the chual center under
consideration are ranked 1 accordance with the Seguence Rule of Cahn, Ingold and Prelog,
(Cahn e al., Angew. Chem. fnter. Fdit. 1966, 5, 385; errata 51 1; Cahn et af., Angew. Chem.
1966, 78, 413; Cahn and Ingold, .J. Chem. Soc. 1951 (London), 612; Cahn et af |, Experientia
1956, 12, §1; Cahn, J. Chem. Fduc. 1904, 41, 116),

[0208] As used herewn, the term “geometric 1somer” means the diastereomers that owe their
existence to hindered rotation about double bonds or a cycloalkyl inker {e.g2., 1,3-cyclobutyl).
These configurations are differentiated in their names by the prefixes cis and trans, or Z and E,
which mdicate that the groups are on the same or opposite side of the double bond n the
molecule according to the Cahn-Ingold-Prelog rules.

[0209] 1t 1s to be understood that the compounds of the present disclosure may be depicted as
different chiral 1somers or geometric somers. It 1s also to be understood that when compounds
have chiral isomeric or geometric 1someri¢ forms, all isomeric forms are mtended to be inchuded
in the scope of the present disclosure, and the naming of the compounds does not excluds any
someric forms, it being understood that not all isomers may have the same level of activity.
[0210] It 15 to be understood that the structures and other compounds discussed in this disclosurs

inchude all atropic isomers thereof, 1t 15 also 1o be understood that not all atropic 1Somers may
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have the same fevel of activity.

[0211] As used herein, the term “atropic isomers” are a type of sterecisomer wny which the atoms
of two 1somers are arranged differently 1n space. Atropic isomers owe thetr exastence to a
restricied 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 m
chromatography techniques, it has been possible to separate mixtures of two atropic isomers in
select cases.

[0212] As used herein, the term “tautomer’” 1s one of two or more structural 1somers that exist in
equilibrium and 15 readily converted from one isomeric form to another. This conversion resulis
in the formal migration of a hydrogen atom accompanied by a switch of adjacent conpugated
double bonds. Tautomers exist as a mixture of a tautomeric set in solution. In selutions where
tawtomerization 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 tautorners that are interconvertible by tautomerizations s called favtomenism. Of the
vanous types of tautomerism that are possible, two are comumonly observed. In keto-enol
tautomerism a simultaneous shutt of electrons and a hvdrogen atom ocours. Ring-chain
tautomerisro arises as a result of the aldehvde group ((CHO) n a sugar cham molecule reacting
with one of the hydroxy groups {(-OH) i the same molecule to give it a cyche (ring-~-shaped) form
as exhibited by glucose.

FO2137 | 18 to be understood that the compounds of the present disclosure may be depicted as
different tautorners. It should also be understood that when compounds bave tautomeric forms,
all tautomeric forms are ntended to be included in the scope of the present disclosure, and the
naming of the compounds does not exclude any tautomer form. It will be anderstood that certain
tautomers may have a higher level of activity than others.

[0214] Tt 15 to be understood that the compounds of any Formula described herein mclude 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., amimo) on a
substituted compound disclosed herein. Surtable anions include chlonds, bromides, 1odide,
sulfate, bisulfate, sulfamate, nitrate, phosphate, citrate, methanesulfonate, triflucroacetate,

olutarate, malate, maleate, succinate, fumarate, tartrate, tosylate,

bR

glutamate, glucuronate

salicylate, lactate, naphthalenesulfonate, and acetate {e.g., trifluoroacetats).
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[0215] As used herein, the term “pharmaceutically acceptable anton” refers to an anion suitable
for formuing 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
herern. Suitable cations include sodiom 1on, potassium ion, magnesium 1on, calem on, and an
ammonuum cation such as tetramethylammontum 1on or diethylanune ron. The substituied
compounds disclosed herein also melude those salts containing quaternary nitrogen atoms.
[0216] It s to be understood that the compounds of the present disclosure, for example, the salts
of the compounds, can exist in etther hydrated or unhydrated (the anhydrous} form or as solvates
with other selvent molecules. Nonlimiting examples of hydrates include monohydrates,
dihydrates, etc. Nonlimiting examples of solvates include ethanol solvates, acetone solvates, etc.
(02171 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 to
trap a fixed molar ratio of solvent molecules in the crysiailine solid state, thus forming a solvate.
If the solvent 15 water the solvate formed 1s a hydrate; and if the solvent 15 alcohol, the solvate
formed 13 an alcoholate. Hydrates are formed by the combination of one or more molecules of
water with one molecule of the substance m which the water retains 1ts molecular state as Hp O,
(02181 As used herein, the terro “analog” refers to a chemical compound that 1s structurally
similar to another but duffers shightly n composition (a5 in the replacement of one atom by an
atom of a different element or in the presence of a particular functional group, or the replacement
of one functional group by ancther functional group). Thus, an analog 18 a corapound that 15
similar or cornparable m function and appearance, but not in structure orngim 1o the reference
compound,

02191 As used herein, the term “denivative” refers to compounds that have a common core
structure and are substituted with various groups as described herem.

(0220 As used herein, the term “biovisostere” 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 biososteric replacement s to create a new compound with similar biologieal
properties to the parent compound. The bioisosteric replacement may be physicochemically or
topologically based. Examplss of carboxvlic acid broisosteres include, but are not himited 1o, acyl
sulfonamides, tetrazoles, sulfonates and phosphonates. See, e.0., Patani and LaVoie, Chem. Rev,

96, 3147-3176, 1996,
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[0221] It 15 also 1o be understood that certain compounds of any one of the Formulae disclosed
herern may exist in sobvated as well as unsolvated forms such as, for example, hydrated forms. A
suitable pharmaceutically accepiable solvate 13, for example, a hydrate such as hemi-hydrate, a
mono-hydrate, a di-hydrate or a ti-hydrate. It 1s 10 be understood that the disclosure
encompasses all such solvated forms that possess mflammasome inhubitory activity.

[0222] It 1s 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 mhibitory activity. It s generally known that
crystalline materials may be analysed using conventional technigques such as X-Ray Powder
Diuffraction analysis, Differential Scanning Calorimetry, Thermal Gravimetric Analysis, Diftuse
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 Kari Fischer analysis.

102231 Compounds of any one of the Formulae disclosed heremn may exist i a mumber of
different tautomeric forms and references to compounds of any one of the Formulae mnclude all
such forms. For the avoidance of doubt, where a compound can exist in 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 automernic forms melude keto-, enol-, and enolate-
forms, as 1, for example, the following tautomeric paurs: keto/enol (illustrated belows),
mime/enamine, amide/imino alechol, amudine/amidine, nutroso/oume, thioketons/ensthiol, and

nifro/aci-nitro.

Eﬁ 0 OH H o)
— =0 === C=C == C=

{ ~ ~ B / A

keto &nol anolate

102247 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-oxide.
Particular examples of N-oxides are the N-oxides of a tertiary amine or a nitrogen atom of a
nifrogen-containing heterocycle. N-oxides can be formed by treatment of the corresponding

4
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amine with an oxidizing agent such as hydrogen peroxide or a peracid {e.g. a peroxycarboxvlic
actd), see for example Advanced Orgamc 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, m an mert solvent such as dichloromethane.
[0225] The compounds of any one of the Formulae disclosed herein may be administered in the
form of a prodrug which is 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-moditying group can be
attached.

10226} Accordingly, the present disclosure includes those compounds of any one of the
Formulae disclosed herein as defined herembefore when made available by organic synthesis and
when made available withm the human or anumal body by way of cleavage of a prodrug thereof
Accordingly, the present disclosure imcludes those compounds of any one of the Formulae
disclosed herein that are produced by organic synthetic means and also such compounds that are
produced m the human or arumal body by way of metabolism of a precursor compound, that 1s a
compound of any one of the Formulae disclosed herein may be a synthetically-produced
compound or a metabolically-produced compound.

1022771 A sustable pharmaceutically acceptable prodrug of a compound of any one of the
Formulae disclosed herem 1s one that 15 based on reasonable medical judgment as bemng suitable
for admimstration to the human or amimal body without undesirable pharmacological activities
and without undue toxicity. Vanous forms of prodrug have been described, for example in the
followmg 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 Brug Design and Development, edited by Krogsgaard-Larsen and H. Bandgaard,
Chapter 5 “Design and Application of Pro-drugs”, by H. Bundgaard p. 113-191 (1991}, &3 HL
Bundgaard, Advanced Drug Delivery Reviews, & 1-38 {1992); ¢} H. Bundgaard, et al., Journal
of Pharmaceutical Sciences, 77, 285 (1988} {} N. Kakeva, 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), “Bioreversitle Carrters in Brug Design”, Pergamon
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Press, 1987,
[0228] The in vive effects of a compound of any one of the Formulae disclosed herein may be
exerted m part by one or more metabolites that are formed within the human or amimal body after
adnunstration of a compound of any one of the Formulae disclosed herein. As stated
herembefore, the /7 vivo 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).
[0229] Suitably, the present disclosure excludes any individual cormpounds not possessing the
biological activity defined herein.
Scaffolds and Conjugates Contamning the Linkers
[0230] 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 eithera ligand ora
Nucleic Acid Agent.
[02317 As used herein, the term “conjugate” refers to a compound or complex that comprises a
Nucleic Acid Agent being covalently attached to a higand via a linker of the present disclosure.
[0232] In some aspects, the present disclosure provides a scaftold or g pharmaceutically
acceptable salt thereof, wherein the scaffold coroprises:

(U afagand; and

(11} a Livker Unat, wherewn the Linker Unut s

or ,

wherein variables B, R', R7, R, R* R, Y, Z, R® R® and n are described herain, and # indicates
an attachment to the Ligand.

[0233] In some embodiments, the attachment “#” is a direct attachment to the Ligand, 1.e |
without any linking moiety.

[0234] In some embodiments, the attachment “#” is an indirect attachment to the Ligand, 1 e

there 1s 3 hinking moiety between the Linker Unit and the Ligand  In some embodiments, the
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linking moiety s a C1-Cis alkylene chain, wherein optionally one or more carbon atoms in the
alkyiene chain may be independently replaced with one or more -C{O}, ~-C{O)¥0-, -OC{(0)-, -
C(OINH-, -NHC(O})-, -NHC{OWNH-, -C(8)-, ~C{8)0-, -OC(8), ~C{5)NH-, -NH{T{S)-, or -
NHC(S)NH-, and wherein the alkylene chain 1s optionally substituted, for example, with one or
more groups independently selected from Ci-Cs alkyd, halogen, OH, NHy, Ci-Cs alkoxy, CN, and
COOH. In some embodiments, the linking moiety 1s a branched alkylene chain comprising two,
three, or more {;-Cis alkylene chains, wherein optionally one or more carbon atoms in each of
the alkvlene chain may be independently replaced with one or more -C{O)-, -C{(C0-, -OT{0}-, -
C(O)NH-, -NHC(O)-, -NHC{OINH-, -C(8}-, -C(8)0-, -OC{8}-, -C(S)NH-, -NHC{S)-, or -
NHC(S)NH-, and wherein each of the alkvlene chain i3 independently optionally substituted, for
example, with one or more groups independently selected from C:i-Cs alkyl, halogen, OH, NHs,
C-Cs alkoxy, CN, and COOH. Tn some embodiments, the linking moiety 1s a branched alkylene
chain comprising two C1-Crs alkviene chains. In some embodiments, the linking moiety 1s a
branched alkylene chain comprising three C-Cis alkvlene chains. In some emboduments, the
Iimking moiety 8 a branched alkviene chain comprising four C~Cis alkylene chamns.
[10235] In sorne aspects, the present disclosure provides a scaffold or a pharmaceutically
acceptable salt thereot, wherein the scatfold comprises:

{1} one or more MNuclete Acid Agent; and

{11} one or more Linker Unit, wherem each Linker Unit independently 1s:

RS .
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, OF

wherein variables B, RLREL R R RS, W, Y, 2, RY) R and n are deseribed herein, and ##
mdicates an attachment to the Nucleic Acid Agent.

[0236] In some embodiments, the attachment “##” 15 a direct attachment to the Nucleic Acid
Agent, 1., without any linking moiety.

102377 In some embodiments, the attachment “##” 15 an indirect attachment to the Nucleic Acid
Agent, 1., there 1s a linking moigty between the Linker Umt and the Nucleic Acid Agent. In
some embodiments, the linking moiety 15 a radical formed from any of the groups as defined for
Y or £ herein. For example, the linking mosety is -P(N{TH: 1:¥O0)-, 1 e, a radical formed from -
P(N{CH; R }OH). In some embodiments, the linking moiety is a radical formed from any of -
PRYY),, -PIORVHN(RY ), -PEOHORVRY, -P(=SHORVRY, -P(=0)SRYRY, -PESHSRIRY, -
P(=0XOR )2, -P(=SHORY):, -P=OYSR ), o1 -P(=S)YSRY )2, or from any of -P(R ), -
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P{ORDYN(RD)), -P(=O)NORHRY, -P=8YORIRE, -PONSRYRE P=SHERHRE, -
P=OYOR™YY, -PESHORYY:, -PEOWSRY), or PSSR ).
[0238] insome embodiments, the scaffold comprises a double strand RNA (e g., double strand
SIRNA}.
[0239] insome embodiments, the scaffold comprises a double sirand RNA (e g., double strand
siRNA) and one or more Linker Units.
(02407 In some embodiments, the scaffold comprises a double strand RNA (e g, double strand
siRNA) and from 1 to 10 Linker Units {e g, from 1 to 10, from 1 to 9, from 1 t0 8, from 1 to 7,
from 1 to 6, from 1 ta 5, from 1 to 4, or from 1 to 3 Linker Units), from 2 to 10 Linker Units
{ee from2to 10 from 2t0 9 from 2108 from 2to 7 from 210 6, from 2 to S, from 2to 4, or
from 2 to 3 Linker Units), from 3 to 10 Linker Units {g. g, from 3 t0 10, from 310 9, from 3 10 8,
from 3 to 7, from 3t0 6, from 3 to 5, or from 3 to 4 Linker Units), from 4 to 10 Linker Untis
{eg,fromdic 10, from 4109 from4 08 fromdto 7, from 4 to &, or from 4 to S Lanker
Units), from 5 to 10 Lanker Units {eg, from 310 10, from 510 9, from Sto &, from Sto 7, or
from 3 1o 6 Linker Units), or from 610 10 Linker Units (e g, from 610 10, from & t0 9, from 6 to
8, or from 6 10 7 Linker Unuis).
(02411 In some erobodiments, the scatfold comprises a double strand RNA (e.g., double strand
siRMNA) and 1 Linker Uniuts, 2 Linker Unuts, 3 Linker Units, 4 Linker Units, 5 Linker Units, 6
Linker Units, 7 Linker Units, § Linker Units, 9 Linker Units, or 10 Linker Units.
102421 Insome embodiments, the scaffold comprises a double strand RNA (e.g., double strand
siRNA} and one or more Lanker Uruts, wherew:

one of more Linker Unuts {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 51RNA},

one or more nucleosides or nucleotides at one or more consecutive or discrete internal
positions {positions between the 37- and 37~ termunal 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 | 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 (g.g., double strand siRNA}, and/or
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one or more nucleosides or nuclectides at one or more consecutive or discrete internal
posttion of the antisense strand are replaced with the one or more Linker Unit{e.g., from 1 10 3
Linker Units}.
[0243] Insome embodiments, the scaffold comprises a double strand RNA (e.¢., douvble strand
siRNAY and one or more Linker Units, wherein:

one or more Linker Unuts {e.g, from 1 to 3 Linker Uruts) are consecutively or discretely
attached to the sense strand (e.g., at the 37~ or 5~ termunal position} of the double strand RNA
{e.¢.. double strand siRNA); and

one or more nucleosides or nucleotides at one or more consecutive or discrete internal
positions {positions between the 37- and 57~ termunal postitons) 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 0 3 Linker Units).
(02447 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 Unuts {e.g., from 1 to 3 Linker Unuts) are consecutively or discretely
attached to the antisense strand {e.g., at the 37- or §7- termnal position) of the double strand
RNA (e.g., double strand siRNA); and

one or more nucteosides or nucleotides at one or more consecutive or discrete internal
posttion of the antisense strand are replaced with the one or more Linker Unit{e.g, from T to 3
Lanker Uruts).
(024371 Insome erobodiments, the 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- termimal position)
of the double strand RNA {e.g, double strand siRNA).
[0246] Insome embodiments, the one or more Linker Unuts (e g, from 1 to 3 Linker Units} are
consecutively or discretely attached to the sense strand at the 37- termmnal position of the double
strand RNA (e g, double strand siRNA).
(02471 Insome embodiments, the one or more Linker Units (e.g., from 1 to 3 Linker Units) are
consecutively or discretely attached to the sense strand at the 57~ terminal position of the double
strand RNA (e g., double strand siRNA}.
[0248] Insome embodiments, ons or more nucleosides or nucleotides at one or morg

consecutive or discrete internal positions of the sense strand of the double strand RNA {e.g.,
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double strand siRNA} are replaced with the one or more Linker Units {e.g., from 1 1o 3 Linker
Units}).
[0249] insome embodiments, the one or more Linker Units (e.g., from 1 to 3 Linker Unuts} are
consecutively or discretely attached to the antisense strand {e.g., at the 3’ or 5~ termunal
posttion} of the double strand RNA {e.g., double sirand siRNA).
[0250] Insome embodiuments, the one or more Linker Unus (e.g., from 1 to 3 Lisker Units) are
consecutively or discretely attached to the antisense sirand at the 3'- terminal position of the
double strand RNA (e g., double strand siRNA).
[02511 Insome embodiments, the one or more Linker Units (g, from 1 to 3 Linker Units) are
consecutively or discretely attached to the antisense strand at the 57~ terminal position of the
double strand RNA (e g, double strand siRNA}.
[02521 insome embodiments, one or more nucleosides or nucleatides at one or more
consecutive or discrete internal positions of the antisense strand of the double strand RNA {e.g.,
double strand sitRNA} are replaced with the one or more Lanker Unuts {e.g., from 1 to 3 Linker
Units),
(02531 Insome embodiments, the scaffold s (Linker Unitlp-((Nucleic Acid Agent)-{Linker
Umith)(Nuclete Acid Agent)y, wheremn:

each Linker Unit is independent from another Linker Unit, and each Nucleiwe Acid Agent
15 independent from another Nuclewe Acid Agent;

each r independently 1s an nteger ranging from 0 10 10;

cach s imndependently 1s an ioteger ranging from O to 10;

p 1s an integer ranging from 0 to 10,

gisOorl, and

the scaffold comprises at least one Linker Unit and at least one Nucleic Acid Agent.
[0254] Insome embodiments, the scaffold 15 (Linker Umith~-({Nucleic Acid Agentj-(Linker
Unit)sh{ Nucleic Acid Agent).
[0255] Insome embodiments, the scaffold 15 (Linker Umith-({Nucleie Acid Agentj-(Linker
Unitls)e.
[0256] In some embodiments, the scaffold 1s (Linker Umith~{Nucleic Acid Agent).
[0257] Insome embodiments, the scaffold is (Nucletc Actd Agent)-{Linker Unit)-(Nucleic

Acid Agent).
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[0258] insome embodiments, the scaffold is

20 OAg
o AGHNIbGAG
. a
] i !
v- 0 NH )\v/‘\v-’)\o 0_/\
Ohc

or a pharmaceutically accepiable sali thereof, wherein:

B 15 a nucleobase motety {e.g., adenive (A}, cytosine (), guanine {G), thynune {T), or
uracil {L});

Y is -P(RY Y, -BIORVI(N(R ), -P(=OXORMIRY, -P(=S}OR"IRY, -P(=O)}SRYVIRY, -
P=SHSRIRY, -P(=O)}OR Y}y, -P(=8SYOR ), -P(=OHSR ), -P(=S)SR"):, or a hydroxy
protecting group {e.g, stlvl {(e.g , trimethylsiyl triethylsdyl tert-butyldimethylstlyl tert-
butyldiphenylsilyl, or trisopropyisilyly, triphenyimethyl (Tr}, 4. 4°-dimethoxytrityl (BMTr),
substituted acyl {e ¢, optionally substituted acetyl), or benzvi);

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

Z 15 -P(R%p, -PORDN(R)), -PEOHORDRE, -P(=R)}{OR%IR?, -P(=0}SRAR?, -
P(=S}SRAORE, -P(=0OHOREY, -P(=SHOR%),, -P(=0XSRE),, -P(=S}SR?),, or a hydroxy
protecting group {e.g., silvl (e.g., trimethylsily], inethylsilvi, tert-butyldimethyisilyl, tert-
butyldiphenylsilyl, or trissopropyisilvl}, triphenviuethyl (Tr), 4,4” -dimethoxytriy! (PMTr),
substituted acyl {e.g, optionally substituted acetyl), or benzyl);

each R? independently 18 H or C1-Cs alky! optionally substituted with one or more
halogen or cyano; and

1 13 an integer ranging from about O to about 10,

{02591 In some embodiments, n 15 an integer ranging from 1 to 7.
102607 In some embodiments, n 1s an integer ranging from | to 6.
102611 In some emboduments, n 15 an integer ranging from 2 to 7.
[0262] In some embodiments, n 1s an integer ranging from 2 to 6.
[0263] In some emboduments, o 15 an integer ranging from 3 to 7.
102647 In some embodiments, n is an infteger ranging from 3 to 6.
[0265] In some embodiments, n 18 an integer rangimg from 4 to 7.

[0266] In some embodiments, n is an integer ranging from 4 15 6.

(A
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[0267] In some embodiments,
[0268] In some embodiments,
[0269] In some embodiments,
[0270¢] In some embodiments,
[0271] In some embodiments,
[0272] In some embodiments,
(02731 In some embodiments,

[0274] In some embodiments,

PCT/US2022/044377

n is an integer selected from 1,2, 3,4, 5,6,7, 8,9, and 10,

8, and 9.

e
o
4

i ig an mteger selected from 1,2, 3, 4, 5,
i is an integer selected from 1, 2,3, 4, 5,6, 7, and 8.
i is an mnieger selected from 1,2, 3,4, 5, 6, and 7.

n is an integer selected from 2, 3,4, 5,6, and 7.

n 18 an integer selected from 2, 3, 4, 5, and 6.

n is an mteger selected from 3, 4, 5 and 6.

the scatfold is formed by linking a Linker Unit based on any of

the Linker Compounds described herein with a Ligand.

(02757 In some embodiments,

the scattold is formed by linking a Linker Unit based on any of

the Linker Compounds selected from

7O 8

#fz:?’i

v-0 oA

NHz

Y- \\:/"\/’\V/'\ f"‘\/"‘\/\

~{G4-Cop aliyl)

Q

Caqtgs i

7 B
O
&
NN NP :
¥ Y )\(c “Cyp alfyl)
z° B
-0
g |
i
y-O L\/,\\/»\V/A\ l\ NH
3215'*43 H
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2’0‘ a Z’O‘\\E 5
O L0
5 = 0

NH

with a Ligand.
[0276] In some embodiments, the scatfold 1s tormed by linking a Linker Unit based on any of
the Linker Compounds selected from Table L with a Ligand.

(0277} In some embodiments, the Ligand 1s GalNAc.
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[0278] In some embodiments, the scaffold is selected from the scaffolds described i Table S1.

Table 81
Compound No. Structure
OAC
$1.1 AcHN, A __0%s
O {[\ I
N )\//V\o o /\
OhAc
- NHAG
N1-2 ,\/\
/ e A\r/?
DMTID g (i fo
-0 ACHN,, A 08¢
$1-3 g T 2 )
P“ \‘ " \//\\\/‘A\NH e \‘/'\ Q/‘A\ﬁ
N(iPr)n GAn
DM ? Ac
4 NC o AcHN,, - VGAG
51-4 __\\ /U\\// !
F’ M ™ N g 0/\\!
NP, Ohc
DMTIC. B DAG
NG O o AcHN,, i\r,o;\c
SI B \""Q - LN ﬂ\v ‘,f !
P N NV a B NG ,\
Nngr)z OAs
DMTCL B
Lo
N(:w\wQ ‘}m( o] NHAG
$1-6 \F;.,,-O NP NP NN MH N Q,\rr;\_ OAc
N{RrY, H &
GAG
AnO”
DMTTO B
KoM
NC— o) NHAC
~y N NP J\
§1-7 P N T i N %T Ohe
NP, H \z
GAG
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Compound No. Structure
DMTIO A
ol
NC—\\ o NHAC
51-8 O P -0 k\af’\\/‘\\/ \ /\ /\\/\v \Tx \f{}!’w
N(:F’r32 Y‘C}A
(e
Ao
51-9 QAc
A(,HN,,
)\/’V\ 9#[ /\
GAc

I
T OURH
DMTHO E /"‘\\

S1.10 N0 OAc
i o L-O? o Ao, X080

) ‘
E‘-’ N SN ’/\NH’L\/’\V‘AC} o *«\}

N(lpr)g OAC
0]
DMTAO OAc
N1-11 oA
NC—\v o , ©
O\P,.O i
9 o™
N Ohc
. DMTrO OAc
51=12
’ OAn
N‘S"\\ f‘"‘
RN 5 f
? ‘\\//\V/"\_A N H/L\/W\ o O/\\‘;
N{iPr), GAc
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Compound No. Structure
1
(X
DMTrO
NN o
NG
81-13 o6
P O MNHAS
N(ipr,)z NH/L\N/\\//»\VQ\{/ A CAc
H [
y/xam
AcD”
a
o
DMTRO. ‘\Nm\»ﬁ
Lo
S1-14 NC““\~0 S o NHAC
N P N s T T NH /u\ N f\,/\v/-Oan/'\ Ohc
NP, H & ]:
:g/ CGac
AcO
i
(X
DMTIO N"'%a
~N O’-
S1-15 NC™ o NHAG
—O‘!?" (LI NS \/’\NH/H\N /\\_,/\\/Qx]/' Prerts
N{Prlq H & l
T OAc
AcC”
¢
[ N
DMTIO N’i§‘0
, O
51-16 NG i o NHAG
—O. f‘;-' 8] \\;y/""vr‘\\/”‘\N " )L\N N N ,«0 - QAC
N{Pr), H |
O\Jf’\ma
AcQ”

[0279] In some embodiments, the scaftold s

or ;

or a pharmaceutically accepiable salt thereof, wheren:
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B 15 a nuclecbase motety {e.g., adenine (A}, cytosine (), guanine (G}, thymne (T}, or
uractl (U},

W is an amino substitution group {e g, fluorenvimethyvloxycarbonyl (Fmoc), tert-
butyloxycarbonyl (BOC), benzyloxycarbonyl {Cbz), optionally substituted acyl, trifluorcacetyi

{(TFA), benzyl, triphenyvimethyl (Tr), 4,4"-dimethoxytrityl (BMTr), or toluenesulfonyt (T's), acyl
{e.g, -C{=0}C:-Csp alkyl)), substituted acyl{e g,

St n

0O
= 3, trifluoroacetyl (TFA), -C(=0)(C1-Cxo alkyl), -C(=0yNH(C -C3p alkyl),

~C{=SHC1-Cae alkyl), or -C(ESINH(C1-Cho alkyly, wherein the C1-Cso alkyl s optionally
substituted}); and

1 is an integer ranging from about O to about 10,
[02807 In some embodiments, the scaffold 15 formed by linking a Linker Unit based onany of
the Linker Compounds described herewn with a Nucleic Acid Agent.
(02817 In some embodiments, the scaffold 15 formed by linking a Linker Umit based onany of

the Linker Compounds selected from

9N B 2’ B

Lo O 5
—*O I L - i\\;;:;\//\/ E
v WV\NH?_ ¥ \NH/L\CFg

7
e
o
s} L
Y H)l\(c1uc39 atkyl)
z° B
0O
0 : o

./:
NH™ "Cyghay 7 CaiHaa ’
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YN NH™ MC-Cap alkyl) H™ "Cyghay
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with a Nucleic Acid Agent.
[0282] In some embodiments, the scaffold is formed by linking a Linker Unit based on any of
the Linker Compounds selected from Table L with a Nucleic Acid Agent.

[02&83] In some embodiments, the scaffold is selected from the scaffolds described in Table 82

Table S2
Compound No, Structure
#ai#—%c:»\i .
I
82-1 HO~§ 5

e
82-2 8
HO“?f”Q _ O
6 A

5
##'§~O\I 5
[ o T
o i
$2-3 =
HO“%X’“‘O \‘. o
o, i £ Gk
W \NH/L“N’M"HM
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#io 5
Gt
o 9
. H] ~C3 L {
S2-11 HO-P™ \/\\/\NHJ\({:@M alkyl)
0‘3_;{ o
wherein the C~Cre alkvl is optionally substituted
ol
O
§2.12 10 At
HG"‘T‘;" - T OUNHT NG aliod)
G4
FLal Fired
wherein the C1-Cho alkyl is optionally substituted
#ho
o]
82-13 7 o = (00 alkyl
217 HO-F NN N ﬁ/( 1-Caq alkyl)
Q.
g
wherem the C-Cso alkyl 1s optionally substituted
#50
s 1 't
‘ Igs - e atkyl
52-14 HO—F‘?"‘ NN N Ef( 1-ogp By
Q.
i
wherein the C1-Cso alkyl is optionally substituted
#i0 5
Ko}
82-15 o I ;
-0 B N .
HO z K\/‘"\//\v MNH CrsHay
o
i
#50 5
O
HO Z N Cyghag
#
#ﬁnﬁ -
e o
S2-17 Q v ;
%*0"‘%1”’0 & /\NH’L\N’C“HS
O, H
g
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N2-18

52-19

$2.20

52-23
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0 o
G
§2-31 C? Q > S
) HO-P™ * NHT NC4-Cyg alkyl)
o
"
wherem the C1-Cse alkyl 15 optionally substituted
#HE0 o
o
$2-3 T |
82-32 - Lo ‘
HO-P e e T NG g i)
0.
’yﬁ.##
wherein the Ci-Cip alkyl is optionally substituted
##%G\: .
L3
G S
52*3‘3’ HQ"'&"‘Q L /\NH/’U\\N”’(C'PQBG aikyi)
&, :
s
wheren the C1-Cro alkyl is optionally substituted
##g'()\i g
E'_,Q_
: J§
82-34 o Wz G- aliyl)
HO g NH ﬁ
5 gy
wherein the C-Cio alkyl is optionally substituted
mio, 4
| O
82-35 25 ) T
—3 =& /A\//\ -
HO g NH™ “CigHag
'}ri #H
##%-0\ o
)
§2-36 i ) j‘i
e 55 N g
* g
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52-49
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N2-52
E\)\NH

##io o

$2-53 o S O a
L ’”é R N N
HO-F NH)J\({:1~€339 atkyt)
G,
g

wherein the 1~ alkyl is optionally substituted

$2-54 o
I,
N NN NG 4G Y

wherein the C-Cap alkyl s optionally substituted

$2-55 o
NH,"L\Nx(C-g"QgQ alkyl}
H
wherein the C1-Cae alkyl is optionally substituted
O
;
o
N2-56
G
‘\NH“)L\N;" ({21"{:30 a!kyi)
H
76

SUBSTITUTE SHEET (RULE 26)

PCT/US2022/044377



WO 2023/049258

wherein the C~Ca alkvl is optionally substituted
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[0284] 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
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{111} one or more Linker Unit, wherein each Linker Unit independently s

8 8
RE Rﬁ

wherein variables B! % R R* RS Y, Z, R®, RY, and n are described herein, # indicates an
attachment to the Ligand, and ## indicates an attachment to the Nucleic Acid Agent.
[0283] In some embodiments, the attachment “#" 1s a direct attachment to the Ligand, 1.e.,

without any linking moiety.
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[0286] In some embodiments, the attachment “#” is an indirect attachment to the Ligand, 1e |
there 15 2 hnking moiety between the Linker Unit and the Ligand. In some embodiments, the
linking moiety 1s a C1-Cis alkylene chain, wherein optionally one or more carbon atoms in the
alkyiene chain may be independently replaced with one or more -C{O}-, ~-C{0)0-, -OC(0)-, -
C{OINH-, -NHC(O)-, -NHC{ONH-, -C(8}-, -C{S)0-, -OC(8}-, -C(SINH-, -NHC(S)-, or -
NHC(S)NH-, and wherein the alkylene chain 1s optionally substituted, for example, with cne or
maore groups independently selected from Ci-Cs alkyl, halogen, OH, NHz, C1-Cs alkoxy, ON, and
COOH. In some embodiments, the linking motety is a branched alkylene chain comprising two,
three, or more {1-Cys alkyvlene chains, wherein optionally one or more carbon atoms in each of
the alkvlene chain may be independently replaced with ane or more -C{O)-, -C{(00-, -OC{0}-, -
C(OINH-, -NHC(Q)-, -NHC(ONH-, -C(8}- -C(S)0-, -OC(8}~, -C(S)NH-, -NHC(S)-, or -
NHC(S)NH-, and wherein each of the alkviene chain is independently optionally substituted, for
example, with one or more groups independently selected from Ci-Cs alkyl, halogen, OH, NH»,
C-Cs alkoxy, ON, and COOH. In some embodiments, the linking mooety 8 a branched alkyiene
chain comprising two Ci-Crs alkyvlene chains. In some embodiments, the linking moiety 1s a
branched alkylene chain comprising three Ci-Cis alkylene chains. In some embodinuents, the
hinking motety 5 a branched alkviene chain comprising four C~Cys alkylene chains.

{0287} In some embodunents, the attachment “##7 15 a direct attachment to the Nucleic Aaid
Agent, 1.2, without any linking moiety.

[0288] In some embodunents, the attachment “##” 15 an induect attachment to the Nuclewe Aad
Agent, 1.¢., there 1s a hnking mowty between the Linker Urnut and the Nuclewe Acid Agent. In
some embodiments, the hinking motety 1s a radical formed from any of the groups as defined for
Y or Z herein. For example, the hinking motety 15 -PON(CH 2 )(O)-, 1.e., a radical formed from -
PN(CH:; 2 HOH). In some embodiments, the holang motety 13 a radical formed from any of -
PRY)., -PIORVUN(RY ), -P(=OXORYIRY, -PESHORDRY, -P(=O)SRYRY, -P=8)SRVIRY -
P(=03ORY )2, -PESHOR Y, -PH=O)}SR Yy, or -PE=SHSR ), or from any of -P(R%),, -
PAORYNR ), -PEONORYR?, -P=SHORYRY, -PE=O)SRAR?, -P=S)SRARY, -
PEOOR Y, -PESOR . -PEONSR L, or -PE=SHSR .

[0289] 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.
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[0290] insome 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 10 9, from 1 to 8, from 1 to 7,
from 1 to 6, from 1 to 5, from 1 to 4, or from 1 to 3 Linker Units), from 2 to 10 Linker Units

eg, fromZto 10, from 2109, from 2108, from 2to 7, from 2 to 6, from 210 5, from 2 10 4, or

g

o

from 2 to 3 Linker Umits), from 3 to 10 Linker Units (e.g., from 3 t0 10, from 3 to 9, from 3 to 8,
from 3 to 7, from 3 to &, from 3 to 5, or from 3 to 4 Linker Units), from 4 to 10 Linker Uniis
{e.z., from4 o 10, from4to9 from4 0¥ from 4 to 7, from 4 to &, or from 4 to S Linker

7

Units), from 5 to 10 Linker Units {fe.g., from 510 10, from 510 9, from Sto §, from Sto 7, or
from 5 to 6 Linker Units), or from 0 to 10 Lisker Units {e g, from 6 to 10, from ¢ t0 9, from G to
8, or from 6 to 7 Linker Uniig).
[02911 Insome embodiments, the conjugate comprises a double strand RNA (e g, double strand
siRNA) and 1 Linker Units, 2 Linker Unuts, 3 Linker Units, 4 Linker Units, 5 Linker Units, 6
Linker Units, 7 Linker Units, 8 Linker Units, 9 Linker Unuts, or 10 Linker Units,
102921 Insome 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 Lanker Uruts {e.g, from 1 to 3 Linker Uruts) are consecutively or discretely
attached to the sense strand {e.g., at the 37~ or 57~ termuval position} of the double strand RNA
{e.g., double strand sIRNA};

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 sitRNA) are replaced
with the one or more Linker Unit {e.g, from | to 3 Linker Usuts);

one of more Linker Unuts {e.g, from 1 to 3 Linker Units) are consecutively or discretely
attached to the antisense strand {e.g., at the 37- or 57- termunal 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 T to 3
Linker Units}.
(02931 Insome embodiments, the conjugate comprises a double strand RNA (e g., double strand
sIRINA}, one or more Ligand, and one or more Linker Units, wherem:

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

attached to the sense strand {e.g., at the 3’- or 5"~ terminal position} of the double strand RNA
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{e.g., double strand siRNA}; and

one or more nucleosides or nucleotides at one or more consecutive or discrete mternal
position of the sense strand of the double strand RNA (e g., double strand siRNA} are replaced
with the one or more Linker Umit {e g, from 1 to 3 Linker Units}.
[0294] insome embodimenis, the conjugate comprises a double strand RNA (e g., double strand
siRNA), onie or more Ligand, and one or more Linker Units, wherein:

one or more Linker Unus {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
RNA (e ¢., double strand stRNA); and

one of more nucleonsides or nucleotides at one or mare consecutive or discrete internal
position of the antisense strand are replaced with the one or more Linker Unit (e g, from 1 t0 3
Linker Units).
[0293] In some embodiments, the one or more Linker Unitfe.g., from 1 to0 3 Linker Unuis) 1s
consecutively or discretely attached to the sense strand {(e.g, at the 37~ or 37~ ternunal position)
of the double strand RNA {e.g., double strand siRNA).
[0296] Insome embodiments, the one or more Linker Unit e g, from | 1o 3 Linker Units)
consecutively or discretely attached to the sense strand 37- termimal position of the double strand
RNA {e.gz., double strand siRNAJ.
102971 In some erobodiments, the one or more Linker Unit{e g., from 1 to 3 Linker Uniis) ¢
consecutively or discretely attached to the sense strand 57~ termunal position of the double strand
RNA {e.g., double strand siRNA).
{02981 Insome embodiments, one or more nucleoside or nucleotide at one or more consecutive
or discrete mternal position of the sense strand of the double strand RNA {e.g., double strand
siRNA)Y 13 replaced with the one or more Linker Unit {e.g.. from 1 to 3 Linker Unis}.
(02991 Insome embodiments, the one or more Linker Unit {e.g., from 1 to 3 Linker Units) 1s
consecutively or discretely attached to the antisense strand {e.g., at the 3'- or 57~ termunal
position} of the double strand RNA (¢ g, double strand siRNA).
[0300] Insome embodiments, the one or more Linker Unit€e.g., from 1 1o 3 Linker Units} 8
consecutively or discretely attached to the antisense strand at the 37~ terminal position of the

double strand RNA (e g., double strand siRNA}.
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f0301] insome embodiments, the one or more Linker Unit e g, from 1 10 3 Linker Units} 18
consecutively or discretely attached to the antisense strand at the 57 termimal position of the
double strand RNA (e g., double strand siRNA).
10302] Insome 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) is replaced with the one or more Linker Unit {e.g., from 1 to 3 Linker Units}.
[0303] Insome embodiments, the conjupate 1s (Linker Unit-(Ligande1)p-{{Nucleic Acud
Agent}-(Linker Unit-{Ligand}e-1 ) h-{Nucleic Acid Agent)y, wherein:

each Linker Unit 1s independent from another Linker Unit, each Nucleic Acid Agent is
independent from another Nucleie Acid Agent, and each Ligand is independent from another
Ligand:

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

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

p 1S an integer ranging from O to 10;

gisOorl; and

the conjugate comprises at Jeast one Linker Unit, at least one Nucleic Acid Agent, and at
least one Ligand.
10304} Insome embodiments, the conjugate 18 {(Linker Unu-(Ligandjo i )p-{{Nucleic Acid
Agentj-{(Linker Untt-{Lagandjo-i)sh-(Nucleic Acid Agent).
(03051 Insome embodiments, the conjugate 18 {(Linker Unit-(Lagandje )p-({Nucleic Acid
Agent)-(Linker Unut-(Tagandjo-i)e.
(03061 Insome embodiments, the conjugate s (Linker Unit-(Lagand}e. )p-{ Nucleic Acid Agent).
[0307]1 Insome embodiments, the comjugate 18 (Nucleic Acid Agent)~(Lanker Unit-(Lagandjo.s -
{Nucleic Acid Agent).
[0308] In some embodiments, the conjugate 13 selected from the conjugates described in Table
C, wherein the Nucleic Acid Agent 1s attached at ##, and ## 13 a direct or indirect attachment

described herein.
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Linfer Units
[0309] As used herein, a “Linker Unit” or “linker unit” refers to a moiety corresponding to a
Linker Compound in which wherein W, Y, and/or ¥ 1s replaced with an attachment to a Ligand
and/or a Nucleic Acid Agent. In some embodiments, the attachment, e g, # or ## described
herein, 15 a direct or mdirect attachment described herein.
(03107 In some embodiments, the Linker Unit is of Formula (1), wherein W is replaced with an
attachment to the Ligand. In some ermvbodiments, the attachment, e g, # or ## described herem, 3
a direct or indivect attachiment described herein.,
(03117} In some emboduments, the Linker Umit 1s of Formula (I}, wherein Y and/or Z 15 replaced
with an attachment to the Nucleic Acid Agent. In some embodiments, the attachment, e.g, # or
## described herewn, 15 a direct or mdirect attachment deseribed heremn.
[0312] In some embodiments, the Linker Unitis of Formula (1), wherein:

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

Y and/or 215 replaced with an attachment to the Nucleic Acid Agent,
03137 In some embodiments, the Linker Unit is of Formula (IT}, wherein W is replaced with an
attachment to the Ligand.
[0314] In some embodiments, the Linker Unit 1s of Formuda (IT}, wherein Y and/or 7 is replaced

with an attachment to the Nucleic Acid Agent.
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[0315] In some embodiments, the Linker Unit 1s of Formula (11}, wherein:

W ig replaced with an attachment to the Ligand; and

Y and/or Z s replaced with an attachment to the Nucleic Acid Agent.
[0316] In some embodiments, the Linker Unit is of Formula {(I7) or (1P}, wherein W is replaced
with an attachment to the Ligand.
[0317] In some embodiments, the Linker Unit ts of Formula (") or (IF'}, wheremn Y and/or Z s
replaced with an attachment to the Nucleic Acid Agent.
[0318] In some embodiments, the Linker Unit is of Formula {(I-A} or (li-A), wherein W is
replaced with an attachment to the Ligand
[0319] In some embodiments, the Linker Unit is of Formula {(I-A} or (li-A), wherein Y and/or 7
is replaced with an attachment to the Nucleic Acid Agent.
103207 In some embodiments, the Linker Unit is of Formula (I-A} or (fF-A), wherein:

W is replaced with an attachment to the Ligand; and

Y and/or Z 15 replaced with an attachment to the Nucleic Acid Agent.
[0321] In some embodiments, the Linker Unit1s of Formula (IU-A) or (JI'-A), wherem W 18
replaced with an attachroent to the Lagand.
[0322] In some embodiments, the Linker Unitis of Formula (- A3 or (JI"-A), wheremn Y and/or
Z 15 replaced with an attachment to the Nucleic Acid Agent.
10323} In some embodiments, the Linker Unitis of Formula (I7-A) or (I1'-A), wheremn:

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

Y and/or 7 1s replaced with an attachment to the Nucleic Aaid Agent.
10324] In some embodiments, the Linker Unit1s of Formuda (I-B) or (II-B), wherein W is
replaced with an attachment to the Ligand.
[0325] In some embodiments, the Linker Unit 1s of Formula (1-B} or JI-B), wherein Y and/or Z
15 replaced with an attachment to the Nacleic Acid Agent.
[0326] In some embodiments, the Linker Unit 1s of Formula (I-B} or (JI-B), wherem:

W is replaced with ap attachment to the Ligand; and

Y and/or Z s replaced with an attachment to the Nucleic Acid Agent.
03271 In some embodiments, the Linker Unit is of Formula (I'-B) or (IT7-B), wherein W 3
replaced with an attachment to the Ligand.

[0328] In some embodiments, the Linker Unit is of Formula (8'-B) or (iU -B), wherein Y and/or
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Z 15 replaced with an attachment to the Nucleie Acid Agent,
[0329] In some embodiments, the Linker Unit 18 of Formula (£-8) or (1P’ -B}, wherem:

W is replaced with an attachment to the Ligand; and

Y and/or £ 1s replaced with an attachment to the Nucleic Acid Agent.
[0330] In some embodiments, the Linker Umit, prior to atachiment, 1s a linker compound
described herein.
[0331] In some embodiments, the Linker Unit, prior to attachiment, 1s 2 compound of Formula (I)
or a pharmaceutically acceptable salt thereof.
[03321 In some embodiments, the Linker Unit, prior to attachment, is a compound of Formula
{(I1) or a pharmaceutically acceptable salt thereof
(03337 In some embodiments, the Linker Unit, prior to attachment, is a compound of Formula
{I"Y or {iI"} or a pharmaceutically acceptable salt thereof
(03347 In some embodiments, the Linker Unit, prior to attachment, 18 a compound of Formula (I-
A} or (II-A), or a pharmaceutically acceptable salt thereof.
(03337 In some embodiments, the Linker Unit, prior to attachment, 15 a compound of Formula
(I-A) or {(IU-A), or a pharmaceutically acceptable salt thereof.
03361 In some embodiments, the Linker Unit, prior to attachiment, 1s a compound of Forraula (I-
B or (11-B}, or a pharmaceutically acceptable salt thereof
10337} In some embodiments, the Linker Unit, prior to attachment, 1s a compound of Forrula
{(I'-B) or (II'-B), or a pharmaceutically acceptable salt thereof.
(03381 In some embodiments, the Linker Unit, prior to attachment, 1s a compound selected from
the compounds described m Table L and pharmaceutically acceptable salts thereof.
03391 In any of the embodiments above, the attachment, e.g., # or ## descnibed herein, 15 2

direct or indirect attachment described heram.

<o, ¥
Ligands

[0340] As used herein, the term “ligand” refers to a mosety that, when being covalently attached

to a Nucleic Acid Agent {e.g., an oligonucleotide}, 15 capable of mediating its entry mio, or

wre Nucleic Acid Agent, form a conjugate, as

A A v
[RER IO
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described herein

[03447 In some embodiments, the ligand comprises a carbohydrate maiety.

[0345] As used herein, “carbohydrate moiety” refers to a moiety which comprises ane or more
monosaccharide units each having at least six carbon atoms (which may bhe linear, branched or
cyclic), with an oxygern, nitrogen or sulfur atom bonded to each carbon atom. In some
embodiments, the carbohydrate moiety comprises a monosaccharide, a disacchande, a
trisaccharide, or a tetrasacchande. In soroe embodiments, the carbohydrate ooty comprises an
oligosaccharnde contaiming from about 4-% monosaccharide units. In some emboduments, the
carbohvdrate motety comprises a polysacchanide {e.g., a starch, a glycogen, a cellulose, ora
polysaccharnde gumy.

[0346] In some embodunents, the carbohydrate motwety comprises a monosacchande, a
disaccharide, a frisaccharude, or a tetrasacchande.

103471 In some embodiments, the carbohydrate motety comprises an gligosaccharide {e.g.,
contamning from about four o about mne monosacchande umis).

{0348} In some embodiments, the carbohydrate motety comprises a polysacchande{e.g., a
starch, a glvcogen, a cellulose, or a polvsacchanide gum).

{03497 In some embodiments, the higand 15 capable of binding to a human asialoglycoprotein
receplor { ASGPR), e.g, human asaloglycoprotem receptor 2 {ASGPRZ)

[0350] In some embodiments, the carbohydrate motety comprises a sugar {e.g., one, two, or
three sugar).

(03517 In some embodiments, the carbohydrate moiety comprises galactose or a derivative

thereof (e.g., one, two, or three galactose or the derivative thereof).

146

SUBSTITUTE SHEET (RULE 26)



WO 2023/049258 PCT/US2022/044377

[0352] In some embodiments, the carbohydrate motety comprises Neacetylgalactosamine or a
derivative thereof {e.g., one, two, or three N-acetylgalactosamine or the derivative thereof).
[0353] In some embodiments, the carbohydrate motety comprises Neacetyl-D-galactosylamine
or a dervative thereof {e.g., one, two, or three N-acetyl-D-galactosylamine or the dervative
thereof}.

[0354] In some embodiments, the carbohydrate motety comprises N-acetylpalactosamine {eg.,
one, two, or three N-acetylsalactosamine).

[0355] In some embodiments, the carbohydrate motety comprises N-acetyl-D-galactosylamine
(eg, one, two, or three N-acetyl-D-galactosylamine}.

[0356] In some embodiments, the carbohvdrate motety comprises mannose or a dertvative
thereot {e g, mannose-6-phosphate).

[0357] In some embodiments, the carhohydrate motety further comprises a linking moiety that
connects the one or more sugar (e.g., N-acetyl-D-galactosylamine) with the Linker Unst.
[0358] In some embodunents the linking motety comprises thioether (e.g., thiosucanimde, or
the hydrolysis analogue thereot), disulfide, tniazole, phosphorothioate, phosphodiester, ester,
amide, or any combination thereot,

103591 In some embodiments, the linking motety 15 a tnantennary linking motety.

{0360} Suttable Ligands include, but are not linuted to, the ligands disclosed in PCT Appl'n Pub.
Nos. WO/2015/006740, WO/2016/100401, WO/2017/214112, WO/2018/039364, and
WO/2018/045317, each of which 15 1ncorporated herein by reference.
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10362} In some embodiments, the higand comprises “H (e one, two, or three
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[0376] In some embodiments, the ligand comprises OH

[0374] In some embodiments, the ligand comprises

(0375} In some embodiments, the ligand comprises

(03771 In some embodiments, the higand comprises a lipid motety {e.g., one, two, or three lipid
motety ).
(0378} In some embodiments the lipid moiety comprises (e.g., ong, two, of three of) Ce-Coy fatty
acid, cholesterol, vitann, sterol, phospholipid, or any combination thergof.
03797} In some embodiments, the ligand comprises a peptide moiety {e.g., one, two, or three
peptide moiety }.
[03807 In some embodiments, the peptide motety comprises {e.g., one, two, or three of) mntegrin,
msulin, glucagon-tike peptide, or any combination thereof
[03&1] In some embodiments, the ligand comprises an antibody moiety {(e.g., transferrin).
[0382] In some embodiments, the ligand comprises one, two, or three antibody moieties (e.g.,
transferrin).
[0383] In some embodiments, the ligand comprises an oligenucleotide {e.g., aptamer or CpG)
[0384] In some embodiments, the ligand comprises one, two, or three oligonucleotides {e.g.,
aptamer or Cp()
03857 In some embodiments, the ligand comprises:

one, two, or three sugar {e.g., N-acetyl-D-galactosylamme),

one, two, or three hpid moieties;

one, two, or three peptide moieties;
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one, two, or three antibody moieties;

one, two, or three oligonucleotides; or

any combination thereof.
Nucleic Acid Agenis
[0386] In some embodiments, the Nucleic Acid Agent comprises an oligonuclectide.
[0387] In some embodiments, the Nucleic Acid Agent (e g, the cligonucleotide) comprises one
or more phosphate groups or one or more analogs of a phosphate group.
[0388] 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
[03897 In some embodiments, the oligonucleotide has a length of from 1 to 40 nucleotides, from
10 to 40 nucleotides, from 12 1o 35 nucleotides, from 15 to 30 nucleotides, from 18 t0 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
length of 19, 20, 21, 22, or 23 nucleotides.
(0390} In some embodunents, the Nucleic Acid Agent comprises an RMNA, a DNA, or a nuxture
thereof
{0391} In some embodunents, the Nucleic Acid Agent comprises an RNA.
10392} In some embodiments, the oligonucleotide 13 an siRNA (e g., a single strand siRNA (e g,
a hatrpin single strand s1tRN A} or a double strand siRNA), microRNA, antiroicroRNA4,
microRNA munie, antagomir, dsRNA, ssRNA, aptamer, smoune stimulatory oligonucleotide,
decoy oligonucleotide, sphice alterimg oligonucleotide, triplex forming oligonucleotide, G-
quadruplexe, or antisense ohgonucleotide.
{03931 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.
103941 In some embodiments, the Nucleie Acid Agent comprises a double stranded siRNA {ds-
siRMNA), wherein the double stranded siRNA comprises a sense strand and an anfisense strand, as
described herein.
[0395] It s understood that sense strand is also known as passenger strand, and the terms “sense

strand” and “passenger strand” are used interchangeably herem.
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03961 | s understood that antisense strand is also known as guide strand, and the terms
“antisense strand” and “guide strand” are used interchangeably herein.

[0397] In some embodiments, the oligonucleotide 1s an 1RNA.

[0398] The term “1RNA” 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 iIRNA may act by one or mare of a number of mechanisms, 1ncluding
post-transcriptional cleavage of a target mRNA (referred {0 1n the art as RNAL, or pre-
transcriptional or pre-translational mechanisms. An IRNA can include a single strand or can
include more than one strands, e g, it can be a double stranded (RNA_ If the iRNA is a single
strand 1t can include a 5" modification which includes one or more phosphate groups or one or
maore analogs of a phosphate group. In some embodiments, the iIRNA 1s double stranded. In some
embodiments, one or both strands of the doubhle stranded 1IRNA can he modified, e g, §
maodification,

[0399] The 1IRNA tvpically includes a region of sutficient homology to the target gene, and 13 of
sufficient length m terms of nucleotides, such that the iIRNA, or a fragment thereof, can mediate
down regulation of the target gene. The iRNA 13 or meludes & region whuch 1s at least partaally,
and i some embodiments fully, complementary to the target RNA. It is not necessary that there
be perfect complementarity between the :iRNA and the target, but the correspondence may be
sutficient to enable the iIRNA, or a cleavage product thereof, to divect sequence specific
sifencing, e.g., by RNA1 cleavage of the target RNA, e g, mRNA.

04007 The nucleotides in the IRINA may be modified (e.g., one or more nucleotides may nclude
a 2'-F or 2-0CH: group, or be nucleotide surrogates). The single stranded or double stranded
regions of an IRNA may be modified or include nucleotide surrogates, e g, the unpaired 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 5'-terminus
of aniRNA, e.g., against exonucleases. Modifications can include C3 {or Co, 7, U12) amino
hinkers, thiol linkers, carboxyl hinkers, non-nucleotidic spacers (3, £6, C9, C12, abasic,
triethylene glycol, hexaethylene glycol), special biotin or fluorescein reagents that come as
phosphoramidites and that have ancther DM T-protected hydroxyl group, allowing multiple
couplings during RNA synthesis. Modifications can also include, & o, the use of modifications at

the 2' OH group of the ribose sugar, e.g., the use of deoxyribonucieotides, e.g., deoxythymidine,

[i—
5
o)
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instead of ribonuclectides, and modifications in the phosphate group, e.g.,

phosphothioate
modifications. In some embodimenis, the different strands will include different modifications.
[0401] In some embodiments, the strands are chosen such that the i(RNA includes a single strand
or unpaired region at one or both ends of the molecule. A double stranded i1RNA may have an
overhang, e.g., one of two 5" or 3’ overhangs (e.g., at least a 3’ overhang of 2-3 nucleotides}. In
some embodiments, the iIRNA has overhangs, e g, 3' overhangs, of 1, 2, or 3 nucleotides in
length 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.

[04027 In some embodiments, the length for the duplexed regions between the strands of the
iRNA are between 6 and 30 nucleotides 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 nucleatides, most preferably 6,7, 8§, 9,
10, 11 and 12 nucleotides n length.

104037 The ohigonucleotide may be that described 1n U.S. Patent Publication Nos.
2009/0239814, 2012/0136042, 2013/0158824, or 2009/0247608, each of which 13 hereby
mceorporated by reference.

04047 In some embodiments, the oligonucleotide 15 an siRNA.

10405} In some embodunents, the oligonucleotide 1s a single strand siRNA.

0406} In some embodiments, the oligonuclectide 15 a double strand siRNA, for example, double
strand s1RNA described herein.

(04071 A “single strand siRINA” as used herein, 1s an siRNA which s made up of a single strand,
which imcludes a doplexed region, formed by mtra-strand pairing, ¢.g., it may be, or melude, a
hairpin or pan-handle siructure. Single strand siRNAs may be antisense with regard to the target
molecule.

(04087 A single strand siRNA may be sufficiently long that i can enter the RISC and participate
in RISC mediated cleavage of a target mRNA. A single strand sIRNA 15 at least 14, and in some
emmbodiments at least 15, 20, 25, 29, 35, 40, or 30 nucleotides in length. In some embodiments, it
15 less than 200, 100, 80, 60, 50, 40, or 30 nucleotides in length.

[0409] In some embodiments, the single strand siRNA has a length of from 10 to 40 nucleotides,
from 12 1o 35 nucleotides, from 15 t0 30 nucleotides, from 18 to 25 nucleotides, or from 20 10 23

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

[0410] Hamrpin siRNAs 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 56
nuclectide pairs 1n length. In some embodiments, ranges for the duplex region are 15-30, 17 to
23,1910 23, and 19 to 21 nucleotides pawrs 10 length. The hanrpin may have a single strand
overhang or terninal unpaired region. In some embodiments, the overhangs are 2-3 nuclectides
in length. In some embodiments, the overhang is at the sense side of the hawpin and in some
embodiments on the antisense side of the harpin.

(04117 In some embodiments, the oligonucleotide is a double strand siRNA.

(04127 A “double stranded siRNA” as used herein, is an siRNA which includes more than one,
and i some cases two, strands in which interchain hybridization can form a region of duplex
structure.

10413} In some embodiments, the sense strand of & 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 nucleotides mn length. It may be
equal to or less than 200, 100, or 50 nucleotides m fength. Ranges may be 17 10 258, 1910 23, 19
to 21, 2110 23, or 20 to 22 vucleotides n length.

{0414} In some embodunents, the sense strand has a length of frora 10 to 40 nucleotides, from 12
to 35 nucleotides, from 15 to 30 nucleotides, from 18 to 25 nucleotides, or from 2010 23
nucleotides. In some embodiments, the sense strand has a length of 18, 19, 20, 21, 22, 23, 24, or
25 nucleotides. To some embodiments, the sense strand has a length of 20, 21, 22, or 23
nucleotides.

[0415] In some embodiments, the sense strand has a length of 18, 19, 20, 21, or 22 nocleotides.
{0416} In some embodiments, the antisense strand of a double stranded siRNA may be equal to
or atleast, 14, 15, 1017, 18, 19, 20, 21, 22, 23, 24, 25, 29, 40, or 60 nucleotides m length. It may
be equal to or less than 200, 100, or 50 nucleotides 1n length, Ranges may be 17 to 25, 19 {0 23,
1910 21, 21 t0 23, or 20 to 22 nucleotides in length.

[0417] In some embodiments, the antisense strand has a fength of from 10 to 40 nucleotides,
from 12 to 35 nucleotides, from 15 to 30 nucleotides, from 18 to 25 nucleotides, or from 20 to 23
nucleotides. In some embodiments, the antisense sirand has a length of 18, 19, 20, 21, 22, 23, 24,

or 25 nucleotides. In some embodiments, the antisense strand has a length of 20, 21, 22, or 23
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nucleotides.

10418} In some embodiments, the antisense strand has a length of 20, 21, 22, 23, or 24
nucleotides.

104197 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.

[0420] In some embodiments, the sense strand has a length of 18 nuclectides, and the antisense
strand has a length of 20 nucleotides.

104217 In some embodiments, the sense strand has a length of 19 nuclectides, and the antisense
strand has a length of 21 nucleotides.

104227 In some embodiments, the sense strand has a length of 20 nucleotides, and the antisense
strand has a length of 22 nucleotides.

104237 In some embodiments, the sense strand has a length of 21 nucleotides, and the antisense
strand has a length of 23 nucleotides.

10424} In some embodiments, the sense strand has a length of 22 nucleotides, and the antisense
strand has a length of 24 nucleotides.

[0425] The double strand portion of a double stranded siIRNA 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 n fength. 1t may be equal to
or less than 200, 100, or 50 nucleotides pawrs 1n length. Ranges may be 1510 30, 17023, 1910
23, and 19 to 21 nucleotides pairs in length.

[0426] In some embodunents, the siIRNA 13 sufficiently large that it can be cleaved by an
endogenous molecule, e.g., by Dicer, to produce smaller siRNAs, e.g., stRNAs agents

[0427] The sense and antisense strands may be chosen such that the double-stranded siRNA
mceludes a single strand or unpaired region at one or both ends of the molecule. Thus, a double-
stranded s1RNA may contain sense and antisense strands, paired to contain an overhang, e.g., one
or two 5 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. Soms embodiments will have at least one 3 overbang, In some embodiments, both
ends of an siIRNA molecule will have a 3" overhang. In some embodiments, the overhang 1s 2
nucleotides.

[0428] In some embodiments, the fength for the duplexed region 1s betwesn 15 and 30, or 18, 19,

20, 21, 22, and 23 nucleotides in length, e g., in the ssiRNA range discussed above. ssikNAs can

135

SUBSTITUTE SHEET (RULE 26)



WO 2023/049258 PCT/US2022/044377

resemble in length and structure the natural Dicer processed products from long dsiRNAs.
Embodiments in which the two strands of the ssiRINA are attached, e g, covalently attached are
also included. Hairpin, or other single strand structures which provide the required double
stranded region, and a 3" overhang are also conterplated.

[0429] The siRNAs described herein, including 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 s also referred to hereinas mRNA to be
silenced. Such a gene s also referred to as a target gene. In general, the RNA to be silenced is an
endogenous gene or a pathogen gene. In addition, RNAs other than mRNA, e ¢, tRNAs, and
viral RNAs, can also be targeted.

[04307 As used herein, the phrase “mediates RNAL refers to the ability to silence, in a sequence
specific manner, a target RNA. While not wishing to be bound by theory, it i5 helieved that
stlencing uses the RNA1 machmery or process and a guide RNA, eg., an ssiRNA of 21 10 23
mucleotides.

(04317 In some embodiments, an siRNA 1s “sufticiently complementary” to a target RNA, eg., a
target mRNA, such that the 51RNA stlences production of protein encoded by the target oRNA,
In another embodiment, the siRNA 13 “exactly complementary” to a target RNA, e.g, the target
RNA and the siRNA anneal, for example to form a hybrid made exclusively of Watson-Urnick
base pairs in the region of exact comnplernentarity. A “sufficiently complementary” target RNA
can include an nternal region {e.g., of at least 10 nucleotides) that 1s exactly complementary to a
target RNA. Moreover, m some embodiments, the siRNA specitically discruvunates a simgle-
nucleotide difference. In this case, the sIRNA only mediates RNA1 if exact complementary 13
found in the region {e.g., within 7 nucleotides of) the single-nucleotide difference.

104327 BficroRNAs: Micro RNAs {miRNAs) are a lnghly conserved class of small RNA
molecules that are transcribed from DNA in the genomes of plants and animals, but are not
translated mto protein. Processed miRNAs are single stranded "17-25 nucleotide {nt} RNA
molecaoles that become incorporated nto the RNA-induced silencing complex {(RISC) and have
bean 1dentified as key regulators of development, cell proliferation, apoptosis and differentiation.
They are believed to play a role n regulation of gene sxpression by binding to the 3 -untranslated
region of specific mRNAs. RISC mediates down-regulation of gene expression through

translational inhibition, franscript cleavage, or both. RISC 1is also implicated in transcriptional
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sifencing in the nucleus of a wide range of eukaryotes.

g, tustrative

[0433] The number of muRNA sequences identified to date s large and growmn
examples of which can be found, for example, in: “miRBase: microRNA sequences, targets and
gene nomenclature” Griffiths-Jones S, Grocock R §, van Dongen S, Bateman A, Enright A J.
NAR, 2006, 34, Database Issue, D140-D144; “The microRNA Registry” Griffiths-Jones S.
NAR, 2004, 32, Database Issue, D109-D111.

104347 Arfisense Ofiponucieotides: In some embediments, a nucleic acid 1s an andisense
oligonucleotide directed to a target polynucleotide. The term “antisense oligonuclectide” or
simply “antisense” 1s meant to include oligonucleotides that are complementary to a targeted
polynucleotide sequence. Antisense oligonucleotides are single strands of DNA or RNA that are
complementary to a chosen sequence, e g a target gene mRNA. Antisense oligonucleotides are
thought 1o inhibit gene expression by binding to a complementary mRNA . Binding to the target
mRNA can lead 1o inhibition of gene expression either by preventing translation of
complementary mRNA strands by binding to 1t, or by leading to degradation of the target
mRNA. Antisense DNA can be used to target a specific, complementary {coding or non-coding)
RNA. If binding takes places this DNA/RNA hybnd can be degraded by the enzyme RNase H.
In some emnbodiments, antisense oligonucleotides contain from about 10 to about 50 nucleotides,
more preferably about 15 to about 30 nucleotides. The term also encompasses antisense
oligonucleotides that may not be exactly complementary to the desived target gene. Thus,
instances where non-target specific-activities are found with antisense, or where an antisense
sequence contaiing one or more musraiches with the target sequence 1s the most preferred for a
patticular use, are contemplated.

[0435] Antisense ohgonucleotides bave 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 15 well
established. For example, the synthesis of polygalacturonase and the muscarine type 2
acetylcholine receptor are inhibited by antisense oligonuciectides directed to their respective
mRNA sequences (UK. Pat. Nog. 5,739,119 and 5,759,829 each of which 18 incorporated by
reference). Further, examples of antisense whibition have been demonstrated with the nuclear
protein cyclin, the multiple drug resistance gene (MBDG1), ICAM-1, E-selectin, STK-1, striatal

GABAA receptor and human EGF (Jaskuiski et al., Scignce. 1988 Jun. 10; 240{4858):1544-6;
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Vasanthakumar and Ahmed, Cancer Commun. 1989, 1{4):225.32; Peris et al., Brain Res Mol
Brain Res. 1998 Jun. 15; 57(2):310-20; U.S. Pat. Nos. 5,801,154, 5,785,573, 5,718,709 and
5,610,288, each of which 1s incorporated by reference). Furthermore, antisense constructs have
also been described that inhibit and can be used to treat a variety of abnormal cellular
proliferations, e.g. cancer {U.S. Pat. Nos. 5,747 470; 5,591,317 and 5,783,683, each of which is
mcorporated by reference).

[0436] Methods of producing antisense oligonucleotides are known in the art and can be readiy
adapted to produce an antisense oligonuclestide that targets any polynucleotide sequence.
Selection of antisense oligonucleotide sequences specific for a given target sequence is based
upon analysis of the chosen target sequence and determination of secondary structure, Tim,
binding energy, and relative stability. Antisense oligonucleotides may be selected hased upon
their relative inabtlity to form dimers, hairpins, or other secondary structures that would reduce
or prohibit specific hinding to the target mRNA in a host cell Highly preferred target regions of
the mBINA mclude those regions at or near the AUG transiation nutiation codon and those
sequences that are substantially complementary to §' regions of the mRNA. These secondary
structure analvses and target site selection considerations can be performed, for example, using
v.4 of the OLIGO prumer analysis software {Molecular Biology Insighis) and/or the BLASTN
2.0 algorthm sofbware {Altschul et al | Nucleic Acids Res. 1997, 25(17):3389-402).

104371 Arsagonsirs: Antagonurs are RNA-like oligonuclectides that harbor various
modifications for RNAse protection and pharnmacologic properties, such as enhanced tissue and
celular 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 efficiently silence endogenous miRNAs by forming duplexes comprising the
antagomr and endogenous mRNA| thereby preventing miRNA-induced gene silencing. An
example of antagomir-mediated miRNA silencing 1s the silencing of miR-122, described n
Krutefeldt et al, Nature, 2005, 438 685-689, which 15 expressly incorporated by reference herein
in s entirety. Antagomir RNAs may be synthesized using standard solid phase oligonucieotide
synthesis protocols. See U.S. Patent Apphication Publication Nos. 2007/0123482 and
2007/06213292 {each of which 1s imcorporated herein by reference).

[0438] Anantagomir can include ligand-conjugated monomer subunits and monomers for

oligonucieotide synthesis. Exemplary monomers are described in U.S. Patent Application
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Publication No. 2005/01073235, which is incorporated by reference in 1S entirety. An antagomir
can have a ZXY structure, such as 1s described in WO 2004/080406, which 1s incorporated by
reference mn its entirety. An antagomuir can be complexed with an amplipathic mosety.
Exemplary amphipathic moieties for use with ohigonucieotide agents are described 1n WG
2004/080406, which is incorporated by reference 1n its entirety.

[10439] Apfamers. Aptamers are nucletc acid or peptide molecules that bind to a particular
molecule of mterest with high affinity and specificity (Tuerk and Gold, Science 249:505 (1996);
Ellington and Szostak, Nature 34¢:818 (1990), each of which 1s incorporated by reference in 1ts
entirety). DNA or RNA aptamers have heen successfully produced which bind many different
entities from large proteins to small organic molecules. See Baton, Curr. Opin. Chem Biol 1:10-
16 {1997}, Famulok, Curr. Opin. Struct. Biol 9:324-9 (1999), and Hermann and Patel, Science
287:820-5 (2000}, each of which 1s incorporated by reference in its entirety. Aptamers may he
RNA or IDNA based, and may include a riboswitch. A rihoswitch 15 a part of an mRNA molecule
that can drectly bind a small target molecule, and whose binding of the target affects the gene's
activity. Thus, an mRNA that contains a nboswitch 18 directly mvolved m regulating its own
activity, depending on the presence or absence of its target molecule, Generally, aptamers are
engineered through repeated rounds of 1 vitro selection or equivalently, SELEX {(svstematic
evolution of ligands by exponential enrichment) to bind to various molecular targets such as
small roolecules, protemns, nucleic acids, and even cells, tissues and organisms. The aptamer may
be prepared by any known method, mcluding synthetic, recombinant, and purification methods,
and may be used alone or 1n combmation with other aptamers specific for the same target.
Farther, as described more fully herein, the term “aptamer” specifically mcludes “secondary
aptamers” containing a consensus sequence derved from comparning two or more known
aptamers (o a given target.

(04407 Ribozymes: According to another 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 Sci USA. 1987 December,
B4(241.8788-92; Forster and Symons, Cell. 1987 Apr. 24; 4%(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 oligonucleotide substrate (Cech et al

Cell. 1981 December; 27{3 Pt 2):487-96; Michel and Westhof, J Mo! Biol 1990 Dec. §;
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16(3}.585-610; Reinhold-Hurek and Shub, Nature. 1992 May 14; 357(6374):173-0). This
specificity has been atiributed to the requirement that the substiate bind via specific base-pairing
mferactions to the internal guide sequence (“IGR”} of the ribozyme prior to chemical reaction.
[0441] At least six basic varieties of naturaliv-occurring enzymatic RNAs are known presently.
Fach can catalyze the hydrolysis of RNA phosphodiester bonds 1n trans {and thus can cleave
other RNA molecules) under phystological conditions. In general, enzymatic nucleic acids act by
first binding to a target RNA. Such binding cccurs through the tarpet binding portion of a
enzvmatic nucleic acid which is held in close proxumity to an enzymatic portion of the molecule
that acts to cleave the target RNA. Thus, the enzymatic nucleic acid first recognizes and then
binds a target RNA through complementary hase-pairing, and once bound to the correct site, acts
enzymatically to cut the target RNA  Strategic cleavage of such a target RNA will destrov its
ability to direct synthesis of an encoded protein. After an enzymatic nucleic actd has bound and
cleaved its RNA target, it is released from that RNA to search for another target and can
repeatediy bind and cleave new fargets.

04427 The enzymatic nucleic acid molecule may be formed in a haromerhead, havrpin, a
hepatitis & virus, group [ intron or RNaseP RNA (in association with an RNA guide sequence) or
Neurospora VS RNA motif, for exarple. Specific examples of hammerbead motifs are described
by Rossi et al. Nucleic Acids Res. 1992 Sep. 11 20(1714559-65. Examples of hairpin motifs are
described by Hampel et al. (Eur. Pat. Appl Publ No. EP 0360257}, Hampel and Tritz,
Biochernistry 1989 Jun. 13; 28(12):4929-33; Hampel et al, Nucleic Acids Res. 1990 Jan. 25;
18(21:299-304 and UK. Pat. No. 5,631,359 An example of the hepatitis & virus rootsf 1s
described by Perrotta and Been, Brochemistry, 1992 Dec. 1, 31{47):11843-52; an example of the
RNaseP motif 1s deseribed by Guerner-Takada et al., Cell. 1983 December, 35(3 Pt 23:849-57;
Neurospora VS RNA ribozyme motif 15 described by Collins (Saville and Colling, Cell. 1990
May 18; 61{4):685-96; Saville and Colhins, Proc Natl Acad Sci USA. 1991 Oct. 1. 88(19):8826-
30; Collins and Olive, Biochemastry. 1993 Mar. 23 32(1112795-9); and an example of the
Group D intron 1s described in 1.8, Pat. No. 4,987,071, Important characteristics of enzymatic
nucleic acid molecules used are that they have a specific substrate binding site which is
complementary to one or more of the target gene DNA or RNA regions, and that they have
nucleotide sequences within or surrounding that substrate binding site which impart an RNA

cleaving activity 1o the molgcule. Thus the ribozyme constructs need not be limited to specific
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motifs mentioned herem.

[0443] Methods of producing a ribozyme targeted to any polynucleotide sequence are known in
the art. Ribozymes may be designed as described i Int. Pat. Appl. Publ. Nos, WO 93/23569 and
WO 94/02595, each specitically incorporated herein by reference, and synthesized to be tested in
vitro and m vivo, as described therein

[0444] Ribozyme activity can be optimized by altering the length of the ribozyme binding arms
or chenucally synthesizing ribozymes with modifications that prevent thewr degradation by serum
ribonucieases (see e ¢, Int. Pat. Appl Publ Nos WO 92/07065, WO 93/15187, and WO
91/03162; Eur. Pat. Appl Publ. No. 921106298 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 moteties 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.

104451 Inwmnostimaiatory Oligonncieotides. Nuclewe aaids associated with lipid particles may
be immmunostimulatory, including immunostimulatory oligonucleotides (ISS; single- or double-
stranded) capable of mducing an munune response when admunistered to a subject, which may
be a mammal or other patient. 185 mclude, e g., certan palindromes leading to hawpin secondary
structures {see Yamamoto 5., et al. (1992} J. Immunol 148 4072-4076, which is mcorporated by
reference in s entirety), or CpG motifs, as well as other known IS8S features {such as mult-G
domains, see WO 96/11266, which is incorporated by reference m s entirety).

04467 The unroune response may be an innate or an adaptive vmroune response. The immune
systern 13 divided into a more nnate immuane system, and acquired adaptive immune system of
vertebrates, the latter of which s further divaded into humoral cellular components. In some
embodiments, the inmune response may be mucosal.

(04471 In some embodiments, an immunostimalatory nucleic acid 1s only vamunostimalatory
when admimstered m combination with a hipid particle, and 13 not immmuonostimulatory when
admnistered m s “free form.” Such an ohigonucleotide 13 considered to be immunostimulatory.
104487 Immunostunulatory nucleic acids are considered to be non-sequence specific when it is
not required that they specifically bind to and reduce the expression of a target polynuclectide in
order to provoke an immune response. Thus, certain immunostimulatory nucleic acids may

comprise a sequence corresponding (o a region of a naturally occurring gene or mRNA, but they
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may still be considered non-sequence specific immunostimulatory nucleic acids.

[0449] In some embodiments, the immunostimulatory mucletc acid or sligonuclectide comprises
at least one CpG dmmuclectide. The ohigonucleotide or Cp( dinucleotide may be unmethylated or
methylated. In another embodiment, the mmmuonostimulatory nucleic acid comprises at least one
CpG dinucleotide having a methylated cytosine. In some embodiments, the nocleic acid
comprises a single CpG dinuclectide, wherein the cytosine i said Cp(s dinucleotide 1s
methylated. In an alternative embodiment, the nucleic acid comprises at least two CpGG
dinucleotides, wherein at least one cytosine in the CpG dinucleotides 1s methylated. In a further
embodiment, each cvtosine in the CpG dinuclestides present in the sequence is methylated. In
another embodiment, the nucleic acid comprises a plurality of CpG dinucleotides, wherein at
least one of said CpG dinucleotides comprises a methylated cytosine,

Attachments Between Linker Urit, Nucleic Acid Agent, and I igand

[04507 In some embodiments, the attachment between the Linker Unit and the Nucleic Acid
Agent 1s a bond.

(04511 In some embodiments, the attachment between the Linker Urut and the Nucleic Aad
Agent 13 a rooiety {e.g., a moiety comprising a cleavable group),

(04521 In some embodiments, the attachment between the Lmker Uit and the hgand 15 a bond.
{0453} In some embodunents, the attachment between the Linker Unit and the ligand 15 a moiety
{e.g., a moety comprising a cleavable group).

[0454] In some embodunents, the attachment between the Linker Unit and the ligand comprises -
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betng suitable for use in a method for preparing a compound as described herein.

[0470] The compounds of the present disclosure can be prepared by any suitable technigue
known it the art. Particular processes for the preparation of these compounds are described
further in the accompanying examples.

[0471] In the description of the synthetic methods described herein and m any referenced
synthetic methods that are used to prepare the starting materials, it 15 to be understood that all
propeosed reaction conditions, including chotce of solvent, reaction atmosphere, reaction
temperature, duration of the experiment and workup procedures, can be selected by a person
skilled in the art

104727 | 1s understood by one skilled in the art of organic synthesis that the functionality present
on various portions of the molecule must be compatihle with the reagents and reaction conditions
utthized.

[04737 Tt will be appreciated that during the synthesis of the compounds of the disclosure 1n the
processes defined herein, or during the synthesis of cerfain starting materials, 1t may be desirable
to protect certain substifuent groups to prevent their undesired reaction. The skilled chemist will
appreciate when such protection 1s 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 texis on
the subject, for exarnple, ‘Protective Groups in Organic Synthesis” by Theodora Green
{publisher: John Wiley & Sons} Protecting groups may be removed by any conventent method
described in the luerature or known to the skiled chemust as appropniate for the removal of the
protecting group m question, such methods being chosen 50 as to effect removal of the protecting
group with the minmum disturbance of groups elsewhere n the molecule. Thus, if reactants
mclude, for example, groups such as amino, carboxy or hydroxy it may be desirable to protect
the group in some of the reactions mentioned heremn,

[0474] By way of example, a suitable protecting group for an amino or atkylamuno group 1s, for
example, an acyl group, for example an alkanoy! group such as acetyl, an alkoxycarbonyl group,
for example a methoxvearbonyl, sthoxyearbonyl, or t-butoxycarbonyl group, an
arylmethoxycarbony! group, for example benzyloxycarbonyl, or an arovl group, for example
benzoyl. A suitable protecting group for an hydroxy or alkvihydroxy group can be, e.g., Acetyi
{Ac), Benzoyl (Bz), Benzyl (Bn), B-Methoxyethoxymethyi ether (MEM), Dimethoxytrityl
{DMT), Methoxymethyl ether (MOM]), Methoxytrityl (MMT}, p-Methoxybenzyl ether (PMB),
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p-Methoxypheny! ether (PMP}, Pivalovl (Piv), Tetrahydropyranyl (THP), Tetrahydrofuran
{THEY, Trieyl (tniphenvimethyl, Try, Sidyi ether (e g, trimethylsilyl (TMS), tert-
butyldimethylsilyl (TBDMS), tri-iso-propyisilyloxymethyl (TOM), and trusopropylisilyi (TIPS}
ethersy, a Methyl ether, or an Ethoxyethyl ether (EE). A suitable protecting group for an 1,2-diol
can be, e.g., acelal. A suitable protecting group for an 1,3-dicl can be, e.g.,
tetraisopropyidistloxanylidene (TTPDS).

[0475] The deprotection conditions for the above protecting groups necessartly vary with the
chotce of proteciing group. Thus, for example, an acyl group such as an alkanoyl or
alkoxycarbonyl group or an arovl group may be removed by, for example, hydrolysis with a
suitable base such as an alkali metal hydroxide, for example lithium or sodium hydroxide.
Ahernatively an acyl group such as a tert-butoxvycarbonyl group may be removed, for example,
by treatment with a suitable acid as hydrachioric, sulfuric or phosphoric acid or trifluoroacetic
acid and an aryimethoxycarbonyi group such as a henzyloxycarbony! group may he removed, for
example, by hydrogenation over a catalyst such as palladium on carbon, or by treatment with a
Lews acid for example boron tris{trifluorcacetate). A suitable alternative protecting group fora
primary anmuno group 1s, for example, a phthaloyt group which may be removed by treatment
with an alkvlamine, for exarople dimethylaminopropylamine, or with hydrazine.

104761 A sustable protecting group for a hydroxy group s, for example, an acyl group, for
example an alkanoy! group such as acetyl, an aroyl group, for example benzovl, or an arylmethyl
group, for example benzyl. The deprotection conditions for the above protecting groups will
necessanly vary with the choice of protecting group. Thus, for example, an acyl group such as an
alkanoy! or an aroyl 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 arvimethyl group such as a benzyl group may be removed, for exarmple, by hydrogenation
over a catalyst such as palladium on carbon.

{04771 A surtable protecting group for a carboxy group 1s, for example, an esterifying group, for
example a methvi or an ethyl group which may be removed, for example, by hydrolysis with a
base such as sodium hvdroxide, 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 trifluorcacetic acid, or
for example a benzyl group which may be removed, for example, by hydrogenation over a

catalyst such as paliadium on carbon.
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[0478] Conveniently, the reaction of the compounds s carried out in the presence of a suitable
solvent, which is preferably inert under the respective reaction conditions. Examples of surtable
solvents comprise but are not hmited to hydrocarbons, such as hexane, petroleum ether, benzene,
toluene or xylene; chiorinated hvdrocarbons, such as tnichlorethylene, 1 2-dichloroethane,
tetrachloromethane, chloroform or dichloromethane; alcohols, such as methancl, ethancl,
isopropanol, n-propanocl, n-butanol or tert-butanol; ethers, such as diethyl ether, dusopropyl
ether, tetrahydrofuran (THF), 2-methyhtetrahydrofuran, cyclopentylmethyl ether (CPME), methyl
tert-butyl ether (MTBE} or dioxane; glycol ethers, such as ethylene glycol monomethyl or
monoethyl ether or ethylene glycol dimethyl ether (diglvme); ketones, such as acetone,
methylischutytketone (MIBK) or hutanone; amides, such as acetamide, dimethylacetamide,
dimethyiformamide (DMF) or N-methylpyrrolidinene (NMP}; nitriles, such as acetonitrile;
sulfoxides, such as dimethy! sulfoxide (DMSQO); nitro compounds, such as nitromethane or
nitrobenzene; esters, such as ethyl acetate or methyl acetate, or mixtures of the said solvents or
mixtures with water.

(04791 The reaction teraperature 13 suitably between about -100 °C and 300 °C, depending on the
reaction step and the condittons used.

04807 Reaction times are generally i the range between a fraction of a minute and several days,
depending on the reactivity of the respective compounds and the respective reaction conditions.
Suttable reaction times are readily deterroinable by methods known 1 the art, for example
reaction montoring. Based on the reaction temperatures given above, suitable reaction times
generally lie 1o the range between 10 nunutes and 48 houss,

{04811 Moreover, by utihizing the procedures described herein, in conjunction with ordinary
skills i the art, additional compounds of the present disclosure can be readily prepared. Those
skilled in the art will readity understand that known vanations of the conditions and processes of
the following preparative procedures can be used to prepare these compounds,

(04821 As will be understood by the person skilled 1n 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 wall easily recognize which kind
of reagents and reactions conditions are 10 be used and how they are {o be applied and adapted in
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 ¢an readily be
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synthesized by reacting other compounds of the present disclosure under suitable conditions, for
instance, by converting one particular functional group being present in a compound of the
present disclosure, or a surtable precursor molecule thereof, mnto another one by applying
standard synthetic methods, like reduction, oxidation, addition or substitution reactions, those
methods are well known to the skilled person. Likewise, the skilled 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 in the art of chemical synthesis and are described, in more detail, in, e g, P.GM. Wuts,
T.W. Greene, “Greene’s Protective Groups in Organic Synthesis”, 4th edition (2006) (John
Wiley & Sons}.

04837 General routes for the preparation of a compound of the application are described in

Scheme | herein
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Biological Assays

(048471 Compounds, scaffolds, or conjugates designed, selected, prepared and/or optimized by
methods described above, once produced, can be characterized using a variety of assavs known
to 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.

[0485] Furthermore, high-throughput screening can be used to speed up analysis using such
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assays. As a result, it may be possible to rapidly screen the molecules described heren for
activity, using techniques known i the art. General methodologies for performung high-
throughput screening are described, for example, in Devlin (1998) High Throughpur Screening,
Marcel Dekker; and U.S. Patent No. 5,763,263, High-throughput assays can use one or more

cifferent assay technigues mncluding, but not limited to, those desciibed below.

A
[0486] Various i vifre or in vivo bislogical assays may be suitable for detecting the effect of the
compounds, scaffolds, or conjugates of the present disclosure. These in vitro or in vivo biological
assays can include, but are not himited to, enzymatic activity assays, electrophoretic mobility
shift assays, reporter gene assays, i@ vifro cell viability assays, and the assays described herein.
[0487] In some embodiments, the biological assays are described in the Examples herein
Pharmaceutical Compositions

[0488] In some aspects, the present disclasure provides a pharmaceutical composition
comprising a compound, scaffold, or conjugate of the present disclosure as an active ingredient.
(04891 As used herein, the ferm “composifion” is mnfended to encompass a product comprising
the specified ngredients in the specified amounts, as well as any product which results, directly
or indirectly, from combmation of the specified mgredients in the specified amounts.

[0490] Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions
{where water soluble) or dispersions and sterile powders for the extemporaneous preparation of
sterile injectable solutions or dispersion. For intravenous adounistration, suitable carriers mnclude
physiological saline, bactenostatic water, Cremophor EL™ (BASFE, Parsippany, NI or
phosphate buffered saline (PBS). In all cases, the composition must be sterile and should be fluid
to the extent that easy svringeability 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 fungt The carrier can be a solvent or dispersion medium containing, for example,
water, ethanol, polyo! (for example, glycerol, propylene plveol, and lignd polyethylene glveol,
and the like), and sustable nuxtures thereof. The proper fluidity can be maintained, for example,
by the use of a coating such as lecithun, by the mamienance 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 varwous antibacterial and antifungal agents, tfor example, parabens, chiorobutanol,
phenol, ascorbic acid, thimerosal, and the hike. In many cases, it will be preferable to mnclude

isotonic agents, for example, sugars, polyaleohols such as mannitol and sorbitol, and sodum
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chloride in the composition. Prolonged absorption of the injectable composttions can be brought
about by mncluding in the composition an agent which delays absorption, for example, aluminum
monoestearate and gelatin,

[0491] Sterile injectable solutions can be prepared by incorporating the active compound in the
required amount i an appropnate solvent with one or a combination of ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
incorporating the active compound into a sterile vehucle that contains a basic dispersion medium
and the required other mgredients from those enumerated above. In the case of stertle powders
for the preparation of sterile injectable solutions, methods of preparation are vacuum drying and
freeze~-drying that yvields a powder of the active mngredient plus any additional desired ingredient
from a previously stertle-filtered solution thereof.

[0492] The formulation of the present disclosure may be in the form of an agueous solution
comprising an aqueous vehicle The agueous vehicle component may comprise water and at least
one pharmaceutically acceptable excipient. Suitable acceptable excipients include those selecte
from the group consisting of a solubility enhancing agent, chelating agent, preservative, tomcity
agent, viscosity/suspendiog ageot, buffer, and pH modifying agent, and a rowxture thereot,
04931 Any suitable solubiluy enhancing agent can be used. Examples of a solubility enhancing
agent nclude cyclodextring such as those selected from the group consisting of hydroxypropyl-f-
cyclodextrin, methyl-B-cyclodextrin, randomly methylated-Pevclodextrin, ethylated-p-
cyclodextrin, tnacetyl-f~eyclodexirm, peracetylated-B-cyclodexinm, carboxymethyi-fi-
cyclodextrin, hydroxvethyi-B-eyclodexirin, 2-hydroxy-3-(trimethviammoniojpropyl-p-
cyclodextrin, glucosyl-B-cvelodextrin, sulfated B-cyclodextna (5-B-CD}, maltosyl-f-
cyclodextnin, P-cyclodextrin sulfobutyvi ether, branched-B-cyclodextrin, hydroxypropyl-y-
cyclodextrin, randomly methylated-y-cyclodextrin, and irimethy by-cyclodextrin, and mixtures
thereof

{04941 Any suttable chelating agent can be used. Examples of a suwitable chelating agent include
those selected from the group consisting of ethylenediaminetetraacetic acid and metal salts
thereof, disodium edstate, trisodium edetate, and tetrasodium edetate, and mixtures thereof.
(04951 Any suitable preservative can be used. Examples of a preservative include those selected
from the group consisting of quaternary ammonium salts such as benzalkonium halides

{preferably benzalkonium chloride}, chlorhexidine gluconate, benzethonrom chlonide, cetyl
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pyridinium chloride, benzyl bromide, phenylmercury nitrate, phenylmercury acetate,
phenylmercury neodecanoate, merthiolate, methyiparaben, propylparaben, sorbic acid, potassium
sorbate, sodium benzoate, sodium propionate, ethyl p-hydroxybenzoate, propylaminopropyl
biguanide, and butyl-p-hydroxybenzoate, and sorbic acid, and mixtures thereof.

[0496] The aqueous vehicle may also include a tonicity agent to adjust the tonicity {osmotic
pressure). The tonicity agent can be selected from the group consisting of a glycol (such as
propylene glycol, diethylene glycol, triethvlene glyeol}, glyecerol, dextrose, glycenn, mannitel
potassium chloride, and sodium chloride, and a mixture thereof

[04971 In arder to adjust the formulation to an acceptable pH (tvpically a pH range of about 5.0
to about 9.0, more preferably about 5.5 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 ahout 8.0}, the
formulation may contain a pH modifving agent The pH modifving agent is typically a mineral
acid or metal hydroxide base, selected from the group of potassium hydroxide, sodium
hydroxide, and hyvdrochloric acid, and mixtures thereof, and preferably sodium hydroxide and/or
hyvdrochlone acid. These acidic and/or basic pH modifving agents 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 forroulation, the addition of one of the acid or base may be sufficient
to bring the nuxture to the desired pH range.

0498} The aqueous vehicle may also contain a buffering agent to stabilize the pH. When used,
the butfer 13 selected from the group consisting of a phosphate buffer (such as sodium
dihydrogen phosphate and disodium hydrogen phosphate), a borate buffer (such as bornic acid, or
salts thereof including disodiom tetraborate), a citrate buffer (such as aitric acid, or salts thereof
including sodium citrate), and e~aminocaproic acid, and mixtures thereof.

{04991 According 1o a further aspect of the disclosure there 1s provided a pharmaceutical
composition which comprises a compound of the disclosure as defined herembefore, or a
pharmaceutically acceptable salt, hydrate or solvate thereof, m association with a
pharmaceutically acceptable diluent or carrier.

[0500] The compositions of the disclosure may be 1o a form switable for oral use (for example as
tablets, lorenges, hard or soft capsules, agueous or oily suspensions, emulsions, dispersible
powders or granules, syrups or elixirs}, for topical use (for example as creams, cintments, gels,

or agueous or oily solutions or suspensions), for administration by inhalation (for example as a
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finely divided powder or a liquid aerosol}, for administration by insuftlation (for example as a
finely divided powder} or for parenteral admunistration (for example as a sterile agueous or oily
solution for intravenous, subcutaneous, intramuscular, intraperitoneal or intramuscular dosing or
as a suppository for rectal dosmg).

(05017 The compositions of the disclosure may be obtamed 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 coloring, sweetening, flavoring and/or
preservative agents.

[03027 An effective amount of a compound of the present disclosure for use in therapy is an
amount sufficient fo treat or prevent an inflammasome related condition referred to herein, slow
its progression and/or reduce the symptoms associated with the condition.

[05037 An effective amount of a compound of the present disclosure for use in therapy 15 an
amount sufficient to treat an inflammasome related condition referred to herem, slow s
progression and/or reduce the symptoms associated with the condition

[0504] The size of the dose for therapeutic or prophylactic purposes of a compound of Formula
{1y or () will vaturally vary according to the vature and severty of the conditions, the age and
sex of the animal or patient and the route of admuustration, according to well-known principles
of medicine.

Methods of Use

[0505] In some aspects, the present disclosure provides a method of modulating (e g, reducmg
or chirminating) the expression of a target gene in a subject, comprising admmisteriog to the
subject a conjugate of the present disclosure.

[0306] In some aspects, the present disclosure provides a method of modulating {e.g., reducing
or ehiminating} the expression of a target gene i a cell or tissue of a subject, comprising
admnistering to the subject a conjugate of the present disclosure.

[0507] In some aspects, the present disclosure provides a method of delivering a Nucleic Acaid
Agent 1o a subject, comprising administering 1o the subject a conjugate of the present disclosure.
105081 In soms aspects, the present disclosure provides a method of treating or preventing a
disease in a subject in need thereof, comprising admunustering to the subject a therapeutically
effective amount of a conjugate of the present disclosure.

[0309] In some aspects, the present disclosure provides a conjugate of the present disclosure for
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modulating (e.g., reducing or eliminating} the expression of a target gene in a subject.

[05107 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 ina cell or tissue of a
subject.

[0511] In some aspects, the present disclosure provides a conjugate of the present disclosure for
delivering a Nucleic Acid Agent to a subject.

[05121 In some aspects, the present disclosure provides a conjugate of the present disclosure for
treating or preveniing a disease in a subject in need thereof

[0513] 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 elimiating) the
expression of a target gene in a subject.

[0514] In some aspects, the present disclasure provides use of a conjugate of the present
disclosure in the manufacture of a medicament for modulating (e g, reducing or elinuinating) the
expression of a target gene n a cell or tissue of a subject.

[0513] In some aspects, the present disclosure provides use of a comjugate of the present
disclosure 10 the manufacture of 3 medicament for delivering a Nucleiwe Acid Agent 1o a subject,
03161 In some aspects, the present disclosure provides use of a comgugate of the present
disclosure in the manufacture of a medicament for treating or preventing a disease ina subject in
need thereof

[0517] In some embodunents, the subject 15 a cell.

[0518] In some embodiments, the subject 1s a tissue,

(05191 In some embodiments, the subject 13 a huoman,

05207 In some embodiments, the target gene 1s Factor VI, Eg5, PCSK9, TPX2, apoB, SAA,
TIR, HBV, HCV, RSV, PDGF beta gene, Erb-B gene, Sr¢ gene, CRK gene, GRB2 gene, RAS
gene, MEKK gene, JNK gene, RAF gene, Erk1/2 gene, PCNA{p21) gene, MYB gene, JUN gene,
FOS gene, BCL-2 gene, Cyclin I3 gene, VEGF gene, EGFR gene, Cvelin A gene, Cyelin E gene,
WNT-1 gene, beta-catenin gene, ¢-MET gene, PKC geve, NFKB gene, STATS gene, survivin
cene, HerZ/Neu gene, topoisomerase [ gene, topotsomerase H alpha gene, p73 gens,
pZH{WAFU/CIPL) gene, p27(KIP1} gene, PPMID gene, RAS geng, caveolin | gene, MIB 1 gene,
MTAT gens, M68 gene, mmitations in tumor suppressor genes, pS3 fLmor Suppressor geng,

LDHA, or any combination thereof
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[0521] In some embodiments, the disease characterized by unwanted expression of the target
gene,

[0522] In some embodiments, the administration results in reduced or eliminated expression of
the target gene in the subject.

05237 In some embodiments, the disease 1s a viral infection, e.g., an HCV, HBV, HPV, HSV or
HIV infection.

05247 In some embodiments, the disease is cancer.

[05257 In some embodiuments, the cancer is biliary tract cancer, bladder cancer, transitional cell
carcinoima, urothelial carcinoma, brain cancer, ghomas, 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, gallbladder
adenocarcinomas, renal cell carcinoma, clear cell renal cell carcinoma, trausitional cell
carcinoma, urothelial carcinomas, wilms tumor, leukemia, acute lyrophocytic leukenua (ALL),
acute myeloid leukemia (AML), chronic lymphocytic (CLL), chronic myelowd (CML), chrornie
myelomonocytic (CMML), liver cancer, liver carcinoma, hepatoma, hepatocellular carcinoma,
cholangiocarcinoma, hepatoblastoma, lung cancer, non-small cell lung cancer (NSCLC),
mesothehoma, B-cell lymphomas, non-Hodgkin lymphoma, diffuse large B-cell lymphoma,
Mantle cell lymphoroa, T-cell lymphomas, non-Hodgkn lymphoma, precursor T-lymphoblastic
iymphoma/leukemia, peripheral T-cell lyvmphomas, multiple myeloma, nasopharyngeal
carcinoma {NPC), neurcblastoma, oropharyngeal cancer, oral cavity squamous cell carcinomas,
ostecsarcoma, ovanan carcinoma, pancreatic cances, pancreatic ductal adenocarcinoma,
pseudopapiilary 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
uterine sarcoma,

[0526] In some embodiments, the cancer 1s hiver cancer, liver carcmoma, hepatoma,
hepatocellular carcinoma, cholangiocarcinoma, or hepatoblastoma.

[0327] In some embodiments, the disease is a proliferative, inflammatory, autoimmune,
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neurologic, ocular, respiratory, metabolic, dermatological, auditory, liver, kidney, or infectious
disease. In some embodimenis, the disease is a disease of the liver,

Definitions

[0528] Unless otherwise stated, the following terms used in the specification and claims have the
following meanings set out below.

10529] Without wishung to be funited by thus statement, it ts understood 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
excluding the non-operable embodiments caused by certain combinations of the options.

[0530] As used herein, “alkyl”, “Cs, Ca, Cs, C4, Cs or Ce alkyl” or “Ci-Ce alkyl” 15 intended to
include (1, Oy, G5, Cs, Cs or Ce straight chain (linear) saturated aliphatic hydrocarbon groups and
(s, Cq, Cs or Ce branched saturated aliphatic hydrocarhon groups. For example, C,-C, alkyl s
intends to tnclude €, C,, €., €, €, and €, alkyl groups. Examples of alkyl include, moieties
having from one to six carbon atoms, such as, but not limited to, methyl, ethyl, n-nropyl,
-propyvl, n-butvl, s-butyl, t-butyl, n-pentyl, i-pentyl, or n-hexvl. In some embodunents, a straight
chain or branched alky! has six or fewer carbon atoms (6. g., C1-Cs for stratght chain, C5-Co for
branched chain}, and in another embodiment, a straight chain or branched alkyl has four or fewer
carbon atoms.

(03317 As used herein, the term “optionally substituted alkyl” refers to unsubstuituted alkyl or
alkyl having designated substituents replacing one or more hydrogen atoms on one or more
carbons of the hydrocarbon backbone. Such substituents can include, for example, alkyl, alkenyi,
alkynyl, halogen, hydroxyl, alkyicarbonyloxy, arylcarbonyloxy, alkoxycarboryloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arvlcarbonyl, alkoxycarbonyl, aminocarbonyi,
alkylaminocarbonyl, diallvlamimocarbonyl, alkyithiocarbonyl, alkoxyl, phosphate, phosphonate,
phosphinato, amino {including alkviamino, dialkylamine, arylammo, diarylamine and
alkylarviamine), acylamime (including alkvicarbonylamino, arylcarbonylamino, carbamoyl and
ureido), amidine, mune, sulthydryl, alkylthio, arvithio, thiocarboxvlate, sulfates, alkylsulfinyl,
sulfonato, sulfamoyl, selfonamide, nitro, wifhuoromethyl, cvano, ando, heterocyelyl, alkylaryl,
or an aromatic or hetercaromatic moiety.

1053271 As used herein, the term “alkenyl includes unsaturated aliphatic groups analogous in

fength and possible substitution to the alkvis described above, but that contain at least one double
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bond. For example, the term “alkenyl” includes straight chain alkenyl groups (e.g, ethenyl,
propenyl, butenyl pentenvi, hexenvl, heptenvl, octenyl, nonenyl, decenyl), and branched alkenyl
groups. In some embodiments, a straight chain or branched alkenyl group has six or fewer
carbon atoms in its backbone {e.g., Co-Ce¢ for straight chain, C3-Ce for branched cham}. The term
“Cy-Ce” mcludes alkenyl groups contaming two to six carbon atoms. The term “C:-Cs” ncludes
alkeryl groups containing three to six carbon atoms.

[0533] 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, arylcarbonyloxy, alkoxyearbonyioxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminacarbonyi, dialkylaminocarbonyl, alkvithiocarbonyi, alkoxyl, phasphate, phosphonato,
phosphinato, amino {including alkylamino, dialkylamino, arylamino, diarylamino and
alkylarvlamino), acvlamumoe {(including alkyicarbonylamino, arvicarbonylamino, carbamoyl and
ureido), amidmo, imino, sulfhydryl, alkylihio, arvithio, thiocarboxylate, sulfates, alkylsulfinyl,
sulfonato, sulfamoyl, sulfonamide, nitro, triflucromethyl, cyano, heterocyelyl, alkylaryl, or an
aromatic or hetercaromatic motety,

10534} As used heren, the term “alkynyl” mcludes unsaturated aliphatic groups analogous 1o
length and possible substitution to the alkyls described above, but which contain at least one
triple bond. For example, “alkyny!” includes straight chain alkyoyi groups {e.g., ethynyl,
propynyl, butynyl, pentynyl, hexyayl, heptynvl, octynyl, nonynyl, decynyl}, and branched
alkynyl groups. In some embodiments, a straight chain or branched alkynyl group has six or
fewer carbon atorms n 1ts backbone (e.g., Co-Cs tor straight chain, C4-Cs for branched cham).
The term “Co-Cs™ includes alkvoyl groups containing two to six carbon atoms. The term “Cs-Cy”
meludes alkynyl groups contaimng three to six carbon atoms. As used herem, “(;-Co alkenylene
fmker” or “Co-Ce alkyvuylene linker™ 15 mtended to mclude Co, Ca, Ca, Cs or Co chain (inear or
branched) divalent unsatorated aliphatic hydrocarbon groups. For example, C,-C, alkenylene
finker 15 intended to wnchude Oy, T3, Oy, Cs and O alkenyiene linker groups.

{0535} Asused herein, the term “optionally substituted alkyny!” refers to unsubstituted alkynyl
or alkvny! having designated substituenis replacing one or more hydrogen atoms on one of more

hydrocarbon backbone carbon atoms. Such substituents can include, for example, alkyl, alkenyi,
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alkynvl, halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonvloxy, carboxylate, atkylearbonyl, aryicarbonyl, alkoxycarbonyl, aminocarbonyi,
alkylammocarbonyi, dialkylaminocarbonyl, alkylthiocarbonyi, alkoxyl, phosphate, phosphonato,
phosphinato, amino {including alkviamine, dialkylamino, arvlamino, diarylamine and
alkylarviaming), acylammo (1including alkylcarbonylanmno, arylcarbonylamino, carbamoyl and
wretdo}, amidine, imine, sultthydryl, alkylthio, aryithio, thiocarbosylate, sulfates, alkylsulfinyl,
sutfonato, sulfamoyl, sulfonanude, nitro, triftuoromethyl, cvano, azideo, heterocyelyl, alkylaryl,
or an aromatic or heteroaromatic moiety.

[0536] Gther optionally substituted moieties {such as optionally substituted cycloalkyl,
heterocycloalkyl, arvl, or hetercarvi) include both the unsubstituted moieties and the moieties
having one or more of the designated substituents. For example, substituted heterocycloalky!
includes those substituted with one or more alkyl groups, such as 2,26, 6-tetramethyi-piperidinyi
and 2,2,6,6-tetramethyi-1,2.3,6-tetrahydropyridinyl.

[0S37] As used herewn, the term “cycloalkyl” refers to a saturated or partially vosaturated
hydrocarbon monocyehie or polyeyclic (e.g., fused, bridged, or spuo rings) system having 3 to 30
carbon atoms (e g., C:-Ciy, C5-Co, or C3-Cy). Examples of cycloalkyl include, but are not lmited
to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cvclopentenyl,
cyclohexenyl, cycloheptenyl, 1,2,3,4-tetrabiydronaphthalenyl, and adamantyl In the case of
polyveychic cycloalkyl, only one of the rings in the cycloalkyl needs to be non-aromatic.

105387 As used herem, the term “heterocycloalkyl” refers to a saturated or partially unsaturated
3-8 membered monocychic, 7-12 membered bicyclic (fused, bridged, or spivo rings), or 11-14
membered tricyclic ring system (fused, bridged, or spiro rings) having one or more heteroatoms
{suchas O, N, S, P,or Sey,eg., 1 or 1-2or 1-3 or 1-4 or 1-5 or 1-6 heteroatoms, ore.g 1,2, 3,
4, 5, or ¢ heteroatoms, independently selected from the group consisting of nitrogen, oxygen and
sutfur, unless specitied otherwise. Examples of heterocycloalkyl groups mehude, but are not
fimited to, piperidinyd, piperazinyl, pyrrolidinyl, dioxanyl, tetrabvdrofuranyl, isomndolinyl,
mdohnvl, mmidazohidinyl, pvrazohidinyl, oxazolidinvl, isoxazolidinyl, tnazohdiny!, oxiranyl,
azetidinyl, oxetanyl, thietanyl, 1,23, 6-tetrabydropyndinyl, tetrahydropyranyl, dibyvdropyranyd,
pyranyl, morpholinyl, tetrabydrothiopyranyl, 14-diazepanyl, 1, 4-oxazepanyl, 2-oxa-5-
azabicyclof2.2. 1Theptanyl, 2, 5-diazabicyclof2. 2.1 theptanyl, 2-oxa-6-azaspire|3 3lheptanyi, 2,6-

diazaspire] 3. 3theptanyl, 1,4-dioxa-S-azaspiref4.5ldecanyl, 1,4-dioxaspirol4.5}decanyl, 1-
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oxaspiro{4. Sidecanyl, 1-azaspiro{4.5|decanyl, 3'H-spirofcyclohexane-1,1 -1sobenzofurani-vi
7'H-spircicyclohexane-1, 5 -furo] 3, 4-bipyridin}-vl, 3'H-spiro{cyciohexane-1,1'-furo|3,4-
cipyridini-yl, 3-azabicyclo[3.1.Clhexanyl, 3~azabicyclof3.1 Olhexan-3-yi 1,4,5,6-
tetrahydropyrrolo]3,4-clpyrazolyl, 3,4,5,6,7, 8-hexahydropyrido{4,3-djpyrimidinyl, 4,5,6,7-
tetrahydro-1H-pyrazolo{3 4-clpynidinyl, 5,6,7 8-tetrahydropyridof4,3-djpynmidinyl, 2-
azaspuro{3.3theptanyl, 2-methyl-2-azaspiro{3.3Jheptanyl, 2-azaspiro[3 Slnonanyl, Z-methyi-2-
azaspiro 3 Snonanyl, Z-azaspire[4. Sldecanyi, 2-methyl-2-azaspirol4. 51decanyi, 2-oxa-
azaspirol 3 4loctanyl, 2-oxa-azaspirof3 4]octan-6-yi, 5 6-dihydro-4H-cyclopenta[bthiophenyl,
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-tetrahydrobenzof chisoxazolyly

[05397 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 heteroatom n the
ring structure. The term aryl includes hoth monovalent species and divalent species. Fxamples of
aryl groups mchude, but are not limited to, phenyl, biphenyl, naphthvl and the like. Conventently,
an aryl 1s phenyl

{05407 As used heremn, the term “hetercaryl” 15 intended 10 include a stable S-, 6-, or 7-
membered monocychc or 7-, 8~ 9-, 10-, 11- or 12-membered bicyelic aromatic heterocyelic ring
which consists of carbon atoms and one or more hetercatoms, e.g., 1 or 1-2 or I-3 or 1-4 or 1-5
or 1-6 heterocatoms, or e.g., 1, 2, 3, 4, 5, or & beterocatons, independently selected from the group
consisting of niirogen, oxygen and sulfur. The mtrogen atom may be substituted or unsubstituted
{i.e., N or NR wherem R 1s H or other substutuents, as defined). The nirogen and sultur
heteroatoms may optionally be oxidized {i.e., N0 and S(O)p, wherep=1 or 2). It s to be
noted that total number of § and O atoms in the aromatic heterocycle is not more than 1.
Examples of heteroaryl groups mclude pyrrole, furan, thiophene, thiazole, isothiazole, imidazole,
triazole, tetrazole, pyrazole, oxazole, isoxazole, isothiazole, pyridine, pyrazine, pyridazine,
pvronidine, and the hike. Heteroaryl groups can also be fused or bridged with alicyclic or
heterocyclic rings, which are not aromatic so as to form a multicychie system {e.g, 4,5,6,7-
tetrahydrobenzofchisoxazolyl). Tn some embodiments, the hetercaryl 15 thiophenyl or
benzothuophenyl. In some ernbodiments, the heteroaryl 1s thiophenyl. In some embodiments, the
hetercary! benzothiophenyl

10541} Furthermore, the terms “aryl” and “heteroaryl” melude multicychic aryl and heteroaryl

181

SUBSTITUTE SHEET (RULE 26)



WO 2023/049258 PCT/US2022/044377

groups, e.g., tricyclic, bicyclic, e g, naphthalene, benzoxazole, benzodioxazole, benzothiazole,
benzounidazole, benzothiophene, quinoling, soquinoline, naphthryding, indole, benzofuran,
purine, benzofuran, deazapunne, indohizine,

[0542] The cycloalkyl, heterocycloaikyl, aryl, or heteroarvi ring can be substituted 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, alkynyl, halogen, hydroxyl, alkoxy,
alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy | carboxylate,
alkyicarbonyl, alkylaminocarbonyl, aralkylaminocarbonyl, alkenylaminocarbony!, alkylcarbonyl,
arylcarbonyl, aralkylcarbonyl, alkenylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylthiocarbonyl, phosphate, phosphonato, phosphinate, amino {including alkylamino,
dialkylamine, arvlamine, diarylammno and alkylarvlianune), acylamino (including
alkylcarbonylamino, arvicarbonylamino, carbamoyl and uretdo), amidino, inmino, sulthydryl,
alkvlithio, arvithio, thiocarboxvlate, sulfates, alkyisulfinyl, sulfonato, sulfamovi, sulfonamido,
mitro, irifluoromethyl, cvano, azido, heterocyelyl, alkvlaryl, 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 multicyehe system {e.g., tetralin,
methylenedioxyphenyl such as benzo[dif1,3 Jdioxole-5-v1}.

{05431 As used herewn, the term “substituted,” means that any one or more hydrogen atoms on
the designated atom 18 replaced with a selection from the indicated groups, provided that the
designated atom’s normal valency 15 not exceeded, and that the substitution results i a stable
compound. When a substituent 18 oxo or keto {i.e., =0), then 2 hyvdrogen 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=N or
N=IN}. “Stable compound™ and “stable stracture” are meant to indicate a compound that 1s
sutficiently robust to survive isolation (o a useful degree of purity from a reaction mixture, and
formulation into an efficacious therapeutic agent.

105441 When a bond o a substituent is shown to cross a bond connecting two atoms in & ring,
then such substituent may be bonded to any atorn in the ring. When a substituent is listed without
mdicating the atom viag which such substituent is bonded to the rest of the compound of a given
formula, then such substituent may be bonded via any atom in such formuia. Combinations of

substituents and/or variables are permissible, but only if such combinations result in stable
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compounds.

[0545] When any vanable (¢.g., R} occurs more than one time in any constituent or formula for a
compound, its definition at each occurrence 1s independent of 1ts defimtion at every other
occurrence. Thus, for example, if' a group 1s shown to be substituted with 0-2 R moieties, then
the group may optionally be sobstituted with up to two R moteties and R at each occurrence 1s
selected independently from the definttion of R. Also, combinations of substituents and/or
variables are pernussible, but only if such combinations result in stable compounds.

105467 As used herein, the term “hydroxy” or “hydroxyl” includes groups with an -OH or -G
[03471 As used herein, the term “halo” or “halogen” refers to fluoro, chloro, bromo and 1odo.
105487 The term “haloalkyl” or “haloalkoxyl” refers to an alkyl or alkoxyl substituted with one
or more halogen atoms.

105497 As used herein, the term “optionally substituted haloalky!” refers to unsubstituted
haloatkyl having designated substituents replacing one or more hydrogen atoms on one or move
hydrocarbon backbone carbon atoms. Such substituents can include, for example, alkyl, alkenyl,
alkynyl, halogen, hydroxyl, alkyicarbonyloxy, arvlcarbonyloxy, alkoxyvearbonvioxy,
aryloxyearbonyloxy, carboxvlate, alkylcarbonyl, arvicarbonyl, alkoxycarbonyl, amwmnocarbonyi,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate, phosphonato,
phosphinato, amino {including alkylamino, dialkylamino, arylanuno, diarylamino and
alkylarvlanminoe), acylaromo (including alkylcarbonylamino, arvicarbonylamine, carbamoy! and
urewdo), amidinoe, wnino, sulthvdeyl, alkylthio, arvithio, thiocarboxylate, sulfates, alkylsulfinyl,
sutfonato, sulfamoyl, sulfonamude, mitro, nitluoromethyl, cyano, azido, heterocyclyl, alkylaryl,
or an aromatic or heteroaromatic motety.

05507 As used herein, the term “alkoxy” or “alkoxyl” includes substituted and unsubstituted
alkyl, alkenyl and alkynyl groups covalently attached to an oxygen atom. Examples of alkoxy
groups or alkoxyl radicals include, but are not limited to, methoxy, ethoxy, isopropyloxy,
propoxy, butoxy and pentoxy groups. Examples of substituted alkoxy groups mnclude
halogenated alkoxy groups. The alkoxny groups can be substituted with groups such as alkenyvi,
alkynyl, halogen, hydroxyl, atkyvicarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyvloxy, carboxylate, alkylearbonyl, arvicarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyi, dialkylaminocarbonyl, alkyithiocarbonyl, alkoxyl, phosphate, phosphonate,

phosphinato, amine (including alkyiamine, dialtkylaming, arvlanunoe, diaryiaming, and
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alkylarviaming), acylamino {including alkvlcarbonyiaming, arvicarbonylamino, carbamov! and
ureido), amidimo, imine, sulthydryl, alloylthio, arvithio, thiocarboxvlate, sulfates, allovlsulfiny],
sulfonato, sulfamoyl, sulfonamide, nitro, triflucromethyl, cyano, ando, heterocyelyl) alkylaryl
or an aromatic or hetercaromatic moteties. Examples of halogen substituted alkoxy groups
nclude, but are not himited to, fluoromethoxy, difluoromethoxy, trifluoromethoxy,
chloromethoxy, dichloromethoxy and trichloromethoxy.

[0551] As used herein, the expressions “one or more of A, B or C” “one or more A, B, or (.

™S Y s

“one or more of A, B, and C.” “one or more A, B, and C,” “selected from the group consisting of

A, B, and O, “selected from A, B, and C7, and the like are used interchangeably and all refer to
a selection from a group consisting of A, B, and/or €, 1 e, one or more As, one or more Bs, one
or more (s, or any combination thereof, unless indicated otherwise.

[0552] 1t 1s to be understood 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 heremn as well as those shown in the Examples.

10SS83] K 15 to be understood that, throughout the description, where composifions are described
as having, ncluding, or comprising specific components, it 1s contemplated that compositions
also consist essentially of, or consist of, the recited components. Similarly, where methods or

processes are described as having, including

&1

or comprising specific process steps, the processes
also consist essentially of, or consist of, the recited processing steps. Further, i should be
understood that the order of steps order for performing certam actions 1s immaterial s0 long as
the invention remains operable. Moreover, two or more steps or actions can be conducted
simultaneously.

[0554] It 15 to be understood that the svnthetic processes of the disclosure can tolerate a wide
variety 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 mstances to further convert the compound to a
pharmaceutically acceptable salt thersol

105551 1t 15 to be understood that compounds, scaffolds, and conjugates of the present disclosure
can be prepared in a variety of ways using commercially avatlable starting materials, compounds

known in the literature, or from readily prepared intermediates, by employing standard synthetic
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methods and procedures etther known to those skilled in the art, or which will be apparent to the
skilled artisan in hight of the teachings heremn. Standard synthetic methods and procedures for the
preparation of organic molecules and functional group transformations and manipuiations can be
obtained from the relevant scientific literatare or from standard textbooks in the field Although
not himited to any one or several sources, classic texts such as Smith, M. B, March, J., March's
Advanced Organic Chemistry: Reactions, Mechanisms, and Struciure, 5™ edition, John Wiley &
Sons: New York, 2001; Greene, TW_, Wuts, P.G. M., Provective Groups in Organic Synthesis,
3" edition, John Wiley & Sons: New York, 1999; R. Larock, Comprehensive Organic
Transformations, VCH Publishers {1989}, L. Fieser and M. Fieser, Fieser and Fieser’s Reagents
Jorganic Synthesis, John Wiley and Sons (1994); and L. Paquette, ed |, Fucvcfopedia of Reagents
Jorganic Synthesis, John Wiley and Sons {1995}, incorporated by reference herein, are useful and
recognized reference texthooks of organic synthesis known to those in the art

[05561 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 introduction
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 inmolecules. A hist
of protecting groups and how to introduce and remove these groups can be found in Greene,

3[&1

T.W., Wuts, P.G. M., Profective Groups in Organic Syathesis, 3" edition, John Wiley & Sons:

New York, 1999,

[O3577 B 1s to be understood that, unless otherwise stated, any description of a method of
treatment or prevention includes use of the compounds, scaffolds, and conpugates to provide such
treatment or prevention as 15 described herein. I 1s to be further anderstood, unless otherwise
stated, any description of a method of treatment or prevention includes use of the compounds,
seaffolds, and conjugates to prepare a medicament {o treat or prevent such condition. The
treatment or prevention includes treatment or prevention of haman or non-human animals
mchuding rodents and other disease models.

[05S8] It 18 to be understood that, unless otherwise stated, any description of a method of
treatment inchides use of the compounds, scaffolds, and conpugates o provide such treatment asg
15 described herein. ¥t is to be further understood, unless otherwise stated, any description of a

method of treatment includes use of the compounds, scaffolds, and conjugates to prepare a
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medicament to treat such condition. The treatment inchides treatment of human or non-human
animnals meluding rodents and other disease models.

[0559] As used herein, the term “subject” 15 interchangeable with the term “subject 1n need
thereof”, both of which refer to a subject having a disease or having an mcreased risk 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 previously diagnosed or identified as
having a disease or disorder disclosed herein. A subject in need thereof can also be one who 1s
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 suhject who s 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 (1.2, a disease or disorder disclosed herein that does not respond or has
not yet responded to treatment). The subject may be resistant at start of treatment or may become
resistant during treatment. Tn some embodinents, the subject in need thereof received and failed
all known effective therapies for a disease or disorder disclosed heremn In some embodiments,
the subject n need thereof recerved at least one prior therapy.

{0560} As used herein, the terro “treating” or “treat” describes the management and care of &
patient for the purpose of combating a disease, condition, or disorder and mcludes the
admunistration of a compound of the present disclosure, or a pharmaceutically acceptable salt,
polymorph or solvate thereof, to alleviate the symptoms or complications of a disease, condition
or disorder, or to eliminate the disease, condition or disorder. The term “treat” can also inchude
treatment of a cell i vifro or an animal model. 1t 1s to be appreciated that references to “treating”
or “treatment” include the alleviation of established symptoms of a condition. ““Treating” or
“treatment” of a state, disorder or condition therefore includes: (1) preventing or delaying the
appearance of clintcal symptoms of the state, disorder or condition developing in a human that
may be affiicted with or predisposed o the state, disorder or condition but does not vet
experience or display chinical or subclinical symptoms of the state, disorder or condition, (2}
inhibiting the state, disorder or condition, 1.e., arresting, reducing or delaying the development of

the disease or a relapse thereot {in case of maintenance treatiment} or at least one clinical or
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subclinical symptom thereof, or (3} relieving or attenuating the disease, 1.e., causing regression
of the state, disorder or condition or at least one of #s clinical or subchinical symptoms.

[0561] It 18 to be understood that compounds, scaffolds, and conjugates of the present disclosure,
or a pharmaceutically acceptable salt, polymorph or solvate thereof, can or may also be used to
prevent a relevani disease, condition or disorder, or used to identify suntable candidates for such
PUIPOses.

by

[05621 As used herein, the term “preventing,” “prevent,” or “protecting against” describes
reducing or eluninating the onset of the symptoms or complications of such disease, condition or
disorder.

[0563] It 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.

[05647 As used herein, the term “pharmaceutical compaosition” 1s a formulation containing the
compounds, scattolds, or conjugates of the present disclosure in a form suitable for
admimistration to a subject. In some embodiments, the pharmaceutical composition s 1 bulk or
i uit dosage form. The unit dosage form s any of g variety of forms, mcluding, for example, a
capsule, an IV bag, a tablet, a single pump on an aerosol mhaler or a vial. The quantity of active
ingredient {e.g., a formulation of the disclosed compound or salt, hydrate, solvate or isomer
thereof} 1n a unit dose of composition 15 an effective amount and 1s vaned according to the
particular treatment mvolved. One skilled i the art will appreciate that it is sometimes necessary
to make routine vaniations to the dosage depending on the age and condition of the patient. The
dosage will also depend on the route of administration. A variety of routes are contemplated,
mcluding oral, pulmonary, rectal, parenteral, transdermal, subcutancous, intravenous,
mtramuscular, infraperitoneal, inhalational, buccal, sublingual, intrapleural, intrathecal,
mtranasal, and the ke Dosage forms for the topical or transdermal administration of a
compound of this disclosure 1nclude powders, sprays, omtments, pastes, creams, lotions, gels,
solutions, patches and inhalants. In some embodiments, the active compound 1s mixed under
sterde conditions with & pharmaceutically acceptable carrier, and with any preservatives, buffers,
or propeilants that are requured.

(05657 As used herein, the term “pharmaceutically acceptable™ refers 1o those compounds,

scaffolds, conjugates, anions, cations, materials, compositions, carriers, and/or dosage forms
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which are, within the scope of sound medical judgment, suitable for use in contact with the
tissues of hurnan beings and animals without excessive toxicity, writation, allergic response, or
other problem or complication, commensurate with a reasonable benefit/risk ratio.

[0566] As used herein, the term “pharmacestically acceptable excipient” means an excipient
that 18 useful in preparing a pharmaceutical composition that 13 generally safe, non-toxic and
neither biologically nor otherwise undestrable, and includes excipient that 1s acceptable for
veterinary use as well as human pharmaceutical use. A “pharmaceutically acceptable exciptent”
as used i the specification and claims includes both one and more than one such exciptent.
[036G71 |t s to be understood that a pharmaceutical composition of the disclosure 1s formulated to
be cornpatible with its intended route of administration. Examples of routes of administration
include parenteral, e.g., intravenous, intradermal, subcutaneous, oral {e. g, ingestion}, inhalation,
transdermal {topical}, and transmucosal admunistration. Solutions or suspensions used for
parenteral, intradermal, or subcutaneous application can include the following components: a
steride diluent such as water for injection, saline solution, fixed ails, polyethylene glvcols,
glycerine, propylene glycol or other synthetic solvents; antibacterial agents such as benzyl
alcohol or methy! parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating
agents such as ethylenediammnetetraacetic acid; butfers such as acetates, citrates or phosphates,
and agents for the adjustment of tonicity such as sodiurn chioride or dextrose. The pH can be
adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide The parenteral
preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made of
glass or plastic.

{05681 It 18 to be understood that a compound or pharmaceutical composition of the disclosure
can be admimstered o a subject in many of the well-known methods currently used for
chemotherapeutic treatment. For example, a compound of the disclosure may be mjected 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 but vot so high as to cause
unacceptable side effects. The state of the disease condition (e.g., a disease or disorder disclosed
herein} and the health of the patient should preferably be closely monitored during and fora
reasonable period after treatment.

[0569] As used hersin, 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
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exhibit a detectable therapeutic or mhibitory effect. The effect can be detected by any assay
method known in 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 therapeutic or
combination of therapeutics selected for admumsiration. Therapeutically effective amounis fora
given situation can be determined by routine experimentation that 1s within the skidl and
judgment of the clinician.

[05707 As used herein, the term “therapeutically effective amount”, refers to an amount of a
pharmaceutical agent to treat or ameliorate an wlentitied disease or condition, or to exhibita
detectable therapeutic or mhihitory effect The eftect can he detected by any assay method
known in the art. The precise effective amount for a subject will depend upon the subject’s bady
weight, size, and health; the nature and extent of the condition: and therapeutic or combination of
therapeutics selected for administration. Therapeutically effective amounts for a given situation
can be determined by routine experimentation that 1s within the skilt and judgment of the
clinician.

(05717 Bt 1s to be understood that, for any compound, therapeutically effective amount can be
estumated mitially erther in cell culture assavs, e.g., of neoplastic cells, or i animal models,
usually rats, mice, rabbits, dogs, or pigs. The animal model may also be used to determune the
appropriate concentration range and route of admunistration. Such imformation can then be used
to determine useful doses and routes for admuustration m humans, Therapeutic/prophylactic
efficacy and toxicity may be deterouned by standard pharmaceutical procedures m cell cultures
or experimental amumals, e.g, EDs (the dose therapeutically effective it 50 % of the population)
and LD {the dose lethal to S0 % of the population). The dose ratio between toxic and
therapeutic effects 1§ therapeutic index, and 1t can be expressed as the ratio, LDso/EDso.
Pharmaceutical compositions 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 adnmunistration.

(0372} Dosage and administration 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 seventy of
the disease state, general health of the subject, age, weight, and gender of the subject, dist, time
and frequency of administration, driug combination{s), reaction sensitivities, and

tolerance/response 1o therapy. Long-acting pharmaceutical compositions may be administered
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every 3 to 4 days, every week, or once every two weeks depending on half-life and clearance rate
of the particular formulation.

[0573] The pharmaceutical compositions containing active compounds of the present disclosure
may be manufactured in 3 manner that is generally known, e.g., by means of conventional
mixing, dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating,
entrapping, of lvophilizing processes. Pharmaceutical compositions may be formulated in a
conventional manner using one or more pharmaceutically acceptable carriers comprising
excipients and/or auxiliaries that facilitate processing of the active compounds into preparations
that can be used pharmaceutically. Of course, the appropriate formulation i1s dependent upon the
route of administration chosen

[05747 Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions
{where water soluble} or dispersions and sterile powders for the extemporaneous preparation of
sterile injectable soluttons or dispersion. For intravenous adnumistration, suitable carriers include
physiological saline, bacteniostatic water, Creroophor EL™ (BASF, Parsippany, N.1.) or
phosphate buffered saline {PBS}. In all cases, the composition must be stertle and should be fhnd
to the extent that easy syringeability exists. Bt must be stable under the conditions of mamifacture
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 contaming, for example,
water, ethanol, polyol (for example, glycerol, propylene glveol, and liguid polvethylene glycol,
and the like), and suitable nuxtures 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, chiorobutanol,
phenol, ascorbic acid, thimerosal, and the hike. In many cases, 1t will be preferable to include
isotonic agenis, for example, sugars, polyalcohols such as mannitol and sorbitol, and sodium
chloride 10 the composition. Prolonged absorption of the myectable compositions can be brought
about by including 1o the composition an agent which delays absorption, for example, aluminum
monostearate and gelatin

105751 Stenile mgectable solutions can be prepared by mcorporating the active compound m the
required amount w an appropriate solvent with one or a combination of ingredients enumerated

above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
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incorporating the active compound into a stertle vehicle that contains a bastc dispersion mediom
and the required other mgredients 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 yields a powder of the active ingredient plus any additional desired ingredient
from a previocusly sterile-filtered solution thereof.

[0576] 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 admunistration, the active compound can be incorporated with
exciptents and used in the form of tablets, troches, or capsules. Oral compositions can also be
prepared using a thud carrier for use as a mouthwash, wherein the compound i the fluid carrier
is applied orally and swished and expectorated or swallowed. Pharmaceutically compatible
binding agents, and/or adjuvant materials can be included as part of the compaosition. The tablets,
pills, capsules, troches and the like can contain any of the tollowing ingredients, or compounds
of a similar nature: a binder such as microcryvstalline cellulose, gum tragacanth or gelatin an
excipient such as starch or lactose, a disintegrating agent such as alginuc acid, Pnimogel, or comn
starch; a lubricant such as magnesium stearate or Sterotes; a ghidant such as collodal silicon
dioxide; a sweetening agent such as sucrose or sacchann; or a flavoring agent such as
peppernunt, methyl salicylate, orange flavoring.

{05771 For adnumstration by inhalation, the compounds are delivered in the form of an aerosol
spray from pressured container or dispenser, which contains a suitable propellant, €. g., a gas such
as carbon dioxide, or a nebuliser.

{05787 For intranasal admmistration, the compounds are delivered 1o solution or sohid
formulation. In some embodiments, the compounds are delivered m solution as a must, a drip, or
aswab. In some embodiments, the compounds are delivered as a powder. In some embodiments,
the compound 13 included m a kit which further includes an intranasal applicator.

{05797 Systemic adomunistration can also be by transmucosal or transdermal means, For
transmucosal or ransdermal adminastration, penetrants appropriate o the barrier to be permeated
are used in the formulation. Such penetrants are generally known i the art, and mclude, for
example, for fransmucosal administration, 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
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ointments, salves, gels, or creams as generally known in the art,

[0580] The active compounds can be prepared with pharmaceuntically acceptable carniers that
wiil protect the compound against rapid elimination from the body, such as a controlled release
formulation, including implanis and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetale, polyanhydndes,
polyglycolic acid, collagen, polvorthoesters, and polylactic acid. Methods for preparation of such
formulations will be apparent to those skilled in the art. The materials can also be obtained
conunercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions
(inchuding hiposomes targeted to infected cells with monocional antibodies to viral antigens) can
also he used as pharmaceutically acceptable carriers. These can be prepared according to
methods known to those skilled in the art, for example, as described in U8, Pat No. 4,522 811,
[0S817 |t 1s especially advantageous to formulate oral or parenteral compositions in dosage unit
form for ease of administration and unifornity of dosage. Dosage unit form as used heremn refers
to physically discrete units surted as unitary dosages for the subject to be freated; each unmt
containing a predetermined quantity of active compound calculated to produce the desired
therapeutic effect in association with the requuired pharmaceutical carmrier, 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.

0582} In therapeutic applications, the dosages of the pharmaceutical compositions used in
accordance with the disclosure vary depending on the agent, the age, weight, and chinical
condition of the recipient patient, and the experience and judgment of the clinician or practitioner
admiistering therapy, among other factors affecting the selected dosage. Generally, the dose
should be sufficient to result 1n 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 0.01 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 n survival and
growth indicates regression. As used herein, the term “dosage effective manner” refers to amount
of an active compound to produce the desired biological effect in a subject or cell.

[0583] It is to be understood that the pharmaceutical compositions can be included tn a

container, pack, or dispenser together with instructions for administration.
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(05841 E 8 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.

[0585] As used herein, the term “pharmaceutically acceptable salts” refer to derivatives of the
compounds of the present disclosure wherein the parent compound 1s modified by making acid
or base salts thereof. Examples of pharmaceutically acceptable salts include, but are not limited
to, mineral organic acid salts of basic resudues such as amines, atkali organic salis of acidic
residues such as carboxylic acids, and the like. The pharmaceutically acceptable salts inchude the
conventional non-toxic salts or the quaternary ammonium salts of the parent compound formed,
for example, from non-toxic inorganic organic acids. For example, such conventional non-toxic
salts include, but are not limited to, those derived from inorganic and organic acids selected from
Z-acetoxvbenzoic, 2-hydroxyethane sulfonic, acetic, ascorhic, benzene sulfonic, benzoic,
hicarbonic, carbonic, citric, edetic, ethane disulfonic, 1,2-ethane sulfonic, fumarie,
glucoheptonic, glucome, glutamuie, glyveohe, ghycollyvarsanilic, hexviresorcinmic, hydrabamie,
hydrobromic, hvdrochlorie, hydroiodic, hydroxymaleic, hydroxynaphthoie, 1sethionie, lactic,
factobionic, laury! sultonic, maleic, male, mandelic, methane sulfonie, napsylic, nine, oxahe,
pamoic, pantothenic, phenvlacetic, phosphoric, polygalacturonic, propionic, salicylic, stearic,
subacetic, succinue, sulfamue, sulfanitic, sulfuric, tarvue, tartaric, toluene sulfonic, and the
commonly occurning anmune acids, e.g, glycine, alanine, phenylalanine, arginine, stc.

[0586] In some embodunents, the pharmaceutically acceptable salt 15 a sodiom salt, a potassium
salt, a calcium salt, a magnesium salt, a diethyiamioe salt, a choline salt, a meghumme salt, a
benzathine salt, a tromethanune salt, an ammonia salt, an arginine sali, or a lysine salt.

03871 Other examples of pharmaceutically acceptable salts include hexanoic acid, cyclopentane
propionic acid, pyruvic acid, malonic acid, 3-{(4-hydroxybenzoylibenzoic acid, cinnamic acid, 4-
chlorobenzenesulfone acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic
acid, 4-methylbicyclo-{2.2. 2]-0ct-2-ene- T -carboxylic acid, 3-phenyipropionic acid,
tnmethylacetic acid, tertiary butylacetic acid, muconic acid, and the like The present disclosure
also encompasses salts formed when an acidic proton present 1n the parent compound either is
replaced by a metal ion, e.2.. an alkali mstal jon, an allkaline earth 10n, or an alummom 1on; or
coordinates with an organic base such as ethanolamine, disthanolamine, tristhanolamine,

tromethamine, N-methyviglucamine, and the like. In the salt form, it 1s understood that the ratio of

193

SUBSTITUTE SHEET (RULE 26)



WO 2023/049258 PCT/US2022/044377

the compound to the cation or anton of the salt can be 1.1, or any ratio other than 111, e g, 3.1

28 1.2, 0r 123

2

[0588] It 1s to be understood that all references to pharmaceutically acceptable salts include
solvent addition forms (solvates} or crystal forms (polymorphs) as defined herein, of the same
salt.

[0589] The compounds, or pharmaceutically acceptable salts thereof, are adnunistered orally,
nasally, transdermally, pulmonary, inhalationally, buccally, sublingually, mtraperitoneally,
subcutaneously, intramuscularly, mtravenously, rectally, intrapleurally, intrathecally and
parenterally. In some embodiments, the compound is administered orally. One skilled in the art
will recognize the advantages of certain routes of administration.

[05907 The dosage regimen utilizing the compounds 15 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 thereot emploved. An ordivarnily skilled physician or
veterinanan can readily deternune and prescribe the effective amount of the drug required to
prevent, counter, or arrest the progress of the condition. An ordinanly skilled physician or
veterinarian can reachly deternune and prescribe the effective amount of the drug required to
counter or arrest the progress of the condition.

0591} Techmques for formulation and adminstration of the disclosed compounds of the
disclosure can be found in Remingron: the Science and Practice of Pharmacy, 19 edition, Mack
Publishing Co., Easton, PA (1995}, In an embodiment, the compounds described herein, and the
pharmaceutically acceptable salts thereof, are used in pharmaceutical preparations in
combination with a pharmaceutically acceptable carrier or diluent. Suitable pharmaceutically
acceptable carriers include mert sohid fillers or diluents and sterile aqueous organi¢ solutions.
The compounds will be present i such pharmaceutical composttions in amounts sufficient to
provide the desired dosage amount in the range described heremn.

105921 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 1llustrate different components and methodology useful in practicing the
present disclosure. The examples do not limit the claimed disclosure. Based on the present

disclosure the skilled artisan can identify and employ other componenis and methodology useful
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for practicing the present disclosure.

[0593] 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 ong or another isomer, tautomer, regicisomer or stereoisomer, nor does it exclude
mixtures of 1somers, tautomers, regioisomers or sterecisomers, however, it will be understood
that a given isomer, tautomer, regioisonier or sterecisomer may have a higher level of activity
than another isomer, tautomer, regiotsomer of stereoisomer.

105947 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
mcorporated herein by reference. Citation of publications and patent documents is not intended
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 heen described by way of written
description, those of skill in the art will recognize that the 1nvention can be practiced in a variety
of embodiments and that the foregoing description and examples below are for purposes of
illustration and not lunitation of the clauus that follow.

Exemplary Embodiments

(039531 Lxemplary Embodiment No. 1. A compound of Formula (I} or {11):

R® pa

or a pharmaceutically acceptable salt thereof, wherein:
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B 1s H or a nuclecbase moiety,

Wois H, C1-Ce alkyl optionally substituted with one or more halogen, or an amino
substitution group;

Y is H, C-C allyl optionally substituted with one or more halogen, -P(R p, -
PORYWN(R ), -P=OYORIRY, -PESHORDRY, -PEONSRYRY, -P(=S) SRR, -
P=OOR Y, -PESHOR b, -P(EOYSR ), -P(=5)SRY),, or a hydroxy protecting proup;

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

7 is H, or C1-Ce alky! optionally substituted with one or more halogen, -P(R?), -
P{ORZHN(RZ ), -P(=0YORZIRE, -P(=S}ORZR?, -P(=0}SRHRZ, -P(=S)(SRHRZ, -
P(=0YOR%Y:, -P(=S){OR?), -P(=0}SR%}, -P(=S)}SR?):, or a hydroxy protecting group:

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

or Y and Z in Formula (1) together form -SH{RM1-0-S1(RM)p-, wherein each R
independently 18 H or C1-Ce alkyl;

each R* independently 15 H, halogen, or C1-Ce 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 C-Cs alkyl optionally substituted with one or
more halogen;

R 1s H, halogen, or C:i-Ce 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 C1-Cs alkyl optionally substituted with one or more halogen;

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

each R” independently 1s H, halogen, or Ui-Cs alky] optionally substitated with one or
more halogen; and

0 18 an integer ranging from about O to about 10
[0596] Esemplary Embodiment No. 2. A scaffold or a pharmaceutically acceptable salt
thersof, whersin the scaffold comprises:

(i} a Ligand, and

{11} a Linker Umit, wherein the Linker Unit 18
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or ,
wherein variables B, RL REL R, RY RS, ¥, 7, RE RY, and n are described herein, and # indicate
an attachument to the Ligand.
(059717 Exemplary Embodiment No. 3. A scaffold or a pharmaceutically acceptable salt
thereof, wherein the scaffold comprises:

{1} one or more Nuclete Acid Agent; and

{11} one or more Linker Unit, wherem each Linker Unit independently is:

197

SUBSTITUTE SHEET (RULE 26)



WO 2023/049258 PCT/US2022/044377

wherein variables B, RL RL R R R, W, Y, Z, R*, RP and n are described herein, and ##
indicates an attachment to the Nucleie Acid Agent.
[0398] Exemplary Embodiment No. 4. A conjugate or a pharmaceutically acceptable salt
thereof, wherein the scatffold comprises:

{1} one or more Nucleic Acid Agent;

(11} one or more Ligand; and

{11} one or more Linker Unit, wherein each Linker Untt independently 1s:

5] g
o RRS o RR*‘
B ; B
s# :&’Q ’ 4 t&y@ )
R R R4~ R
R3_-"‘ RZ . RS«‘"‘ RZ H
M. { YR
O S s .
YR ‘é\]\/); # gyl RO );i #
Ré RE e =&
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, OF

wheremn variables B, RU R% R, R* R Y, 2, R®, RY, and n are described herein, # indicate an
attachment to the Ligand, and ## mdicates an attachment to the Nucleic Acid Agent.

[0599] Exemplary Embodiment No. 5. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein B is HL

[0600] Exemplary Embodiment No, 6. The compound, seaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein B 1s a nucleobase moigty.

[0601] Exemplary Embodiment No. 7. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein the nucleobase moiety is adenine (A), cytosine

{(}, guanine {3}, thymine (T}, or uracit (U).
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[0602] Exemplary Embodiment No. 8. The compound, scaffold, or conjugate of any one of
the preceding Exempiary Embodiments, wherein the nucleobase motety 1s a modified
nucleobase.

[0003] Exempiary Embodiment No. 8. The compound, scaffold, or conpugate of any one of
the preceding Exemplary Embodiments, wherein the nucleobase moiety 15 an artificial
nuclechase.

(06047 Exemplary Embodiment No. 18, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein W is H.

(06057 Exemplary Embodiment No. 11, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein W 15 $1-Ce alkyl

(0606} Exemplary Embodiment No. 12. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein W s an amino substitution group.

(06077 Exemplary Embodiment No. 13, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Ernbodiments, wherein W s flucrenyimethyloxvcarbony! {(Fmoc), tert-
butyloxycarbonyl (BOC), benzyvloxycarbonyl {Cbz}, optionally substituted acyl, trifluoroacetyl
{(TFA), benzyl, triphenvimethyl {Tr), 4,4 -dimethoxytrityl (BMTr), or toluengsulfonyi (Ts).
[0608] Exemplary Embodiment No. 14, The compound, scaffold, or conjugate of any one of
the preceding Exemplary BEmbodiments, wherein W 1s optionally substituted acyl

[0609] Exemplary Embodiment No. 158, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein W s tntluoroacetyl {TFA).

[0610] Exemplary Embodiment No. 16. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein Y 18 C-Cs alkyl optionally substituted with one
or more halogen.

(06117 Exemplary Embodiment No. 17, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein Y is -P(RY ), -PORYHN(R ), -
P=0OORVRY, -P=SHORMRY, -P(=O}SRIRY, -P=8)}SRYRY, -P(=0HOR Y, -
PESKOR Y, -PEOHSR b, -PESHBR Y ).

[0612] Esemplary Embodiment No. 18. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein Y 1s a hydroxy protecting group.

[0613] Exemplary Embodiment No. 19, The compound, scaffold, or conjugate of any one of

the preceding Exemplary Embodiments, wherein Y 18 silyl.
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[0614] Exemplary Embodiment No. 20. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein Y 1s triphenvimethyl (Tr) or 4 4'-
dirnethoxytrtyl {DMTr).

[0015] Exempiary Embodiment No. 21. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wheremn Y 1s optionally substituted acyl or benzyl
[0616] Exemplary Embodiment No. 22. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein at least one RY is H.

[0617] Exemplary Embodiment No. 23. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein at least one R is C1-Cs alkyl optionally
substituted with one or more halogen or cyano.

[0618] Exemplary Embodiment No. 24, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein at least one RY is H, and at least one RY is -
Ce alkyl optionally substituted with one or more halogen or cvano.

[0619] Esemplary Embodiment Mo, 25, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wheremn £ 15 FHL

10620] Esemplary Embodiment No, 26, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein £ 15 C-Cs alky! optionally substituted with one
or more halogen.

(0621} Exemplary Embodiment No. 27. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein £ 15 -P(R%), -P(ORDUN(R ), -
P(=OXORYRE -P=SYORZIR® -P(=0)SRHR?, -P(=SHSRYRZ, -P(=0)OR%),, -P(=S}ORp, -
P(=03(SRDYy, -P(=SHSR),.

[0622] Exemplary Embodiment No. 28, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein Z 15 a hydroxy protecting group.

[0623] Exemplary Embodiment No. 29. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherem 7 15 silyl

[0624] Exemplary Embodiment No. 30, The compound, scaffold, or conjugate of anv one of
the preceding Exemplary Embodiments, wherein 7 s triphenylmethyl {Tr) or 4,4'-
dimethoxytrityl (BMTr}.

[0625] Exemplary Embodiment No. 31, The compound, scaffold, or conjugate of any one of

the preceding Exemplary Embodiments, wherein 7 is substituted acyl or benzyl,
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[0626] Exemplary Embodiment No. 32. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein at least one R” is H.

[0627] Exemplary Embodiment No. 33. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein at least one R” is {'1-Cs alky! optionally
substituted with one or more halogen or cyano.

[0028] Exemplary Embodiment No. 34. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein at least one R” is H, and at least one R? is (s~
Cs alkvl optionally substituted with one or more halogen or cyano.

106297 Exemplary Embodiment No. 35, The compound, scaffold, or conjugate of any one of
the preceding Fxemplary Embodiments, wherein Y and Z in Formula (1) together form -Si(RY)a-
0-51{R ")z,

(06307 Exemplary Embodiment No. 36. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Fmbodiments, wherein at least one RY is H.

(06311 Esemplary Embodiment Meo. 37, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein each RY independently 15 C1-Cs alkyl

10632] Exemplary Embodiment No, 38, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wheremn each R¥ s H.

[0633] Exemplary Embodiment No, 39, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodunents, wheremn at least one R® 18 halogen or C1-Cs alkyl
optionally substituted with one or more halogen.

[0634] Exemplary Embodiment No. 48, The compound, scatffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein cach RV is H.

[0635] Exemplary Embodiment No. 41. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Frabodiments, wherein at least one R? is halogen or C1-Cs alky!
optionally substituted with one or more halogen.

[0636] Exemplary Embodiment No. 42. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein R is H.

[0637] Esemplary Embodiment No. 43. The compound, scaffold, or conjugate of any one of

the preceding Exemplary Embodiments, wherein R' is halogen.
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[0638] Exemplary Embodiment No. 44. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein R is C1-Cs alkyl optionally substituted with
one or more halogen.

[0039] Exempiary Embodiment No. 45, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein R is H.

[0040] Exemplary Embodiment No. 46. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein R” is halogen.

[0641] Exemplary Embodiment No. 47. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein R? is C1-Ce alkyl optionally substituted with
one or more halogen

(06427 Exemplary Embodiment No. 48, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Bmbodiments, wherein R is H.

(06437 Exemplary Embodiment No. 49, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein R is halogen.

[0644] Exemplary Embodiment No. 88, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein R 1s C1-Cs alloyl optionally substituted with
one or more halogen.

(06451 Exemplary Embodiment No. 51. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein B* is H.

[0646] Exemplary Embodiment No, 52, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein RY 15 halogen.

(06477 Exemplary Embodiment No. 53. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein R* is C1-Co alkyl optionally substituted with
one or more halogen.

[0648] Exemplary Embodiment No. 34, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein R7 is HL

[0649] Exemplary Embodiment No. 55, The compound, scaffold, or conjugate of anv one of
the preceding Exemplary Frubodiments, wherein R is balogen.

[0650] Exemplary Embodiment No. 56, The compound, scaffold, or conjugate of anv one of
the preceding Exemplary Embodiments, wherein R® is C1-Co alloyl optionally substituted with

one or more halogen.
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[0651] Exemplary Embodiment No. 87, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein each of R, R®, R' R, R’ R* and R is H.
[0652] Exemplary Embodiment No. 38. The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein n 1s an integer ranging from about 1 to 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

(06531 Exemplary Embodiment No. 59, The compound, scaffold, or conjugate of any one of
the preceding Exemplary Embodiments, wherein n is 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.

(06547 Exemplary Embodiment No. 68, The compound of any one of the preceding

Exemplary Embodiments, wherein the compound is of Formula (I'} or (iU}

or a pharmaceutically acceptable salt thereof
[0055] Exemplary Embodiment No. 61, The compound of any one of the preceding

Exemplary Embodiments, wherein the compound 1s of Formela (I-A) or (11-A):
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(H-A);

or a pharmaceutically acceptable salt thereof
[0656] Exemplary Embodiment No. 62. The compound of any one of the preceding

Exemplary Embodiments, wherem the compound i of Formula (I"-A) or (TT7-A)

O

0
Y}"

ACAR

M W
(1-A);

k3
)
~N O«

W

= :
J!““

(H’~A'};

or a pharmaceutically acceptable salt thereof
[0057] Exemplary Embodiment No. 63. The compound of any one of the preceding

57] Exemplary
Exemplary Embodiments, wherem the compound is of Formula (1-B) or (II-B)

HO
o B

N 5 %
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HO B

(II-B);

or a pharmaceuatically acceptable salt thereof.
(06587 Exemplary Embodiment No, 64, The compound of any one of the preceding

Exemplary Embodiments, wheremn the compound 1s of Formula {I7-B) or (IU-B):

H(}\(i/yg

\(\//Z:\EHZ

HO
N

OH

i NP
/
i (ir-By;

or a pharmaceutically acceptable salt thereof.
[0659] Exempiary Embodiment No. 65, The compound of any one of the preceding

wn?

Ql{i“’

H
(T-B)

/ii;““

Exemplary Embodiments, wherein:
Y 18 a hydroxy protecting group, and 7 15 a hydroxy protecting group; of

Y and Z in Formula (), (1), (I-A), (F-A), (I-B}, or (I'-B) together form -Si{R*}-0O-
SHRM):-, wherein each R- independently is H or C-Ce alkyl.

[0660] Exemplary Embodiment No. 66, The compound of any one of the preceding

Exemplary Embodiments, wherein the compound is:

z-o._ 20
Lo B Lo?,/B

vy~
LA

v~ .
NH™ CF;

M=o

NHT TCqsHa .
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Z“O.\I
Z“‘O\ L»O\ B
B T‘“‘f
,g- —G;,/
i i YMQ \L O O
O gy
NHo o g

or a pharmaceutically acceptable salt thereof, wherein

B 15 a nucleobase motety {2.g., adenine {(A), cytosine (), guanine (3}, thymine (T}, or
uracil {(U});

Y i3 -PRY ), -PORVD{N(R 1), -P=OYORVIRY, -PESHORVRY, -P=0O)SRNORY, -
PESHSRORY, -PEONORY ), -PESHORY 1, -P=ONSR ), -P=8HSRY ), or a hydroxy
proteciing group {e.g., silyl (e.g., tnimethylsilyl triethylsilyl tert-butyldimethylsilyl tert-
butyldiphenylisilyl, or tritsopropylsilyl}, triphenvimethyl (T}, 4,4’ -dimethoxytrityl {DMTr),
substituted acyl (e.g., optionally substituted acetyl), or benzyl);

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

7 15 -P(R%)2, -P(ORFHN({RD)), -P(=0HORHR?, -P(=S)ORIR?, -P(=0)(SRHR?, -
P=S){BROHRE, -P=0ONOR),, -P(=SHOR ), -P(=OHSREY:, -P(=S)SR%), or a hydroxy
protecting group {e.g, silyl (e.g., timethylsuyl, tnethylsuyl, tert-butyldimethylsilyl, tert-
butyldiphenylsilyl, or trusopropyisilyl}y, triphenyimethyl (T1), 4,4”-dimethoxyirityl (BMTr),
substituted acyl (e g., optionally substituted acetyl), or benzyl); and

each RZ independently is H or C1-Cy alky] optionally substituted with one or more
halogen or cyano.

[0661] Esemplary Embodiment No. 67, The compound of any one of the preceding
Exemplary Embodiments, wherein the compound s selected from the compounds described in
Table L and pharmaceutically acceptable salts thereof.

(06627 Exemplary Embodiment No. 68. A compound being an 1sotopie dervative of the
compound of any one of the preceding Exemplary Embodiments,

[0063] Exemplary Embodiment No. 69, The scaffold of any one of the preceding Exemplary
Embodiments, wherein the scaffold s (Limker Unuthp~((Nucleic Acid Agenti-(Linker Umit}s)-
{Nucleic Acid Agent,, wherein:

each Linker Unit 1s independent from another Linker Umit, and each Nucleic Acid Agent

patyl
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T

is independent from another Nucletc Acid Agent;

each r independently is an integer ranging from 0 10 10,

each s independently is an integer ranging from 0 to 16;

p is an mteger ranging from Oto 10;

qisOor1;and

the scaffold comprises at least one Linker Unit and at least one Nucleic Acid Agent.
(06647 Exemplary Embodiment No. 78, The scaffold of any one of the preceding Exemplary

Embodunents, wherein the scaffold is

OAc

OAc
or a pharmaceutically acceptable salt thereof, wherein:

B 15 a nucleobase motety {e.z, adenine (A), cytosme (), guanine {(3), thymine (T}, or
aractl (U);

Y is -PRYp, -PIORYVYNR ), -PEOHORVRY, -PESHORNDRY, -P(=0)SRVRY, -
P=SHSRYRY, -P=ONORY ), -P(ES)ORY ), -P(=OUSRY ), -P(=8HSR ), or a hydroxy
protecting group {e.g., silvl (e.g., trimethylsily], inethylsilvi, tert-butyldimethyisilyl, tert-
butyldiphenylsilyl, or trissopropyisilvl}, triphenviuethyl (Tr), 4,4” -dimethoxytriy! (PMTr),
substituted acyl {e.g, optionally substituted acetyl), or benzyl);

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

Z is -P(R%), -P(OREYN(RZn), -P(=ONORIIRE, -P(=SHORMRZ, -P(~0)SRHRZ, -
P(=S)(SRHRZ, -P(=0NOR Yy, -P(=8)OR%), -P{(=0)}SR?), -P(=SHSR%), or a hydroxy
protecting group {e.g, silyl {e.g., tnmethylsdyl, tnethylsidyl, tert-butyldimethylsilyl, tert-
butyldiphenylsilyl, or trisopropylsilyvly, triphenyimethyl (Tr), 44" -dimethoxyirityl (DM Ty},
substituted acyl (e g, optionally substituted acetyl), or benzyi);

each R* independently is H or C1-Cs alky! optionally substituted with one or more
halogen or cvane; and

1 1$ an integer ranging from about 0 to about 10,
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[0665] Exemplary Embodiment No. 71, The scaffold of any one of the preceding Exemplary
Embodiments, wherein the scaf¥old is selected from the scaffolds described in Table 81,

[0666] Exemplary Embodiment No. 72. The scaffold of any one of the preceding Exemplary
Embodiments, wherein the scaffold is

#3-0

or a pharmaceutically acceptable salt thereof, wheren:

B 1s a nucleobase motety {e.g., adenine { A}, cvtosine {C}, guanine (G}, thyrome (T), or
uract! (U},

W 15 an amno substitution group {e.g., fluorenyvimethyloxyearbonyl (Fmoc), teri-
butyloxycarbonyl (BOC), benzyvloxycarbonyl {Chz), optionally substituted acyl, trifluorcacetyl

(TFA), benzyl triphenvimethvl (Tr), 4 4'-dimethoxvtrity! (DMTr), or toluenesulfonyi (Ts), acyl

Q
O 0 O
B 0 N,
e KEM@
{e.g., ~C{E=OHC-Cap alkyl)y, substituted acyl (e.g., O O or

O
‘ — 3, rifluoroacetyl (TFA), -C(EOHC-Coo alkyl), -CEOYMINH{C-Cro alkyl},

~C{=S WO Cre abkyl), o -CESINH{C-Cho alkyl), wherein the C1-Cso alkyl s optionally
substituted}); and

1 is an integer ranging from about O o about 10
[0667] Exemplary Embodiment No. 73, The scaffold of any one of the preceding Exemplary
Embodiments, wherein the scaffold is selected from the scaffolds described in Table S2.
[0668] Exemplary Embodiment No. 74, The conjugate of any one of the preceding Exemplary
Embodiments, wherem the conjugate 1s {Lanker Unut-{Ligandjo. )p-{(Nucleic Acid Agent}-

{Lanker Unu-(Ligandjo. s Nucleic Acid Agent)q, wherem:
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each Linker Unit 1s independent from another Linker Unit, each Nucleic Acid Agentis
independent from another Nucleic Acid Agent, and each Ligand 1s independent from another
Ligand,

each r independently is an integer ranging from 0 1o 10,

each s independently 1s an integer ranging from 0 to 16;

¢ 15 an integer ranging from 0 to 10,

qis Oorl; and

the conjugate comprises at least one Linker Unit, at least one Nucleic Acid Agent, and at
least one Ligand.
[0669] Exemplary Embodiment No, 75, The conjugate of any one of the preceding Exemplary
Embodiments, wherein the conjugate is selected from the conjugates describad in Table C.
(06707 Exemplary Embodiment No. 76. The scaffold or conjugate of any one of the preceding
Exemplary Embodiments, wherein the Linker Unit 15 of Formula (1), wherein W 1s replaced with
an attachment to the Ligand.
[0671] Exemplary Embodiment No. 77, The scaffold or comjugate of any one of the precedmg
Exemplary Embodiments, wherem the Lanker Unit 1 of Formula (I}, wheremn Y andfor £
replaced with an attachment to the Nucleic Acid Agent.
106721 Exemplary Embodiment No. 78, The scattfold or conjugate of any one of the preceding
Exemplary Embodiments, wherein the Linker Untt 5 of Formoula (1), wherein W s replaced
with an attachment to the Ligand.
(06731 Exemplary Embodiment No. 79. The scaffold or conyugate of any one of the precedmg
Exemplary Embodiments, wheremn the Linker Uit 1s of Formula (1), wherein Y and/or 718
replaced with an attachment to the Nucleic Aaid Agent.
(06741 Exemplary Embodiment No. 80, The scaffold or conjugate of any one of the preceding
Exemplary Embodiments, wherein the higand comprises a carbohydrate mosety.
(06751 Exemplary Embodiment No. 81, The scaffold or conjugate of any one of the preceding
Exemplary Embodiments, wherein the carbohydrate moiety comprises a monosaccharide, a
disaccharide, a trisaccharide, or a tetrasacchande.
106767 Exemplary Embediment No. 82, The scaffold or conjugate of any one of the preceding
Exemplary Embodiments, wherein the carbohydrate moiety comprises galaciese or a dervative

thereof
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[0677] Exemplary Embodiment No. 83. The scaffold or conjugate of any one of the preceding

OAg
AcHN QAo

9 -
'?. Yy C\‘ O
- j/ OAc
130 ,

[0678] Exemplary Embodiment No. 84. The scaffold or conjugate of any ove of the preceding

Exemplary Embodiments, wherein the hgand comprises

OH
., /\\’/

o oo
afl&“/\ﬂ’\
es - li 1.30 OH

Fxemplary Embodiments, wherein the ligand comprises

AcHN OH

[0679] Exemplary Embodiment No. 85, The scaffold or conjugate of any one of the preceding

[472%4

Ackin,_A_.ohc
Q I i
_3{‘”‘{*0 G/\j
/430 CAc .

[0GB0] Exemplary Embodiment No. 86. The scaffold or conjugate of any one of the preceding

Exemplary Embodiments, wherein the higand comprises

OH
AcHN, A _OH

Exemplary Embodiments, wherein the ligand comprises
[0681] Esemplary Embodiment No. 87, The scaftold or conjugate of any one of the preceding

QAc

5 AGHN )\/QAC
B f[\\,/\ v,f\(.‘,’j/\
Exemplary Emboduments, wheremn the ligand comprises QAc,

[0682] Exemplary Embodiment No. 88, The scaffold or conjugate of any one of the preceding

AcHN

“&f R N /[ ]

06331 Exemplary Embodiment No. 89, The scaffold or conjugate of any one of the preceding
3 & N g

Exemplary Embodiments, wherein the ligand comprises

QAc
o AcHN,, /i\,ma
‘L/L\/‘\/’\O 0)\7
Exemplary Embodiments, wheretn the ligand comprises Ohe
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[0684] Exemplary Embodiment No. 9. The scaffold or conjugate of any one of the preceding

OH

o ackn, L oH

Exemplary Embodiments, wherein the ligand comprises OH

[0085] Exempiary Embodiment No. 91, The scaffold or conjugate of any one of the preceding

/ OAc \
/ AcHN

S );/
3 Linking Moiety ‘K Va0

Exemplary Embodiments, wherein the ligand comprises

[0686] Exemplary Embodiment No. 92. The scaffold or comjugate of any one of the precedinq

Eg;}

“3 Linking Mmetv OH

, ACHN

Exemplary Embodiments, wherein the higand comprises fra.

(06877 Exemplary Embodiment No. 93, The scaffold or conjugate of any one of the preceding

4

¢ QA

]

[ AcHN,, OAc |

/
ki |
~$-Linking Masoty“‘rlL‘\")’/ QAQ/

\ \ Ypag
/i3

[0088] Exemplary Embodiment No. 94, The scaffold or conjugate Of‘aﬂy one of the preceding

Exemplary Embodiments, wherein the higand comprises

\
AGHN,, aH
: \ 0 [}
--%*-Linking Mciety \ ,1 ac OH /
Exemplary Embodiments, wherem the higand comprises 3

[0089] Exemplary Embodiment No, 95, The scaffold or conjugate of any one of the preceding

Exemplary Embodiments, wherein the higand comprises

OAG
o As:HN\'/* _OAC

~E-Linking Mc;iety-"/ll\/\v/\o/\ca 3
OAc |
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[0690] Exemplary Embodiment No. 96. The scaffold or conjugate of any one of the preceding

OH
o AcHN__ A OH
~$-Linking Moseiy/’”\/‘\/\om
Exemplary Embodiments, wherein the ligand comprises OH

[0691] Exemplary Embodiment No. 97. The scaffold or conjugate of any one of the preceding
Exemplary Embodiments, wherein the ligand comprises

Odc
AGHN,f_(/j\ DA

. ji i
—$~Linkirg Molety—" '\/\/\D"‘\o’
O

[0692] Exemplary Embodiment No. 98, The scaffold or conjugate of any one of the preceding

OH
o ACHNI Ok

“%" Linking Maieb;/tj\\/A\/AO hel
OH

Exemplary Embodiments, wheresn the ligand comprises

(06937 Exemplary Embodiment No. 98, The scaffold or conjugaie of any one of the preceding
Exemplary Embodiments, wheremn the higand comprises 3 hpid.

(06947 Exemplary Embodiment No. 180, The scaffold or comjugate of any one of the
preceding Exemplary Embodiments, wherein the ligand comprises a peptide motety.

(06957 Exemplary Embodiment No. 101, The scaffold or conjugate of any one of the
preceding Exernplary Embodiments, wherein the ligand comprises an antibody moiety.

[0696] Exemplary Embodiment No. 102, The scaffold or conmjugate of any one of the
preceding Exemplary Embodiments, wherein the Nucleic Acid Agent comprises an
oligonucleotide.

(06977 Exemplary Embodiment No. 103, The scaffold or conjugate of any one of the
preceding Exemplary Embodiments, wherein the Nucleic Acid Agent comprises one or more one
or more phosphate groups or one or more analogs of a phosphate group.

[0098] Exemplary Embodiment No. 104, The scaffold or conjugate of any one of the
preceding Exemplary Embodiments, wheremn the Linker Unit is attached to the Nucleic Acid

Agent via a phosphate group, or an analog of a phosphate group, n the Nucleic Acid Agent.

N2
p—
el
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[0699] Exemplary Embodiment No. 105, The scaffold or conjugate of any one of the
preceding Exemplary Embodiments, wherein the Nucleic Acid Agent comprises an RNA
[0700] Exemplary Embodiment No. 106. The scaffold or conjugate of any one of the
preceding Exemplary Embodiments, wherein the oligonucleotide 13 an siRNA, nicroRNA,
antimicroRNA, microRNA mumie, antagomir, dsRNA, ssRNA | aptamer, mnmune stimulatory
oligonucleotide, decay oligonuclestide, splice altering cligonucleotide, triplex forming
oligonucleotide, G-quadruplexe, or antisense oligonucieotide.

[0701] Exemplary Embodiment No. 187, A pharmaceutical composition comprising the
compound, scaffold, or conjugate of the any one of the preceding Exemplary Embodiments.
[0702] Exemplary Embodiment Mo, 108, A method of modulating the expression of a target
gene in a subject, comprising administering to the subject the conjugate of any one of the
preceding Exemplary Embadiments.

(07037 Exemplary Embodiment No. 109, A method of delivering a Nuclete Acid Agenttoa
subject, comprising adminustering to the subject the conjugate of any one of the preceding
Exemplary Embodiments.

[0704] Exemplary Embodiment No, 118, A method of treating or preventing 4 disease in a
subject 1n need thereof, comprising administering to the subject a therapeutically effective
amount of the corjugate of any one of the preceding Exeraplary Embodiments.

[0703] Exemplary Embodiment No. 111, The conjugate of any one of the preceding
Exemplary Embodiments for modulating the expression of a target gene n a subject.

[0706] Exemplary Embodiment No. 112, The conjugate of any one of the preceding
Exemplary Embodiments for delivermg a Nucleic Acid Agent to a subject.

(07071 Exemplary Embodiment No. 113, The conjugate of any one of the preceding
Exemplary Embodiments for treating or preventing a disease in a subject in need thereof.
[0708] Exemplary Embodiment No. 114, Use of the conjugate of any one of the preceding
Exemplary Embodiments in the manufacture of a medicament for modulating the expression of a
target gene in a subject,

107091 Esemplary Embodiment No. 118, Use of the conjugate of any ons of the preceding
Exemplary Embodiments o the manufacture of a medicament for delivering a Nucleic Acid

Agent 1o a subject.
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[0710] Exemplary Embodiment No. 116. Use of the conjugate of any one of the preceding
Exemplary Embodiments i the manufacture of 2 medicament for treating or preventing a
disease in a subject in need thereof.

[0711] Exempiary Embodiment No. 117. The method, conjugate, or use of any one of the

preceding Exemplary Embodiments, wherein the subject s 2 human.
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Scheme 2
[0712] Synthesis of 1-({6aR,8R,9R,%a5)-%-hiydroxy-2,2,4,4-tetraisopropyltetrabydro-6H-
fure[3,2-f111,3,5.2 4 jirioxadisdocin-8-ylpyrimidine-2 41 H 3H )}-dione (1-2). To a selution of
compound 1-1 {(44.6 g, 182.64 mmol} in pyridine (446 mb) was added TIPSCL (63.4 g, 200,90
mumol) at 0 °C and the mixture was stirred at 25 °C for 16 b The reaction was quenched with
MeOH and concentrated under vacuum. The residue was dissolved in FtOAc (500 ml), washed
with aq. eitric acid (500 mL x 2} and brine (500 mL), dried with anhydrous NaaSOq, filtered and
concentrated under vacuum. The residue was purified by column chromatography (810,
Petroleum ether/Ethyl acetate = 3/1 to 1/2) to afford compound 1-2 (75.6 g, 155.33 mmol,
85.05% yield) as a white solid 'H NMR: 400 MHz, DMSO-de ¢ 11.37 (5, 1H), 7.68 (d, J= 8.0
Hez, 1H), 5.59(d, /=48 He, 1H}), 5.53-5.51 (m, 2H), 4.15-4.03 (m, 3H}, 3.98-3.93 (m, 2H},
1.17-0.96 (m, 28},
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(07131 Synthesis of (-{{6aR S8R IR 2aR}-8-(2 4-dioxe-3 4-dihydropyrimidin- 1 2H}-yi)-
2,24, 4-tetratsopropyitetrabydro -6H-fure{3,2-]{1,3,5,2 4 {trioxadistlocin-9-yi) G-phenyl
carbonethioate (1-3). To a solution of compound -2 (37.5 g, 77.05 mmol) in ACN (150 mL)
was added DMAP (18.83 g, 154.10 mmol} and a solation of PROCSCI{16.0 ¢, 52.46 mmol,
1277 mb, 1.2 eg) in ACN (150 mL) at 0 °C. The muxture was stirred at 15°C for 1 b Then the
reaction mixture was dissolved m DCM (500 L}, washed with brine (500 ml), dried with
anhydrous Na:SOy, filtered and concentrated under vacuum. The residue was purified by
column chromatography (S10:, Petroleum ether/Ethyl acetate = 10/1 to 1/1) to afford compound
1-3 (54.0 g, 102.75 mmol, 66.7% yield) as a white solid. 'H NMR: 400 MHz, CDCL S8.11 {5,
1H), 7.75 (d, J = 4.0 Hz, 1), 7.72-7.44 {my, ZH), 7.41-7.31 (s, 1H), 7.26-7.25 (m, 1H), 7.14-
712 (m, 2H), 6.85-6.83 (m, 1H), 6.02(d,.7=4.8 Hz, 1H), 5.75 (5, 1 H), 5.75-5.72 (m, {H), 4.58-
455 (r, 1H), 4.28-4.25 (m, TH), 4. 14-4 11 {m, ZF), 4 06-4.05 (m, 1D, 1.12-1.00 {m, 28F)
[0714] Synthesis of 1-({6al 8K, 9K, 9a8}-9-alliyvl-2.2 4 4-tetraisopropyiteirahydra-6H-
fure|3,2-1111.3,5,2,4 lirioxadisilocin-8-vl pyrimidine- 2,41 HL3H)-dione (1-4}. To a solution of
compound 1-3 (67.0 g, 107.57 mmol) in toluene (670 ml) was added allyl(iributylstannane
(180.4 g, 544,81 mmol). A solution of BPO (6,70 g, 27 66 mumol} m toluene (670 mL) was then
added portion-wise at 120 °C for 1 h. The nuxture was stured at 120 °C for 15 h and then
concentrated under vacuum. The residue was purified by column chromatography {810,
Petroleum ether/BEthy! acetate = 10/1 1o 3/1) 1o atford coropound 14 (22.0 g, 43.07 mmol, 40.0%
vield) as vellow oil "H NMR: 400 Miz, CDCL 6 8.14 (s, 1H), 7.73 (d, ./ = 8.4 Hz, 1H), 5.96-
5,81 (m, 1H), 5.80 (s, 1H), 5.70-5.68 (m, 1H), 5.18-5.10 (m, 2H), 4.51 (¢, J = 7.6 Hz, 1H), 4.16-
4.10 (m, 2H), 4.03-3.95 (m, 2H), 2.65-2.61 (m, 1F1), 2.32-2.22 (m, 2H), 1.10-1.03 {m, 28H).
[0715] Synthesis of 1-({(6aR,8R,9R,%a5)-9-(3-hydroxypropyi}-2.2.4.4-
tetraisopropylietrabydro-6H-fure|3.2-11]1,3,5,2, 4] triozadisilocin-8-yhipyrimidine-

2,4( 1H.3H}-dione {1-5). To a solution of compound 1-4 (6.00 g, 11.75 mmol} m THF 30 mL)
was added 9-BBN (0.5 M 1o THF, 140.96 mlL) at 15 °C and the mixture was stirred for 1 h.
NaBO: 4(H:0) (10.8 g, 70.48 munol, 13.56 mL} and HoO (24 L) were added 1o the reaction and
the mixture was stirred for another 1 h. The muxture was dituted with EtOAc (200 ml.}, washed
with brine (200 mL), dried with anhydrous Na;SO4, filtered and concentrated under vacuum. The
residue was purified by column chromatography {810, Petroleum ether/Ethyl acetate = 10/1 10

1/2} to afford compound 1-8 (4.20 g, 7.94 mmol, 67.6% yield) as a colorless oil. 'H NMR: 400

yavi
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MHz, CDCL, 6 9.80 (s, 1H), 7.89 (d, J = 8.0 Hz, 1H), 5.80-5.70 (m, 2H), 4.43 (t, J = 8.0 Hz, 1H),
4.20-4.17 (m, 1H), 4.00-3.89 (m, 2H), 3.71-3.65 {m, 2H), 2.28-2.23 (m, 2H), 1.95-1.93 {m, 4H),
1.54 (m, 1H), 1.11-0.95 (m, 28H).

[0716] Synthesis of 3-({6aR,3R,9R,%a5}-8-(2 4-dioxo-3,4-dibydropyrimidin-12H)-yi)-
2,2,4.4-tetratsopropylteirahydro-6H-fure{3,2-{}]1,3,5,2 4{trivxadisilocin-9-yDpropyl
methanesalfonate (1-6}. To a solution of compound 1-5 {11.0 g, 2080 mmol) m DCM (110
mb) was added TEA (4.21 ¢, 41.60 mmol) and MsC1{3.12 g, 27 24 mmel, 2.11 mL}at 0 °C.
The mixture was stirred at 15 °C for 1 h. The reaction mixture was then quenched with water
(10 mL} at 0 °C and extracted with DCM (3X100 mL). The combined organic layers were
washed with brine, dried, filtered and concentrated under reduced pressure to afford compound
-6 {12.6 ¢, crude) as a vellow o1l The crude was used for the next step without further
purification.

[0717] Synthesis of 1-({6al,8R,9R,9a8}-9-(3-azidopropyl - 2,2.4,4-tetraisopropyltetrahydro-
6H-fure[3,2-1}{1,3,5.2 4]triexadisilocin-8-yl)pyrimidine-2, 41 H,3H)-dione {1-7). To g
sotution of compound 1-6 (12.6 ¢, 20.80 munol) m DMF (120 mL) was added NaN; (2.68 g,
41,22 ramol} at 1 5 °C. The mxture was stirred at 50 °C tor 1 b, Then the reaction muxture was
guenched with ag NaHCO; (600 ml} and extracted with EtOAc (300 mL). The organic layer
was washed with brine (500 mbL), dried with Na:SO4, filtered and concentrated under vacuum to
afford compound -7 (11 .5 g, crude) as a yvellow oil. The crude was used for the next step
without further purification.

[0718] Synthesis of 1-((2R,3R,48,5R)-3-(3-azidopropyl)-4-hydroxy-5-
{(hydroxymethyljteirahydrofuran-2-yhpyrimidine-2, 40 H,3H)-dione (1-8). To a solution of
compound 1-7 (11.5 g, 20.80 mmol) in MeOH (110 mL} was added NHF {7.70 g, 208.02
mmol}). The mixture was stirred at 60 °C for 2 h and concentrated under vacuum. The residue
was purified by column chromatography (510, DCM: MeQH = 50:1 1o 10:1} fo afford
compound 3-8 {3.00 g, 9.64 mmol, 46.3% vield) as a white solid. 'H NMR: 400 MHz, DMSO-ds,
5 7.84 (4, J= 8.0 Hz, 1), 5.86 (d, J = 9.2 Hz, 1}), 5.69-5.67 {m, 11}, 5.28 (d, /= 5.2 Hz, 1H),
S505(,J=52Hz tH), 412, =52 Hz, 1H), 3.85-3.83 {(m, 1H), 3.55-3.53 {m, 2H), 3.33-
3.29 {m, 2FD), 2.18-2.12 (m, 1H), 1.61-1.55 {m, 21D, 1.47-1.44 (m, 13D, 1.25-1.23 (m, 1H).
107191 Synthesis of 1-((ZRIBA48.5R}-3-3-azidopropyl-S-({(bis{4-methoxyphenyl}-

{phenvijmethoxymethvi-4-hydroxytetrabydrofuran-2-ylpyrimidine-2,4(1H,3H-dione {I-

Z18
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9). To a solution of compound 1-8 (3.00 g, 9.64 mmol } in pyridine (30 mL} was added DMTCH
{3.59 ¢, 10.60 mmol}. The muxture was stirred at 15 °C for 1 h, quenched with MeOH (3 mL),
and concentrated under vacuum. The residue was redissolved in EtQOAc (100 mL), washed with
aq.ciric acid {100 mbL) and brine (100 mL}. The organic layer was dried with Na;SOy, filtered
and concentrated under vacuum. The residue was purified by column chromatography (810,
Petroleum ether/Ethyl acetate = 10/1 to 1/1, 0.1 % TEA) to atford compound 1-9{5.00 g, 8.15
mumnol, 84 55% yield) as a vellow solid. 'H NMR: 400 MHz, DMSO-ds § 7.57(d. /=80 Hz
1H), 7.39-7.25 {m, 9H), 6.91 (d, /= 8.8 Hz, 41, 5.87 (d. /=88 Hz 1H), 546 (d, /=80 Hz,
1H), 537 (d, 7= 4.8 He, 1H), 4.12 (t,J =46 Hz, 1H), 3.95 (s, 1H), 374 (s, 6H), 3.33-3.26 (m,
3H), 3.17-3.16 (m, 1H), 2.21-2.19 {m, 1H), 1.65-1.49 (m, 3H), 1 27-1.26 (m, 11D

(07207 Synthesis of 1-({ZR.3R,45,5R-3-(3-aminopropyl }-5-((bis(4-methoxyphenyl}-
{phenvlimethoxyymethyl)-4-hydroxytetrahydrofuran-2-yhpyrimidine- 2,4 1H,3H }-dione {1-
10}, To a solution of compound 1-9 (3 90 g, 636 mmol) in EtOAc (39 mb) was added Pd/C
{1.95 ¢, 6.36 munol, 10% on carbon). The suspension was stured under Hh (1S psiyfor L hy
filtered, and concentrated under vacuum to attord compound 1-10 (3.50 g, crude) as a brown
sohd. The crude was used for next step without further purification,

[0721] Synthesis of {(25,35,45,55,65)-5-acetamido-2-{acetoxymethyl-6-((5-((3-

{{(ZRIB45,5R - 5-{{bis{d-methoxyphenyl{phenyljmethoxy)methyl)-2~(2 4-dioxo-3,4-
dihyvdropyrimidin-1{2H)-yl)-4-hydroxyteirahydrofuran-3-yhpropylamine - 5-
oxopentyhoxy itetrahydre-2H-pyran-3.4-diyl diacetate {1-11}. To a solution of compound 1-
8 (3.50 g, 5.96 nunol) and GalNA¢ pentanoic acid {(2.66 g, 5.96 mruol) 1o DMF (35 mL) was
added HOTU (3.70 g, 8.93 mmol, 1.5 eg) and NMM (1.81 g, 17.87 mmol, 1 S6 ml., 3 eq}. The
reaction was stirred at 15 °C for T h. Then the mixture was quenched with aq NHaCH 200 mi),
extracted with EtOAc {200 mL), and washed with brine {200 mL}. The orgamc layer was dried
with Naa80s, filtered, and concentrated under vacuum. The residue was purified by colurun
chromatography {$:0s, Petroleumn ether/Ethyl acetate = 1/2 to FtOAc/Acetone = 1/2, 0.1% TEA)
to afford compound 1-11 {4.40 g, 53% vield) as a yellow o1, 'H NMR: 400 MHz DMSO-ds &
11.36 (s, 11, 7.81 (d,J = 9.6 Hz, 1H), 7.56-7.38 (m, 1H), 7.35(d, J = 7.6 Hz, 1H)}, 7.32-7.30
{m, 4F1), 7.25-7.23 (m, SH), 6.90 (d..J = 8.8 Hz, 4H), 5.85 (4,7 = 9.2 Hz, 11}, 5.43 (d, /= 8.0
Hz, 1H), 5.33(d, J= 5.2 Hz, 1H), 521 (d, J= 3.2 Hz, 15}, 4.95-4.94 (m, 1H), 447 (d, /= .8
Hz, 150, 4.12 (m, 1H), 4.05-4.03 {m, SH), 4.02-4.01 {m, 2H), 4.00-3.74 (m, 7F), 3.25-3.24 (m,
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4H}, 3.02-2.99 (m, 3H), 2.10-2.08 {m, 4H}, 2.03-2.02 {m, 1H), 1.99 (s, 6H), 1.82 (5, 3H), 1.76 (5,
3H), 1.47-1.44 (m, 7H).

(07221 Synthesis of {25,35,45,55,65)-8-acetamido-2-(acetoxymethyl 3-6-((5-{{3~

{(ZR 3R 45,5R }-3-{{ bis{4-methoxyphenyl}{ phenyhmethoxy ymethyl-4-({(2-

cyanoethoxy {disopropylaminoj-phosphaneyljoxy }-2-(2,4-diox -3 4-dihydropyrimidin-
12Hyitetrabhydrofuran-3-yhpropyl Jamino}-S-oxopeniyl)oxy) tetrabydro-2H-pyran-3,4-
diyl diacetate {GalNAc2). To a solution of compound 1-11 {(4.00 g, 3.93 nunol) in DCM (40
mb} was added DCL{696.7 mg, $.90 mmol) and 2-cyanoethyl-N NN N -
tetraisopropylphosphorodiamidite (2.37

°C for 1 b, diluted with DCM (100 mL}, washed with ag. NaHCO5 (100 mi) and brine (100

¢, 7.87 mmel, 2. 50 mL) The mixture was stirred at 15

mb.). The oreanic laver was dried with anhvdrous Na:SOu, filtered and concentrated vnder
vacuum. The residue was purified by column chromatography (810, Petroleum ether/Ethyl
acetate = 3/1 to O/1, 0.1% TEA) to afford GalNAcZ (3 20 g, 2.63 momol, 66.84% yweld}as a
vellow solid TH NMR: 400 MHz CDHCN, 5 917 (s, 1H), 7.58-7.42 (M, 1H), 7.33-7.22 {m, 2H),
7.31-7.30 (m, TH), 6.91-6.87 {m, 4H), 6.55-0.35 (m, ZH), 5 92-5.88 {m, 1H), 5.45-542 (m, 1H),
528527 (m, 1H), S.01 {m, 1H), 4.53-4.51 (m, ZH), 4 11-4.05 (m, SH), 3.96-3.94 {(m, SH), 3.80-
3.77 {m, 3H), 3.77-3.61 {m, 1H), 3.60-3.33 (m, 5H), 2.46-2.17 (m, 2H), 2.09 (s, 5H), 2.07 (s,
SH), 1.91 (s, 3H), 1.83 (s, 3H), 1.55-1.51 {m, OH). 1.19-1.16 (m, SH), 1.10 (d,.J = 6.5 Hz, 3H).

Example 2. mRNA knockdown activity of exemplary siRNA duplexes conjugated with
GallNAe G2 o target gene |

107231 The gene silencing activities were studied with exemplary siRNA duplexes histed o
Table 1. These siRNA duplexes were conjugated with either GalNAc 1.96 or GalNAc G2 for
hepatic delivery to target gene 1. As shown n FIG. 1, GalNAc G2 provides comparable or better
delivery efficiency and KD activities than GalNAc 1L.96.

(07241 CD-1 female mice were admmistrated subcutangously with 0.5 mg/ke siRNA duplexes
conjugated with GalNAc. A control group was dosed with phosphate buftered saline (PBS). Four
days post treatment, amimals were then hydrodynamically mjected (HDT} through tail vem with
10 ug human gene | m pclNA3 T (). 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 fater removal, for mRNA analysis. Reduction of target mRNA was measured by qPCR
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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 Exemplary siRNA Duplexes Tested in ¥1G. 1

Ul s poAsimGHmAHmCHICHmUPGHIUHRUH MU U mGHmCHa U imUHmU i imGimA L 96

DUplex 1 RO EA] B AL AL [ ALEG i CHm A TFATIMA AT mCL A G FGHmUmCH [mUTmAs] [GefmA]

Duplex 2 imUsiimAs{imGlmAmCHICHmU {IIGHIU | ITU TV mUimGlmC{imU jmU [mU {mUimGiimA} | G2s]| Gls

ImUslHmAsiimGHmAHCHC U EGHUTHU U N e GHmCHm U T mU U ot GHmA  [G21IG2H G2

uplex 3 4 SIS HEAL [m AL AT mA TGO Hm ATEA Tm AT mAl mCH A mGIHGHmUNmC] [mUl{mAs [mGsi[mA |

fonUsipoAsi mGHo A aoCHIC HnUTIGHUE N U e GHmCHG2HGZHO M bulUs HmGsHmAj

Tl s HFCSHEA AT A A TGY mLHﬂ AlTA e AHmAHmCHIA HuGIHGHmUTmCHuU A sfmGs|fmAl

[ ]
| [
| | i
InUsTHCsHEAHmAYEAH A HEGH mC HmA A oA wA HaCHTA s GHGH aUHwCHnUHmAsHwmGs HuAl
f ]
f i
Duplex 4 [ E

fmUslimAslimGHmAHmCHHCHmUT TG AU U nGHmCHGEHG2Hm U  mUsH mGs]imA]
ImUSHHCsHEATmA AN mAHTGHmCHmA A UmAmA mCIIAUnGIHGHmU HmCHmUmAsH mGsHmAj

Duplex §

The lower-case Ietters of 7 and “m” indicate 2'-deoxy-2'-fluoro (2'-F) and 2-C-methyl (2-0OMe) sugar
modifications, respectively, to adenosing, cytidine, guanosine and uridine; the letter “s” indicates phosphorothioate
(PS) linkage: “EPF” indicates ethy | phosphonate modification at 57 -end; 196 and G2 indicate the GalNAc structures
as show below:

OH | oH
w0 { H
HO. *,/'VA/ ‘3\/"\/’\?{ REN
o :.
QH G‘i j) oH
oy N3 S o1 91
HO E\.—/TWO\/\/'\( \/’\/N\IT/\/O\/’\ p e W e \/"\/’\ﬁ/ 1 L 5 ¥
! o B & o e o NN oy
3 HO e T S o N TN s
r - NHAc it #
L\fj’lm\ o NH/MN/.\% ¢ HN )\ f{\ OH
HOS XD AN v
TV /ﬁr 0}\/
GalNAc 196 GalNAc G2

[0725]

N2
e
i
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EQUIVALENTE
[0726] The details of one or more embodiments of the disclosure are set forth 1n 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, obiects, and advantages of
the disclosure will be apparent from the description and claums. In the specification and the
appended clatms, the singular forms include plural referents unless the context clearly dictates
otherwise. Unless defined otherwise, all techaical 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 incorparated by reference.
(07271 The foregoing description has been presented only for the purposes of illustration and i
not intended to Himit the disclosure to the precise form disclosed, but by the claims appended

hereto.
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CLAIMS

1. A compound of Formuda () or (11}

or a pharmaceutically acceptable salt thereof, wherein:

B 13 H or a nucleobase moety;

Wis H, Ci~-Ce alkyl optionally substituted with one or more halogen, or an amino
substitution group;

Y is H, C1-Cs alkyl optionally substituted with one or more halogen, -P(RY ), -
P(ORVIN(RY)), -PE=0YORVRY, -P=SHORVIRY, -P=0}SRYIRY, -PE=8)(SRVRY, -
PE0XORY )Y, -PESHORY Y, -PEONSR Y, -P(=SHSR Y, or a hydroxy protecting group;

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

Z is H, or C;-Ce alkyl optionally substituted with one or more halogen, -P(R%), -
PORIUN(R®)), -P(=0)ORARY, -P(=8YORIRY, -P(=0NSRYR?, -P(=SHERYIRY, -
P(=0YOR ), -P(=SHOR Y, -P=OHSRYY,, -P=S)HSR ), or a hydroxy protecting aroup;

each R? independently is H or C1-Ce alkyl optionally substituted with one or more
halogen or cyane,

or Y and Z in Formula (1) together form -Si(R*)-0-8 (R )-, wherein each R-

independently 1s H or C1-Cs allkyl;

)
2
el
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each R* independently 1s 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 C1-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 Ci-Cs alkyl optionally substituted with one or more halogen:

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

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

nis an integer ranging from ahout O to about 10

2. A scatfold or a pharmaceutically acceptable salt thereof, wherein the scaffold comprises:
{1 a Ligand; and

(11} a Linker Unit, wherewn the Linker Unut i

RE .

or ,
. . ~ 3 r 5 - a i . . b .
wherein variables B, RY, RZ R RY R, Y, Z, R%, R®, and n are described herein, and # indicate

an attachment to the Ligand.

3. A scaffold or a pharmaceutically accepiable salt thereof, wherein the scaffold comprises:
(1} one or more Nucleic Acid Agent; and

{11} one or more Linker Unit, wherein each Linker Unit independently is:
L ; Y

N2
b
B
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, OF

wherein variables B, R, RE R RY R® W, Y, 7, R® RP and n are described herein, and ##

indicates an attachment to the Nucleic Acid Agent.

4, A conjugate or a pharmaceutically acceptable salt thereof, wherein the scaffold

Comprises:

N2
N"
L4 ]
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{1} one or more Nucleic Acid Agent,
{11} one or more Ligand; and

{111} one or more Linker Umit, wherein each Linker Unit independently s

wherein variables B, R), R7, R R R°, Y, 7, R® R, and n are described herein, # indicate an

attachment to the Ligand, and ## indicates an attachment to the Nucleic Acid Agent.
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5. The compound, scatfold, or conpugate of any one of the preceding claums, wheremn B 15
H
6. The compound, scaffold, or conjugate of any one of the preceding claims, wherem B is a

nuclechase moiety.

7. The compound, scaffold, or conjugate of any one of the preceding claims, wherein the

nuclecbase moiety is adenine (A}, cytosine (C), guanine (G}, thymine {T), or uractl {UJ)

8 The compound, scaffald, or conjugate of any one of the preceding claims, wherein W is
H
9, The compound, scaffold, or conjugate of any one of the preceding claims, wherein W is

C1~Cs alkyl,

10. The compound, scaffold, or conjugate of any one of the preceding claims, wherein W 1s

an amino substitution group.

il The compound, scatfold, or conjugate of any one of the preceding claims, wherein W s
fluorenvimethyloxycarbonyl (Fmoc), tert-butyloxycarbonyl (BOC), benzyvioxycarbonyl {(Chz),
optionally substituted acyl, tnfluoroacetyl {TFA), benzyl, tnphenylmethyl (T}, 4,4'-

dimethoxyirityl (BMTr}, or toluenesulfony! (Ts).

12, The compound, scaffold, or conjugate of any one of the preceding claims, wherein Y 15

C1-Cs alky! opuionally substituted with one or more halogen.

13. The compound, scaffold, or conjugate of any one of the preceding clawms, wherein Y 15 -
PRy, -PIORVONRY 1), -PEOYORYIRY, -PESHORNRY, -PEONSRIIRY, -PE(SRYIRY, -
P(=0XOR ), -P(=S)OR),, -P(=0) SR}z, -P(=8}(SR" ).

N2
N
~k
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14, The compound, scaffold, or conjugate of any one of the preceding claims, wherein Y is 2

hydroxy protecting group.

15, The compound, scaffold, or conjugate of any one of the preceding clains, wherein 7 is
H
16. The compound, scaffold, or conjugate of any one of the preceding claims, wherein 2 is

C1-Cs alkyl optionally substituted with one or more halogen.

17 The compound, scatfold, or conjugate of any one of the preceding claims, wherein 7 15 -
PR, -P{ORFYN(R™)), -P(=0)ORHRY, -P(=S}{OR"R?, -P(=0)(SRYIR?, -P(=8)}(SRHR”, -
P(=0}OR%)y, -P(=S)OR%),, -P=0KSRD), -P(=S)ER),.

18. The compound, scaffold, or conjugate of any one of the preceding claims, wheremn £ 5 a

hydroxy protecting group.

19. The compound, scaffold, or comjugate of any one of the preceding claims, wheremn Y and

Z in Formula (1) together form -Si{RY)-0-51{(RM)-.

20 The compound of any one of the preceding claims, wherein the compound s of Formula

(yor )

228
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or a pharmaceutically acceptable salt thereof.

21 The compound of any one of the preceding claims, wherein the compound s of Formula

(I-A) or (1I-A):

or a pharmaceutically acceptable salt thereof

22 The compound of any one of the preceding claims, wherein the compound is of Formula

(-A) or I"-A):
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53‘\(?75
Wy

or a pharmaceuatically acceptable salt thereof.

ln;”

7
0“\1nm

(T-A);

23 The compound of any one of the preceding claims, wherein the compound 15 of Formulda

{3-B) or (H-B)

ﬂ

,ﬁ

(H-B});

(LB):

or a pharmaceutically acceptable salt thereof.

24, The compound of any one of the preceding claims, wherein the compound 15 of Formaula

('-B) or (IT"-B):

-
o

‘.\(\/T?\EHZ

[p

=z
O“I:

(I-B);
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HO
Y

"N oM
/ 1 > T
(1r"-B);
or a pharmaceuatically acceptable salt thereof.
25 The compound of any one of the preceding claims, wherein the compound 15 selected

from the compounds described in Table L and pharmaceutically acceptable salts thereof,

26. The scaffold of any one of the preceding claims, wherem the scaffold i1s (Linker Unitip-
{{Nucleic Acid Agent)-(Linker Unit)s)—{Nucleic Acid Agent),, wheremn:

each Linker Unit 15 independent from another Linker Unit, and each Nucleie Acid Agent
is independent from ancther Nucleic Acid Agent;

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

cach 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 Unit and at least one Nucleic Acid Agent.

27. The scaffold of any one of the preceding claims, wherein the scaffold is
£
OAc
.
OAc

or a pharmaceutically acceptable salt thereof, wherem:

B 15 a nucleobase moiety;

Y is -P(R 2, -PIORVIN(RY)), -P(EONORYIRY, -P(=S)ORVIRY, -P(=0)}SRVRY, -
P=SHSRVRY, -P(=0)OR s, -P(=SYOR Yy, -P(=OHSR )1, -P(=S)(SRY )z, or a hydroxy

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

Z 15 PR, -PORDN{R ), -PEONORDRY, -P=S)ORDRY, PEONSRARE, -
P(ESHSRHRY, -P(=0OXOR ), -PESHOR , -PEONSR ), -P(=SHSR ), or a hydroxy
protecting group;

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

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

28 The scatfold of any one of the preceding claims, wherein the scaffold is selected from the

scaffolds described 1n Table 81

29. The scaffold of any one of the preceding claims, wherein the scaftold s
ko
o
HO—p-U

O, s
i

ar

or a pharmaceutically acceptable salt thereof, wherein:
B is a nucleobase moiety;
W is an anino substitution group; and

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

30. The scatfold of any one of the preceding claims, wherein the scaffold is selected from the

scaffolds described in Table 82,

31 The comjugate of any one of the preceding claims, wheren the conjugate s {Linker Umt-
{Lagandjo-p-({Nucleic Acid Agent)-(Linker Unit-(Lagandjor-{Nucleic Acid Agentyq, wherein
each Linker Unit 1s independent from another Linker Unit, each Nucleic Acid Agent i
independent from another Nucleie Acid Agent, and each Ligand is independent from another
Ligand:
each v independently 13 an mteger rangmg from 0 to 10,

232
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each s mdependently 1s an integer ranging from 0 to 16;

p 18 an mteger ranging from 0 to 10,

qisOor1; and

the conjugate comprises at feast one Linker Umit, at least one Nucleic Acid Agent, and at

least one Ligand.

32. The conjugate of any one of the preceding claims, wherein the conjugate is selected from

the conjugates described in Table C.

33. The scatfold or conjugate of any one of the preceding claims, wherein the ligand
OChc OH
AcHN:Ij&th?Ac AchHN ,i\v,OH
o \
| EJ{,}/D 7 ‘%J\M/O o
COMPFISEs 7130 QA oy /130 .
34, The scaffold or conjuga‘te of any one of the preceding claims, wherein the iigand

AciﬂN\E OAQ\ / AcHN
g I

_______ I . J\i\,‘gf' - S ke i\!:
§ Linking Moiety- . OAC ; § Linking Molety \ \ a0 /
COMPriSes ‘ /13 o xm'
33, The scaffold or conjugate of any one of the preceding claims, wherein the ligand

comprises a lipid, a peptide moiety, or an antibody moiety,

36.  The scaffold or conjugate of any one of the preceding claims, wherein the Nucleic Acid

Agent comprises an cligonucleotide.

37 A pharmaceutical composition comprising the compound, scaffold, or conjugate of the

any one of the preceding claims.

38. A method of modulating the expression of a target gene 10 a subject, delivering a Mucleic

2
(S0
el
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Acid Agent to a subject, or treating or preventing a disease in a subject in need thereof,

comprising administering 1o the subject the conpugate of any one of the preceding claims.

39, The conjugate of any one of the preceding claims for modulating the expression of a
target gene mn a subject, delivering a Nucleic Acid Agent (o a subject, or treating or preventing a

disease in a subject in need thereof.
40.  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 in a subject, delivering a Nucleic

Acid Agent to a subject, or treating or preventing a disease in a subject in need thereof.
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