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F-MODIFIED CARBOCYCLIC RIBONUCLEOTIDE DERIVATIVES
AND METHODS OF USE

RELATED APPLICATION

0001} This application claims priority to, and the benefit of, U.S. Application No. 63/312,554,

filed on February 22, 2022, the entire contents of which are imcorporated herein by reference.

INCORPORATION OF THE SEQUENCE LISTING

[0002] The contents of the electronic sequence listing
{SANB 005 001WO Seqlast ST26.xml; Size: 105,372 bytes; and Date of Creation: February

17, 2023} are herein incorporated by reference in its entirety.

BACKGROUND

00031 Argonaute 2 {Ago2) belongs to the AGO protein famuly, and plays an important role in
small RNA (smRNA) biogenesis. Ago 2 1s a key component of the RISC-loadmg complex
{RLC}, and binds double stranded RNA (dsRNA} for loading into the RISC complex for
processing to target mRNA for degradation. The composition of the nuclectides in the RNA
molecule ts shown to impact the binding of the RNA with Ago2. Various modifications to the
structure of the nucleotides in the RNA molecule have been tested. Accordingly, there continues
to be a need for RNAs with improved potency and/or stability for degrading mRNA through
chemical modification to the RNA, such as modifications to the backbone of the RNA. The

present application addresses the need.

SUMMARY

I

[0004] The present disclosure refates to modification of the 5" -terminal nucleotide of an
oligonucleotide, such as an RNA. More specifically, the present disclosure relates to cyclopentyl
based nucleotides, such as cyclopentyl based nucleotides comprising a 47-ethyl phosphonate or
4 -vinyl phosphonate, as described herein. Oligonucleotides (e.g., RNA)Y which comprise the

cyclopenty! based nucleotides of the present disclosure display advantageous properties, such as



WO 2023/164464 PCT/US2023/062996

enhanced metabolic stability towards nucleases and phosphatases, while maintam or further
improve the RISC binding affinity and the inirinsic potency.

[000ST in some aspects, the present disclosure provides a compound of Formula () or ()

>Y o,
or a pharmaceutically acceptable salt thereof, wherein:

B is H or a nuclecbase moiety,

X is H, halogen, or -ORY;

R is H, Ci-Cs alkyl, or -{C1-Co alkyD-{Cs-Cro aryl), wherein the Ci-Cs alkyl or -(Ci-Cs
alkyD-(Cs-Cio aryl) is optionally substituted with one or more R,

each R®® independently is halagen, C1-Cs alkyl, or -O-(C1-Cs alkyl), wherein the Ci-Cs
alkyt or -0-(C1-Co alkvl) 1s optionally substituted with one or more halogen;

Y is H, C1-Cs alky! optionally substituted with one or more halogen, -P(RY )z, -
P(ORVINR ), -P(=0}ORVIRY, -PESHORVRY, -P(=0)SRNRY, -P(=S)(SRV)RY, -
P(=0}(OR ), -P(=SYOR" )y, -P(=0XSRY}z, -P(=S}SRY)2, or a hydroxy protecting group;

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

Z is -P(R ), -P(ORFHN(R :), -P=ONORIRE, -P(=S)ORHR?, -P(=0}SRAR7, -
P(=S}SRHRZ, -P(=0)OR:, -P(=S}OR% ), -P(=0)}SR% )2, or -P(=8S}{SR");

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

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

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

[Re]
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R? is H, halogen, or {1-Cs alky! optionally substituted with one or more halogen;

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

=== indicaies a single bond or a double bond; and

each R® independently is H, halogen, or C1-Ce alky! optionally substituted with one or
more halogen.
[0006] in some aspects, the present disclosure provides a Nucleic Acid Agent ora
pharmaceuiically acceptable salt thereof, wherein the Nucleic Acid Agent comprises:

an oligonucleotide comprising one or two 5'-End Unit, wherein each 5’-End Unit

independently is:

wherein variables B, R', R?, R*, R®, R®, X, and Z are described herein, and ## indicates
attachment to the rest of the oligonucleotide.
[0007] In some aspects, the present disclosure provides a conjugate or a pharmaceutically
acceptable salt thereof, wherein the conjugate comprises:
(1) a Nucleic Acid Agent, comprising:
an oligonucleotide comprising one or two 5’-End Units being covalently attached

to the oligonucleotide, wherein each §’-End Unit independently is:

RO RO g
RT
TR
X O.
S

wherein variables B, R, R>, R’ R* R® X and Z are described herein, and ## indicates
an aitachment to the rest of the ohigonucleotide; and
(11} one or more Ligands being covalently attached to the Mucleic Acid Agent.

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

of a compound disclosed herein.
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[0009% In some aspects, the present disclosure provides a pharmaceutical composition
comprising a compound, Nucleic Acid Agent, or conjugate described herein.

[0010} In some aspects, the present disclosure provides a method of medulating the expression
of a target gene in a subject, comprising administering to the subject a conjugate described
herem.

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

f0012] In some aspects, the present disclosure provides a method of treating or preventing a
disease in a subject in need thereof, comprising administering to the subject a therapeutically
effective amount of a conjugate described herein.

[00131 In some aspects, the present disclosure provides a conjugate described herein for
modulating the expression of a target gene mn a subject.

[0014}1 In some aspects, the present disclosure provides a conjugate described herein for
delivering a Nucleic Acid Agent to a subject.

[00151 In some aspects, the present disclosure provides a conjugate described herein for treating
or preventing a disease i a subject in need thereof,

[0016] In some aspects, the present disclosure provides a use of a conjugate described herein in
the manufacture of a medicament for modulating the expression of a target gene 1n a subject.
[00171 In some aspects, the present disclosure provides a use of a conjugate described heren in
the manuofacture of a medicament for delivering a Nucleic Acid Agent to a subject.

[00181 In some aspects, the present disclosure provides a use of a conjugate described herein in
the manufacture of a medicament for treating or preveniing a disease m a subject in need thereof
0019} Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this disclosure
belongs. In the specification, the singular forms also include the plural unless the context clearly
dictates otherwise. Although methods and materials simular or equivalent o those described
herein can be used in the practice or testing of the present disclosure, suitable methods and
materials are described below. All publications, patent applications, patents and other references
mentioned herein are incorporated by reference. The references cited herein are not admutted to
be prior art to the claimed mvention. In the case of conflict, the present specificaiion, including

definttions, will control. In addition, the materials, methods and examples are illustrative only
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and are not mntended to be limiting. In the case of conflict between the chemical structures and
names of the compounds disclosed herein, the chemical structures will control.
0020} Other features and advantages of the disclosure will be apparent from the following

detailed description and claims.

BRIEF DESCRIPTION OF DRAWINGS
(0021} FIGS. 1A and 1B are a series of graphs showing the gene silencing activity of siRNA
compounds in liver on day 5 after a single 0.5 mg/kg s.¢. injection of UD-1 female mice,
followed by HDI dosing on day 4 (human gene plasmid, 20ug}.
[0022] FIGS. 2A-2F are a series of graphs showing the gene silencing activity of siRNA
compounds in multiple extrahepatic tissues on day 10 after a single 3 mg/kg s.c. injection of CD-

1 female mice.

DETAILED DESCRIPTION
00231 Chemical modifications have been introduced into oligonucleotides to mntroduce
properties that may be desired under specific conditions, e.g., to stabilize against nucleases or
other enzymes that degrade or interfere with the structure or activity of the oligonucleotide. For
example, synthetic oligonucleotides generally terminate with a 5'- or 3'-hydroxyi group. It 1s
possible to replace the terninal hydroxyl group with a phosphate group, which can be used, for
example, to attach linkers, adapters or labels or for the direct ligation of an ohigonucieotide to
another nucleic acid. In addition, 1t bas been reported that a S'-terminal phosphate group
enhances the interaction between certain nucleic acid mhibitor molecules and Ago2. However,
oligonucleotides having a 5'-phosphate group are generally susceptible to degradation via
phosphatases or other enzymes, which can linit their bicavailability 1o vivo. Therefore, it 1g
desirable to develop modifications to the S'-ternunal nucleotide of oligonuclectides, such as
nucleic acid mhibitor molecules, that provide the functional effect of a phosphate group, but are
more stable 1n the envirgnmental conditions that the oligonucleotide will be exposed to when
administered to a subject. Such phosphate analogs would be more resistant to phosphatases and
other enzymes while minimizing negative impact on the oligonucleotide’s function {e.g.,
munmizing any reduction in gene target knockdown when used as an RNA1 inhibitor molecule).
0024} Limited approaches to modify the 5'-terminal nucleotide of oligonucieotides have been

5
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reported. However, there continues to be a need for novel phosphate mimic derivatives of 57-
terminal nucleotides, and conjugates thereof that are metabolically stable, &g, towards nucleases
and phosphatases, while carrving maintained or improved RISC binding affinity and inirinsic
potency of ¢ligonucleotides.

0025} The present disclosure provides phosphate mimic derivatives of 5'-terminal nucleotides.
Without wishing to be bound by theory, it is understood that, when being mcorporated into
oligonucleotides {e.g., at the 5’-end of the antisense strand), the phosphate mimic derivatives
could improve the Ago2 binding/loading and to enhance the metabolic stability of the
oligonucleotides, thus enhancing the potency and duration of the oligonucleotides (e ¢, the
siRNA molecules).

[0026] The present disclosure further provides Nucleic Acid Agents and conjugates containing
the phosphate mimic derivatives for nucleic acid delivery. The present disclosure also relates to
uses of the phosphate mimic derivatives, Nucleic Acid Agents, and conjugates, e.g., in delivering

nucleic acid and/or treating or preventing diseases.

5-End Unit Compounds of the Present Disclosure

[0027] In some aspects, the present disclosure provides a compound of Formula (I) or (T}

RERE B

O.
Yoo
or a pharmaceutically acceptable salt thereof, wherein:
B is H or a nucleobase moiety;

X 15 H, balogen, or -ORX;
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RY is H, C1-Cs alkyl, or -(Ci-Cs alkyD-(Co-Cro aryl), wherein the C1-Cs alkyl or -(C1-Cs
alky)-{Ce-Cio aryl} is optionally substituted with one or more R

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

Y is H, Ci-Ce alkyl optionally substituted with one or more halogen, -P(RV),, -
PIORVINR ), -PEOHORDHRY, -P=S)ORVIRY, -PEONSRYIRY, -PESHSRIORY, -
PEOWORY Y, -PESHORY ), -P(=0)SRY b, -P(=8HSRY ), or a hydroxy protecting group;

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

7 is -P(R%), -P(ORZHN(R% ), -P(=0XORYRY, -P(=S)ORHR?, -P(=0)}SRAR?, -
P(=SYSRYR?, -P(=0YOR% ), -P(=SHOR ), -P(=0){(SR%)z, ar -P(=S}SR%};

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

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

R? 1s H, halogen, or C1-Cs alkyl optionally substituted with one or more halogen;

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

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

===z indicates a single bond or a double bond; and

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

[0028] It is understood that, for a compound of the present disclosure, variables B, X, R R™,
Y, RY, Z, R% R R% R’ RY and R® can each be, where applicable, selected from the groups
described herein, and any group described herein for any of variables B, X, R* R® Y RY, Z,
RZ R RZ R R and R® can be combined, where applicable, with any group described herein
for one or more of the remainder of variables B, X, R¥, R* ¥, RY, 7, RZ R} RZ R% R* and RS
Variable B, X, R, %% Y, BY 7 and R

[0029] In some embodiments, Bis H

00301 In some embodiments, B is a nuclecbase moiety.

(00311 The term, “nuclecbase moiety”, as used herein, refers to a nuclesbase that is attached to

the rest of the compound, e.g., via an atom of the nuclecbase or a functional group thereof.

~J
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(0032} In some embodimenis, the nuclesbase motety 15 adenine (A), cytosine (C), guanine (G},
thynune (T), or uracit (U},

[0033} in some embodimenis, the nuclecbase motety 15 a modified nuclesbase.

00341 In some embodiments, the modified nuclecbase is S-methylcytosine.

[00351 In some embodimenis, the modified nucleobase 13 hypoxanthine, xanthine, or 7-
methylguanine.

[0036] In some embodiments, the modified nucleobase 15 5,6-dihydrouracil, S-methylcytosine,
or S-hydroxymethylcytosine.

[0037] In some embodiments, the nuclescbase moiety is an artificial nuclecbase.

[0038] In some embodiments, the artificial nucleobase is isoguanine, isocytosine, 2-amino-6-{2-
thienyl}purine, or pyrrole-2-carbaldehyde.

00391 In some embodiments, Xis H

0040] In some embodiments, X is not H.

In some embodiments, X is F or CL

3

100391
{0040]
[0041} In some embodiments, X is halogen {e.g., F, CL, Br, or I},
[0042]
(00437 In some embodiments, X s F.

[0044] To some embodiments, X is -ORY.

[0045] In some embodiments, X s -OH.

[0046] In some embodiments, X is not -OH.
0047} In some embodiments, X 1s ~0-{C1-Cs alkyl) {e.g., wherein the C1-Co alkyl 1s methyl,
ethyvl, n-propyl, i-propvl, n-butyl, i-buiyl, s-buiyl, t-butyl, pentyl, or hexyl).

[0048} In some embodiments, X 1s ~OCHs.

[0049] In some embodiments, X 18 -0-(C1-Ts alky}-O-(C1-Ca alkyl) (e.g., wheren the C1-Cs
alkyl 18 methyl, ethyl, n-propvl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentvl, or hexyi}.
00501 In some embodiments, X is ~-OCH2CH20CH:.

[0051] In some embodiments, X 15 ~0-{C1-Cs alkyD-{Ce-Cio aryl) optionally substituted with one

of more R

0052} In some embodiments, X 15 ~0-(Ci-Cs alkyD-(Co-Cro aryl}.

O
[00531 In some embodiments, X is
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a4
SN

O
00541 In some embodiments, X is % optionally substituted with one or more R™

G
o
[00SST In some embodiments, X 1s L??? optionally substituted with one or more

halogen.

b &

[00561 In some embodiments, X is &LL;G optionally substituted with one or more Ci-
Cs alkyl or -0-(C1-Co alkyl), wherein the Ci-Cs alkyl or -0-(Ci-Cs alkyl} is optionally
substituted with one or more halogen.

[0057] In some embodiments, R® is H.

[0058] In some embodiments, R® is not H.

[0059] In some embodiments, R* is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally substituted with one or more R,

[0060] In soroe embodiments, R* 1s C1-Cs alkyl (e.z., 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,
Cl, Br, ot 1) or -0-(C1-Ce alkyl) {e.g , wherein the Ci-Cs alkyl s methyl, ethyl, n-propvl, i-
propyl, n-butyl, i-butyl, s~butyl, t-butyl, pentyl, or hexyi} optionally substituted with one or more
halogen.

[0061] In some embodiments, RY is C1-Cs alkyl (e.g., methyl, ethyl, s-propyl, i-propyl, n-butyl,
-butyl, s-butyl, t-butyl, pentyl, or hexyl).

[0062] In some embodiments, RY is methyl, ethyl, or propyl.

[0063] In some embodiments, RXis methyl.

[0064] In some embodiments, R™ is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
-butyl, s-butyl, t-butyl, pentyl, or hexyl) substituted with one or more halogen (e g, F, Cl, Br, or
I

[0065] In some embodiments, R® is C1-Ce alkyl (e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butyl, t-butyl, peniyl, or hexyl} substituted with one or more -0-(Ci-Cs alkyl} {e.g,,
wherein the C1-Co alkyl s methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl
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pentyl, or hexyl), wherein the -0-(Ci-Co alky!} is optionally substituted with one or more
halogen.

[0066] In some embodiments, R® is -(C1-Cs alky!}-(Ce-Cio aryl} optionally substituted with one
or more R,

[0067] In some embodiments, R® is -(Ci-Cs alky}-(Ce-Cio aryl} optionally substituted with one
or more halogen {e.g., ¥, Cl, Br, or I}, Ci-Cs alkyl {e.g., methyl, ethyl, n-propyl, t-propyl, n-
butyl, i-butyl, s-butvl, t-butyl, pentyl, or hexyl}, or -O-{C1-Cs alkyl} (e.g., wherein the Ci-Cs
alkyl s methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl},
wherein the Ci-Cs alkyl or ~O-(C1-Cs alkyl} 1s optionally substituted with one or more halogen.
[0068] In some embodiments, R is -{C1-Cs alkyD-(Cs-Cro aryl).

[0069] In some embodiments, at least one R™ is halogen {(e.g., F, C1, Br, or I}.

[0070] In some embodiments, at least one R* is F or Cl.

[0071] In some embodiments, at least one R™ is C1-Cs alkyl (e.g., methyi, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl} cptionally substituted with one or more
halogen {e.g., F, CL, Br, or I,

[0072] In soruoe embodiments, at least one R* 15 C1-Ce alkyl (e.g., methyl, ethyl, n-propyl, -
propyl, n-butyl, i-butyl, s~butyl, t-butyl, pentyl, or hexyl).
[0073] In sorue embodiments, at feast one R® is C1-Cs alkyl (e g, methyl, ethyl, n-propyl, -
propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) substituted with one ot more halogen
{e.g,F CLBr,orl)

[0074] In some embodiments, at least one RX® 15 -0-(C1-Cs alkyl) optionally substituted with
one or more halogen {e.g., F, Cl, Br, or [}.

[0075] In some embodiments, at least one RX® 15 -0-(C1-Cs alkyl).

[0076] In some embodiments, at least one R™ is -0-(C1-Cs alky!) substituted with one or more
halogen {e.g., F, CL, Br, or I},

[0077] In some embodiments, Y s H.

[0078] In some embodiments, Y is not H.

[00791 In some embodiments, ¥ 1s C1-Cs alkyl (e.g., methyl, ethy, n-propyl, --propyi, n-butyl, -
butyl, s-butyl, t-butyl, pentyl, or hexy!) optionally substituted with one or more halogen (e g, F,

Ci, Br, or 1),

10
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00801 In some embodiments, ¥ 1s C1-Cs alkyl (e.g., methyl, ethy, n-propyl, --propyi, n-butyl, -
butyl, s-butyl, t-butyl, pentyl, or hexyl).

[0081} In some embodiments, Y is methyl, ethyl, or propyl.

[0082] In some embodiments, Y is -P(RY ), -P{ORVYNR ), -PEONORVIRY, -PESHORIRY,
PEOYSRIRY, -P(=8)(SRVIRY, -P(=0)OR" )2, -F(=S}(OR" )2, -P(=0)SRY )z, -P(=S}{ SR 2.
[0083] In some embodiments, Y is -P(R¥ ).

[0084] In some embodiments, Y is -PHa.

[0085] In some embodiments, Y is -PORVN(R ).

(0086} In some embodiments, ¥ 1s -P(OH){NH:).

(00871 In some embodiments, Y s -P(O{C1-Co alkyh{IN(Ci-Co alky iz, wherein the Ci-Ce alkyl
is opttonally substituted with one or more halogen or cvano.

[0088] In some embodiments, Y is -P(=O¥ORVRY.

[00891 In some embodiments, Y is -P(=O}OHYC1-Cs alkyl), wherein the C1-Cs alkyl s
optionally substituted with one or more halogen or cyano.

[0090] In some embodiments, Y is -P(=S}(OR")RY.

(00811 In some embodiments, Y s ~-P(=SOH}C1~Cs alkyl), wherein the Ci-Cs alkyl s
optionally substituted with one or more halogen or cyano.

[0092] In sore embodiments, Y is -P(=0)}SRYRY.

[0093] In some embodiments, Y 15 -P(=0)SHYXC1-Cs alkyl), wherewn the C1-Ce alkyl is
optionally substituted with one or more halogen or cyano.

[0094] In some embodiments, Y is -P(=S)(SRY)RY.

[0095] In some embodiments, Y 15 -PE=8 ) SHYC1-Co alkyl), wherein the C1-Cs alkyl is
optionally substituted with one or more halogen or cyano,

[0096] In some embodiments, Y is -P(=0}ORY ).

[0097] In some embodiments, Y 13 -PEOWOH):.

[0098] In some embodiments, Y is -P(=8)}{OR ..

[0099] In some embodiments, Y is -PE=SHOHR.

[0100] In some embodiments, Y is -P(=0}SR"z.

[0101] In some embodiments, Y s -P{(=0}(SH}..

[0102] In some embodiments, Y is -P(=8){SR"}z.

0103} In some embodiments, Y is -P(=S}SH}.

11
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[01041 In some embodiments, Y is a hydroxy protecting group {e.g., silyl, Tr, DMTy, acyl, or
benzyi).

[0105% In some embodiments, Y 1s silyl {e.g., trimethyisilyl, triethylsilyl, tert-butyidimethylsilyl,
tert-butyldiphenylisilyl, or triusopropylsilyl}.

[0106} In some embodiments, Y is triphenylmethyi (Tr) or 4,4"-dimethoxyirityl (BMTr).

[0107] In some embodiments, Y is optionally substituted acyl {e.g., optionally substituted acetyl)
or benzyl

[0108] In some embodiments, Y is not a hydroxy protecting group {e.g., silyl, Tr, DMTr, acyl, or
benzyl).

[0109] In some embodiments, at least one RY is H.

[0110] In some embodiments, each RY is H.

[0111] In some embodiments, at least one RY is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl} optionally substituted with one or more
halogen {e.g., F, ClL, Br, or I} or cyano.

[0112] In some embodiments, each RY 15 C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-propyl, n-
butyl, --butyl, s-butyl, t-butyl, pentyl, or hexvl} optionally substituted with one or more halogen
{e.g, F, Cl, Br, or I} or cyano.

[0113] In sorue embodiments, at feast one RY is H, and at least one RY is C1-Cs alkyl (e ..,
methyl, ethyl, n-propyl, i-propvl, n-butyl, i-butyl, s-butyl, t-butvl, pentyl, or hexyl) optionally
substituted with one or more halogen or cyano.

[0114] In some embodiments, when X is -OH, then Y is not H or a hydroxy proteciing group
{e.g., silvl, Tr, DMTy, acyl, or benzyl).

[0115] Insome embodiments, when X 1s ~-OH, then Y is C1-Ce alkyl optionally substituted with
one or more halogen, -P(RY)2, -P(ORVIN(RY )2}, -P=OHORVRY, -P(=S}ORVRY, -
PEOWSRYIRY, -PESHSRNRY, -PEONORY ), -PESHOR g, -P=0)SRY):, or -P(=SHSR ).
[0116] In some embodiments, when Y 1s H or a hydroxy protecting group (e g, silyl, Tr, DMTr,
acvl, or benzyl), then X s not -OH.

[0117} In some embodimenis, when Y is H or a hydroxy protecting group (e.g., silyl, Tr, BMTr,
acyl, or benzyl), then X is H, halogen, or -ORY, and R* is C1-Cs alky! or -(C1-Cs alky1}-{Cs-Cio
aryl), wherein the C-Cs alky! or -{(C1-Cs alley-{Cs-Cro arvl) is optionally substituted with one or

more R™,

12
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[0118] In some embodiments, 7 is -P(R%),.

[0119] In some embodiments, Z 15 -PHa.

[0120] In some embodiments, Z is -P(OR“YN{R )},
[0121} In some embodiments, Z is -P{OH}NHz).

[0122] In some embodiments, Z is -P(O{C1-Cs alky HN(C1-Cs alkylh), wherein the Ci-Cs alkyi
is optionally substitited with one or more halogen or cyano.

[01231 In some embodiments, 7 is -P(=0}OR%)R%.

[0124] In some embodiments, 2 is -P=0YOHYCi-Cs alkyly, wherein the Ci-Cs alkyl is
optionally substituted with one or more halogen or cyano.

[0125] In some embodiments, Z is -P{(=S}{ORIR?.

01261 In some embodiments, ¥ is -P(=SOHN:-Cs alkyl), wherein the Ci-Co alkyl 15
optionally substituted with one or more halogen or cyano.

[0127] In some embodiments, 7 is -P(=0}SR“IR”.

[0128} In some embodiments, Z is -P(=0}SHYC1-Cs alkyl}, wherein the Ci-Cs alkyl is
optionally substituted with one or more halogen or cyano.

[0129] In soroe embodiments, Z is -P(=S}SRZ)RZ,

(01301 ¥o some erbodiments, £ 15 -P(=SHSHYXC1-Cs alkyly, wherein the Ci-Cs alkyl 15
optionally substituted with one or more halogen or cyano.

01311 Tn some embodiments, 7 is -P(=0}OR% ).

0132
0133} In some embodiments, £ 18 -P(=O}{C1-Ce alkyHHOH).
In some embodiments, Z is -P(=0}OCH: {OH).

0135} In some embodiments, £ 18 -P(=0}{C1-Cs alkyilh.

[
]

In some embodiments, Z is -P(=0HOH).

]

[

]

(0136} In some embodiments, Z is ~P(=0}OCH;s).
[0137] In some embodiments, 7 is -P(=S}{OR ).
[0138] In some embodiments, Z is ~P(=SYOH).
[0139] In some embodiments, Z is -P{(=O}SR ).

f In some embodiments, Z is -P(=0)}8H).

[ ] In some embodiments, Z is -P{(=S}{SR%},.
[0142} In some embodiments, Z is -P(=S}SH)..
[0143]

[0143] In some embodiments, at least one RZ is FL

13
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[0144] In some embodiments, each R is H.

[0145] In some embodiments, at least one R” is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexvl} optionally substituted with one or more
halogen {e.g., F, C1, Br, or I} or cyano.

[0146] In some embodiments, at feast one R” is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, -butyl, s-butyl, t-butyl, pentyl, or hexyli}.

[0147] In some embodiments, each R is Ci-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, Cl, Br, orI)or cyano.

[0148] In some embodiments, each R? is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-propyl, n-
butyl, i-butyl, s-butvl, t-butyl, pentyl, or hexyl}.

[0149] In some embodiments, at least one R” is H, and at least one R” is Ci-Cs alkyl (e g.,
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-buiyl, s-butyl, t-butyl, pentyl, or hexyl) optionally
substituted with one or more halogen (e g, ¥, Cl, Br, or I} or ¢cvano.

[0150] In some embodiments, at least one R is H, and at least one R” 18 C1-Cs alkyl (e.g,
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, s-butyl, t-butvl, pentyl, or hexyl).

Variables R, R R? B and R°

[0151] In sorue embodiments, R is H.

[0152] To some embodiments, R! is halogen {e.g., F, C1, Br, or I).

[0153] In some embodiments, R is F or CL

[0154] In some embodiments, R! is C1-Ce alkyl (e g, methyl, ethyl, n-propyl, i-propyl, n-butyl,
-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally substituted with one or more halogen (e.g., F,
i, Br, or 1.

[0155] In some embodiments, R' is C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
-butyl, s-butyl, t-butyl, pentyl, or hexyl}

[0156] In some embodiments, R' is C1-Ce alkyl {e.g, methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butyl, t-butyl, peniyl, or hexyl} substituted with one or more halogen {e.g., F, CL, Br, or
i,
[0157] In some embodiments, R? is H.

[0158] In some embodiments, R? is halogen (e.g., F, Cl, Br, or I).
]

0159} In some embodiments, R* is F or C1.

14
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[0160] In some embodiments, R? is C1-Ce alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butvl, t-butyl, peniyl, or hexyl} optionally substituted with one or more halogen {(e.g., F,
Ci, Br, or 1),

[0161] In some embodiments, R is C1-Co alkvl (e.g., methvi, ethyl, n-propyl, i-propyl, n-butyl,
=butyl, s-buiyl, +-butyl, pentyl, or hexyl}.

[0162] In some embodiments, R? is 1-Cs alkyl (e.g., methyl, ethyl n-propyl, i-propyl, n-butyl,
=butyl, s-buiyl, t-butyl, pentyl, or hexyl) substituted with one or more halogen (e.g, F, Cl, Br, or
b

[0163} In some embodiments, R is H.
[0164] In some embodiments, R is halogen {e.g., F, Cl, Br, or I}.

[0165] In some embodiments, R is F or CL

[0166] In some embodiments, R* is C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
-hutyl, s-butyl, t-butyl, pentyl, or hexyl) optionally substituted with one or more halogen {e.g., F,
Cl, Br,or ).

[0167] In some embodiments, RY is C1-Cs alkyl (e ., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i~butyl, s-butyl, t-butyl, pentyl, or hexyl).

[0168] In some embodiments, RY is C1-Cs alkyl (e g, methyl, ethyl, n-propyl, --propyl, n-butyl,
i-butyl, s-butyl, t-butyl, pentyl, or hexyl) substituted with one or more halogen {(e.g., F, Cl, Br, or
D).

[0169] In some embodiments, R* is H.

[0170] In some embodiments, R* is halogen (e.g., F, C1, Br, or I},

[0171] In some embodiments, R* is F or CL

[0172] In some embodiments, R* is C1-Cs alkyl (e g, methyl, ethyl, n-propyl, i-propyl, n-butyl,
-butyl, s-butyl, t-butyl, pentyl, or hexyl} optionally substituted with one or more halogen (e g, F,
L Br, or I},

[0173] In some embodiments, R* is C1-Ce alkyl {e.g, methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl s-butyl, -butyl, pentyl, or hexyl}

[0174] In some embodiments, R* is C1-Ce alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butvl, t-butyl, pentyl, or hexyl} substituted with one or more halogen {e.g., F, CL, Br, or
0.

[0175] In some embodiments, each R® is H.
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[0176} In some embodiments, at least one R® is halogen {e.g., F, Cl, Br, or I} or C1-Cs alkyl (e g,
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-buiyl, s-butyl, t-butyl, pentyl, or hexyl) optionally
substituted with one or more halogen {e.g., ¥, C|, Br, or I).

[0177] In some embodiments, at least one R is halogen (e.g., F, Cl, Br, or ).

[0178] In some embodiments, at feast one R® is F or CL

[0179] In some embodiments, at least one R® is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl s-butyl, i-butyl, pentyl, or hexvi} optionally substituted with one or more
halogen{e.g., F, Cl Br, or |).

[0180] In some embaodiments, at least one R® is C1-Cs alkyl (e.¢., methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl s-butyl, t-butyl, pentyl, or hexvl).

[0181] In some embodiments, at least one R® is C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) substituted with one or more halogen
{e.g,F,CLBr orl)

[0182] In some embodiments, each of RE, R%, R R and R%is H.

Fxemplary Fmbodiments of the Compounds

(01831 In some embodiments, the compound is of Formula (I7-1), (T'-2), ({U~1), or (I1"-2);
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or a pharmaceutically acceptable salt thereof.
01841 In some embodiments, the compound 15 of Forrula (8-A) or (H-A):
Z

O.
Y (AR
or a pharmaceutically acceptable salt thereof.

(01851 In some embodiments, the compound s of Formula (-A7-1), (I-A-2), (T-A-1), or (13-
A’-2):

*
C}I!ru
p 41N

O X
Y (I-A™-2),

17
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ST
Onnv .

Y @A or

B

NS
o
&

X O

YA
or a pharmaceutically acceptable salt thereof.
[0186} In some embodiments, the compound is of Formula ((-B-1), ({I-B-2), (H-B-1}, or ({{-B-2):
Z

0 X
Y {1-B-2);

Q'\ .
Y (I-B-1); or
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Y B2y
or a pharmaceutically acceptable salt thereof.

(01871 In some embodiments, the compound 15 of Forroula (-B°-1), (I-B8°-2), (I-B°-3), (I-B7-4},
{(H-1°-1), (II-B°-2), (3-B7-3), or (I-B*-4);

a-B-2),

b X
Y {(L-B’-3);
Z
% QB
b X
Y (I-B*-4);
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Y (LB,

& B

X O

-~

Y (11-B-2)

Z
B
X O.
Y (I-B-3); or
Z
p— B
)E 6\

Y (1-B-4);
or a pharmaceutically acceptable salt thereof.

[0188} In some embodiments, the compound is:

4 z
x N K,
P - P

e ) E e )

y-O OMe  y-O OMe MeO Owy  MeO Owy

5 9

O
8 X B B Xy R
O OMe

>

v© QMSY MeG O-y  MeO -‘i>~Y7
Z z

Z z
q q L
s, L . —
\z‘m{\‘ﬁ P B B B
(O OMe , ©

OMe  MeO O- )
, Y o, o

28



WO 2023/164464 PCT/US2023/062996

or a pharmaceutically acceptable salt thereof, wherein:

¥ is -BR ), -P(ORVIN(R )2}, -P=0)ORVIRY, -P(=S)ORVIRY, -P(=0)}SRVIRY, -
PESHSRORY, -PEONOR 2, -PESHORY Y, -PEOHSRY ), -PESHSR ), or a hydroxy
protecting group {e.g., silvl (e g, trimethyisilyl, triethylsilyl, tert-butyldimethylsilyl, tert-
butyldiphenylsilyl, or triisopropylsilyl}, iriphenvimethyt (T1), 4,4"-dimethoxytrityl (BMTr},
substituted acvi (e g, optionally substituted acetyl), or benzyly;

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

7 is -P{R%Y, -P(ORTHN(R ), -P(=0ONORHRY, -P(=S)ORHR?, -P(=0}SRAOR?, -
P=SHSRAR?, -P(=0)OR Y, -P(=S)}{OR?), -P(=0)SR%), or -P(=S}(SR?}z; and

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

[01891 In some embodiments, the compound 1s:

o
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or a pharmaceutically acceptable salt thereof, wherein B 15 adenine (A), cytosine (C), guanine

{G), thyrune (T), or uracil (U).
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[01901 In some embodiments, the compound is selected from the compounds described in Table

E and pharmaceutically acceptable salts thereof

Tabie £
Compound Mo, Structure
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Compound No, Structure
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Compound No, Structure
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Compound No, Structure
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Compound No, Structure
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[0191] In some aspects, the present disclosure provides a compound which is an isotopic
derivative {e.g., isotopically labeled compound} of any one of the compounds of the Formulae
disclosed herein.

[0192] It 1s understood that the isotopic derivative can be prepared using any of a variety of art-
recognized techniques. For example, the 1sotopic derivative can generally be prepared by
carrying out the procedures disclosed in the Schemes and/or in the Examples herein, by
substituting an isotopically labeled reagent for a non-isotopically labeled reagent.

[01931 In some embodiments, the isotopic derivative s a deuterium labeled compound.
[0194] In some embodiments, the isotopic derivative is a deuterium labeled compound of any
one of the compounds of the Formulae disclosed herein.

[0195] The term “isotopic derivative”, as used herein, refers to a derivative of a compound in
which one or more atoms are isotopically enriched or labelled. For example, an isotopic

derivative of a compound of Formula (I) or (1) 1s 1sotopically enriched with regard to, or
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labelled with, one or more isotopes as compared to the corresponding compound of Formula (I
or {11} In some embodiments, the isotopic derivative is enriched with regard to, or labelled with,
one or more atoms selected from 2H, C, “C, PN, ¥ 2°81 PP, and 8. In some envbodiments,
the isotopic derivative is a deuterium fabeled compound (i.e., being enriched with “H with regard
to one or more atoms thereof}. In some embodiments, the compound is a *H labeled compound.
In some embodiments, the compound is a PC labeled compound or a *C labeled compound. In
some enibodiments, the compound is a ®F labeled compound. In some embodiments, the
compound is a 1>’ labeled compound, a ¥4 labeled compound, a '*1 labeled compound, a %
labeled compound, a U labeled compound, a '1 labeled compound, or any combination
thereof. In some embodiments, the compound is a **P labeled compound or a **P labeled
compound. In some embodiments, the compound is a 'S labeled compound, a S labeled
compound, a S labeled compound, a *°S labeled compound, or any combination thereof.

[0196] It is understood that the isotopic derivatives can be prepared using any of a variety of art-
recognized techniques. For example, the sotopic derivatives can generally be prepared by
carrying out the procedures disclosed in the Schemes and/or 1n the Examples described herein,
by substituting an 1sotope labeled reagent for a non-isotope labeled reagent.

[0197] It1s also understood that isotopical substitution may afford certain therapeutic advantages
resulting from greater metabolic stability, e.g., increased i vivo half-life or reduced dosage
requirements.

[0198] For the avordance of doubt it is {0 be understood that, where 1n this specification a group
15 qualified by “described herein”, the said group encompasses the first occurring and broadest
definition as well as each and all of the particular definitions for that group.

0199} It will be understood that while compounds disclosed herein may be presented in one
particufar configuration. Such particular configuration is not to be construed as limiting the
disclosure fo one or another 1somer, fautomer, regioisomer or stereoisomer, nor does 1t exclude
mixtures of 1somers, tautomers, regioisomers or sterecisomers. In some embodiments, the
presentation of a compound herein i a particular configuration intends to encompass, and o
refer to, each of the available isomers, tautomers, regioisomers, and sterecisomers of the
compound, or any mixture thereof, while the presentation further intends to refer to the specific
configuration of the compound.

[0200] 1t will be understood that while compounds disclosed herein may be presented without

(98]
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specified configuration (e.g., without specified stereochemistry). Such presentation intends to
encompass all available isomers, tautomers, regicisomers, and steregisomers of the compound.
In some embodiments, the presentation of a compound herein without specified configuration
mtends to refer to each of the available isomers, tautomers, regioisomers, and steregisomers of
the compound, or any mixture thereof.

[02011 As used herein, the term “isomerism” means compounds that have identical molecular
formulae but differ in the sequence of bonding of their atoms or in the arrangement of their
atoms in space. Compounds that have the same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangement of their atoms in space are termed
“isomers”. Isomers that differ in the arrangement of their atoms 1n space are termed
“sterecisomers’. Stereoisomers that are not mirror images of one another are termed
“diastereomers” and those that are non-superimposable mirror images of each other are termed
“enantiomers”. When a compound has an asymmetric center, for example, it is bonded to four
different groups, a pair of enantiomers is possible. An enantiomer can be characterised by the
absolute configuration of its asymmetric center and is 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
light and designated as dextrorotatory or levorotatory {i.e., as {+) or {-}-isomers respectively). A
chiral corapound can exist as etther individual enantiomer or as a mixture thereof. A mixture
comtaining equal proportions of the enantiomers is called a “racemic nixture”.

0202} The compounds of this disclosure may possess one or more asymmeiric centers; such
compounds can therefore be produced as individual (R}~ or {S)-stereoisomers or as mixtures
thereof. Unless indicated otherwise, the description or naming of a particular compound in the
specification and claims 15 intended to melude both individual enantiomers and mixtures,
racermc or otherwise, thereof. The methods for the determination of stereochemustry and the
separation of stereoisomers are well-known in the art (see discussion in Chapter 4 of “Advanced
Organic Chemistry”, 4th edition J. March, John Wiley and Sons, New York, 2001}, for example
by synthesis from optically active starting materials or by resolution of a racemic form. Some of
the compounds of the disclosure may have geometric isomeric centers (E- and Z- isomers). It 1s
t0 be understood that the present disclosure encompasses all optical, diastereoisomers and
geometric isomers and mixtures thereof that possess inflammasome inhibitory activity.

[02031 As used herein, the term “chiral center” refers to a carbon atom bonded to four

(98]
B2



WO 2023/164464 PCT/US2023/062996

nonidentical substituents.

(02041 As used herein, the term “chural 1somer” 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 diastergomers, termed “diastereomeric mixture.” When one
chiral center is present, a stereoisomer may be characterized by the absolute configuration (R or
S} of that chiral center. Absolute configuration refers to the arrangement in space of the
substituents attached to the chiral center. The substituents attached to the chiral center under
consideration are ranked in accordance with the Seguence Rule of Cahn, Ingold and Prelog.
{Cahn ef al | Angew. Chem. Inter. Edit. 19606, 5, 385, errata 511; Cahn ef ol | Angew. Chem.
1966, 78, 413; Cahn and Ingold, /. Chem. Soc. 1951 (London), 612; Cahn er ol | Fxperientia
1956, 12, 81; Cahn, J. Chem. Fduc. 1964, 41, 116).

(02051 As used herein, the term “geometric 1somer” means the diastereomers that owe their
existence to hindered rotation about double bonds or a cycloalkyl inker (e.g., 1,3-cyclobutyl).
These configurations are differentiated in their names by the prefixes cis and trans, or £ and E,
which mdicate that the groups are on the same or oppostie side of the double bond in the
molecule according to the Cahn-Ingold-Prelog rules.

[0206] It1s to be understood that the compounds of the present disclosure may be depicted as
different chiral isomers or geometric isomers. It 15 also to be understood that when compounds
have chiral isomeric or geometnic isomeric forms, all isomeric forms are intended to be included
n the scope of the present disclosure, and the naming of the compounds does not exclude any
isomeric forms, it being understood that not all isomers may have the same level of activity,
0207} I 15 to be understood that the structures and other compounds discussed in this disclosure
melude all atropic 1somers thereof. It 15 also 10 be understood that not all atropic isomers may
have the same level of activity.

0208} As used herein, the term “atropic 1somers” are a type of steresisomer i which the atoms
of two 1somers are arranged differently in space. Atropic isomers owe their existence t¢ a
restricted rotation caused by hindrance of rotation of large groups about a central bond. Such
atropic isomers typically exist as a mixture, however as a result of recent advances in
chromatography techniques, it has been possible to separate mixtures of two atropic 1somers in
select cases.

[0209] As used herein, the term “tauiomer” 1s one of two or more structural isomers that exist in

(98]
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equitibrium and is readily converted from one isomeric form to another. This conversion results
i the formal migration of a hydrogen atom accompanied by a switch of adjacent conjugated
double bonds. Tautomers exist as a mixture of a tautomeric set in solution. In solutions where
tautomerization is possible, a chemical equilibrium of the tautomers will be reached. The exact
ratio of the tautomers depends on several factors, including temperature, solvent and pH. The
concept of tautomers that are interconvertible by tautomerisations 1s called tautomerism. Of the
various types of tautomerism that are possible, two are commonly observed. In keto-enol
tautomerism a simultaneous shift of electrons and a hydrogen atom occurs. Ring-chain
tautomerism arises as a result of the aldehvde group (-<CHO) 1n a sugar chain molecule reacting
with one of the hydroxy groups (-OH) in the same molecule to give it a cyelic (ring-shaped} form
as exhibited by glucose.

[0210] It 1s to be understood that the compounds of the present disclosure may be depicted as
different tautomers. It should also be understood that when compounds have tautomeric forms,
all tautomeric forms are intended to be included in the scope of the present disclosure, and the
naming of the compounds does not exclude any tautoroer formo. It will be understood that certain
tantorners may have a higher level of activity than others.

[0211] Ht1s to be understood that the compounds of any Formula described herein include the
compounds themselves, as well as their salts, and their solvates, if applicable. A salt, for
example, can be formed between an anion and a positively charged group (e g, amino)ona
substituted compound disclosed herein. Suitable anions include chloride, bromide, 10dide,
suffate, bisulfate, sulfamate, nitrate, phosphate, citrate, methanesulfonate, irifluoroacetate,
glutamate, glucuronate, glutarate, malate, maleate, succinate, fumarate, tartrate, tosylate,
salicylate, lactate, naphthalenesuifonate, and acetate {e.g., triflucroacetate).

10212} As used herein, the term “pharmaceutically acceptable anion” refers to an anion suitable
for formmg a pharmaceutically acceptable salt. Likewise, a salt can also be formed between a
cation and a negatively charged group (e g, carboxylate} on a substituted compound disclosed
herein. Suitable cations include sodium 1on, potassium 1on, magnesium ion, calcium ion, and an
ammonium cation such as tetramethylammonium ion or diethylamine 1on. The substituted
compounds disclosed herein also include those salis contaming quaternary nirogen atoms.
[0213] It 15 to be understood that the compounds of the present disclosure, for example, the salts

of the compounds, can exist in either hydrated or unhydrated (the anhydrous) form or as solvates

3
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with other solvent molecules. Nonlimiting examples of hydrates include monohydrates,
dihydrates, etc. Nonlimiting examples of solvates include ethanol solvates, acetone solvates, etc.
[0214} As used herein, the term “solvate” means solvent addition forms that contain either
stoichiometric or non-stoichiometric amounts of solvent. Some compounds have a tendency {0
trap a fixed molar ratio of solvent molecules in the crystatline solid state, thus forming a solvate.
If the solvent 1s water the solvate formed is a hydrate; and if the solvent is alcohol, the solvate
formed 1s an alcoholate. Hydrates are formed by the combination of one or more molecules of
water with one molecule of the substance in which the water retains its molecular state as HaO.
[0215] As used herein, the term “analog” refers to a chemical compound that 1s structurally
similar to another but differs slightly in composition (as in the replacement of one atom by an
atom of a different element or in the presence of a particular funciional group, or the replacement
of one functional group by another functional group). Thus, an analog 15 a compound that is
similar or comparable in function and appearance, but not in structure origin to the reference
compound.

(02161 As used herein, the term “denvative” refers to compounds that have a common core
structure and are substituted with various groups as described heremn

[0217] As used herein, the terro “bioisostere” refers to a compound resulting from the exchange
of an atom or of a group of atoms with another, broadly simiar, atom or group of atoms. The
objective of a bicisosteric replacement is to create a new compound with stmilar biological
properties to the parent compound. The bioisosteric replacement may be physicochemically or
topologically based. Examples of carboxylic acid bioisosteres melude, but are not hmited to, acyl
suffonamides, tetrazoles, sulfonates and phosphonates. See, e.g., Patant and LaVoie, Chem. Rev.
96, 3147-3176, 1996.

(0218} It 15 also to be understood that certain compounds of any one of the Formulae disclosed
heremn may exist 1n solvated as well as unsolvated forms such as, for example, hydrated forms. A
suttable pharmaceutically accepiable solvate 13, for example, a hydrate such as hemi-hydrate, a
mono-hydrate, a di-hydrate or a tri-hydrate. It 1g to be understood that the disclosure
encompasses all such solvated forms that possess inflammasome inhibitory activity.

02191 It 1s also to be understood that certain compounds of any one of the Formulae disclosed
herein may exhibit polymeorphism, and that the disclosure encompasses all such forms, or

mixtures thereof, which possess inflammasome inhibitory activity. It is generally known that
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crystalline materials may be analysed using conventional techniques such as X-Ray Powder
Diffraction analysis, Differential Scanning Calorimetry, Thermal Gravimetric Analysis, Diffuse
Reflectance Infrared Fourter Transform (BRIFT) spectroscopy, Near Infrared (NIR)
spectroscopy, solution and/or solid state nuclear magnetic resonance spectroscopy. The water
content of such crystalline materials may be determined by Karl Fischer analysis.

02201 Compounds of any one of the Formulae disclosed herein may exist in a number of
different tautomeric forms and references to compounds of any one of the Formulae include all
such forms. For the avoidance of doubt, where a compound can exist in one of several tautomeric
forms, and only one is specifically described or shown, all others are nevertheless embraced by
the Formulae disclosed herein. Examples of tautomeric forms include keto-, enol-, and enolate-
forms, as in, for example, the following tautomeric pairs: keto/enol (illustrated below),
mine/enamine, amide/imino alcohol, amidine/amidine, nitroso/oxime, thioketone/enethiol, and

nitro/aci-nitro.

T 0 OH H O
____C___,C —— CZ{S e C:Cf
I AN - AN M ya AN

keto enol enolate

02211 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 mcludes 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
nitrogen-containing heterocycle. N-oxides can be formed by treatment of the corresponding
amine with an oxidizing agent such as hydrogen peroxide or a peracid {e.¢. a peroxycarboxylic
actd), see for example Advanced Organic Chenustry, by Jerry March, 4th Edition, Wiley
Interscience, pages. More particularly, N-oxides can be made by the procedure of L. W. Deady
{Syn. Comm. 1977, 7, 509-514) in which the amine compound is reacted with meta-
chloroperoxybenzoic acid (mCPBA), for example, in an inert solvent such as dichloromethane.
(02227 The compounds of any one of the Formulae disclosed herein may be admimstered in the
form of a prodrug which s broken down in the human or animal body to release a compound of
the disclosure. A prodrug may be used to alter the physical properties and/or the pharmacokinetic

&
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properties of a compound of the disclosure. A prodrug can be formed when the compound of the
disclosure contains a suitable group or substituent to which a property-modifying group can be
attached.

02231 Accordingly, the present disclosure includes those compounds of any one of the
Formulae disclosed herein as defined hereinbefore when made available by organic synthesis and
when made available within the human or animal body by way of cleavage of a prodrug thereof.
Accordingly, the present disclosure includes those compounds of any one of the Formulae
disclosed herein that are produced by organic synthetic means and also such compounds that are
produced in the human or animal body by way of metabolism of a precursor compound, thatis a
compound of any one of the Formulae disclosed herein may be a synthetically-produced
compound or a metabolically-produced compound.

[0224] A suitable pharmaceutically acceptable prodrug of a compound of any one of the
Formulae disclosed herein is one that is based on reasonable medical judgment as being suitable
for administration to the human or animal body without undesirable pharmacological activities
and without undue toxicity. Vartous forms of prodrug have been deseribed, for example in the
followmng documents: a} Methods in Enzymeology, Vol. 42, p. 309-396, edited by K. Widder, et
al. (Academic Press, 1985); b} Design of Pro~-drugs, edited by H. Buodgaard, (Elsevier, 1985); ¢}
A Textbook of Drug Design and Development, edited by Krogsgaard-Larsen and H. Bundgaard,
Chapter S “Design and Appheation of Pro-drugs”, by H. Bundgaard p. 113-191 (1991}, d) H.
Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38 {1992); ¢) H. Bundgaard, et al., Journal
of Pharmaceutical Sciences, 77, 285 (1988}, {} N. Kakeya, et al., Chem. Pharm. Bull, 32, 692
(19843; ¢} T. Higuchi and V. Stella, “Pro-Drugs as Novel Delivery Systems”, A C.8. Symposium
Series, Volume 14; and hy E. Roche {editor), “Bioreversible Carriers in Drug Design”, Pergamon
Press, 1987,

02251 The in vivo effects of a compound of any one of the Formulae disclosed herein may be
exerted n part by one or more metabolites that are formed within the human or animal body after
admunistration of a compound of any one of the Formulae disclosed herein. As stated
hereinbefore, the in vivo effects of a compound of any one of the Formulae disclosed herein may
also be exerted by way of metabolism of a precurser compound {(a prodrug).

[0226} Suitably, the present disclosure excludes any individual compounds not possessing the

biological activity defined herein.
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Nucleic Acid Agents Containing the 5’-End Units
[0227% In some aspects, the present disclosure provides a Nucleic Acid Agentora
pharmaceutically acceptable salt thereof, wherein the Nucleic Acid Agent comprises:

an oligonucleotide comprising one or two 57-End Units being covalently attached to the
oligonucleotide, wherein each 5-End Unit independently is:

z R6 RS Z

O X
##E‘

i . P 5 A 4 - . . ifioc ‘
wherein variables B, RY, R?, R°, R* R® X and Z are described herein, and ## indicates an

or

attachment to the rest of the oligonucleotide.
[0228] In some embodiments, the Nucleic Acid Agent comprises a single strand RNA {e g,
single strand siRNA}.
[0229] In some embodiments, the Nucleic Acid Agent comprises a single strand RNA {e g,
single strand siRNA), and one 5’-End Unit is covalently attached to the 5’ -terminal position of
the single strand RNA (e.g, single strand siRNA).
[02301 In some embodiments, the Nucleic Acid Agent comprises a double strand RNA (e.g,
double strand siRNA).
02311 In some embodiments, the Nucleic Acid Agent comprises a double strand RNA {e.g.,
double strand siRNA} and at least ove §’-Eand Unut.
[0232] In some embodiments, the Nucleic Acid Agent comprises a double strand RNA {e.g.,
double strand sitRNA} and one or two 5~End Units.
[0233] In some embodiments, the Nucleic Acid Agent comprises a double strand RNA {e.g,,
double strand siRNA} and one or two 5" -End Units, wherein:

a 5’ -End Uunit 15 attached to the sense strand (e.g., at the 57~ termnal position) of the
double strand RNA (e.g., double strand siRNA); and/or

3 5’-End Unit 15 attached to the antisense strand {&.g., at the 5~ terminal position) of the
double strand RNA (e.g., double strand siRNA).

[0234] In some embodiments, the Nucleic Acid Agent comprises a double strand RNA {e.g,,

3
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double strand siRNA) and one 5"-End Unit, wherein:

the 5"-End Unit is attached to the sense strand (e.g., at the 5°- terminal position) of the
double strand RNA (e.g., double strand siRNA).
[0235] In some embodiments, the Nucleic Acid Agent comprises a double strand RNA {e.g.,
double strand siRNA) and one 5"-End Unit, wherein:

the 5’-End Unit is attached {o the antisense strand (e.g, at the 5°- terminal position) of the
double strand RNA (e.g., double strand siRNA).

[0236] In some embodiments, the Nucleic Acid Agent comprises a double strand RNA {e.g.,

double strand siRNA) and two 5'-End Units, wherein:

one 3’-End Unit is attached to the sense strand {e.g., at the 3°- terminal position) of the

double strand RNA (e.g., double strand siRNA); and

the other §'-End Unit is attached to the antisense strand {e.g., at the 5~ terminal position)

of the double strand RNA (e g, double strand siRNA).

(0237} In some embodiments, the 5’-End Untt in the Nucleic Acid Agent is

b B e B
9 3
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or a pharmaceutically acceptable salt thereof, wheremn:
7 15 -P(R% )z, -P(ORZIN(RY), -PEONORARY, -P(=8)ORAHRY, -P(=0)}SRAR?, -
P(=S)(SRARZ, -P(=0)}OR%), -P(=SHOR%, -P(=0})(8R%):, or -P(=S}SR%);
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each R” independently is H or C1-Cs alkyl optionally substituted with one or more
halogen or cyano.
[0238} In some embodiments, the ’-End Unit in the Nucleic Acid Agent 1s:
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or a pharmaceutically acceptable salt thereof, wherein B is adenine {A), cytosine (C), guanine
(G}, thymine (T), or vractl (U},
[0239] In some embodiments, the 5”-Fnd Unit in the Nucleic Acid Agent 15 selected from the 5°-

End Units described in Table N.
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Compound No. Structure
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Conjugates Containing the 5’-End Units
[0240] As used herein, the term “conjugate” refers to a compound or complex that comprises a
Mucleic Acid Agent being covalently attached to one or more Ligands and one or two 5°-End
Units of the present disclosure.
[0241] In some aspects, the present disclosure provides a conjugate or a pharmaceutically
acceptable salt thereof, wherein the conjugate comprises:

(1) a Nucleic Acid Agent, comprising:

an oligonucleotide comprising one or two 5’-End Units being covalently attached

to the oligonucleotide, wherein each 57-End Unit independently is:

wherein variables B, RY, R2 R®, RY R®, X, and Z are described herein, and ## indicates
an attachment o the rest of the ohigonucieotide; and
(11) one or more Ligands being covalently attached to the Nucleic Acid Agent.
[024Z] In some embodiments, the conjugate comprises a single strand RNA {e g, single strand
siRNA), one or more Ligands, and one 5°-End Unit.
[0243} In some embodiments, the conjugate comprises a single strand RNA {e.g., single strand
siRNA}Y, one or more Ligands, and one 5 -End Unit, and the 5”-End Unit s covalently attached
to the 5’-termunal position of the single strand RNA (e g., single strand siRNA}.
[0244} In some embodiments, the conjugate comprises a double strand RNA (e.g., double strand
siRINA), one or more Ligands, and at least one 5”-End Units.

[02451 In some embodiments, the conjugate comprises a double strand RNA (e.g., double strand
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siRNA}Y, one or more Ligands, and one or two 57-End Units.
[0246] In some embodiments, the conjugate comprises a double strand RNA (e g., double strand
siRNA}Y, one or more Ligands, and one or two 57-End Units, wherein:

a 5’-End Unit 1s attached to the sense strand (e.g., at the 5~ terminal position) of the
double strand RNA (e.g., double strand siRNA}; and/or

a 5’-End Unit is attached to the antisense strand {e.g., at the 5~ terminal position) of the
double strand RNA (e.g., double strand siRNA).
[0247] In some embodiments, the conjugate comprises a double strand RNA {e.g., double strand
siRNA}, one or more Ligands, and one 3°-End Unit, wherein:

the $°-End Unit s attached to the sense strand {(e.g., at the 5~ terminal position) of the
double strand RNA {(e.g., double strand siRNA).
[0248] In some embodiments, the conjugate comprises a double strand RNA {e.g., double strand
siRNA), one or more Ligands, and one 5’ -End Unit, wherein:

the 5°-End Unit is attached to the antisense strand {e.g, at the 5°- terminal position} of the
double strand RNA {(e.g., double strand siRNA).
(02491 In some embodiments, the conjugate comprises a double strand RNA (e.g., double strand
siRNA}, one or more Ligands, and two 5°-End Units, wherem:

one 5’ -End Unit 1s attached to the sense strand {e.g., at the 5°- termunal position} of the
double strand RNA (e.g., double strand siRNA}; and

the other 5”-End Unit 1s attached to the antisense strand {e.g., at the 5™~ terminal position}
of the double strand RNA {e.g., double strand siRNA}.
0250} In some embodiments, the §’-End Unit in the conjugate 1s:
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or a pharmaceutically acceptable salt thereof, wherein B is adenine (A}, cytosine {C), guanine
{5}, thymine (T), or uracit (U},
(02511 In some embodiments, the 5-End Unut in the conjugate is selected from the 5-Tind Unus

described in Table C.

Table C
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3’-FEnd Units

[0252] As used herein, a “5’-End Unit” or “5"-end unit” refers to a molety corresponding to a
Phosphate Mimic Derivative in which Y is replaced with an attachment to a Nucleic Acid Agent.
(02531 In some embodiments, the 3’-End Unit is of Formula (1), wherein Y is replaced with an
attachment to the Nucleic Acid Agent.

[0254] In some embodiments, the 5”-End Untt is of Formula (I"-1), (I"-2), (1P-1), or (I1"-2),
wherein Y 1s replaced with an attachment to the Nucleic Acid Agent.

02551 In some embodiments, the 5’-End Untt 18 of Formula (1-A) or (I1-A), wherein Y is
replaced with an attachment to the Nucleic Acid Agent.

[02561 In some embodiments, the 5-End Unut 8 of Formula (§-A7-1), (A7-2), (JI-A-1), or (I1-
A’-2), wheretn Y 1s replaced with an attachment to the Nucleic Acid Agent.

[0257] In some embodiments, the 5°-End Unit 5 of Formula (1-B-1), (I-B-2), (II-B-1), or (II-B-
2}, wherein Y 15 replaced with an attachment to the Nucleic Acid Agent

[0258] In some emboduments, the 8”-End Untt 15 of Formula (I-87-1), (1-87-2), (I-B°-3), (I-B7-4),
({I-8°-1), (I1-B-2), (I1-B-3}, or (II-B°-4), wherein Y 13 replaced with an attachment to the
Nucleic Acid Agent.

[0259] In some embodiments, the 5'-End Unit, prior to attachment, is a phosphate mimie
derivative deseribed herein.

02601 In some embodiments, the 5'-End Unit, prior to attachment, 15 a compound of Formula
(13 or a pharmaceutically acceptable salt thereof.

[0261] In some embodiments, the 5”-End Unit, prior to attachment, 1s a compound of Formula
(-1, (I'-2), (IF°-1), or (IF'-2) or a pharmaceutically acceptable salt thereof.

0262} In some embodiments, the 5'-End Unit, prior to attachment, 1s a compound of Formula

(1-A) or (11-A}, or a pharmaceutically acceptable salt thereof
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[0263} In some embodiments, the 5’-End Unit, prior to attachment, is a compound of Formula
(-A-13, (I-A-2), (IE-A’-1), or (11-A’-2), or a pharmaceutically accepiable salt thereof.

[0264} In some embodiments, the ’-End Unut, prior to attachment, is 2 compound of Formula
{1-B-1), (I-B-2), (11-B-1}, or (11-B-2}, or a pharmaceutically acceptable salt thereof.

0265} In some embodiments, the 5’-End Unut, prior to attachment, is a compound of Formula
(1-B°-1), (1-B°-2), (I-B-3), (-B"-4), (I-B°-1), (11-B°-2), (11-B’-3), or (11-B"-4), or a
pharmaceutically acceptable salt thereof.

[0266] In some embodiments, the 5’-End Untt, prior to attachment, is a compound selected from
the compounds described in Table E and pharmaceutically acceptable salts thereof

Ligands

[0267% As used herein, the term “ligand” refers to a moiety that, when being covalently attached

to a Nucleic Acid Agent (e.g., an oligonuclectide), 1s capable of mediating 1ts entry into, or

facilitating its delivery to, a target site {e.g., a target cell or tissue).

[0271] In some embodiments, the ligand comprises a carbohydrate mosety.

102721 As used herein, “carbohydrate moiety” refers to a moiety which comprises one or more
monosaccharide units each having at least six carbon atoms {which may be hinear, branched or
cychic), with an oxygen, mitrogen or sulfur atom bonded to each carbon atom. In some
embodiments, the carbohydrate moiety comprises a monosaccharide, a disaccharide, a
trisaccharide, or a tetrasaccharide. In some embodiments, the carbohydrate moiety comprises an
oligosaccharide containing from about 4-9 monosaccharide units. In some embodiments, the
carbohydrate moiety comprises a polysaccharide (e.g., a starch, a glycogen, a cellulose, ora

polysaccharide gum).

~3
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[02731 In some embodiments, the carbohydrate moiety comprises a monosaccharide, a
disaccharide, a trisaccharide, or a tetrasacchande.

[0274} In some embodiments, the carbohydrate moiety comprises an oligosaccharide {fe.g.,
containing from about four to about nine monosacchande uniis).

[0275] In some embodiments, the carbohydrate motety comprises a polysacchanide (¢.g., a
starch, a glycogen, a cellulose, or a polysaccharide gum).

[0276] In some embodiments, the ligand 15 capable of binding to a human asialoglycoprotein
receptor {ASGPR), e g , human asialoglycoprotein receptor 2 (ASGPR2).

[0277] In some embodiments, the carbohvdrate moiety comprises a sugar {e.g., one, two, or
three sugar).

[0278] In some embodiments, the carbohydrate moiety comprises galactose or a derivative
thereof {e.g., one, two, or three galactose or the derivative thereof).

[0279] In some embodiments, the carbohydrate motety comprises N-acetylgalactosamine or a
derivative thereof {e.g , one, two, or three N-acetylgalactosamine or the derivative thereof).
[0280] In some embodiments, the carbohydrate moiety comprises N-acetyl-D-galactosylamine
or a derivative thereof {e.g., one, two, or three N-acetyl-D-galactosylamine or the derivative
thereof).

[0281] In some embodiments, the carbohvdrate motety comprises N-acetylgalactosamine {e.g.,
one, two, or three N-acetylgalactosamine}.

[0282] In some embodiments, the carbohydrate motety comprises N-acetyl-D-galactosylamine
{e.g., one, two, or three N-acetyl-D-galactosylamine}.

0283} In some emboduments, the carbohydrate motety comprises mannose or a derivative
thereof {e.g., mannose-6-phosphate).

02841 In some embodiments, the carbohydrate morety further comprises a linking mosety that
connects the one or more sugar (e.g., N-acetyl-D-galactosylamine) with the 5°-End Unit.
[0285] In some embodiments the hnking motety comprises thioether {e.g., thiosuccnimide, or
the hydrolysis analogue thereof), disulfide, triazole, phosphorothioate, phosphodiester, ester,
amide, or any combination thereof.

0286} In some embodiments, the hinking motety 1s a triantennary linking moiety.

[0287% Suitable ligands include, but are not limited to, the ligands disclosed in PCT Appl'n Pub.
Nos. WO/2015/006740, WG/2016/100401, WO/2017/214112, WO/2018/039364, and

76
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0303} In some embodiments, the ligand comprises OH.

[0304] In some embodiments, the higand comprises a lipid motety {e.g., one, two, or three lipid
moiety).

[0305] In some embodiments the lipid moiety comprises {e.g., one, two, of three of} Cs-Cas fatty
acid, cholesterol, vitamin, sterol, phospholipid, or any combination thereof.

[0306] In some embodiments, the ligand comprises a peptide moiety {e.g., one, two, or three
peptide moiety).

(03071 In some embodiments, the peptide moiety comprises {e.g., one, two, or three of} integrin,
msulin, glucagon-like peptide, or any combination thereof.

(0308} In some embodiments, the ligand comprises an antibody moiety (e.g., transferrin}.
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[03091 In some embodiments, the ligand comprises one, two, or three antibody moieties (e g,
transferrin}.
[0310} In some embodiments, the ligand comprises an oligonucleotide {e.g., aptamer or CpG).
[0311] In some embodiments, the higand comprises one, two, or three oligonucleotides (e.g.,
aptamer or CpGh
[0312] In some embodiments, the ligand comprises:

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

one, two, or three hipid moteties;

one, two, or three peptide moieties;

one, two, or three antibody moieties;

one, two, or three oligonucleotides; or

any combination thereof
Other Aspecis of the Nucleic Acid Agents
[0313] In some embodiments, the Nucleic Acid Agent is hinked to the Ligand (e g, GalNAcg).
(03141 In some embodiments, the Nucleie Acid Agent 1s linked to the Ligand via an internal or
terminal nucleotide of the Nucleie Acid Agent.
[0315] In some embodiments, the Nucleic Acid Agent comprises an oligonucleotide.
[0316] In some embodiments, the Nucleic Acid Agent (e.¢., the oligonucleotide) comprises one
or more phosphate groups or one or more analogs of a phosphate group.
[0317] In some embodiments, the 3”-End Unit 15 attached to the oligonucleotide via a phosphate
group, or an analog of a phosphate group, in the Nucleic Acid Agent.
[0318} In some embodiments, the oligonucleotide has a length of from 1 to 100 nucleotides,
from 1 1o 80 nucleotides, from 1 to 60 nuclectides, or from T o 50 nucleotides.
[0319] In some embodiments, the oligonucleotide has a length of from 1 to 40 nucleotides, from
10 to 40 nucleotides, from 12 to 35 nucleotides, from 15 to 30 nucleotides, from 18 0 23
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 oligonuclestide has a
length of 19, 20, 21, 22, or 23 nucleotides.
[0320} In some embodiments, the Nucieic Acid Agent comprises an RNA, a DNA, or a mixture
thereof.

[0321] In some embodiments, the oligonucleotide comprises an RNA, a DNA, or 3 mixture
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thereof.

[0322} In some embodiments, the Nucieic Acid Agent comprises an RNA.

[0323} In some embodiments, the cligonucleotide is an RNA.

[0324} In some embodiments, the oligonucleotide is an siRNA (e g., a single strand siRNA {e.g,,
a hairpin single strand siRNA} or a double strand siRNA), microRNA, antimicroRNA,
microRINA mimics, antimiR, antagomir, dsRNA, ssRNA| aptamer, immune stimulatory
oligonucleotide, decoy oligonucleotide, splice altering oligonucleotide, triplex forming
oligonucleotide, G-quadruplexe, or antisense oligonucleotide.

[0325] 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 heremn.

(03261 In some embodiments, the oligonucleotide is a double stranded RNA (dsRNA), wherein
the double stranded RNA comprises a sense strand and an antisense strand, as described herein.
(0327} In some embodiments, the Nucleic Acid Agent comprises a double stranded siRNA {ds-
siRNA}, wherein the double stranded sSiIRNA comprises a sense strand and an antisense strand, as
described herern.

[0328] In some embodiments, the oligonucleotide 1s a double stranded siRNA (ds-siRNA},
wherein the double stranded siRNA comprises a sense strand and an anfisense strand, as
described herem.

[0329] It 15 understood that sense strand is also known as passenger strand, and the terms “sense
strand” and “passenger strand” are used interchangeably heren.

[0330] It 15 understood that antisense strand 18 also known as guide strand, and the terms
“antisense strand” and “guide strand” are used interchangeably herein.

(03311 In some embodiments, the oligonucleotide is an 1IRNA,

0332} The term “1RNA” refers to an RNA agent which can down regulate the expression of a
target gene {e.g., an sSiRNA}, e g, an endogenous or pathogen target RNA. While not wishing to
be bound by theory, an iIRNA may act by one or more of a number of mechanisms, including
post-transcriptional cleavage of a target mRNA (referred to in the art as RNAU}, or pre-
transcriptional or pre-translational mechanisms. An iRNA can include a single strand or can
include more than one strands, €.g., it can be a double stranded iIRNA. If the tRNA is a single

strand 1t can include a 5" modification which mcludes one or more phosphate groups or one or
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more analogs of a phosphate group. In some embodiments, the i1RNA is double stranded. In some
embodiments, one or both strands of the double stranded iIRNA can be modified, eg, 5
modification.

[0333] The iIRNA typically includes a region of sufficient homology to the target gene, and is of
sufficient length in terms of nucleotides, such that the iIRNA, or a fragment thereof, can mediate
down regulation of the target gene. The 1IRNA 1s or inclodes a region which 13 at least partially,
and in some embodiments fully, complementary to the target RNA. It i3 not necessary that there
be perfect complementarity between the iRNA and the target, but the correspondence may be
sufficient to enable the iIRNA, or a cleavage product thereof, to direct sequence specific
sifencing, e g., by RNAI cleavage of the target RNA, e g, mRNA.

[0334] The nucleotides i the iRNA may be moditied (e.g., one or more nucleotides may include
a 2'-F or 2'-0CH; group, or be nucleotide surrogates). The single stranded or double stranded
regions of an iIRNA may be modified or include nucleotide surrogates, e.g., the unpaired region
or regions of a hawpin structure, e.¢., a region which links two complementary regions, can have
modifications or nucleotide surrogates. Modification to stabilize one or raore 3'- or 3'-terminus
of an IRNA, e.g., against exonucleases. Modifications can include C3 {or Co, C7, C12) amine
linkers, thiol linkers, carboxyl hinkers, non-nuclectidic spacers (C3, C6, €9, C12, abasic,
triethylene glycol, hexasthylene glycol), special biotin or fluorescein reagents that come as
phosphoramidites and that have another DMT-protected hyvdroxyl group, allowmg multiple
couplings during RNA synthesis. Modifications can also include, &.g., the use of modifications at
the 2' OH group of the ribose sugar, e.g | the use of deoxyribonucleotides, e.g., deoxythymdine,
mstead of ribonucleotides, and modifications in the phosphate group, e.g., phosphothioate
modifications. In some embodiments, the different strands will include different modifications.
(03357 In some embodiments, the strands are chosen such that the IRNA nclades a single strand
or unpaired region at one or both ends of the molecule. A double stranded 1IRNA 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 iRNA has overhangs, e.g., 3" overhangs, of at least 2 {e.g., 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.

[0336} 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
f=l =
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are between 15 and 30, most preferably 18, 19, 20, 21, 22, and 23 nucleotides in length. In some
embodiments, the duplexed regions are between 6 and 20 nuclectides, most preferably 6, 7, 8, 9,
10, 11 and 12 nuclectides in length.

[0337] The oligonucleotide may be that described in U.S. Patent Publication Nos.
2009/0239814, 2012/0136042, 2013/0158824, or 2009/0247608, each of which is hereby
meorporated by reference.

[0338] In some embodiments, the cligonucleotide is an siRNA.

[0339] In some embodiments, the oligonucleotide is a single sirand siRNA.

[0340] In some embodiments, the oligonucleotide is a double strand siRNA, for example, double
strand siRNA described herein.

03411 A “single strand siRNA” as used herein, 15 an siRINA which is made up of a single strand,
which includes a duplexed region, formed by intra-strand pairing, e g, it may be, or include, a
hairpin or pan-handle structure. Single strand siRNAs may be antisense with regard to the target
molecule.

(034271 A single strand siRNA may be sufficiently long that it can enter the RISC and participate
m RISC mediated cleavage of a target mRNA. A single strand siRNA 13 at least 14, and wn some
ermmbodiments at least 15, 20, 25, 29, 35, 40, or 50 nucleotides in length. In some embodiments, it
is less than 200, 100, 80, 60, 30, 40, or 30 nucleotides in length.

03431 In some embodiments, the single strand siIRNA has a length of from 10 to 40 nucleotides,
from 12 to 35 nucleotides, from 15 to 30 nucleotides, from 18 to 25 nuclestides, or from 20 to 23
nucleoiides. In some embodiments, the single strand siIRNA has a length of 18, 19, 20, 21, 22,
23, 24, or 25 nucleotides. In some embodiments, the single strand s1RNA has a length of 20, 21,
22, or 23 nucleotides.

0344} Hairpin siRNAs may have a daplex region equal to or at least 17, 18, 19, 20, 21, 22, 23,
24, or 25 nucleotide pairs. The duplex region may be equal to or less than 200, 100, or 50
nucleotide pairs in length. In some embodiments, ranges for the duplex region are 15-30, 17 to
23,1910 23, and 19 to 21 nucleotides pairs in length. The hairpin may have a single strand
overhang or terminal unpaired region. In some embodiments, the overhangs are atleast 2 {e.g., 2
or 3} nucleotides i length. In some embodiments, the overhang is at the sense side of the hairpin
and in some embodiments on the antisense side of the hairpin.

[0345] In some embodiments, the oligonucleotide is a double strand siRNA.
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[03461 A “double stranded siRNA” as used herein, 1s an siRNA which includes more than one,
and iy some cases two, strands in which interchain hybridization can form a region of duplex
structure.

[0347] In some embodiments, the sense strand of a double stranded siRNA may be equal to or at
least 14, 15, 16 17,18, 19, 20, 21, 22, 23, 24, 25, 29, 40, or 60 nucleotides in length. 1t may be
equal to or less than 200, 100, or 50 nucleotides in length. Ranges may be 13 10 36, 17 t0 25, 19
t0 23, 1910 21, 21 to 23, or 20 to 22 nucleotides in length.

[0348] In some embodiments, the sense strand has a length of from 10 to 40 nucleotides, from 12
to 35 nucleotides, from 13 to 36 nucleotides, from 15 to 30 nucleotides, from 18 to 25
nucleotides, or from 20 to 23 nucleotides. In some embodiments, the sense strand has a length of
from 13 to 36 nucleotides. In some embodiments, the sense strand has a length of 18, 19, 20, 21,
22,23, 24, or 25 nucleotides. In some embodiments, the sense strand has a length of 20, 21, 22,
or 23 nucleotides.

[0349] In some embodiments, the sense strand has a length of 18, 19, 20, 21, or 22 nucleotides.
In some ernbodiments, the sense strand has a length of 20, 21, or 22 nucleotides.

(03501 In some embodiments, the antisense strand of a double stranded siRNA may be equal to
or at feast, 14, 15, 16 17, 18, 19, 20, 21, 22, 23, 24, 25, 29, 40, or 60 nucleotides in length. It may
be equal to or less than 200, 100, or 50 nucleotides in length. Ranges may be 17 to 25, 18to 31,
1910 23, 19t0 21, 21 to 23, or 20 to 22 nucleotides in length.

(03511 In some embodiments, the antisense strand has a length of from 10 to 40 nucleotides,
from 12 {0 35 nucleotides, from 15 to 30 nucleotides, from 18 to 31 nucleotides, from 18 to 25
nucleotides, or from 20 to 23 nucleotides. In some embodiments, the antisense strand has a
length of from 18 t0 31 nucleotides. In some embodiments, the aniisense strand has a fength 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 nucleotides.

[0352] In some embodiments, the antisense strand has a fength of 20, 21, 22, 23, or 24
nucleotides. In some embodiments, the antisense strand has a length of 21, 22, or 23 nucleotides.
[03531 In some embodiments, the sense strand has a length of from 13 to 36 nucleotides, and the
antisense sirand has a length of from 18 to 31 nucleotides. In some embodiments, the sense
strand has a length of 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides, and the antisense sirand has a

length of 18, 19, 20, 21, 22, 23, 24, or 25 nuclentides. In some embodiments, the sense strand has
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alength of 18, 19, 20, 21, or 22 nucleotides, and the antisense strand has a length of 20, 21, 22,
23, or 24 nucleotides. In some embodiments, the sense strand has a length of 20, 21, or 22
nucleotides, and the aniisense strand has a fength of 21, 22, or 23 nucleotides.

[0354] In some embodiments, the sense strand has a length of 18 nucleotides, and the antisense
strand has a length of 20 nucleotides.

[0355] in some embodiments, the sense strand has a length of 19 nucleotides, and the antisense
strand has a length of 21 nucleotides.

[0356] In some embodiments, the sense strand has a length of 20 nucleotides, and the antisense
strand has a length of 22 nucleotides.

(03571 In some embodiments, the sense strand has a length of 21 nucleotides, and the antisense
strand has a length of 23 nucleotides.

[0358] In some embodiments, the sense strand has a length of 22 nucleotides, and the antisense
strand has a length of 24 nucleotides.

[0359] The double strand portion of a double stranded siRNA may be equal to or at least, 14, 15,
16 17, 18,19, 20, 21, 22, 23, 24, 25, 29, 40, or 60 nucleotide pairs in length. It may be equal to
or less than 200, 100, or 50 nucleotides paurs 10 length. Ranges may be 1510 30, 1710 23, 19 t0
23, and 19 to 21 nucleotides pairs in length

[0360] In some embodiments, the siRNA is sufficiently large that it can be cleaved by an
endogenous molecule, e.g., by Dicer, to produce smaller siRNAs, e g, siRNAs agents

(03611 The sense and antisense strands may be chosen such that the double-stranded siRNA
meludes a single strand or unpaired region at one or both ends of the molecule. Thus, a double-
stranded siRNA may contain sense and antisense strands, paired {0 contain an overhang, e.g., ong
or two 5 or 3’ gverhangs, or a 3' overhang of 1-3 nucleotides. The overhangs can be the result of
one strand being longer than the other, or the result of two strands of the same length being
staggered. Some embodiments will have at least one 3’ overhang. In some embodiments, both
ends of an sIRNA molecule will have a 3’ overhang. In some embodiments, the overhang s 2
nucleotides.

(03621 In some embodiments, the length for the duplexed region is between 15 and 30, or 18, 19,
20, 21, 22, and 23 nucleotides in length, e g, in the ssiRNA range discussed above. ssiRNAs can
resembie in length and structure the natural Dicer processed products from long dsiRNAs.

Embodiments in which the two strands of the ssiRNA are attached, e.g., covalently attached are
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also included. Hairpin, or other single strand structures which provide the required double
stranded region, and a 3’ overhang are also contemplated.

[0363}1 In some embodiments, the siRNA is a dsRNA.

[0364] In some embodiments, the dsRNA comprises a sense strand having a length of from 13
to 36 nucleotides, from 15 to 30 nucleotides, from 18 to 25 nuclestides, or from 20 to 22
nucleotides.

[0365] 1n some embodiments, the dsRNA comprises an antisense strand having a length of from
18 to 31 nucleotides, from 19 to 27 nucleotides, from 20 to 24 nucleotides, or from 21 to 23
nucleotides.

(03661 In some embodiments, the dsRNA comprises a sense strand having a length of from 13
to 36 nucleotides, from 15 to 30 nucleotides, from 18 to 25 nucleotides, or from 20 to 22
nucleotides, and an antisense strand having a length of from 18 to 31 nucleotides, from 19 1o 27
nucleotides, from 20 to 24 nucleoiides, or from 21 to 23 nucleciides.

(03671 In some embodiments, the dsRNA comprises a sense strand having a length of from 20
to 22 nucleotides, and an antisense strand having a length of from 21 1o 23 nucleotides.

103681 In some embodiments, n the dsRNA, the antisense strand has a 37 overhang, e.g., of at
least 2 nucleotides.

[0369] In some embodiments, the dsRNA comprises at least one modified phosphate backbone,
e.g., phosphorothicate, methylphosphonate, or phosphorodithioate.

(03701 In some embodiments, the dsRNA 1s finked to the Ligand {e.g., GalNAc) via an mternal
or terminal nucleotide of the dsRNA.

(03717 The siRNAs described herein, including double-stranded siRNAs and single-stranded
siRNAs can mediate stlencing of a target RNA, e.g, mRNA, e.g., a transcript of a gene that
encodes a protemn. For convenience, such mRNA 13 also referred to herein as mRNA to be
silenced. Such a gene 1s also referred to as 3 target gene. In general, the RNA to be silenced 15 an
endogenous gene or a pathogen gene. In addition, RNAs other than mRNA, e.g., tRNAg, and
viral RNAs, can also be targeted.

03721 As used herein, the phrase “mediates RNA{” refers to the ability to silence, in a sequence
specific manner, a target RNA. While not wishing to be bound by theory, it is believed that
silencing uses the RNA machinery or process and a guide RNA| e.g., an ssiRNA of 21 15 23

nucleotides.
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[0373] In some embodiments, an SIRNA 15 “sufficiently complementary” to a target RNA eg. a
target mRINA, such that the siRNA silences production of protein encoded by the target mRNA.
In another embodiment, the siRNA is “exactly complementary” to a target RNA, e g, the target
RNA and the siRNA anneal, for example to form a hybnid made exclusively of Watson-Crick
base pairs in the region of exact complementarity. A “sufficiently complementary” target RNA
can include an internal region {e.g., of at least 10 nuclectides} that is exactly complementary to a
target RNA. Moreover, in some embodiments, the siRNA specifically discriminates a single-
nuclectide difference. In this case, the siRNA only mediates RNA1 f exact complementary is
found in the region (e g, within 7 nucleotides of} the single-nucleotide difference.

(03741 MicroRNAs: Micro RNAs (miRNAs) are a highly conserved class of small RNA
molecules that are transcribed from DNA in the genomes of plants and animals, but are not
translated into protein. Processed miRNAs are single stranded "17-25 nucleotide (nt) RNA
molecules that become incorporated into the RNA-induced silencing complex (RISC) and have
been identified as key regulators of development, cell proliferation, apoptosis and differentiation.
They are believed to play a role in regulation of gene expression by binding to the 3'-untranslated
region of specific mRNAs, RISC mediates down-regulation of gene expression through
translational inhibition, transcript cleavage, or both. RISC is also implicated n transcriptional
silencing in the nucleus of a wide range of eukaryotes.

03751 The number of muRNA sequences 1dentified to date is large and growing, lustrative
examples of which can be found, for example, in: “nuRBase: microRNA sequences, fargets and
gene nomenclature” Griffiths-Jones 8, Grocock R J, 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.

103761 Aatisense Oligonacieotides: In some embodiments, a nucleic acid is an antisense
oligonucleotide directed to a target polynucleotide. The term “antisense oligonucleotide” or

3

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

complementary mRINA strands by binding to 1, or by leading to degradation of the target
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mRINA. Antisense DNA can be used to target a specific, complementary {coding or non-coding)
RNA. If binding takes places this DNA/RNA hybrid can be degraded by the enzyme RNase H.
In some embodiments, antisense oligonucleotides contain from about 10 to about 50 nucleotides,
more preferably about 15 to about 30 nuclectides. The term also encompasses antisense
oligonucleotides that may not be exactly complementary 1o the desired target gene. Thus,
mstances where non-target specific-activities are found with antisense, or where an antisense
sequence containing one or more mismatches with the target sequence is the most preferred fora
particular use, are contemplated.
[0377] Antisense oligonucieotides have been demonstrated to be effective and targeted inhibitors
of protein synthesis, and, consequently, can be used to specifically inhibit protein synthesis by a
targeted gene. The efficacy of antisense oligonucleotides for inhibiting protein synthesis is well
established. For example, the synthesis of polygalacturonase and the muscarine type 2
acetylcholine receptor are inhibited by antisense oligonucleotides directed to their respective
mRNA sequences (U.S. Pat. Nos. 5,739,119 and 5,759,829 each of which is mcorporated by
reference). Further, examples of antisense inhibition have been demonstrated with the nuclear
protein cycln, the multiple drog resistance gene (MDGH), ICAM-1, E-selectin, STK-1, striatal
GABAA receptor and human EGF (Jaskulsks et al., Science. 1988 Jun. 10; 240(48538).1544-6;
Jasanthakumar and Ahmed, Cancer Conmmun. 1989; 1(4):225-32; Penis et al, Brain Res Mol
Brain Res. 1998 Juo. 15, ST{2):310-20; U8 Pat Nos. 5,801,154, 5,789,573; 5,718,709 and
5,610,288, each of which 1s incorporated by reference). Furthermore, antisense constructs have
also been described that inhubit and can be used to treat a variety of abnormal cellular
profiferations, e.g. cancer {U.S. Pat. Nos. 5,747.470; 5,591,317 and 5,783,683, each of which is
meorporated by reference).
0378} Methods of producing antisense oligonucleotides are known 1 the art and can be readily
adapted to produce an antisense oligonucleotide that targets any polynucleotide sequence.
Selection of antisense oligonucleotide sequences specific for a given target sequence 13 based
upon analysis of the chosen target sequence and determination of secondary structure, Tm,
binding energy, and relative stability. Antisense cligonucleotides may be selected based upon
their relative nability to form dimers, hairpins, or other secondary structures that would reduce
or prohibit specific binding to the target mRNA in a host cell. Highly preferred target regions of

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

03791 Antagomirs: Antagomirs are RN A-like oligonucleotides that harbor various
modifications for RNAse protection and pharmacologic properties, such as enhanced tissue and
cellular uptake. They differ from normal RNA by, for example, complete 2'-O-methylation of
sugar, phosphorothinate backbone and, for example, a cholesterol-moiety at 3'-end. Antagomirs
may be used to efficiently silence endogenous miRNAs by forming duplexes comprising the
antagomir and endogenous miRNA, thereby preventing miRNA-~induced gene silencing. An
example of antagomir-mediated niRNA silencing is the silencing of miR-122, described in
Krutzfeldt et al, Nature, 2003, 438: 685-689, which s expressly mcorporated by reference herein
n its entirety. Antagonur RNAs may be synthesized using standard solid phase oligonucleotide
synthesis protocols. See U.S. Patent Application Publication Nos. 2007/0123482 and
2007/0213292 (each of which is incorporated herein by reference).

(03801 An antagonur can raclude igand-conjugated monomer subunits and monomers for
oligonucleotide synthesis. Exemplary monomers are described in U.S. Patent Application
Publication No. 2005/0107323, which is incorporated by reference in its entirety. An antagomir
can have a ZXY structure, such as is described in WO 2004/080406, which is incorporated by
reference in its entirety. An antagomir can be complexed with an amphipathic moiety.
Exemplary amphipathic moieties for use with oligonucieotide agents are described 10 WO
2004/380406, which 1s incorporated by reference in its entivety.

[0381] Aptasmers: Aptamers are nucleic acid or peptide molecules that bind to a particular
molecule of interest with high affimty and specificity (Tuerk and Gold, Science 249505 (1990);
Ellington and Szostak, Nature 346:818 (1990), each of which is incorporated by reference in 1ts
entirety). DNA or RNA aptamers have been successfully produced which bind many different
entities from large proteins to small organic molecules. See Eaton, 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 is mcorporated by reference in its entirety. Aptamers may be
RNA or DNA based, and may include a riboswitch. A riboswitch is a part of an mRNA molecule

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

[03821 Ribogymes: 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;
84(24).8788-92; Forster and Symons, Cell. 1987 Apr. 24; 49(21:211-20). For example, a large
number of ribozymes accelerate phosphoester transfer reactions with a high degree of specificity,
often cleaving only one of several phosphoesters i an oligonucleottde substrate (Cech et al,,
Cell. 1981 December; 27(3 Pt 2):487-96; Michel and Westhof, J Mol Biol. 1990 Dec. §;
216(3).585-610; Reinhold-Hurek and Shub, Nature. 1992 May 14; 357{6374):173-6). This
specificity has been attributed to the requirement that the substrate bind via specific base-pairing
mteractions to the internal guide sequence (“IG8”) of the ribozyme prior to chemical reaction.
[0383] At least six basic varieties of naturally-occurring enzymatic RNAs are known presenily.
Each can catalyze the hydrolysis of RNA phosphodiester bonds in trans {and thus can cleave
other RNA molecules) under physiological conditions. In general, enzymatic nucleic acids act by
first binding to a target RNA. Such binding occurs through the target binding portion of a
enzymatic macleic acid which is held i close proxamity to an enzymatic portion of the molecule
that acts to cleave the target RNA. Thus, the enzymatic nuclewc acid first recognizes and then
binds a target RNA through complementary base-pairing, and once bound to the correct stie, acts
enzymatically to cut the target RNA. Strategic cleavage of such a target RNA will destroy its
ability to direct synthesis of an encoded protein. After an enzymatic nucleic acid has bound and
cleaved 1ts RNA target, it is released from that RNA to search for another target and can

repeatedly bind and cleave new targets.
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[03841 The enzymatic nucleic acid molecule may be formed in a hammerhead, hairpin, 2
hepatitis & virus, group | intron or RNaseP RNA {(in association with an RNA guide sequence) or
Neurospora VS RNA motif, for example. Specific examples of hammerhead motifs are described
by Rossi et al. Nucleic Acids Res. 1992 Sep. 11; 20(171:4559-65. Examples of hairpin motifs are
described by Hampet et al. {Eur. Pat. Appl. Publ. No. EP 0360257}, Hampel and Tritz,
Biochemisiry 1989 Jun. 13; 28(12):4929-33; Hampel et al., Nucleic Acids Res. 1990 Jan. 25,
18(23:299-304 and U.S. Pat. No. 5,631,359, An example of the hepatitis 0 virus motif is
described by Perrotta and Been, Biochemistry. 1992 Dec. 1; 31(47):11843-52; an example of the
RMaseP mout is described by Guerrier-Takada et al.| Cell. 1983 December; 35(3 Pt 2):849-57;
Neurospora V8 RNA ribozyme motif s described by Collins (Saville and Collins, Cell. 1990
May 18; 61(4):685-96; Saville and Collins, Proc Natl Acad Sci USA. 1991 Oct. 1; 88(19):8826-
30; Collins and Olive, Biochenusiry. 1993 Mar. 23; 32(11):2795-9); and an example of the
Group 1 intron 1s described m U.S. Pat No. 4,987,071, Important characteristics of enzymatic
nucleic acid molecules used are that they have a specific subsirate binding site which is
complementary to one or more of the target gene DNA or RNA regiouns, and that they have
nucleotide sequences within or surrounding that substrate biuding stte which vopart an RNA
cleaving activity to the molecule. Thus the ribozyme constructs need not be limited to specific
motifs mentioned heremn.

03851 Methods of producing a ribozyme targeted to any polynucleotide sequence are known 1o
the art. Riborymes may be designed as described 1n Int. Pat. Appl. Pabl Nos. W 93/23569 and
WO 94/02595, each specifically incorporated herein by reference, and synthesized to be tested n
vitro and in vivo, as described therein.

[0386] Ribozyme activity can be optimized by altering the length of the nibozyme binding arms
or chemically synthesizing ribozymes with modifications that prevent their degradation by serum
ribonucleases {(see e g, Int. Pat. Appl. Publ. Nos. WO 92/07065, W 93/15187, and WO
91/03162; Eur. Pat. Appl. Publ. No. 92110298 4; U.S. Pat. No. 5,334,711; and Int. Pat. Appl.
Publ. No. WO 94/13688, which describe various chemical modifications that can be made to the
sugar moieties of enzymatic RNA molecules), modifications which enhance their efficacy in
cells, and removal of stem U bases to shorten RNA synthesis times and reduce chemical
requirementis.

[0387] Inanunostinadatory Gligonucieotides: Nucleic acids associated with lipid particles may
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be immunostimulatory, including immunostimulatory oligonuclectides (ISS; single- or double-
stranded) capable of inducing an immune response when administered to a subject, which may
be a mammal or other patient. ISS include, e.g., certain palindromes leading to hairpin secondary
structures {see Yamamoto S, et al. (1992) ). Immunoel. 148: 4072-4076, which is incorporated by
reference in its entirety}, or CpG motifs, as well as other known IS8 features (such as mult-G
domains, see WO 96/11266, which is incorporated by reference in ifs entirety).
[0388] The immune response may be an mnate or an adaptive immune response. The immune
system is divided into a more mnate immune system, and acquired adaptive immune system of
vertebrates, the latier of which 1s further divided into humoral cellular components. In some
embodiments, the immune response may be mucosal.

03891 In some embodiments, an immunostimulatory nucleic acid is only immunostimulatory
when administered in combination with a lipid particle, and 1s not immunostimulatory when
administered in is “free form.” Such an oligonucleotide i1s considered to be immunostimulatory.
03901 Immunostimulatory nucleic acids are considered to be non-sequence specific when it i
not required that they specifically bind to and reduce the expression of a target polynucleotide in
order to provoke an immune respounse. Thus, certain immunostiraulatory nucleic acids may
comprise a sequence corresponding to a region of a naturally occurring gene ot mRNA, but they
may still be considered non-sequence specific immunostimulatory nucleic acds.

03911 In some embodiments, the immunostunulatory nucleie acid or oligonucleotide corprises
at least one CpG dinucleotide. The oligonucleotide or CpG dinucleotide may be unmethylated or
methylated. In another embodiment, the immunostimulatory nucleic acid comprises at least one
CpG dimucleotide having a methylated cytosine. In some embodiments, the nucleic acid
comprises a single CpG dinucleotide, wherein the cytosme n said Ups dinucleotide 1s
methylated. In an alternative embodiment, the nucleic acid comprises at least two Cpls
dinucleotides, wherein at feast one cyitosine in the CpG dinucleotides 18 methyvlated. In a further
embodiment, each cytosine n the CpG dinuclestides present in the sequence is methylated. In
another embodiment, the nucleic acid comprises a plurahity of CpG dinucleotides, wheren at
least one of said CpG dinucleotides comprises a methylated cytosine.

Attachments Berween 5'-Fnd Unit, Nucleic Acid Agent, and Ligand

0392} In some embodiments, the attachment between the 5’-End Unit and the Nucleic Acid

Agent 1s a bond.
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[0406] Previously, it was reported that certain 17-amine 2"-0TBS carbocyclic phosphoramidites

were previously prepared and incorporated into natural oligonucleotides as a handle for the
conjugation of fluorophore for the labelling of oligonucleotides (Org. Lew. 2021, 23, 6735-6739,
meorporated herein by reference). Without wishing to be bound by theory, the compounds,
Nucleic Acid Agents, and conjugates of the present disclosure may be distinct from the
previously reported 1’ -anunce 2°-0TBS carbocyclic phosphoramidites in various aspects,
including the chemical structures, the oligonucleotides being conjugated, the use of the

conjugates, and/or the synthetic approaches.

Methods of Synthesis

[0407] In some aspects, the present disclosure provides a method of preparing a compound of
the present disclosure.

04081 In some aspects, the present disclosure provides a compound obtainable by, or obtained
by, a method for preparing a compound as described herein.

[0409] In some aspects, the present disclosure provides an intermediate as described herein,
being suitable for use in a method for preparing a compound as described herein.

[0410] The compounds of the present disclosure can be prepared by any suitable technique
known in the art. Particudar processes for the preparation of these compounds are described
further 1n the accompanying examples.

[0411] In the description of the synthetic methods described herein and in any referenced
synthetic methods that are used to prepare the starting materials, it is to be understood that all
proposed reaction conditions, including choice of solvent, reaction atmosphere, reaction
temperature, duration of the experiment and workup procedures, can be selected by a person
skilled in the art.

[0412] It1s understood by one skilled in the art of organic synthesis that the functionality present
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on various portions of the molecule must be compatible with the reagents and reaction conditions
utifised.

[0413} It will be appreciated that during the synthesis of the compounds of the disclosure in the
processes defined herein, or during the synthesis of certain starting materials, it may be desirable
to protect certain substituent groups to prevent their undesired reaction. The skilled chemist will
appreciate when such protection is required, and how such protecting groups may be put in
place, and later removed. For examples of protecting groups see one of the many general texts on
the subject, for example, ‘Protective Groups in Orgamc Synthesis’ by Theodora Green
{publisher: John Wiley & Sons}. Protecting groups may be removed by any convenient method
described in the literature or known to the skilied chemist as appropriate for the removal of the
protecting group in question, such methods being chosen so as to effect removal of the protecting
group with the minimum disturbance of groups elsewhere in the molecule. Thus, if reactants
melude, for example, groups such as anmino, carboxy or hydroxy it may be desirable fo protect
the group in some of the reactions mentioned herein.

(04141 By way of example, a suttable protecting group for an amuno or alkylamino group 1s, for
example, an acyl group, for example an alkavoy!l group such as acetyl, an alkoxycarbouyl group,
for example a methoxycarbonyl, ethoxycarbonyl, or t-butoxycarbony! group, an
arylmethoxycarbonyl group, for example benzyloxycarbonyl, or an aroyl group, for example
benzoyl. A suitable protecting group for an hydroxy or alkvihydroxy group can be, e.g., Acetyl
{Ac), Benzoyl (Bz}, Benzyl (Bn), B-Methoxyethoxymethyi ether (MEM), Dimethoxyirityl
{DMT), Methoxymethy! ether (MOM]}, Methoxytrityl (MMT}, p-Methoxybenzyl ether (PMB),
p-Methoxypheny! ether (PMP), Pivaloyi (Piv), Tetrahydropyranyl {THP), Tetrahydrofuran
{THI), Tyl (triphenylmethyl, Try, Silyl ether (e g., trimethylsilyl (TMS), tert-
butyldimethylsilyl (TBDMS), tri-iso-propylsilyloxymethyl {TOM), and tritsopropyisilyl (TIPS}
ethers), a Methy! ether, or an Ethoxyethyi ether (EE). A suitable protecting group for an 1,2-diol
can be, e.g., acetal. A switable protecting group for an 1,3-diol can be, e.g.,
tetratsopropyidisiioxanylidene (TIPDS).

[0415] The deprotection conditions for the above protecting groups necessarily vary with the
choice of protecting group. Thus, for example, an acvl group such as an alkanoy! or
alkoxycarbony! group or an aroyl group may be removed by, for example, hvdrolysis witha

suitable base such as an alkali metal hydroxide, for example hithium or sodium hydroxide.
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Alternatively an acyl group such as a tert-butoxvcarbonyl group may be removed, for example,
by treatment with a suitable acid as hydrochloric, sulfuric or phosphoric acid or trifluoreacetic
acid and an arvimethoxvearbony! group such as a benzyloxycarbonyl group may be removed, for
example, by hydrogenation over a catalyst such as palladium on carbon, or by treatment with a
Lewis acid for example boron tris(trifluoroacetate). A suitable alternative protecting group for a
primary amino group is, for example, a phthaloyl group which may be removed by treatment
with an alkylamine, for example dimethylaminopropylamine, or with hydrazine.

[0416] A suitable protecting group for a hydroxy group s, for example, an acyl group, for
example an alkanoyi group such as acetyl, an aroyl group, for example benzovl, or an arylmethyl
eroup, for example benzyl. The deprotection conditions for the above protecting groups will
necessarily vary with the choice of protecting group. Thus, for example, an acyl group such as an
alkanovl! or an arovl group may be removed, for example, by hydrolysis with a suitable base such
as an alkali metal hydroxide, for example bithium, sodium hydroxide or ammonia. Alternatively
an arylmethyl group such as a benzyl group may be removed, for example, by hydrogenation
over a catalyst such as palladium on carbon.

(04171 A suitable protecting group for a carboxy group is, for exarple, an esterifying group, for
example a methyl or an ethyl group which may be removed, for example, by hydrolysis with a
base such as sodium hydroxide, or for example a tert-buty! group which may be removed, for
example, by treatment with an acid, for example an organic actd such as trifluoroacetic acid, or
for exaraple a benzyl group which may be removed, for example, by hydrogenation over a
catalyst such as palladium on carbon.

(0418} Conventently, the reaction of the compounds is carried out in the presence of a suitable
solvent, which s preferably mert under the respective reaction conditions. Examples of suitable
solvents comprise but are not hmited to hydrocarbons, such as hexane, petroleum ether, benzene,
toluene or xyleng; chlormated hydrocarbons, such as trichlorethylene, 1,2-dichloroethane,
tetrachloromethane, chloroform or dichloromethane; alcohols, such as methanol, ethanol,
sopropanol, n-propanol, n-butanol or tert-butano!; ethers, such as diethyl ether, diisopropy!
gther, tetrahydroturan (THF), 2-methyltetrahydrofuran, cyclopentylmethyl ether (CPME), methy!
tert-butyl ether (MTBE} or dioxane; glyvcol ethers, such as ethylene glycel monomethyl or
mongeethyl ether or ethylene glycol dimethyl ether (diglyme}; ketones, such as acetone,

methylisobutylketone (MIBK) or butanone; amides, such as acetamide, dimethylacetamide,
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dimethyormamide (DMF) or N-methylpyrrolidinone (NMP}; nitriles, such as acetonitrile;
sulfoxides, such as dimethy! sulfoxide (DMSQ); nitro compounds, such as nitromethane or
nitrobenzene; esters, such as ethyl acetate or methy! acetate, or mixtures of the said solvents or
mixtures with water.

[0419] The reaction temperature is suitably between about -100 °C and 300 °C, depending on the
reaction step and the conditions used.

04207 Reaction times are generally in the range between a fraction of a minute and several days,
depending on the reactivity of the respective compounds and the respective reaction conditions.
Suitable reaction times are readily determinable by methods known 1n the art, for example
reaction monitoring. Based on the reaction temperatures given above, suitable reaction fimes
generally lie in the range between 10 minutes and 48 hours.

(04211 Moreover, by utilising the procedures described herein, in conjunction with ordinary
skills in the art, additional compounds of the present disclosure can be readily prepared. Those
skilled in the art will readily understand that known variations of the conditions and processes of
the following preparative procedures can be used to prepare these cornpounds.

(04221 As will be understood by the person skilled 1a the art of organic synthests, compounds of
the present disclosure are readily accessible by various synthetic routes, some of which are
exemplified in the accompanying exarples. The skilled person will easily recogrise which kind
of reagents and reactions conditions are to be used and how they are to be applied and adapted in
any particular instance — wherever necessary or useful — in order io obtain the compounds of the
present disclosure. Furthermore, some of the compounds of the present disclosure can readily be
synthesised by reacting other compounds of the present disclosure under suitable conditions, for
mstance, by converting one particular functional group being present in a compound of the
present disclosure, or a suitable precursor molecule thereof, into another one by applving
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, i, e g, P.G M. Wauts,
T.W. Greene, “Greene’s Protective Groups in Organic Synthesis”, 4th edition (2006) (John

Wiley & Sons).

160



WO 2023/164464 PCT/US2023/062996

[0423} General routes for the preparation of a compound of the application are described in

Scheme 1 herein.

Scheme 1
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Biological Assays
[0424] Compounds, Nucleic Acid Agents, or conjugates designed, selected, prepared and/or
optimized by methods described above, once produced, can be characterized using a variety of
assays known to those skilled in the art to determine whether the compounds, Nucleie Acid
Agents, or conjugates have biological activity. For example, the compounds, Nacleic Acid
Agents, or conjugates can be characterised 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.
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[0425% Furthermore, high-throughput screening can be used to speed up analysis using such
assavs. As a result, it may be possible o rapidly screen the molecules described herein for
activity, using technigues known in the art. General methodologies for performing high-
throughput screening are described, for example, in Devlin (1998) High Throughput Screening,
Marcel Dekder; and U 8. Patent No. 5,763,263, High-throughput assays can use one or more
different assay techniques including, but not limited to, those described below.

[0426] Various in vifro or in vive biclogical assays may be suitable for detecting the effect of the
compounds, Nucleic Acid Agents, or conjugates of the present disclosure. These in vitro or in
viva biological assays can include, but are not limited to, enzymatic activity assays,
electrophoretic mobility shift assays, reporter gene assays, in vitro cell viability assays, and the
assays described herein.

(0427} In some embodiments, the biological assays are described in the Examples herein.

Pharmaceutical Compositions

(04281 Tn some aspects, the present disclosure provides a pharmaceutical composition
comprising a compound, Nucleic Acid Agent, or conjugate of the present disclosure as an active
ingredient.

[0429] As used herein, the term “composition” is intended to encompass a product comprising
the specified ngredients in the specified amounts, as well as any product which results, directly
or indirectly, from combination of the specified ingredients in the specified amounts.

[0430] Pharmaceutical compositions suitable for injectable use inclade sterile agueous solutions
{where water scluble) or dispersions and sterile powders for the extemporaneous preparation of
sterile mjectable solutions or dispersion. For intravenous administration, suitable carriers jnclude
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J.} or
phosphate buffered saline (PBS). Tn all cases, the composition must be sterile and should be fluid
to the extent that easy syringeability exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the countaruinating action of mucroorganisms such as
bacteria and fungt. The carrier can be a solvent or dispersion medinm containing, for example,
water, ethanol, polyol (for example, glvcerol, propylene glycol, and higuid polyethyiene glveol,
and the like), and suttable mixtures thereof The proper fluidity can be maintained, for example,

by the use of a coating such as lecithin, by the maintenance of the required particle size in the
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case of dispersion and by the use of surfactants. Prevention of the action of microorganisms can
be achigved by various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, thimerosal, and the ke, In many cases, 1§ will be preferable to mclude
isotonic agents, for example, sugars, polyalcohols such as mannitol and sorbitel, and sodium
chloride in the composition. Prolonged absorption of the injectable compositions can be brought
about by including 1n the composition an agent which delays absorption, for example, aluminum
monostearate and gelatin,

[0431] Sterile injectable solutions can be prepared by mncorporating the active compound in the
required amount in an appropriate solvent with one or a combination of ingredients enumerated
above, as required, followed by filtered sterilisation. Generally, dispersions are prepared by
incorporating the active compound into a sterile vehicle that contains a hasic dispersion medium
and the required other ingredients from those enumerated above. In the case of sterile powders
for the preparation of sterile injectable solutions, methods of preparation are vacuum drying and
freeze-drying that yields a powder of the active ingredient plus any additional desired ingredient
from a previously sterile-filtered solution thereof.

(04321 The formulation of the present disclosure may be 1n the form of an aqueous solution
comprising an aqueous vehicle. The aqueous vehicle component may comprise water and at least
one pharmaceutically acceptable excipient. Suitable acceptable exciptents include those selected
from the group consisting of a solubility enhancing agent, chelating agent, preservative, tonicity
agent, viscosity/suspending agent, buffer, and pH modifying agent, and a mixture thereof

04331 Any suitable solubility enhancing agent can be used. Examples of a solubility enhancing
agent include cyclodextrin, such as those selected from the group consisting of hvdroxypropyl-p-
cyclodextrin, methyl-B-cyclodextrin, randomly methylated-B-cyclodextnn, ethylated-p-
cyclodextrin, triacetyl-B-cyclodextrin, peracetylated-B-cyclodexirin, carboxymethyl-§-
cyclodextrin, hydroxyethyl-B-cyclodextrin, 2-hydroxy-3-(trimethylammoniojpropyi-f-
cyclodextrin, glucosyl-B-cyclodextrin, sulfated B-cyclodextrin {(8-B-CD), maltosyl-§-
cyclodextrin, B-cyclodextrin sulfobutyl ether, branched-B-cyclodexirin, hydroxypropyi-y-
cyclodextrin, randomly methylated-y-cyclodextrin, and trimethyl-y-cyclodextrin, and mixtures
thereof.

[04341 Any suitable chelating agent can be used. Examples of a suitable chelating agent include

those selected from the group consisting of ethylenediaminetetraacetic acid and metal salts
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thereof, disodium edetate, trisodium edetate, and tetrasodium edetate, and mixtures thereof.
04351 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), chiorhexidine gluconate, benzethonium chloride, cetyl
pyridinium chloride, benzyt bromide, phenylmercury nitrate, phenylmercury acetate,
phenylmercury necdecancate, merthiolate, methyiparaben, propviparaben, sorbic acid, potassium
sorbate, sodium benzoate, sodium propionate, ethyl p-hydroxybenzoate, propylanunopropyl
biguanide, and butyl-p-hydroxybenzoate, and sorbic acid, and mixtures thereof

[0436] The agueous 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 glycol), glveerol, dextrose, glycerin, mannitol,
potassium chloride, and sodium chloride, and a mixture thereof.

[0437% In order to adjust the formulation to an acceptable pH (typically a pH range of about 5.0
to about 9.0, more preferably about 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 about 8.0), the
formulation roay contain a pH modifying agent. The pH modifying agent 1s typically a mineral
acid or metal hydroxade base, selected from the group of potassium hydroxide, sodium
hydroxide, and hydrochloric actd, and mixtures thereof, and preferably sodium hydroxide and/or
hydrochloric acid. These acidic and/or hasic pH modifying agents are added to adjust the
formulation to the target accepiable pH range. Hence it may not be necessary to use both acid
and base - depending on the formulation, the addition of one of the actd or base may be sufficient
to bring the mixture to the desired pH range.

[0438] The aqueous vehicle may also contain a buffering agent to stabilize the pH. When used,
the buffer is selected from the group consisting of a phosphate buffer (such as sodium
dihydrogen phosphate and disodium hydrogen phosphate), a borate buffer {such as boric acid, or
salts thereof including disodium tetraborate), a citrate buffer (such as citric acid, or saits thereof
mcluding sodium citrate), and s-aminocaproic acid, and mixtures thereof

(04391 According to a further aspect of the disclosure there is provided a pharmaceutical
composition which comprises a compound of the disclosure as defined hereinbefore, ora
pharmaceutically acceptable salt, hydrate or solvate thereof, in association with a

pharmaceutically acceptable diluent or carrier.
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[0440% The compositions of the disclosure may be in a form suitable for oral use {for example as
tablets, lozenges, hard or soft capsules, aqueous or oily suspensions, emulsions, dispersible
powders or granules, syrups or elixirs), for topical use {for example as creams, ointments, gels,
of agueous or oily solutions or suspensions), for administration by inhalation (for example as a
finely divided powder or a liquid aerosol}, for administration by insufflation {for example as a
finely divided powder} or for parenteral administration (for example as a sterile agueous or oily
solution for intravenous, subcutaneous, mntramuscular, intraperitoneal or ntramuscular dosing or
as a suppository for rectal dosing).

[0441] The compositions of the disclosure may be obtained by conventional procedures using
conventional pharmaceutical excipienis, well known in the art. Thus, compositions intended for
oral use may contain, for example, one or more colouring, sweetening, flavouring and/or
preservative agents.

[0442] An effective amount of a compound of the present disclosure for use 1n therapy is an
amount sufficient to treat or prevent an inflammasome related condition referred to herein, slow
its progression and/or reduce the symptors associated with the condition,

[04431 An effective amount of a coropound of the present disclosure for use in therapy 15 an
aroount sufficient to treat an wnflammasome related condition referred to herern, slow s
progression and/or reduce the symptoms associated with the condition.

04447 The size of the dose for therapeutic or prophylactic purposes of a compound of Formula
{13 or (I} will naturally vary according to the nature and severity of the conditions, the age and
sex of the animal or patient and the route of administration, according to well-known principles

of medicine.

Methods of Use

[04457 In some aspects, the present disclosure provides a method of modulating {e.g., reducing
or ehmimating} the expression of a target gene n a subject, comprising administering to the
subject a conjugate of the present disclosure.

[0446} In some aspects, the present disclosure provides a method of modulating {e.g., reducing
or elininating) the expression of a target gene 1o a cell or tissue of a subject, comprising
administering to the subject a conjugate of the present disclosure.

04477 In some aspects, the present disclosure provides a method of delivering a Nucleic Acid
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Agent to a subject, comprising administering to the subject a conjugate of the present disclosure.
[0448] In some 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 of the present disclosure.

[0449] In some aspects, the present disclosure provides a conjugate of the present disclosure for
modulating (e.g., reducing or eliminating) the expression of a target gene in a subject.

[0450] In some aspecis, the present disclosure provides a conjugate of the present disclosure for
modulating (e g., reducing or eliminating) the expression of a target gene in a cell or tissue of a
subject.

(04511 In some aspects, the present disclosure provides a conjugate of the present disclosure for
delivering a Nucleic Acid Agent to a subject.

(04521 In some aspects, the present disclosure provides a conjugate of the present disclosure for
treating or preventing a disease in a subject in need thereof.

[0453] 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 ehminating) the
expression of a target gene in a subject.

[0454] In some aspects, the present disclosure provides use of a conjugate of the present
disclosure in the manufacture of a medicament for modulating (e.g., reducing or eliminating) the
expression of a target gene in a cell or tissue of a subject.

[0455] In some aspects, the present disclosure provides use of a conjugate of the present
disclosure in the manuofaciure of a medicament for delivering a Nucleic Acid Agent to a subject.
[0456] In some aspects, the present disclosure provides use of a conjugate of the present
disclosure in the manufacture of a medicament for treating or preveniing a disease m a subject in
need thereof.

04571 In some embodiments, the subject is a cell.

[0458] In some embodiments, the subject 15 a tissue.

[0459] In some embodiments, the subject is 3 human.

[0460] In some embodiments, the target gene 1s Factor VI, Eg5, PUSK9, TPX2, apoB, SAA,
TTR, HBV, HCV, RSV, PDGF beta gene, Erb-B gene, Src gene, CRK gene, GRBZ gene, RAS
gene, MEKK gene, INK gene, RAF gene, BErk1/2 gene, PCNA(p21) gene, MYB gene, JUN gene,
FOS gene, BCL-2 gene, Cyclin D gene, VEGYF gene, EGFR gene, Cyclin A gene, Cyclin E gene,
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WINT-1 gene, beta-catenin gene, c-MET gene, PKC gene, NFKB gene, STAT3 gene, survivin
gene, Her2/Neu gene, topoisomerase § gene, topoisomerase I alpha gene, p73 gene,
p21(WAF1/CIP1) gene, p27(KIP1) gene, PPMI1D gene, RAS gene, caveolin { gene, MIB 1 gene,
MTAL gene, M08 gene, mutations in tumor suppressor genes, pS3 tumor Suppressor gene,
LPHA, or any combination thereof.

04611 In some embodiments, the disease characterized by unwanted expression of the target
gene.

[0462] In some embodiments, the administration results in reduced or eliminated expression of
the target gene in the subject.

[0463] In some embodiments, the disease is a viral infection, e.g., an HCV, HBY, HPV, HSV or
HIV infection.

(04641 In some embodiments, the disease is cancer.

04651 In some embodiments, the cancer is bilary tract cancer, bladder cancer, transitional cell
carcinoma, urothehal carcinoma, brain cancer, ghiomas, astrocytomas, breast carcinoma,
metaplastic carcinoma, cervical cancer, cervical squamous cell carcinoma, rectal cancer,
colorectal carcinoma, colon cancer, hereditary nonpolyposis colorectal cancer, colorectal
adenocarcinomas, gastrointestinal stromal tumors (GISTs), endometrial carcinoma, endometrial
stromal sarcomas, esophageal cancer, esophageal squamous cell carcinoma, esophageal
adenocarcinoma, ocular melanoma, uveal melanorna, gallbladder carcinomas, gallbladder
adenocarcinoma, renal cell carcinoma, clear cell renal cell carcinoma, transitional cell
carcinoma, urothehial carcinomas, wilms tumor, leukemia, acute tymocytic lenkenia (ALL),
acute myeloid leukemia {AML), chrounie tymphocytic (CLL}, chronie myeloid {TML), chronic
myelomonocytic ({CMML), liver cancer, liver carcinoma, hepatoma, hepatocellular carcinoma,
cholangiocarcinoma, hepatoblastoma, Lung cancer, non-small cell lung cancer (NSCLC}),
mesothelioma, B-cell lymphomas, non-Hodgkin lymphoma, diffuse large B-cell lymphoma,
Mantle cell fyvmphoma, T-cell lvmphomas, non-Hodgkin lymphoma, precursor T-lymphoblastic
lymphoma/leukemia, peripheral T-cell lymphomas, multiple myeloma, nasopharyngeal
carcinoma {NPC), neuroblastoma, oropharyngeal cancer, oral cavity squamous cell carcinomas,
osteosarcoma, ovarian carcinoma, pancreatic cancer, pancreatic ductal adenocarcinoma,
pseudopapiliary neoplasms, acinar celi carcinomas. Prostate cancer, prostate adenocarcinoma,

skin cancer, melanoma, malignant melanoma, cutanecus melanoma, small intestine carcinomas,
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stomach cancer, gastric carcinoma, gastrointestinal stromal tumor (GIST), uterine cancer, or
uterine sarcoma.

[0466] In some embodiments, the cancer is liver cancer, liver carcinoma, hepatoma,
hepatocellular carcinoma, cholangiocarcinoma, orhepaioblastoma.

[0467} In some embodiments, the disease 1s a proliferative, inflammatory, autoimmune,
neurclogic, ocular, respiratory, metabolic, dermatological, auditory, liver, kidney, or infectious

disease. In some embodiments, the disease is a disease of the liver.

Definitions

{04681 Unless otherwise stated, the following terms used in the specification and claims have the
following meanings set out below.

(04691 Without wishing to be limited by this statement, it is understood that, while various
options for variables are described herein, the disclosure intends o encompass operable
embodiments having combinations of the options. The disclosure may be interpreted as
excluding the non-operable erabodiments caused by certain corbinations of the options.

(04701 As used herein, “alkyl”, “Ci, Co, Cs, C4, Cs or Co alkyl” or “Ci-Cy alkyl” 15 1ntended to
melude Ci, Co, Cs, Gy, Cs or Cs straight chaim (inear) saturated aliphatic hydrocarbon groups and
Cs, Ca, Cs or Cs branched saturated aliphatic hydrocarbon groups. For example, C,-Cy alkyl is
intends to mnclude Cy, C,, Gy, €y, Cs and Cg alkyl groups. Examples of alkyl include, moteties
having from one to six carbon atoms, such as, but not himited to, rethyl, ethyl, n-propyl,
-propyl, n-butyl, s-butyl, t-butyl, n-pentyl, i-pentyl, or n-hexyl In some embodiments, a straight
chain or branched atkyl has six or fewer carbon atoms {e.g., C1-Cs for straight chain, Cs-Cs for
branched chain}, and in another embodiment, a straight chain or branched alkyl bas four or fewer
carbon atoms,

(04711 As used herein, the term “optionally substituted alkvl” refers to unsubstibuted alkyi 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, alkenyl,
alkynyi, halogen, hydroxyl, alkyicarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyi, arylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, diatkylaminocarbonyl, alkyithiocarbonyl, alkoxyl, phosphate, phosphonato,

phosphinato, annnoe (including alkyvlaming, diatkylaming, arylamino, diarylamino and
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alkylarylamino}, acylamino (including alkylcarbonylamine, aryicarbonylamino, carbamoy! and
ureido), amiding, imino, sulthydryl, alkyithio, arylthio, thiocarboxylate, sulfates, allylsulfinyl,
sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azide, heterocyelyl, alkylaryl,
of an aromatic or heterparomatic motety.

[0472% As used herein, the term “alkeny!” includes unsaturated aliphatic groups analogous in
iength and possible substitution to the alkyls described above, but that contain at least one double
bond. For example, the term “alkeny!l” includes straight chain alkeny! groups {(e.g, ethenyl
propenyl, butenyl, pentenyl, hexenyl, heptenvl, octenvl, nonenyl, decenvyl), 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., C2-Co for straight chain, C3-Co for branched chain}. The term
“C3-Ce” includes alkenyl groups containing two to six carbon atoms. The term “Cs-Ce” includes
alkenyl groups containing three to six carbon atoms.

[0473] As used herein, the term “optionally substituted alkeny!” refers to unsubstituted alkenyi
or alkenyl having designated substituents replacing one or more hydrogen atoms on one or more
hydrocarbon backbone carbon atoms. Such substituents can nclude, for example, alkyl, alkenyi,
alkvnyi, halogen, hydroxyl, alkyicarbonyloxy, aryicarbonyloxy, alkoxycarbonyloxy,
arvloxycarbonyloxy, carboxylate, alkylcarbonyl, arylearbonyl, alkoxycarbonyl, anmunocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate, phosphonato,
phosphinato, amno (including alkvlamine, dialkylamivo, arylarmo, diarylanuno and
alkylarviamine}, acylamino (including alkylcarbonylamine, aryicarbonylamino, carbamoyl and
ureido), amiding, imino, sulfhydryl, aliylthio, arvithio, thiocarboxylate, suifates, atkyisulfinyl,
sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, heterocycelyl, atkylary, oran
aromatic or hetercaromatic moiety.

(04741 As used herein, the term “alkynyl” includes unsaturated aliphatic groups analogous in
length and possible substitution to the alkyls described above, but which contain at least one
triple bond. For example, “alkynyl” melodes straight chain alkyay! groups (e.g., ethynyl,
propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonyayl, decynyl}, and branched
alkynyi groups. In some embodiments, a straight chain or branched alkynyi group has six or
fewer carbon atoms n its backbone {e.g., C2-Cs for straight chain, C3-Cs for branched chain).
The term “C2-Cs” includes alkynyl groups contaming two to six carbon atoms. The term “Cs-Ce”

mctudes alkynyl groups containing three to six carbon atoms. As used herein, “C2-Cs alkenylene
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linker” or “C2-Cs alkynylene linker” 15 intended to include Ca, Cs, Cs4, Cs or Cs chain {hingar or
branched) divalent unsaturated aliphatic hydrocarbon groups. For example, C,-Cq alkenylene
finker 1s mntended to include Ca, O3, T4, Us and Cs alkenylene linker groups.

[04751 As used herein, the term “optionally substituted alkynyl” refers to unsubstituted alkynyl
or alkyny! 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,
alkynyi, halogen, hydroxyl, alkyicarbonyloxy, arvicarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkvithiocarbonyl, alkoxyl, phosphate, phosphonato,
phosphinato, amino (including alkylaming, dialkylamine, arylamino, diarvlamino and
alkylarylaming), acylamino (including alkylcarbonviamine, aryicarbonylamine, carbamoyl and
ureido), amidino, imino, sulthydryl, alkylthio, arvlthio, thiocarboxylate, suifates, altkylsulfinyl,
sulfonato, sulfamoyl, sulfonamidoe, nitro, trifluoromethyl, cvano, azido, heterocyelyl, alkylaryl,
or an aromatic or heteroaromatic moiety.

(04761 Other optionally substituted moteties {such as optionally substituted cycloalkyl,
heterocycloalkyl, aryl, or heteroarvl) include both the unsubstituted moieties and the moieties
having one or more of the designated substituents. For example, substituted heterocycloalkyl
meludes those substituted with one or more alkyl groups, such as 2,2,6,6-tetramethyl-piperidinyl
and 2,2,6,6-tetramethyi-1,2 3 6-tetrabydropyridinyl.

[0477] As used herein, the term “cycloalkyl” refers to a saturated or partially unsaturated
hydrocarbon monocyehic or polveyclic {e g, fused, bridged, or spiro rings) system having 3 10 30
carbon atoms {e.g., C3-Crz, C3-Cio, or C3-Cs}. Examples of cycloalkyl include, but are not limiuted
to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclopentenyl,
cyclohexenyl, cycloheptenyl, 1,23, 4-tetrahydronaphthalenyi, and adamantyl In the case of
polycyclhic cycloalkyi, only one of the rings in the cycloalkyl needs to be non-aromatic.

[0478] As used herein, the term “heterccycloalkyl” refers to a saturated or partially unsaturated
3-8 membered monocyclic, 7-12 membered bicyclic (fused, bridged, or spiro rings), or 11-14
membered tricyclic ring system (fused, bridged, or spiro rings) having one or more hetercatoms
{suchas O, N, 8, P, orSe}, eg., } or 1-2 or 1-3 or 1-4 or 1-5 or 1-6 hetercatoms, ore.g., 1, 2, 3,
4, 5, or 6 hetercatoms, independently selected from the group consisting of nitrogen, oxygen and

suffur, unless specified otherwise. Examples of heterocycloalkyl groups include, but are not
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limited to, piperidinyl, piperazinyl, pyrrolidinyt, dioxanyl, tetrahydrofuranyl, isoindolinyl,
mdolinyl, imidazolidinyl, pyrazolidinyl, oxazolidinyl, 1soxazolidinyl, triazohidinyl, oxiranyl,
azetidinyl, oxetanyl, thietanyi, 1,23 6-tetrahydropyridinyl, tetrahydropyranyl, dibydropyranyl,
pyranyl, morpholinyl, tetrahydrothiopyranyl, 1,4-diazepanyl, 1,4-oxazepanyl, 2-oxa-5-
azabicyclof2.2.1theptanyl, 2,5-diazabicyclo]2.2. 1 heptanyl, 2-oxa-6-azaspire{3 3jheptanyl, 2,6-
diazaspire[3.3theptanyl, 1,4-dioxa-8-azaspirol4. Sldecanyl, 1,4-dioxaspiro{4.S}decanyl, 1-
oxaspirof4. Sidecanyi, 1-azaspiro{4. Sldecanyl, 3'H-spirofcvciohexane-1,1'-isobenzofurani-vi,
7'H-spirofcyclohexane-1,5' -furo[3,4-bjpyridini-yl, 3'H-spiro{cyclohexane-1,1'-furo[3 4-
clpyridin}-yl, 3-azabicyclo]3.1.0lhexanyl, 3-azabicyclo[3.1 Othexan-3-v1, 1,4,5.6-
tetrahydropyrrolo] 3,4-clpvrazolyl, 3,4,.5,6,7 §-hexahydropyridof4,3-d]pyrimidinyl, 4,5.6,7-
tetrahvdro-1H-pyrazolo[3,4-clpyridinyl, 5,6,7 8-tetrahydropyrido[4,3-dlpyrimidiny], 2-
azaspiro[3.3lheptanyl, 2-methyl-2-azaspire{3.3theptanyl, 2-azaspirof3. 5inonanyl, 2-methyl-2-
azaspiro[3. Sinonanyl, Z-azaspire[4. S]decanyl, 2-methyl-2-azaspiro{4. Sldecanyl, 2-oxa-
azaspirof[3.4]octanyl, 2-oxa-azaspiro[3 4joctan-6-yl, 5 6-dihydro-4H-cyclopentalblthiophenyl,
and the like. Tn the case of multicyche beterocycloalkyl, only ove of the rings 10 the
heterocycloalkyl needs to be non-aromatic {e.g., 4,5,6,7-tetrahydrobenzo[clisoxazoivl).

[04791 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 in the
ring structure. The term aryl includes both monovalent species and divalent species. Examples of
aryl groups include, but are not himited to, phenyl, biphenyl, naphthyl and the like. Convemently,
an aryl 18 phenyi

[0480] As used herein, the term “hetercaryl” 1s mtended to include a stable S-) 6-, or 7-
membered monocychic or 7-, 8-, 9~, 10-, 11~ or 12-membered bicychic aromatic heterocyclic ring
which consists of carbon atoms and one or more hetercatoms, e.g., Tor -2 or 1-3 or -4 or 1-5
or 1-6 hetergatoms, ore.g., 1, 2, 3, 4, 5, or 6 hetercatoms, independently selected from the group
consisting of mirogen, oxygen and sulfur. The mitrogen atom may be substituted or unsubstituted
{i.e., N or NR wherein R 1s H or other substituents, as defined). The nitrogen and sulfur
heteroatoms may optionally be oxidised (fe., N-—>O and S{U)p, where p=1 or 2}. It 1s to be
noted that total number of S and O atoms in the aromatic heterocycle 18 not more than 1
Examples of heteroaryi groups include pyrrole, furan, thiophene, thiazole, 1sothiazole, mdazole,

triazole, tetrazole, pyrazole, oxazole, isoxazole, isotharole, pyridine, pyrazine, pyridazine,
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pyrimidine, and the like. Heteroaryl groups can also be fused or bridged with alicyclic or
heterocyclic rings, which are not aromaiic so as to form a multicyclic system {e.g., 4,5,6,7-
tetrahydrobenzofcjisoxazolyl}). In some embodiments, the heteroaryl is thiopheny! or
benzothiophenyl. In some embodiments, the hetercaryl is thiophenyl. In some embodiments, the
heteroarvl benzothiophenvl

[0481] Furthermore, the terms “aryl” and “hetercaryl” include multicyclic aryl and heteroaryl
groups, e.g., tricyclic, bicyelic, e.g., naphthalene, benzoxazole, benzodioxazsole, benzothiazole,
benzoimidazole, benzothiophene, quinoline, 1soquinoline, naphthrydine, indole, benzofuran,
purine, benzofuran, deazapurine, indolizine.

[0482] The cycloalkyl, heterocycloalkyl, aryl, or hetercaryl ring can be substituted at one or
maore ring positions {e.g., the ring-forming carbon or heteroatom such as N) with such
substituents as described above, for example, alkyl, alkenyl, atkynyi, halogen, hydroxyl, alkoxy,
alkylcarbonyloxy, arylcarbonylioxy, alkoxycarbonylioxy, aryloxyearbonyloxy, carboxylate,
alkvicarbonyl, alkylaminccarbonyl, aralkylaminocarbonyl, alkenylaminocarbonyl, alkylcarbonyl,
arylcarbonyi, aralkyicarbonyl, alkenyicarbonyl, alkoxycarbonyl, aminocarbonyl,
alkvlthiocarbonyl, phosphate, phosphonato, phosplunato, arawno (ucluding alkylanmino,
diatkylamino, arylamino, diarylamino and alkylarylamine), acylarmino (ucluding
alkylcarbonylamino, aryvicarbonylammno, carbamovi and uretdo), amidino, imino, sulthydryl,
alkylthio, arvithio, thiocarboxylate, sulfates, alkyisulfinyl, sulfonato, sulfamoyl, sulfonarnido,
nitro, iriffuoromethyl, cvano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
moiety. Aryland heteroaryl groups can also be fused or bridged with alicyclic or heterocyclic
rings, which are not aromatic so as to form a multicychic system {(e. g, tetralin,
methylenedioxyphenyl such as benzo[djf1,31dioxole-5-yi}.

[0483] As used herein, the term “substituted,” means that any one or more hydrogen atoms on
the designated atom 15 replaced with a selection from the mdicated groups, provided that the
designated atom’s normal valency 18 not exceeded, and that the substitution results in a stable
compound. When a substituent is oxo or keto {i.e., =0}, then 2 hydrogen atoms on the atom are
replaced. Keto substituents are not present on aromatic moieties. Ring double bonds, as used
herein, are double bonds that are formed between two adjacent ring atoms {e.g., C=C, C=N or
N=N}. “Stable compound™ and “stable stracture” are meant to indicate a compound that is

sufficiently robust to survive 1solation to a useful degree of purity from a reaction mixture, and
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formulation into an efficacious therapeutic agent.

[04847 When a bond to a substituent 1s shown to cross a bond connecting two atoms in a ring,
then such substituent may be bonded to any atom in the ring. When a substituent s listed without
mdicating the atom via which such substituent is bonded to the rest of the compound of a given
formula, then such substituent may be bonded via any aton in such formula. Combimations of
substituents and/or variables are permissible, but only if such combinations result in stable
compounds.

[0485] When any variable {e.g., R} occurs more than one time in any constituent or formula for a
compound, its definition at each occurrence is independent of its definition at every other
occurrence. Thus, for example, if'a group is shown to be substituted with 0-2 R moieties, then
the group may optionally be substitited with up to two R moieties and R at each occurrence is
selected independently from the definition of R. Also, combinations of substituents and/or
variables are permissible, but only if such combinations result in stable compounds.

[04861 As used herein, the term “hydroxy” or “hydroxy!” includes groups with an -OH or -0
(04871 As used herein, the term “halo” or “halogen” refers to fluoro, chloro, bromo and 1odo.
{04881 The term “haloalky!” or “haloalkoxyl” refers to an alkyl or alkoxy] substituted with one
or more halogen atons.

[0489] As used herein, the term “optionally substituted haloalkyl” refers to unsubstituted
haloalkyl having designated substituents replacing one or more hydrogen atoms on one or more
hydrocarbon backbone carbon atoms. Such substituents can mnclude, for example, alkyl, alkenyi,
alkvoyi, halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arvicarbonyl, atkoxycarbonyl, aminocarbonyl,
alkyviaminocarbonyl, diatkylaminocarbonyl, alkyithiocarbonyl, alkoxyl, phosphate, phosphonato,
phosphmato, amine (including alkylammo, diatkylamino, arylaminoe, diarylamino and
alkylarylamno}, acylamino (incloding alkylcarbonyvlamino, aryicarbonylamino, carbamoyl and
ureido), amidine, mnino, sulthydryl alkylthio, arvithio, thiocarboxylate, sulfates, alkylsulfinyd,
sulfonato, sulfamoyl, sulfonamido, mitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl,
or an aromatic or heterocaromatic motety.

[04901 As used herein, the term “alkoxy” or “alkoxy!l” 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,
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propoxy, butoxy and pentoxy groups. Examples of substituted alkoxy groups include
halogenated alkoxy groups. The alkoxy groups can be substituted with groups such as alkenyl,
alkynyi, halogen, hydroxyl, alkyicarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, atkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, diatkylaminocarbonyl, alkyithiocarbonyl, alkoxyl, phosphate, phosphonato,
phosphinato, amino (including alkylaming, dialkylamine, arylaminoe, diarylamine, and
alkylaryiamine), acylamine (including alkyicarbonylaming, arvicarbonylamino, carbamoyl and
ureido), amidino, imino, sulthydryl, alkylthio, aryithio, thiocarboxylate, suifates, alkylsulfinyl,
sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyvano, azido, heterocyelyl, alkylaryl,
or an aromatic or heteroaromatic moieties. Examples of halogen substituted alkoxy groups
include, but are not limited to, fluoromethoxy, difluoromethoxy, trifluoromethoxy,
chloromethoxy, dichloromethoxy and trichloromethoxy.

[0491] As used herein, the expressions “one or more of A, B, or C,” “one or more A, B, or (.
“one or more of A, B, and C,” “one or more A, B, and C,” “selected from the group consisting of
A, B, and C7, “selected from A, B, and (7, and the like are used interchangeably and all refer to
a selection from a group consisting of A, B, and/or C, 1., one ot more As, one or more Bs, one
or more Cs, or any combination thereof, unless indicated otherwise.

[0492] Tt 15 to be understood that the present disclosure provides methods for the synthesis of the
compounds, Nucleic Acid Agents, and conjugates described herein. The present disclosure also
provides detailed methods for the synthesis of various disclosed compounds, Nucleie Acid
Agents, and conjugates according to the schemes herein as well as those shown n the Examples.
04931 | 15 to be understood that, throughout the description, where compositions are described
as having, mchuding, or comprising specific components, it 1s contemplated that compositions
also consist essentially of, or consist of, the recited components. Sumularly, where methods or
processes are described as having, including, or comprising specific process steps, the processes
also consist essentially of, or consist of, the recited processing steps. Further, it should be
understood that the order of steps order for performing certain actions s immatenial so long as
the invention remains operable. Moreover, two or more steps or actions can be conducted
simultaneously.

[04941 I is to be understood that the synthetic processes of the disclosure can tolerate a wide

variety of functional groups, therefore various substituted starting materials can be used. The
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processes generally provide the desired final compound at or near the end of the overall process,
although it may be desirable in certain instances to further convert the compound to a
pharmaceutically acceptable salt thergof

[0495] 1t 1s to be understood that compounds, Nucleic Acid Agents, and conjugates of the
present disclosure can be prepared in a variety of ways using commercially available starting
materials, compounds known in the literature, or from readhly prepared intermediates, by
employing standard synthetic methods and procedures either known to those skifled i the art, or
which will be apparent to the skilled artisan in light of the teachings heremn. Standard svnthetic
methods and procedures for the preparation of organic molecules and functional group
transtormations and manipulations can be obiained from the relevant scientific literature or from
standard textbooks in the field. Although not limited to any one or several sources, classic texts
such as Smith, M. B., March, J., March’s Advanced Organic Chemistry: Reactions, Mechanisms,
and Structure, 5™ edition, John Wiley & Sons: New York, 2001; Greene, TW., Wuts, P.G. M.,
Protective Groups in Organic Synthesis, 3™ edition, John Wiley & Sons: New York, 1999; R.
Larvock, Comprehensive Organic Transformations, VCH Pubhishers (1989); L. Fieser and M.
Fieser, Fieser and Fieser’s Reagents forganic Synithesis, John Wiley and Sons {(1994); and L.
Paquette, ed., Fancyclopedia of Reagents forganic Synthesis, John Wiley and Sons (1995},
meorporated by reference herein, are useful and recognised reference textbooks of organic
synthesis known to those in the art

[0495]1 One of ordimary skall in the art will note that, during the reaction sequences and synthetic
schemes described heremn, the order of certain steps may be changed, such as the ntroduction
and removal of protecting groups. One of ordinary skall in the art will recogmise that certain
groups may require protection from the reaction conditions via the use of protecting groups.
Protecting groups may also be used to differentiate simular functional groups in molecules. A list
of protecting groups and how to infroduce and remove these groups can be found 1n Greene,
TW., Wats, P.G. M., Protective Groups in Organic Synthesis, 3% edition, John Wiley & Sons:
New York, 1999,

[0497% It is to be understood that, unless stherwise stated, any description of a method of
treatment or prevention includes use of the compounds, Nucleic Acid Agents, and conjugates to
provide such treatment or prevention as is described herein. It i3 to be further understood, unless

otherwise stated, any description of a method of treatment or prevention includes use of the
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compounds, Nucleic Acid Agents, and conjugates to prepare a medicament 1o treat or prevent
such condition. The treatment or prevention mcludes treatment or prevention of human or non-
human animals including rodents and other disease models.

[04981 It 1s to be understood that, unless otherwise stated, any description of a method of
treatment includes use of the compounds, Nucleic Acid Agents, and conjugates to provide such
treatment as is described herein. It 18 to be further understood, unless otherwise stated, any
description of a method of treatment includes use of the compounds, Nucleic Acid Agents, and
conjugates to prepare a medicament to treat such condition. The treatment includes treatment of
human or non-human arumals including rodents and other disease models.

(04991 As used herein, the term “subject” is interchangeable with the term “subject n need
thereot”, both of which refer to a subject having a disease or having an increased 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 is
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 farge (e, a subject who 1s 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 heren {1.¢., a disease or disorder disclosed herein that does not respond or has
not yvet responded to treatment}. The subject may be resistant at start of treatment or may become
resistant during ireatment. In some embodiments, the subject in need thereof received and failed
all known effective therapies for a disease or disorder disclosed herein. In some embodiments,
the subject in need thereof recetved at least one prior therapy.

[0500] As used herein, the term “ireating” or “treat” describes the management and care of a
patient for the purpose of combating a disease, condition, or disorder and includes the
administration 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 include

treatment of a cell in vifrro or an animal model. It is to be appreciated that references to “treating”
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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 clinical symptoms of the state, disorder or condition developing in a human that
may be afflicted with or predisposed to the state, disorder or condition but does not vet
experience or display clinical or subclinical symptoms of the state, disorder or condition, (2)
mhibiting the state, disorder or condition, 1.€., arresting, reducing or delaying the development of
the disease or a relapse thereof (in case of mamtenance treatment} or at least one clinical or
subclinical symptom thereof, or (3) relieving or atienuating the disease, 1 e, causing regression
of the state, disorder or condition or at least one of its clinical or subclinical symptoms.

[0501] It is to be understood that compounds, Nucleic Acid Agents, and conjugates of the
present disclosure, or a pharmaceutically acceptable salt, polymorph or solvate thereof, can or
may also be used to prevent a relevant disease, condition or disorder, or used to identify suitable
candidates for such purposes.

(05021 As used herein, the term “preventing,” “prevent,” or “protecting against” describes
reducing or elimnating the onset of the symptoms or complications of such disease, condition or
disorder.

[0503] It1s to be understood that the present disclosure also provides pharmaceutical
composttions comprising any compound, Nucleic Acid Agent, or conjugate described herein in
combination with at least one pharmaceutically acceptable excipient or carrier.

(05041 As used herein, the term “pharmaceutical composition” 15 a formulation containing the
compounds, Nucleic Acid Agents, or conjugates of the present disclosure n a form suitable for
administration to a subject. In some embodiments, the pharmaceutical composition is m bulk or
m unit dosage form. The unit dosage form 15 any of a variety of forms, inclading, for example, a
capsule, an IV bag, a tablet, a single pomp on an aerosol inhaler or a vial. The quantity of active
ingredient {e.g., a formulation of the disclosed compound or salt, hydrate, solvate or 1somer
thereof’ in a unit dose of composition is an effective amount and 15 varied according to the
particular treatrment imnvolved. One skilled in the art will appreciate that it 15 sometimes necessary
to make routine variations to the dosage depending on the age and condition of the patient. The
dosage will also depend on the route of adminssiration. A variety of routes are contemplated,
meluding oral, pulmonary, rectal, parenteral, transdermal, subcutaneous, intravenous,

mtramuscular, iniraperitoneal, inhalational, buccal, sublingual, mtrapleural, intrathecal,
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intranasal, and the like. Dosage forms for the topical or transdermal administration of a
compound of this disclosure include powders, sprays, ointments, pastes, creams, lotions, gels,
solutions, patches and inhalants. In some embodimenis, the active compound is mixed under
sterife conditions with a pharmaceutically acceptable carrier, and with any preservatives, buffers,
or propellanis that are required.

[05051 As used herein, the term “pharmaceutically acceptable” refers to those compounds,
Nucleic Acid Agents, conjugates, anions, cations, materials, compositions, carriers, and/or
dosage forms which are, within the scope of sound medical judgment, suitable for use in contact
with the tissues of human beings and animals without excessive toxicity, urritation, allergic
response, or other problem or complication, commensurate with a reasonable benefit/risk ratio.
[0506] As used herein, the term “pharmaceutically acceptable excipient” means an excipient
that 15 useful in preparing a pharmaceutical composition that is generally safe, non-toxic and
neither biologically nor otherwise undesirable, and includes excipient that is acceptable for
veterinary use as well as human pharmaceutical use. A “pharmaceutically acceptable excipient”
as used i the specification and claims ncludes both one and more than ove such excipient.
105071 K 1s to be understood that a pharmaceuntical composition of the disclosure s formulated to
be compatible with its intended route of adnunistration. Examples of routes of admuustration
mchude parenteral, e.g., infravenous, intradermal, subcutaneous, oral {e.g., ingestion), inhalation,
transdermal (topical), and transmucosal administration. Solutions or suspensions used for
parenieral, intradermal, or subcutaneous application can mclhude the followmg components: a
stertle diluent such as water for injection, saline solution, fixed oils, polyethylene glycols,
glyeerine, propylene glycol or other synthetic solvents; antibacterial agents such as benzyl
alcobhol or methyl parabens; antioxidants such as ascorbie acid or sodiwm bisulfite; chelating
agenis such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates,
and agents for the adjustment of tonicity such as sodium chloride or dextrose. The pH can be
adjusted with acids or bases, such as hydrochioric acid or sodnm hydroxide. The parenteral
preparation can be enclosed m ampoules, disposable syringes or multiple dose vials made of
glass or plastic.

[0508] It1s to be understood that a compound or pharmaceutical composition of the disclosure
can be administered to a subject in many of the well-known methods currently used for

chemotherapeutic treatment. For example, a compound of the disclosure may be injected into the
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blood stream or body cavities or taken orally or applied through the skin with patches. The dose
chosen should be sufficient to constitute effective treatment but not so high as o 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 for a
reasonable period after treatment.

05091 As used herein, the term “therapeutically effective amount”, refers to an amount of a
pharmaceutical agent to treat, ameliorate, or prevent an identified disease or condition, or o
exhibit a detectable therapeutic or inhibitory 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 administration. Therapeutically effective amounts for a
given situation can be determined by routine experimentation that is within the skill and
judgment of the clinician.

[05101 As used herein, the term “therapeutically effective amount”, refers to an amount of a
pharmaceutical agent to treat or ameliorate an identified disease or condition, or to exhibita
detectable therapeutic or nhibitory 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 admuustration. Therapeutically effective amounts for a given situation
can be determined by routine experimentation that is within the skill and judgment of the
clinician,

[0511] It 15 to be understood that, for any compound, therapeutically effective amount can be
estimated intially either in cell colture assays, e.g., of neoplastic cells, or in anmimal models,
usually rats, mice, rabbits, dogs, or pigs. The animal model may also be used to determine the
appropriate concentration range and route of administration. Such information can then be used
to determine useful doses and routes for admimstration im bumans. Therapeutic/prophylactic
efficacy and toxicity may be determined by standard pharmaceutical procedures in cell cultures
or experimental animals, e.g., EDso (the dose therapeutically effective in 50 % of the population)
and L0 {the dose lethal to 50 % of the population). The dose ratio between toxic and
therapeutic effecis is therapeutic index, and it can be expressed as the ratio, LDso/EDso.

Pharmaceutical compositions that exhibit large therapeutic indices are preferred. The dosage may
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vary within this range depending upon the dosage form employed, sensitivity of the patient, and
the route of administration.

[0512] 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 severity of
the disease state, general health of the subject, age, weight, and gender of the subject, diet, ime
and frequency of administration, drug combination(s}, reaction sensitivities, and
tolerance/response to therapy. Long-acting pharmaceutical composiions may be adnunistered
every 3 to 4 days, every week, or once every two weeks depending on half-life and clearance rate
of the particular formulation.

[05131 The pharmaceutical compositions containing active compounds of the present disclosure
may be manufactured in a manner that is generally known, e.g., by means of conventional

MIXIng
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dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating,
entrapping, or lyophilising processes. Pharmaceutical compositions may be formulated ina
conventional manner using one or more pharmaceutically acceptable carriers comprising
excipients and/or auxiliaries that facilitate processing of the active compounds into preparations
that can be used pharmaceutically. Of course, the appropriate formulation is dependent upon the
route of admmustration chosen.

[0514] Pharmaceutical compositions suitable for injectable use include sterile agueous solutions
{where water soluble} or dispersions and sterile powders for the extemporaneous preparation of
sterile igectable solutions or dispersion. For intravenous adminstration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor EL™ {BASF, Parsippany, N1} or
phosphate buttered saline (PBS). In all cases, the composition must be sterile and should be fluid
to the extent that easy syringeability exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the contanunating action of microorganisms such as
bacteria and fungi. The carrier can be a solvent or dispersion medium containing, for exarple,
water, ethanol, polyol (for example, glycerol, propylene glyeol, and hquid polyethyiene glveol,
and the hke), and suitable mixtures thereof. The proper fluidity can be maintamed, for example,
by the use of a coating such as lecithin, by the maintenance of the required particle size 1o 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, chlorcbutanol,

phenol, ascorbic acid, thimerosal, and the bike. In many cases, it will be preferable to include
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isotonic agents, for example, sugars, polvaleohols such as mannitol and sorbitol, and sodium
chloride in the composition. Prolonged absorption of the mjectable compositions can be brought
about by including in the composition an agent which delays absorption, for example, aluminum
monosiearate and gelatin,

05157 Sterile injectable solutions can be prepared by incorporating the active compound in the
required amount in an appropriate solvent with one or a combination of ingredients enumerated
above, as required, followed by filtered sterilisation. Generally, dispersions are prepared by
meorporating the active compound into a sterile vehicle that contains a basic dispersion medium
and the required other ingredients from those enumerated above. In the case of sterile powders
for the preparation of sterile injectable solutions, methods of preparation are vacuum drying and
freeze-drying that vields a powder of the active ingredient plus any additional desired ingredient
from a previously sterile-filtered solution thereof,

[05161 Oral composttions generally include an mert diluent or an edible pharmaceutically
acceptable carrier. They can be enclosed in gelatin capsules or compressed into tablets. For the
purpose of oral therapeutic administration, the active corapound can be incorporated with
excipients and used in the form of tablets, troches, or capsules. Oral compositions can also be
prepared using a fhuid carrier for use as a mouthwash, wherein the compound in the flund carrier
is applied orally and swished and expectorated or swallowed. Pharmaceutically compatible
binding agents, and/or adjuvant materials can be ncluded as part of the composition. The tablets,
pills, capsules, troches and the like can contain any of the following ingredients, or compounds
of a similar nature: a binder such as microcrystatiine cellulose, gum tragacanth or gelatin; an
excipient such as starch or lactose, a disiniegrating agent such as alginic acid, Primogel, or com
starch; a lubricant such as magnesium stearate or Sterotes; a ghidant such as colloidal silicon
dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such as
peppermint, methyl salicylate, orange flavoring.

[0517] For admuustration by inhalation, the compounds are delivered in the form of an aerosol
spray from pressured container or dispenser, which contains a suitable propellant, e.g., a gas such
as carbon dioxide, or a nebuliser.

[0518] For intranasal administration, the compounds are delivered in solution or selid
formulation. In some embodiments, the compounds are delivered in solution as a mst, a drip, or

a swab. In some embodiments, the compounds are delivered as a powder. In some embodiments,
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the compound 1s included in a kit which further inchides an intranasal applicator.

[0519] Systemic adninistration can also be by transmucosal or transdermal means. For
transmucosal or transdermal adminisiration, penetrants appropriate to the barrier to be permeated
are used in the formulation. Such penetrants are generally known in the art, and include, for
example, for transmucosal administration, detergents, bile salts, and fusidic acid derivatives.
Transmucosal administration can be accomplished through the use of nasal sprays or
suppostiories. For transdermal admunistration, the active compounds are formulated into
ointments, salves, gels, or creams as generally known in the art.

[0520] The active compounds can be prepared with pharmaceutically acceptable carriers that
will protect the compound against rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polvglyeolic acid, collagen, polyorthoesters, and polylactic acid. Methods for preparation of such
formulations will be apparent to those skilled in the art. The materials can also be obtained
coramercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions
{including liposomes targeted to infected cells with roonoclonal antibodies to viral antigens) can
also be used as pharmaceutically acceptable carriers. These can be prepared according to
methods known to those skilled in the art, for exarple, as described in U.S. Pat. No. 4,522 811
(05217 Ht s especially advantageous to formulate oral or parenteral compositions n dosage unit
form for ease of administration and eniformity of dosage. Dosage unit form as used herein refers
o physically discrete units surted as unitary dosages for the subject {0 be treated; each unit
contaimng a predetermined guantity of active compound calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carner. The specification for
the dosage unit forms of the disclosure are dictated by and directly dependent on the anique
characteristics of the active compound and the particular therapeutic effect to be achieved.
[0522] In therapeutic applications, the dosages of the pharmaceutical compositions used in
accordance with the disclosure vary depending on the agent, the age, weight, and clinical
condition of the recipient patient, and the expenience and judgment of the clinician or practitioner
administering therapy, among other factors affecting the selected dosage. Generally, the dose
should be sufficient to result in slowing, and preferably regressing, the symptoms of the disease

or disorder disclosed herein and also preferably causing complete regression of the disease or
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disorder. Dosages can range from about 0.01 mg/kg per day to about 5000 mg/ke per day. An
effective amount of a pharmaceutical agent is that which provides an objectively identifiable
improvement as noted by the clinician or other qualified observer. Improvement i 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.

05231 ft1s to be understood that the pharmaceutical compositions can be meluded ina
container, pack, or dispenser together with instructions for adminisiration.

[0524] It1s to be understood that, for the compounds, Nucleic Acid Agents, 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.

05251 As used herein, the term “pharmaceutically acceptable salis” refer to derivatives of the
compounds of the present disclosure wherein the parent compound is modified by making acid
or base salis thereof. Examples of pharmaceutically acceptable salts include, but are not limuted
to, mineral organic acid salts of basic residues such as amines, alkali organic salts of acidic
residues such as carboxylic acids, and the like. The pharmaceutically acceptable salis include the
conventional non-toxic salis or the quaternary ammonium salts of the parent compound formed,
for example, from non-toxic morganic organic acids. For exarople, such conventional non-toxic
salts include, but are not limuted to, those derived from morganic and organic acids selected from
2-acetoxybenzoic, 2-hvdroxyethane sulfonic, acetic, ascorbic, benzene suifonie, benzoie,
bicarbonig, carbonig, citric, edetic, ethane disulfonic, 1,2-ethane sulfonic, fumaric,
glucocheptonic, gluconic, glutamic, glycolic, glycollvarsanilic, hexylresorcinice, hydrabamug,
hydrobromuie, hydrochlorie, hydrotodic, hydroxymaleic, hydroxynaphthoic, isethiomc, lactie,
lactobionie, lauryl sulfonic, maleic, malic, mandelic, methane sulfonig, napsylic, miric, oxalic,
pamoic, pantothenic, phenylacetic, phosphoric, polygalacturonic, propionic, salicylie, stearic,
subacetic, succinie, sulfamic, sulfamlic, sulfurie, tanmge, tartaric, toluene sulfonic, and the
commonly occurring amine acids, e.g., glveine, alanine, phenylalanine, arginine, et

[0526] In some embodiments, the pharmaceutically acceptable salt 1s a sodium salt, a potassium
salt, a calcium salt, a magnesiom salt, a diethylamine salt, a choline salt, a meglumine salt, a
benzathine salt, a tromethamine salt, an ammonia salt, an argimine salt, or a lysine salt.

[0527% Other examples of pharmaceutically acceptable salts include hexanoic acid, cyclopentane

propionic acid, pyruvic acid, malonic acid, 3-(4-hydroxybenzoviibenzoic acid, cinnamic acid, 4-

12
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chlorobenzenesulfonic acid, Z-naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic
acid, 4-methylbicyclo-{2.2.2}-cct-2-ene-1 -carboxylic acid, 3-phenvipropionic acid,
trimethylacetic acid, tertiary butylacetic acid, muconic acid, and the like. The present disclosure
also encompasses salts formed when an acidic proton present in the parent compound either is
replaced by a metal 1on, e.g., an alkali metal 1on, an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methylglucamine, and the like. In the salt form, it 1s understood that the ratio of
the compound to the cation or anion of the salt can be 1:1, or any ratio other than 1.1, e g, 3:1,
2.1, 12, or 123

[0528] It is 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.

[05291 The compounds, or pharmaceutically acceptable salts thereof, are administered orally,
nasally, transdermally, pulmonary, inhalationally, buccally, sublingually, intraperitoneally,
subcutaneously, mtrarauscularly, intravenously, rectally, intrapleurally, intrathecally and
parenterally. In some embodiments, the compound s administered orally. One skilled o the art
will recognise the advantages of certain routes of administration.

[0530] The dosage regimen utilising the compounds is selected in accordance with a variety of
factors including type, species, age, weight, sex and medical condition of the patient; the severity
of the condition to be treated; the route of administration; the renal and hepatic function of the
patient; and the particular compound or salt thereof emploved. An ordinarity skilled physician or
veterinarian can readily determine and prescribe the effective amount of the drug required to
prevent, counter, or arrest the progress of the condition. An ordinarily skilled physician or
veterinarian can readily determine and prescribe the effective amount of the drug required to
counter or arrest the progress of the condition.

[0531] Techniques for formulation and administration of the disclosed compounds of the
disclosure can be found in Remington: the Science and Practice of Pharmacy, 19" edition, Mack
Publishing Co., Baston, PA (1995} In an embodiment, the compounds described herein, and the
pharmaceutically accepiable salts thereof, are used in pharmaceutical preparations in
combination with a pharmaceutically acceptable carrier or diluent. Suitable pharmaceutically

acceptable carriers include inert solid fillers or diluents and sterile aquesus organic solutions.
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The compounds will be present in such pharmaceutical compositions in amounts sufficient to
provide the desired dosage amount in the range described herein.

[05321 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 iliustrate 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 components and methodology useful
for practicing the present disclosure,

[0333] In the synthetic schemes described herein, compounds may be drawn with one particular
configuration for simplicity. Such particular configurations are not to be construed as limiting the
disclosure to one or another isomer, fautomer, regioisomer or steresisomer, nor does it exclude
mixtures of isomers, tautomers, regioisomers o sterecisomers; however, it will be understood
that a given isomer, tautomer, regicisomer or sterecisomer may have a higher level of activity
than another isomer, tautomer, regioisomer Or steresisomer.

(05341 All publications and patent documents cited herein are incorporated herein by reference
as if each such publication or document was specifically and individually indicated o be
meorporated 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 been described by way of written
description, those of skifl in the art will recognize that the invention can be practiced in a variety
of embodiments and that the foregoing description and examples below are for purposes of
Hhustration and not hmitation of the claims that follow.

Exemplary Embodiments

(05351 Esemplary Embediment No. 1. A compound of Formula (1) or (LI}

RERS B
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or a pharmaceutically acceptable salt thereof, wherem:

B s H or a nucleohase moiety;

X 15 H, balogen, or -ORX;

R¥is H, C1-Ce alleyl, or «(C1-Cs alkyl}-(Cs-Cio aryl), wherein the C1-Cs alkyl or -(C1-Cs
alkyD-{Ce-Cio aryl) is optionally substituted with one or more RX9,

each R*® jndependently is halogen, C1-Cs alkyl, or -0-(C1-Cs alkyl), wherein the C1-Cs
alkyl or -0-(C1-Cs alkyl) 15 optionally substituted with one or more halogen;

Y is H, C1-Cs alky! optionally substituted with one or more halogen, -P(RV),, -
PORYIN(R V), -PEONORIRY, -PESHORYIRY, -PEOHSRYRY, -PESHERHRY, -
PEOWORY Y, -PESHORY ), -P(=0NSR 2, -P(=S)SRY )2, or a hydroxy protecting group:

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

7 is -P(R%p, -P(ORA{(N(R? ), -P(=O}ORYIR?, -P(=S)ORYIR?, -P(=0}SR R, -
P=8)SRER? -PEONOR , -P(=SHOR )y, -P(=0){SR™ ), or -P(=S}{SR%);

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

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

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

R? 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;

===z indicates a single bond or a double bond; and

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

[0536] Exemplary Embeodiment No. 2. A Nucleic Acid Agent or a pharmaceutically
acceptable salt thereof, wherein the Nuclete Acid Agent comprises:

an oligonucleotide comprising one or two 3’~End Untt, wherein each 37-End Unit
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independently is:

|
##?z;@ X

wherein variables B, RL R R RY RS X and Z are described herein, and ## indicates

or AL

attachment to the rest of the oligonucleotide.
(05377 Esxemplary Embediment No. 3. A conjugate or a pharmaceutically accepiable salt
thersof, wherein the conjugate comprises:
(1) a Nucleic Acid Agent, comprising:
an ohgonucleotide comprising one or two §’-End Units being covalently attached

1o the oligonucleotide, wherein each 5”-End Unit independently 15

Z o
\_-::.... RG ol
R4 R
R3 RZ
2.0 X
Hi

or
wherein variables B, RY, RZ R, RY, RS X, and Z are described herein, and ## indicates
an attachment to the rest of the oligonucleotide; and
(it} one or more Ligands being covalently attached to the Nucleic Acid Agent.
[0538] Exemplary Embodiment No. 4. The compound, Nucleic Acid Agent, or conjugate of
any one of the preceding Exemplary Embodiraents, wherem B s HL
05391 Exemplary Embeodiment No. 5, The compound, Nucleie Acid Agent, or conjugate of
any one of the preceding Exernplary Embodiments, wherein B is a nuclechase moiety.
[0540] Exemplary Embediment Neo. 6. The compound, Nucleic Acid Agent, or conjugate of
any one of the preceding Exemplary Embodiments, wherein the nuclecbase motety 1s adenine
{A}, cytosine {C}, guanine ({3}, thymine (T}, or wracil (U).
(05417 Esemplary Embeodiment No. 7. The compound, Nucleie Acid Agent, or conjugate of
any one of the preceding Exemplary Embodiments, wherein the nucleobase moiety 1s a modified

nucleobase.
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[05427 Exemplary Embeodiment No. 8, The compound, Nucleic Acid Agent, or conjugate of
any one of the preceding Exemplary Embodiments, wherein the nucleobase moiety is an ariificial
nuclecbase.

(05437 Exempiary Embediment Neo. 9. The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein X 15 H.

[0544] Exemplary Embediment Neo. 10. The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein X 1s halogen.

[0545] Exempiary Embodiment No, 11, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein X is -OR™.

(05461 Exemplary Embediment Neo. 12, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein X 1s -OH.

(05471 Exemplary Embediment MNeo. 13. The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embediments, wherein X 1s -0-(C1-Cs alkyl).

[0548] Exemplary Embediment Neo. 14, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein X 1s ~0-(C1-Cs alkyD-0O-(C1-Cs
alkyly.

[0549] Exemplary Embodiment No. 15, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein X 15 -0~{C1-Cs alkyl}-{Cs-Cio aryl}
optionally substituted with one or more R™,

(05501 Esxemplary Embodiment No. 16, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein X 1s ~0-(C1-Ce alkyl}-(Ce-Cio arvl}.
(05517 Exemplary Embodiment No. 17, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R is H.

(05527 Exemplary Embediment No. 18, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein RX is C1-Cs alkyl optionally
substituted with one or more halogen or ~-0-(C1-Cs alkyl) optionally substituted with one or more
halogen.

05537 Exemplary Embediment No. 19, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R” is -(C1-Cs alkyD-(Ce-Cio aryl)
optionally substituted with one or more halogen, Ci-Cs alkyl, or ~0-(C1-Cs atkyl}, wherein the

C1-Cs alkyl or ~0-(Ci-Cs alkyl} is optionally substituted with one or more halogen.
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05541 Exemplary Embediment No. 20, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R™ is -(C:-Cs alky1-(Ce-Cio aryl).
05557 Exemplary Embediment No. 21, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein Y 1s H.

[0556] Exemplary Embediment No. 22. The compound, Nucleic Acid Agent, or corjugate of
any one of the previous Exemplary Embodiments, wherein Y 1s {1-Cs alkyl optionally
substituted with one or more halogen.

[0557] Exempiary Embodiment No, 23, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein Y is -P(R )z, -P(ORV}N(R" )z}, -
P(=0}ORVIRY, -P(=SHORVIRY, -P(=0)}SRYIRY, -P(=S}SRORY, -P(=0}OR" ), -
P(=S¥OR )y, -P(=0}SR ), -P(=S)}{(SR"n.

(05581 Exemplary Embediment MNeo. 24. The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein Y is a hydroxy protecting group.
[05591 Exemplary Embediment Ne. 25, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein Y 1s silyl

(05601 Exemplary Embediment No. 26. The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein Y 18 triphenybmethyl (Tr) or 4,4'-
dimethoxytrity] (DM Tr).

(05611 Exemplary Embeodiment No. 27, The compound, Nucleiwe Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein Y 18 optionally substituted acyl or
benayl.

(05627 Esemplary Embodiment No. 28, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein at least one RY 15 H.

(05637 Exemplary Embediment No. 29, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein at least one RY 18 C1-Cs alky!
optionally substituted with one or more halogen or cyane.

[0564] Exempiary Embediment Ne. 30, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein at least one RY is H, and at least one

RY is {1-Cs alky! optionally substituted with one or more halogen or cyano.
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[05657 Exemplary Embediment No. 31, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein when X is -OH| then YisnotHora
hydroxy protecting group.

[0566] Exemplary Embediment Ne. 32. The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein when X is -OH, then Y 15 C1-Cs alkyl
optionally substituted with one or more halogen, -P(RY )z, -P(ORYN(RY),), -P(=0)ORVRY, -
PESHORVRY, -PEONSRYIRY, -PESYSRYIRY, -PEOHOR ), -PESHORY ), -PEONSRY ),
or -P(=SHSR").

[0567] Exemplary Embeoediment No. 33, The compound, Nucleic Acid Agent, or corgyugate of
any one of the previous Exemplary Embodiments, wherein when Y is H or a hydroxy protecting
group, then ¥ is not -OH.

(05681 Exemplary Embediment MNeo. 34. The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein when Y 15 H or a hydroxy protecting
eroup, then X is H, halogen, or -ORY, and R* is C1-Cs alkyl or -(Ci-Cs alkyD-(Co-Cro aryl),
wherein the Ci-Cs alkyl or ~{C1~Cs alkyl}-{Ts-Cio aryl) 1s optionally substituted with one or more
RX

[0569] Exemplary Embodiment No, 35, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exeroplary Embodiments, wherein Z 15 -P(R% ).

(05701 Exemplary Embediment No. 36. The compound, Nucleiwe Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wheremn Z 1s -PHa.

[0571] Exemplary Embediment Neo. 37. The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein Z is -P(OR“HN(R n).

[0572] Exemplary Embediment No. 38, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exeroplary Embodiments, wherein 7 1s -P(=O)(OR%)R™.

(05731 Exemplary Embediment Neo. 39. The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein Z is -P(=S}OR“)R%,

[0574] Exempiary Embediment Ne. 40, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein 7 is -P(=0)} SRHRZ,

(05751 Exemplary Embediment Ne. 41. The compound, Nucleic Acid Agent, or conjugate of

any one of the previous Exemplary Embodiments, wherein Z is -P(=S}SR%)RY,



WO 2023/164464 PCT/US2023/062996

[0576] Exemplary Embediment No. 42, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein Z is -P(=0)OR%).

[0577F Exemplary Embediment No. 43, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein Z is -P(=S}OR ).

[0578] Exemplary Embeoediment No. 44, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein Z is -P(0)}SR%.

[0579] Exemplary Embodiment No. 45, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein Z is -P(=8}(SR*%.

[0580] Exemplary Embeoediment No. 46, The compound, Nucleic Acid Agent, or corgyugate of
any one of the previous Exemplary Embadiments, wherein at least one R” is H.

[05811 Exemplary Embediment No. 47, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embaodiments, wherein at least one R is C1-Cs alkyl
optionally substituted with one or more halogen or cyano.

(05827 Exemplary Embediment Ne. 48. The compound, Nucleic Acid Agent, or conjugate of
any ove of the previous Exemplary Embodiments, wherein at least one R? is H, and at Jeast one
RZ 15 C1-Ce alkyl optionally substituted with one or roore halogen or cyano.

[0583] Exemplary Embodiment No. 49, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R' is H.

[0584] Exemplary Embediment No. 50, The compound, Nucleiwe Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R! is halogen.

[0585] Exemplary Embediment Neo. 51. The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R! is £1-Cs alky! optionally
substituted with one or more halogen.

[0586] Exemplary Embediment No. 52, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R? is H.

[0587] Esxemplary Embodiment No. 83, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R? is halogen.

05887 Exemplary Embediment No. 34, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R” is C1-Cs alky! optionally

substituted with one or more halogen.
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[05891 Exemplary Embediment No. 35, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R¥ is H.

[05907 Exemplary Embediment No. 86, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R’ is halogen.

[05917 Exemplary Embeoediment No. 87, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R is Ci-Cs alkyl optionally
substituted with one or more halogen.

[0592] Exempiary Embodiment No, 58, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R* is H.

(05931 Exemplary Embediment No. 59, The compound, Nucleic Acid Agent, or conjugaie of
any one of the previous Exemplary Embodiments, wherein R* is halogen.

(05941 Exemplary Embediment Neo. 60. The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R* is C1-Cs alkyl optionally
substituted with one or more halogen.

(05951 Exemplary Embediment No. 61, The compound, Nucleie Acid Agent, or conjugate of
any one of the previous Exemplary Embodirents, wherein R® is HL

[0596] Exemplary Embodiment No, 62. The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein R® is halogen.

(05971 Exemplary Embediment No. 63. The compound, Nucleiwe Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wheremn R® is C1-Cs alky! optionally
substituted with one or more halogen.

(05987 Esxemplary Embodiment No. 64, The compound, Nucleic Acid Agent, or conjugate of
any one of the previous Exemplary Embodiments, wherein each of RL, RZ RY RY and R®is H.
(05991 Exemplary Embeodiment No. 65, The compound of any one of the preceding

Exemplary Embodiments, being of Formula (-1}, (I'-2), (II"-1), or (II"-2}):
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Y (I’-13; or

or a pharmaceutically acceptable salt thereof.
[0600] Exemplary Embediment Neo. 66. The compound of any one of the preceding
Exemplary Embodiments, being of Formula (I-A) or (L-A)

4

{(I-A}; or

B

Q.
Y (@-aA)
or a pharmaceutically acceptable salt thereof.
(06017 Exemplary Embediment No. 67, The compound of any one of the preceding

Exemplary Embodiments, being of Formula (I-A-1), (1-A-2), (I1-A-1), or (I-A7-2):

[y
(98]
(9%}
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kY
Gicn,
><;i=

><?ln
T

Y (I-A7-1); or

B

N
\\\
R

X O

Y A2y
or a pharmaceutically acceptable salt thereof.
(0602} Exempiary Embediment Neo. 68. The compound of any one of the preceding
Exemplary Embodiments, being of the compound s of Formula (-B-1, (-B-2), (H-B-1), or (L~

B-2y
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Z
ws
o X
Y’ (I-B-2);
i
WB
X O
Y (i-B-1); or
Z
\wB
X O
Y (B2
or a pharmaceutically acceptable salt thereof.

[0603] Exemplary Embediment Neo. 69. The compound of any one of the preceding

Exemplary Embodiments, being of Formula (§-B°-13, (I-B°-2}, (I-B*-3}, (I-B"-4), (H-B’-1), (11~
B-2), (11-B°-3), or (I1-B"-4}):

Oi:ra.
4 ERN

(-B-1);

OIH:.
Siiee

(I-B-2);
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O X
Y (-B-3};
i
S5 X
Y (1-B°-4);

><H:
Oiesee

Y oamy;

& B

% o
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or a pharmaceutically acceptable salt thereof.
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(06047 Exemplary Embediment No. 70, The compound of any one of the preceding

Exemplary Embodiments, wherein the compound 1s:
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or a pharmaceutically accepiable salt thereof, wherem:

Y is -P(RY 2, -PLORVYNR  p2), -P(=ONORYIRY, -P(=SHORIRY, -P(=0)SRY)RY, -
PESHSRNORY, -PEONORY Y, -PESHOR Y Y, -PEONSR Y, -P(=8)SR ™Y, or a hydroxy
protecting group {(e.g., silyl (e g, trnimethylsilyl, triethyisilyl, tert-butyldimethyisilyl, tert-
butyldiphenvisilyi, or triisopropylsilyl}, triphenylmethyl (T}, 4,4 -dimethoxytrityl (DMTr},
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 cyang;

7 is -P(R™ ), -P(OR“HN(R ), -P=ONORYRY, -P(=S)ORYR? | -P(=0)SRAR”, -
P(=S¥SRAR?, -P(=0)(OR% ), -P(=SHOR %, -P(=0){SR* )2, or -P(=S}SR*}z; and

each R? independently is H or C1-Cs alkyl optionally substituted with one or more
halogen or cyano.
(0605t Exempiary Embediment Ne. 71, The compound of any one of the preceding
Exemplary Embodiments, wherein the compound is:
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or a pharmaceutically acceptable salt thereof, wherein B s a,deni;m {A), cytosine (), guanine
{(), thymune (T), or uracil {(U).
[0606] Exemplary Embodiment No. 72, The compound of any one of the preceding
Exemplary Embodiments, wherein the compound is selected from the compounds deseribed in
Table E and pharmaceutically acceptable salts thereof.
(06077 Esemplary Embodiment No. 73. A compound being an 1sotopic derivative of the
compound of any one of the preceding Exemplary Embodiments.
(06087 Esemplary Embodiment No. 74, The Nucleic Acid Agent of any one of the preceding
Exemplary Embodiments, comprising a single strand RNA.
(06091 Exemplary Embediment No. 75.The Nucleic Acid Agent of any one of the preceding
Exemplary Embodiments, comprising a double strand RNA.
[0610] Exemplary Embodiment No. 76, The Nucleic Acid Agent of any one of the preceding
Exemplary Embodiments, comprising a double strand RNA {(e.g., double strand siRNA) and one
or two 5°-End Units, wherein:

a 5’-End Unit 1s atiached to the sense strand (e.g., at the 5~ terminal position) of the
double strand RNA (e.g., double strand siRNA}; and/or

a 5’-End Unit 13 attached to the antisense strand {&.g., at the 5’~ terminal position) of the
double strand RNA (e.g., double strand siRNA).
(0611} Exempiary Embediment Neo. 77, The Nucleic Acid Agent of any one of the preceding

Exemplary Embodiments, wherein the 5°-End Unit in the Nucleic Acid Agent is

i

-8
i i ]

HO-B-C OMe  o-p-0 OMe = 3
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or a pharmaceutically acceptable salt thereof, wherein:

Z 15 -P(R%})z, -P(ORZYN(R ), -P(=0O)ORHRY, -P(=S)ORHRY, -P(=0)SRARZ, -
P=SYSRAR?, -P(=0)OR Y, -P(=SHOR y, -PEOIERY):, or -PESHER ),

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

halogen or cyano.

[0612] Exemplary Embodiment No. 78, The Nucleic Acid Agent of any one of the preceding

Exemplary Embodiments, wherein the 5'-End Unit in the Nucleic Acid Agent is:
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or a pharmaceutically acceptable salt thereof, wherem B s af,fmine {A), cytosine (C), guanine
{(5), thymine (T}, or uracit (U).

[0613] Exemplary Embodiment No. 79 The Nucleic Acid Agent of any one of the preceding
Exemplary Embodiments, wherein the 5 -End Unit i the Nucleic Acid Agent 18 selected from

the 5”-End Untis described 1n Table N
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(06147 Exemplary Embediment No. 80, The conjugate of any one of the preceding Exemplary
Embodiments, comprising a single strand RNA (e.g., single strand siRNA}, one or more Ligands,
and one 5"-End Unit.
[0015] Exempiary Embediment Neo. 81. The conjugate of any one of the preceding Exemplary
Embodiments, comprising a double strand RNA {e.g., double strand siRNA), one or more
Ligands, and one or two 5"-End Units.
[0616] Exemplary Embodiment No. 82, The conjugate of any one of the preceding Exemplary
Embodiments, comprising a double strand RNA (e.g., double strand siRNA), one or more
Ligands, and one or two 5’-End Units, wheretrn:

a 5’-End Unit is atiached to the sense strand (e.g., at the 5°- terminal position) of the
double strand RNA (e.g., double strand siRNA}Y; and/or

a 5’-End Unit i3 attached to the antisense strand (e.g., at the 5~ ternunal position) of the
double strand RNA (e.g., double strand siRNA).
(06177 Exemplary Embediment Neo. 83. The conjugate of any one of the preceding Exemplary
Embodiments, wherein the 5°-End Urut 1o the comjugate 18
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or a pharmaceutically acceptable salt thereof, wherein B s adenive (A), cytosine (C), guanine
{(5), thymine (T}, or uracit (U).
[0618] Exemplary Embodiment No. 84, The conjugate of any one of the preceding Exemplary

Embodiments, wherein the 57-End Unit is selected from the conjugates described n Table C.
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(06191 Exemplary Embeodiment No. 85, The Nucleic Acid Agent or conjugate of any one of
the preceding Exemplary Embodiments, wherein the higand comprises a carbohydrate moiety.
(06207 Exemplary Embodiment No. 86, The Nucleic Acid Agent or conjugate of any one of
the preceding Exemplary Embodiments, wherein the carbohydrate moiety comprises a
monosaccharide, a disaccharide, a trisaccharide, or a tetrasaccharide.

(06217 Exemplary Embediment Neo. 87, The Nucleic Acid Agent or conjugate of any one of
the preceding Exemplary Embodiments, wherein the carbohydrate moiety comprises galactose or
a derivative thereof.

[0622] Exemplary Embodiment No. 88, The Nucleic Acid Agent or conjugate of any one of

[0623] Exempiary Embodiment No, 89, The Nucleic Acid Agent or conjugate of any one of

OH
L__oH
OH ‘

the preceding Exemplary Embodiuments, wherein the higand comprises

AcHN
o
F 070
| | e AN
the preceding Exemplary Emboduments, wherein the higand comprises 130
(06241 Esemplary Embediment No. 90, The Nucleic Acid Agent or conjugate of any one of

OAc
AcHN,, Ohc

e} i
k,z;,ji# 0" 0
o ﬁ1/-:50 OAc

[0625] Exemplary Embodiment No. 91, The Nucleic Acid Agent or conjugate of any one of

the preceding Exemplary Erabodiments, wherern the higand comprises

OH
Achn,, _X__oH
o i
o el
Ve OH

the preceding Exemplary Embodiments, wheren the higand comprises
(06267 Esemplary Embeodiment No. 92, The Nucleic Acid Agent or conjugate of any one of

the preceding Exemplary Embodiments, wherem the ligand comprises
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(06277 Exemplary Embeodiment No. 93, The Nucleic Acid Agent or conjugate of any one of

OH
o AcHN ' OH

:‘?{'lL\/f N N
the preceding Exemplary Embodiments, wherein the Higand comprises OH

(06287 Exemplary Embediment No. 94, The Nucleic Acid Agent or conjugate of any one of

the preceding Exemplary Embodiments, wherein the ligand comprises

OH

) AcHN,,
o .

the preceding Exemplary Embodiments, wherein the ligand comprises G

[0630] Exemplary Embeoediment No. 96. The Nucleic Acid Agent or conjugate of any one of
the preceding Exemplary Embodiments, wherein the Higand comprises

OAc
[ AchN Ohc
o
3 {30 OA\’
=%~ Linking Moisty 7

i i
Lian QAC/
13

[0631] Exempiary Embodiment No. 97, The Nucleic Acid Agent or conjugate of any one of

the preceding Exemplary Embodiments, wherein the hgand comprises

/ OH \\
, AcHNj\/K/OH
O i
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(06327 Exemplary Embeodiment No. 98, The Nucleic Acid Agent or conjugate of any one of

the preceding Exemplary Embodiments, wherein the ligand comprises

/ OAc
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H 4, j\#OAC
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—E*Lmksng Maiaty N A OAc /
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v 3

[0633] Exemplary Embodiment No. 99, The Nucleic Acid Agent or conjugate of any one of
the preceding Exemplary Embodiments, wherein the ligand comprises
/ OH \
/ AcHN ;{L \{,OH \\
o) }
; Py
—¢~Linking Moisty \ a0 OH

(06341 Exemplary Embediment No. 189, The Nuclewe Acid Agent or conjugate of any one of

the preceding Exemplary Embodunents, wheremn the higand comprises

OAC
o AcHN I QAC
.
~$~Linking wsoiety/’Jk/\v/\o o
OAc

[0635] Exempiary Embediment Neo. 101, The Nucleic Acid Agent or conjugate of any one of

the preceding Exemplary Embodiments, wheremn the hligand comprises

o AcHN OH

o i
~3~Linking Mcﬂaty’)\“/\’/\(}f e)
OH |
[0036] Exemplary Embediment Neo. 102, The Nucleic Acid Agent or conjugate of any one of

the preceding Exemplary Embodiments, wherein the ligand comprises
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(06377 Exemplary Embediment No. 103, The Nucleic Acid Agent or conjugate of any one of
the preceding Exemplary Embodiments, wherein the figand comprises

OH
AcHN,, AL_OH

~§- Linking Mciety/ h\//\/\(fl\{)

OH |
(06381 Exemplary Embediment No. 184, The Nuclewe Acid Agent or conjugate of any one of
the preceding Exemplary Embodiments, wheremn the ligand comprises a lipid.
(06397 Exemplary Embodiment No. 105, The Nucleic Acid Agent or conjugate of any one of
the preceding Exemplary Embodiments, wheremn the higand comprises a peptide moigty.
[0640] Exemplary Embediment No. 106. The Nucleic Acid Agent or conjugate of any one of
the preceding Exemplary Embodiments, wherein the higand comprises an antibody moiety.
[0641] Exemplary Embodiment No. 187. The Nucleic Acid Agent or conjugate of any one of
the preceding Exemplary Embodiments, wherein the Nucleic Acid Agent comprises an
oligonucleotide.
(00427 Exemplary Embediment Neo. 108, The Nucleic Acid Agent 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.
(06437 Exemplary Embeodiment No. 109, The Nucleic Acid Agent or conjugate of any one of
the preceding Exemplary Embodiments, wherein the Linker Unit is attached to the Nucleic Acid
Agent via a phosphate group, or an analog of a phosphate group, in the Nucleic Acid Agent.
[0644] Exempiary Embodiment No, 110, The Nucleic Acid Agent or conjugate of anv one of
the preceding Exemplary Embodiments, wherein the Nucleic Acid Agent comprises an RNA.
(06451 Exemplary Embediment Mo, 111, The Nucleic Acid Agent or conjugate of any one of
the preceding Exemplary Embodiments, wherein the oligonucleotide is an siRNA, microRNA,
antimicroRNA, microRNA mimics, antimiR, antagomir, dsRNA, ssRNA aptamer, immune
stimulatory oligonucleotide, decoy oligonucleotide, splice altering oligonucleotide, triplex
forming oligonucleotide, G-quadruplexe, or antisense oligonucleotide.
(06461 Exemplary Embeodiment No. 112. A pharmaceutical composition comprising the
compound, Nucleic Acid Agent, or conjugate of the any one of the preceding Exemplary

Erobodiments.
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(06477 Exemplary Embediment No. 113. 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 Embodiments.

[0048] Exemplary Embediment Ne. 114. A method of delivering a Nucleic Acid Agentto a
subject, comprising administering to the subject the conjugate of any one of the preceding
Exemplary Embodiments.

[0649] Exemplary Embodiment No. 115, A method of treating or preventing a disease in a
subject in need thereof, comprising administering to the subject a therapeutically effective
amount of the conjugate of any one of the preceding Exemplary Embodiments.

[0650] Exemplary Embodiment No., 116. The conjugate of any one of the preceding
Exemplary Embodiments for modulating the expression of a target gene in a subject.

[0651] Exempiary Embodiment No, 117, The conjugate of any one of the preceding
Exemplary Embodiments for delivering a Nucleic Acid Agent to a subject.

[0652] Exempiary Embodiment No, 118, The conjugate of any one of the preceding
Exemplary Embodiments for treating or preventing a disease in a subject 10 need thereof.
[0653] Exemplary Embodiment No, 119, Use of the conjugate of any one of the preceding
Exemplary Embodiments 1o the manufacture of a medicament for modulating the expression of a
target gene in a subject.

[0034] Exemplary Embodiment No. 128, Use of the conjugate of any one of the preceding
Exemplary Embodiments in the manufacture of a medicament for delivering a Nucleic Acid
Agent to a subject.

[0655] Exempiary Embodiment No. 121, Use of the conjugate of any one of the preceding
Exemplary Embodiments in the manufacture of a medicament for treating or preventing a
disease in a subject in need thereof

[0656] Exemplary Embodiment No, 122, The method, conjugate, or use of any one of the

preceding Exemplary Embodiments, wherein the subject is a human.
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EXAMPLES

Example 1. Synthesis of 5°-End Unit Compounds.
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(06571 {(3aR 4R ,6R 6a8)-6~amino-2,2-dimethyltetrahydro-4H-cyclopentald][i,3]dioxol-4-
vimethanol (1-2) To a solution of compound 1-1 (50,0 g, 272.28 mamol, 1 eq, HCI salt) in
MeGH (300 ml) was added TsOH (59.0 g, 310.40 mmol, 1.14 eq) and dimethoxypropane {198.5
g, 1.91 mol, 233.53 mL., 7 eq) at 25 °C. The reaction mixture was stured at 25 °C for § h under
Nz. The reaction mixture was gquenched with 7 M NH3/MeOH and concentrated under reduced
pressure to afford a crude residue. The residue was redissolved i 2M KoCOs (500 mi),
extracted with EA/DCM (1/1, 1000 mL x 3), dried over NaxSQOs, filtered and concentrated under
reduced pressure to afford the crude 1-2 (43.2 g}, which was used for the next step without

further purification. 'H NMR: 400 MHz, DMSO-ds § 447 (d,J = 6.0 Hz, 1), 414 (d, /= 6.0
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Hz, 1H), 3.45-3.40 (m, 3H), 3.38-3.23 (m, 1H), 2.16-2.08 (m, 2H), 1.25 (s, 3H), 1.24-1.21 {m,
ZH), 1.08 (s, 3H).

[0658] (E}-3-ethoxy-N-({{3a%,4R,6R,6aR }-6-(hydroxymethyl}-2,2-dimethyltetrahydro-4H-
eyclopentald]{l,3jdiexel-d-yhicarbamoyljacrylamide (1-3) To a solution of compound 1-2
(38.7 g, 2066.69 mmol, 1 eq) in DMF (230 mbL) was added the isocyanate (58.3 g, 413.38 mmol, 2
eq} at -10 °C. The mixture was stirred at 25 °C for 16 h and then concentrated in vacuum o
afford crude compound ¥-3 as a yellow oil, which was used for the next step without further
purification.

(06597 1-{(3a8,4R,6R 6aR}-6-(hydrexymethyl}-2,2-dimethylteirahydro-4H-
eyciepentald}{1,3}-dioxol-4-yhpyrimidine-2,4(1H 3H)-dione (1-4) A solution of compound 1-
3(8.48 g 2583 mmol, | eq) in NHz; Hx0 (61,4 g, 578 14 mmol, 67.47 mL, 33%, 22.39 eg) was
stirred at 90 °C for 16 h. The mixture was then cooled to 25 °C, concentrated under vacuum.
The residue was purified by column chromatography (810:, DOCM: MeOH =501 10 5:1) to
afford compound 1-4 (37.0 g, 131.07 mmol, 63.4% vield) as a yellow solid.

(06607 1-({(1R,28,3R4R)-2,3-dibydroxy-4-thydroxymethyDeyclopentylpyrimidine-
2AH3H)-dione {(1-8) A solution of compound -4 (37.0 g, 131.07 mmol, 1 eq) in AcOH
{23310 g, 3.11 mol, 222 wl., 80% purnity, 23.69 eq) was stirred at 80 °C for 3 h. The muxture
was then concentrated under vacuum, co-evaporated with toluene (100 mL x 3) and pynidine
{100 mL x 3). The residue was purified by coluron chromatography (8102, DCM: MeOH = 5011
to 5.1} to afford compound 1-5 {24.0 g, 99.08 mmol, 75.6% yield) as a yellow solid. T NMR:
400 MHz, DMSO-de, § 7.67 (4, J = 8.0 He, 1H), 5.58(d, F =80 Hz, 1H}, 4.85(d, J =04 Hz,
1H), 4.67-4.64 (m, 3H), 4.56 (t, ] = 1.4 Hz, 1H), 4.36-3.98 (m, 1H), 3.71 (s, 1H), 3.45-3.38 (m,
3H), 2.01-1.92 (m, 2H), 1.27-1.23 (m, 1H).

[0661] (8aR,7R,8R,8aR)-8&-hydroxy-7~-{(hydroxymethyl}-5a,7,8,8a-tetrahydro-2H,6H-
cyclopenta-{4,Sjoxazolo]3,2-alpyrimidin-2-ene {(1-6) To a solution of compound -5 {(30.0 g,
123.85 mmol, 1 eg) in DMF (300 mL} was added BPC (39.80 g, 185.78 mmol, 1.5 eg) and
NaHCO: (5.20 g, 61 .93 mmol, 2.41 mL, 0.5 eg}. The muxture was stirred at 120 °C for 16 h. The
reaction was then cooled to 25 °C, poured into MTBE (3000 mbL}, and filtered. The residue was
further concentrated under vacuum to afford crude 1-6 {27.8 g) as a brown solid that was used
directly for the next step without further purification.

[0662] 1-({1R.28,3R 4R }-3-hydroxy-4-(hydroxymethyl)-2-methoxycyclopentylipyrimidine-
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2A4(1H, 38 )-dione (1-7) To a solution of compound 1-6 (5.55 g, 24.75 mmol, 1 eq) in MeQOH (55
mL} was added trimethy! borate (5.14 g, 49 51 mmol, 5.59 mL, 2 eg), irimethoxymethane {2.63
g, 24.75 mmeol, 2.71 mL, 1 eg) and NaHCO: (20.8 mg, 247.53 umol, .63 ul, 0.01 eq}. The
mixture was stirred at 140 °C for 16 h in a 100 mL of autoclave. The mixture was then cooled to
25 °C and concentrated in vacuum. The residue was purified by column chromatography {8i0s,
DCM: Me(OH = 50:1 to 5:1} to afford compound 1-7 (11.0 g, 42.93 mmol, 34. 7% vield} as a
yellow solid. 'H NMR: 400 MHz, DMSO-ds, 4 11.24 (s, 1H), 7.70 (d, / = 8.0 Hz, 1H), 5.59(d,
J=80Hz 1H) 475471 (m, 2H), 4.62 {d, /=48 Hz, 1H), 3.94-3.73 (i, 1H), 3.41-3 40 (mm,
1H), 3.39-338 (m, 2H), 3.25 (s, 3H), 3.17-3.16 (m, 1H), 2.06-1.95 (m, 2H}, 1.27-1.25 {m, 1H).
[0663] 1-{(1R.28,3R 4R -4-((bis{4-methoxyphenyl{ phenylimethoxy)methyl)-3-hydroxy-2-
methexyeyclopentyljpyrimidine-2,4(1H,3H)-dione (1-8) To a solution of compound 1-7 (11.0
g, 42.93 mmol, 1 eq} in pyridine (110 mL} was added DMTrCI(17.5 g, 51.51 mmol, 1.2 eg} at
25 °C. The mixture was stirred at 25 °C for 1 h, quenched with MeOH (5 mL), and concentrated
under vacuum. The residue was dissolved i EtOAc¢ (200 mL), washed with aqueous citric acid
{100 i) and brine {100 mL.}. The organic layer was dried with Na:SO4, filtered, and
concentrated under vacuum to afford crude compound 1-8 (24.0 g, crude) as a vellow solid that
was used for the next step without further purification.

[0664] 1-{{1R.25,3R 4R }-4-((bis{4-methoxyphenyl){phenylmethoxy)methyl - 3-({fert-
butyldimethylilyloxy)-2~-methoxycyclopentylpyrimidine-2,4(1H,3H)-dione (1-9) Toa
solution of compound 1-8 (24.0 g, 42.93 mmol, 1 eg} in DCM {168 mL)} was added midazole
{731 g, 10732 mmol, 2.5 eg) and TBSCI(7.76 g, 51.51 mmol, 6.31 ml, 1.2 eg}. The mixture
was stirred at 25 °C for 16 b The reaction was then extracted with DCM (200 mL), washed with
aq. NaHCO2 (200 ml.} and brine (200 mL}. The organic layer was dried with Na:8Qy, filtered,
and concentrated under vacuum to afford compound 1-9 (28.9 g, crude) as a yellow o1, which
was used for the next step without further purification,

[0665] I{{(IR25,3R 4R }-3-({ tert-butyldimethylsilylioxy }-4-{hydroxymethyl)-2-methoxy-
cyclepentylipyrimidine-2,4(1H,3H -dione (1-10) To a solotion of compound -8 (289 g, 42.92
mmol, 1 eg) in DCM (180 mL} was added dodecane-1-thiol (17.4 g, 85.84 mmol, 2056 mL, 2
egyand DCA (221 ¢, 171.68 mmol, 1410 mb, 4 eq} at 0 °C. The reaction was stirred at 25 °C
for 2 h. The mixture was then washed with aqueous NaHCQO: (200 mL}, extracted with DCM

{200 mL}, and washed with brine (200 mL}. The organic layer was dried with Na:8Qs, filtered
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and concentrated under vacuum. The residue was purified by column chromatography (80,
petroleum ether/Ethy! acetate = 2/1 to 0/1) to afford compound 1-18 (5.70 g, 26.18 mumol,
61.00% vield) as a vellow solid. TH NMR: 400 MHz, DMSQG-ds, 6 11.25(1H), 771 {d, /= 8.0
Hz, 1H), 5.62-5.59 (m, 1H), 4.79-4.73 (m, 2H), 4.14-4.13 (m, 1H). 3.78-3.75 (m, 1H), 3.41-3.38
(m, 2H), 3.23 (s, 3H), 2.11-2.05 (m, 1H), 1.96-1.94 (m, 1H), 1.23-1.22 (m, 1H), 0.87 (s, 9H),
0.07 (d, J = 5.6 Hz, 6H).

[0666] Diethyl ({(E)}-2-{{1R,2R,38,4R})-2-({tert-butyldimethylsilyl)oxy)-3-methoxy-4-(2-ox0-
34-dihydropyrimidin-1(2H)-vlcyclopentylyvinylphosphonate (1-11) To a solution of
compound 1-18(8.70 g, 23 48 mmol, 1 eg) in ACN (174 mL)} was added IBX (8.55 g, 30.53
mmol, 1.3 eg). The mixture was stirred at 80 °C for 1 h and then cooled to 25 °C. The reaction
was filtered and the filtrate was concentrated in vacuum to afford the crude aldehyde (7.50 ¢} as
a white solid. The aldehyde was redissolved in THF (30 mL). To a solution of phosphonate (9.39
g, 32.56 mmol, 1.6 eg) in THF (45 mL) was added +-BuOK (1 M, 30.53 mi, 1.5 ¢q, in -BuCH)
dropwise at 0 °C. The mixture was stirred at 0 °C for 0.5 h. At 0 °C, the mixture was then slowly
added to the solution of the aldehyde solution prepared above. The resulting mixture was stirred
at 0 °C for 1 hand at 25 °C for additional 1 h. The reaction was then poured wto agq. NHaCl (200
ml), extracted with EtQAc (200 ol x 2), washed with brine (200 md.). The organic layer was
dried over NazSOu, filtered, and concentrated under vacuum. The residue was purified by
column chromatography (Si0:, Petroleum ether/Ethyl acetate=5/1 to 0/1) to afford compound 1~
11 {102 g, with ~30% phosphonate) as a yellow oil. ¥ NMR: 400 MHz, CDCL, 5 8.96 (s, 1H),
715 (d, J= 8.0 Hz, 1H), 6.81-6.69 (m, 1H), 5.80-5.71 {m, 2F), 4.44-4.43 {m, 1F]), 4.18-4.07 {m,
6H), 3.85 (t, J = 5.6 Hz, 111, 3.38 (s, 3H), 2.83-2.75 (m, 1H), 2.36-2.29 (m, 1H), 1.86-1.78 (m,
4HD), 1.36-1.24 (m, 7H), 0.91 (s, 9H), 0.10 (s, 61D,

[0667] Diethyl ((E)}-2-((1R,2R,38,4R)-4-(2,4-dioxe-3,4-dihydropyrimidin-1(2H)-yi)-2-
hydroxy-3-methosyeyclopentylivinyliphosphenate (1-12) To a solution of compound 1-11
{3.00 g, 5.97 mmol, 1 eg) in MeOH (30 mL} was added NH4F {2.21 g, 59.6% mmol, 10 eg}. The
reaction was stirred at 65 °C for 16 h. The mixture was then cooled to 25 °C and concentrated
under vacuum. The residue was purified by column chromatography (8102, DUM: MeOH =
50:1 to 5:1) to afford compound 1-12 {1.40 g, 3.60 mmol, 60.40% vield) as a yellow solid 'H
NMR: 400 Mz, CDCL, 6 8.84 (s, 1H), 7.13 (d, J = 8.0 Hz, 1H), 6.89-6.77 (m, 1H), 5.81-5.75
{m, TH), 4.54-4.50 {m, 1H), 4.14-4.07 {m, 5H), 3.93-3.91 (m, 1H), 3.45 (s, 3H), 2.77-2.73 (m,
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2H), 2.36-2.28 (m, 1H), 1.85-1.76 {(m, 1H), 1.37-1.32 (m, 6H).

[0068] 2-Cyancethyl ({(1R,25,3R,SR}-5-{({(E)-2-{diethoxyphosphorylivinyl}-3-(2.4-dioxe-3,4-
dibydropyrimidin-1{2H}-yi}-2-methoxyeyclepeniyl) dilsopropylphesphoramidite (1-13) To
a solution of compound 1-12 (1,40 g, 3.60 mmol, 1 eg) in BCM (14 mi}) was added BCI (5109
mg, 4.33 mmol, 1.2 eg) and Z-cyancethyl NN N° N’ «tetraisopropylphosphorodiamidite (1.63 g,
5.41 mmol, 1.72 mb, 1.5 eg} at 25 °C. The reaction was stirred at 25 °C for 1 h. The mixture was
then diluted with BCM (100 mL}, washed with ag. NaHC Qs (100 mL) and brine (100 mL). The
organic layer was dried with anhydrous Na:xSOq, filtered, and concentrated under vacuum. The
residue was purified by column chromatography (5102, petroleum ether/Ethyi acetate =3/1 to
0/1, 0.1% TEA) to afford compound 1-13 (C-VP) (1 .40 g, 2.38 mmol, 66 % yield) as a white
solid. THE MMR: 400 MHz, CD:CN, 4911 (s, 1H), 7.38-7.34 {m, 1H)}, 6.80-6.66 {m, 1H}, 5.87-
573 {m, 1H), 5.60-5.58 {(m, 1H), 4.62-4.58 (m, 1H}, 426-4.03 {m, 1H), 4.02-3.39 (m, SH), 3.37-
3.33 {m, 3H), 2.97-2.85 (m, 1H), 2.74-2.62 (m, 2H), 2.33-2.24 {m, 1H), 1.73-1.65 (m, 1H), 1.29-
1.24 {m, 6H}), 1.20-1.13 {m, 12H}.

[0669] Dhethyl (2-((1R,2R,35,4R)-2-({tert-butyldimethyisilyl)oxy)-4-(2,4-dioxo-3,4-dihydre-
pyrimidin-1(2H}v-3-methoxycyclopentyliethyl)phosphonate (1-14) To a solution of
compound 1~11{7.20 g, 1433 mmol, 1 eg) in MeOH (72 ml) was added P4/C (3.6 g, 10%
purity) and AcOH (2.27 g, 3777 ramol, 2.16 mL, 2.64 eg) at 25 °C. The reaction was stirred at
25 °C for 2 hunder Hz (15 psi). The nuxture was then filtered, concentrated under vacuum to
afforded the crude compound 1-14 (7.23 g} as a yellow o1l that was used for the next step
without further purification.

[0670] Biethyl 2-((1R,2R,38,4R)-4-(2,4-dioxe-3.4-dihydropyrimidin- 1 H)-yD-2-hydroxy-
3-methoxyeyclopentyljethyl)phosphonate (1-15) To a solution of compound 1-14 {(7.23 g,
14.33 mmol, 1 eq) in MeOH (72 mL) was added NHaF (5.31 g, 143.27 mmol, 10 eg}. The
reaction was stirred at 65 °C for 16 h. The mixture was then cooled to 25 °C and concentrated
under vacuum. The residie was purified by column chromatography {(Si10z, DOCM: MeOH =
50:1 to 5:1) to afford compound 1-18 (3.70 g, 9.48 mmol, 66.2% vield) as a yellow oil. 'H
WMR: 400 MHz, DMSO-ds, d 11.2 (s, 1H), 774 (d, /= 80 Hz, 1H), 5.58(d, /= 7.6 Hz, 1H),
4.67-4.63 (m, 2H), 4.00-3.96 (m, 4H), 3.73-3.71 {m, 2H), 3.26 (s, 3H), 2.08-2.01 {m, 1H), 1.81-
1.70 (m, 4H), 1.51-1.44 (m, 1H), 1.23 {t, /= 7.0 Hz, 6H).

[0671] 2-Cyancethyl ((1R,25,3R,3R}-5-(2-(diethoxyphosphoryliethyl)-3-(2.4-dioxo-3.4-
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dibydropyrimidin-1{2H}-yi}-2-methoxyeyclepeniyl) dilsepropylphesphoramidite (1-16) To
a solution of compound 1-18 (2.70 g, 6.92 mmol, 1 eg} in DCM (27 mi ) was added DCE (980.2
mg, 8.30 mmol, 1.2 eg) and Z-cyancethyb-N NN N -tetraisopropyiphosphorodianmdite (3.13 g,
10.37 mmol, 3.30mL, 1.5 eg} at 25 °C. The reaction was stirred at 25 °C for 1 h. The muxture
was then diluted with DCM (100 mL}, washed with agueous NaHCOs; (100 mL} and brine (100
mL}. The organic layer was dried with anhydrous Na2SOq, filtered, and concentrated in vacuum.
The residue was purified by column chromatography (8102, Petroleum ether/Ethyl acetate = 3/1
to 0/1, 0.1% TEA) to afford compound 1-16 (C-EP) (3.9 g, 70% vyield) as a white oil. "H NMR:
400 MHz, CD3CN, 6 9.09 (s, 1H), 7.38-7.35 (m, 1H), $.60-5.57 (m, 1H), 4.67-4 62 (1, 1H),
4.053-4 00 {m, 3H), 3.99-3 62 (m, 5H), 3.34-3 31 (m, 3H), 2.69-2.66 {m, 2H}, 2.29-2.21 {m, 1H),
2.12-2.06 {m, 1H), 1.89-1.68 (m, 3H), 1.60-1.30 (m, 1H), 1 38-1.32 (m, 1H), 1 .30-1.24 (m, 6H),
1.22-1.14 (m, 12H).

[0672] 2-cyanoethyl ((1R.28,3R 5R})-5-(2-(dimethoxyphosphoryljethyl}-3-(2.4-dioxo-3,4-
dibydropyrimidin- 12H)-yI)-2-methoxycyclopeniyl) diisopropylphosphoramidite (2-16)

The dimethyl ester of carbocyclic uridine phosphoramidite 2-16 was prepared using similar
procedures as described above to prepare 1-16.

Example 2. General procedures for oligonuclestide synthesis

(06731 Oligonucleotides were synthesized using 2’ -modified phosphoramidites (Hongene
Biotech), carbocyclic nucleotide phosphoramidites described above for antisense strands, and
G1b GalNAc phesphoramidites for sense strands (PCT/US2022/039517), following standard
oligonucleotide synthesis procedures.

[0674] To prepare antisense strands with mono methyl protected carbocyclic nucleotide [57-C-
MeEPmUY], the synthesized oligonucleotides were deprotected under standard cleavage and
deprotection conditions with concentrated ammonia (28-30 wt%) at 45 °C for one day to

simultaneously remove one methy! group.



WO 2023/164464 PCT/US2023/062996

[0675% To prepare antisense strands with fully deprotected carbocyelic nucleotide {57-C-
EPmU], solid support columns were first treated with TMS/pyridine/CH2Clz for 1 h at room
temperature and guenched with 2-mercaptoethanc! in TEA/CH3CON solution. Standard cleavage
and deprotection conditions described above were then used to afford the fully cleaved and
deprotected antisense strands.

[0676] The crude oligonucleotides were analyzed with SAX-HPLC and HR-LC-MS, and
purified with SAX-HPLC. The pure fractions were combined, concentrated, desalted, and
iyophilized to atford the purified sense and antisense strands. The sense and antisense strand
were then redissolved in water and annealed to afford the duplex based on a 1:1 molar ratio.
Example 3. mRNA knockdown activity of siRNA molecules incorporated with 5°-
carbocyelic nucleotides to target gene in mouse liver

(06771 The gene silencing activities in mouse hiver were studied with siRNA compounds listed
i Tabie 1. These siRNA molecules incorporated 5°-C-MeEP or 5°-C-EP and were compared
with those comprising of 5'-(£)-vinylphosphonate (57-VP} or 57-hydroxyl group (§°-OH). As
shown in FEGS. 1A and 18, both §7-C-MeEP and 5°-C-EP demonstrated improved knockdown
potency compared with 5°-VP and 57-OH in mouse fver.

[0678] CD-1 female nice were administrated subcutaneously with 0.5 mg/kg siRNA molecules.
A control group was dosed with phosphate buffered saline (PBS). Four days post treatment,
arimals were then hydrodynamically injected (HDI) through tail vein with 20 pg target gene 2 in
peDNA3ZT (+). The mice were sacrificed one day post-treatment. Liver tissues were collected,
stored in RNAlater® overnight at 4 °C, and transferred to -80 °C after RNA later removal, for
mRNA analysis. Reduction of target mRNA was measured by ¢PCR using CFX384 TOUCH™
Real-Time PCR Detection System {BioRad Laboratories, Inc., Hercules, CA). All saruples were
normalized to the PBS treated control animals and plotted usmg GraphPad Prism software
{GraphPad Software Ing., La Jolia, CA).

Example 4. mRNA knockdown activity of siRNA molecules incorporated with carbogyelic
nuciectides to targe! gene in mouse extrahepatic tissues

[0679% The gene silencing activities in mouse extrahepatic tissues were studied with fully
chemically modified siRNA molecules conjugated with specific targeting ligands for
extrahepatic tissues. These siRNA molecules incorporated 5°-C-MeEP or 57-C-EP and were

compared with those comprising of 5'-(E)-vinylphosphonate (5’-VP) or 5’-hydroxy! group (57~
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OH}. As shown in FIGS, 2A-2E, both §°-C-MeEP and 5°-C-EP showed improved knockdown
potency compared with 5°-OH and at least comparable or improved activities with 5°-VP in
multiple extrahepatic tissues.

(00807 (D1 female mice were administrated subcutanecusly with 3 mg/kg siRNA molecules

A control group was dosed with phosphate buffered saline (PBS}. The mice were sacrificed ten
days posi-treatment. Multiple extrahepatic tissues were collected, stored in RNAlater® overnight
at 4 °C, and transferred to -80 °C after RNA later removal, for mRINA analysis. Reduction of
target mRINA was measured by gPCR 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 stRNA Duplexes Tested 1n Examples 3 and 4.

$0H

Duplex
1

§.Vp

]
s HGS U m A CHoUTHCHmU [ CHA U U mGH U o GHIGHmA Ul mGlmAs mCs}[mG]
Duplex }

VPmUsHIGS|fUHmAHFCHnUIHCEmU o Cl A U U mGEHUHoGlHG A mUmGHmAs nsl mG]

3-C- | Duplex

Ep 3 {C-EPmUsHIGSIUNmAFCHoUHHCH U aCHA U U lnGIH U n GG A Ul mGlimAsnCsl{m{]

57-C-{Duplex

mUsifnCsmAmUnClIHCHmAICH AT AU EmG mAlnGHmA Gl nUlmAsfmCs}mA G I GG 1b]
nUsimCsHmAmUImCEHCmAJFCIHA A UG mAnGl oAl nGlinUl mAs mCsmAHGH GG b
mblsffmCsi{mAlmUmCHCHmAHCHA AN U inGlmAlmGHwA lnGlnUl mAsfmCsHmAJG b GIbJG1b]

mUsiimCsHmAmUImCIEHCmAFFCIHA AU EmG mAnGl oAl nGlmUl mAs mCsHmAHG GG Ib]

5-0H

Duplex

mGsiimUslimUlmUlmUlFAImAHAT AU Al m A mA nGnUlinAnUs{imAs imAHGIHGIBHG I

S mUsiUsIHAnUNFA}mCHU U imUH A mA  aU ol U InUl Al mA ]l imAlfmAlmCs]imCs)im(]

5P

Duplex

mGsimUs iUl mUNmU)E Al mAlFATFATFUTU imA  mAmA G mU mAlmUs)mAsimA GBI G IbG ib)
VemUsUsHEANmU A sl Ul mU Al mAT mU im0 mU A mAlmA T BA mCs)mCslmC ]

6

5
EP

Duplex

mGs{fmUslinUmUmUITAmA AT ATHUHUlmA mAmAmGlimUlinA}mUsi mAs| mAGIBHG ]G 1b]
C-EPmUsifUsiFAHmUMFA mC U U mUTHA  mA mUmUL U mUHEA mA mA fmA mCs[imCsi{m(]

-
MeEP

Duplex

[mGs s U mUHmUHAInAJFAHEA T U nA  mAm A nGlinUlnAlmUsfmAs imATGIb{ GIbIGH]
MeEPmUsiHUsHIAmUT A mCIHU InUHmUFA ) mA oU mUTHU U A} mA i mA  mA HnCs) imCsfm(]

[
[
{
[
[
[
[
MebPi 4 HC-MeEPmUSIHGSHUHnAJICHoU O mUfmClA U nUnGIF T o GHHGnA InU ) inG] mAsmCs]{m{]
[
[
[
[
[
[
[
[C

]

The lower-case letters of f/m indicate 2'-deoxy-2'-fluoro (2'-F), and 2'-C-methy!

{2'-OMe) sugar modifications, respectively, to adenosine, cytidine, guanosine and vriding; s
indicates phosphorothioate (P8) linkage; VP, C-EPmU, C-MeEPmU, and G1b indicate the
chemical structures as shown below:
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EQUIVALENTS

[0081] The details of one or more embodiments of the disclosure are set forth in the
accompanying description above. Although any methods and materials similar or equivalent to
those described herein can be used in the practice or testing of the present disclosure, the
preferred methods and materials are now described. Other features, objects, and advantages of
the disclosure will be apparent from the description and from the claims. In the specification and
the appended claims, the singular forms include plural referents unless the context clearly
dictates otherwise. Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. All patents and publications cited in this specification are incorporated by
reference.

(06821 The foregoing description has been presented only for the purposes of dlustration and s
not intended to limit the disclosure to the precise form disclosed, but by the claims appended

hereto.
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CLAIMS

1. A compound of Formula {I) or (1)

or a pharmaceutically acceptable salt thereof, wherein:

B is H or a nucleobase moiety;

X is H, halogen, or -OR%;

R¥is H, C1-Cs alkyl, or (Ci-Cs alkyD-(Cs-Cro aryl), wherein the C1-Cs alkyl or -(C1-Cs
alkyl}-(Cs-Cio aryl} is optionally substituted with one or more R®:

each R* independently 15 halogen, C1-Cs alkyl, or -0~(C1-Cs alkyl), wherein the Ci-Cs
alkyl or ~-O~(Ci~Cs alkyl} 1s optionally substituted with one or more halogen;

Y is H, C1-Cs alkyl optionally substituted with one or more halogen, -P(RY), -
PORYUN(R 12}, -P(=0}ORV)RY, -P(=S}ORVRY, -P(=0}SRVIRY, -P(=S}SRYIRY, -
P(=OYORY )z, -P(=8}OR g2, -P(=03(SRY )2, -P(=S}( SR}z, or a hydroxy protecting group;

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

7 15 -P(R%)z, -P(ORTYN(RY), -P=OXORHRYE, -P=R)ORHRE, -P(=0)SRIR?, -
P(=S)SRARZ, -P(=0)}OR ), -P(=SHOR )y, -P(=0)(8R%):, or -P(=S}{SR% ),

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

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

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

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

176



WO 2023/164464 PCT/US2023/062996

R* is H, halogen, or C1-Ce alkyl optionally substitated with one or more halogen;

===z indicates a single bond or a double bond; and

each R® independently is H, halogen, or Ci-Us alkyl optionally substituted with one or
more halogen.
2. A Nucleic Acid Agent or a pharmacentically acceptable salt thereof, wherein the Nucleic
Acid Agent comprises:

an oligonucleotide comprising one or two 5'-End Unit, wherein each 5’-End Unit

independently is:

wherein variables B, R', R?, R*, R®, R®, X, and Z are described herein, and ## indicates

attachment to the rest of the oligonucleotide.

3. A conjugate or a pharmaceutically acceptable salt thereof, wherein the conjugate
comprises:
(1) a Nucleic Acid Agent, comprising:
an oligonucleotide comprising one or twe 5'-End Units being covalently attached

to the oligonucleotide, wherein each 5"-End Unit independently 1s:

wherein variables B, RL, R R, RY RS, X and 7 are described herein, and ## indicates
an attachment {o the rest of the oligonucleotide; and

{11} one or more Ligands being covalently attached to the Nucleic Acid Agent.
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4. The compound, Nucleic Acid Agent, or conjugate of any one of the preceding claims,

wherein B 1s H.

5. The compound, Nucleic Acid Agent, or conjugate of any one of the preceding claims,

wherein B is a nucleobase moiety.

6. The compound, Nucleic Acid Agent, or conjugate of any one of the preceding claims,
wherein the nuclechase moiety is adenine (A}, cytosine {C), guanine (G}, thymine (T}, or uractl

(U).

7. The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein X is -ORX

3. The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein X 15 -OH.

9. The compound, NMucleic Acid Agent, or conjugate of any one of the previous claims,
wheremn X 15 -0-(C1-Ce alkyl}.
10. The compound, Nuocleic Acid Agent, or conjugate of any one of the previous claims,
wherem X 13 ~-O~(C1-Cs alky}-0-(C1-Co alkyl).
11 The compound, Nucleic Acid Agent, or comjugate of any one of the previous claims,

wherein X is ~0-(C1-Cs alky-(Ce-Cio aryl} optionally substituted with one or more RX®

12. The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein X 18 ~O-{C1-Cs alkyh-(Cs-Cro arvl).
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13. The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein Y 15 C1-Cs alkyl optionally substituted with one or more halogen.

14. The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,
wherein Y is -P(RY )2, -P{ORVHN(RY )2}, -PEOWORHRY, -PESHORVIRY, -P(=0)SRYRY, -
PESHSRORY, -PEONORY ), -PESYOR 1, -PEOHSRY ), -PESHSR .

15, The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein Y is a hydroxy protecting group.

16. The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein when X is -OH, then Y is not H or a hydroxy protecting group.

17. The compound, Nuclete Acid Agent, or conjugate of any one of the previous claims,
wheretn when X s -OH, then Y 1s Ci-Cs alkyl optionally substituted with one or roore halogen, -
P(RY )2, -P(ORVI(N(R Y )z}, -P(=OXORVIRY, -P(=S)ORVIRY, -P=O)}SRVIRY, -P(=R)SRVRY, -
P(=03(OR ), -P(=SYOR" )z, -P(=0}SRY}z, or -P(=S) SR ).

18. The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein when Y is H or a hydroxy protecting group, then X 15 not -OHL

19. The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,
wherein when Y is H or a hydroxy protecting group, then X is H, halogen, or -OR%, and R* is
C1-Cs alkyl or {C1-Cs alky-{Cs-Cro arvl), wherein the Ci-Ce alkyl or «Ci-Ce alkyD-(Ce-Cio

aryl) is optionally substituted with one or more R*

20. The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein 7 is -P(R% ).
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21 The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein 7 is -PHo.

22. The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein Z is -PORI(N(R ).

23 The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein Z is -P(=0)}OR%)R*.

24 The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein Z is -P(=S}{OR“IR”,

25, The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein Z is -P(=0)SRHRZ

26. The compound, Nucleic Acid Ageunt, or conjugate of any one of the previous claims,

wherein 7 is -P(=S}{SRERZ.

27. The compound, NMucleic Acid Agent, or conjugate of any one of the previous claims,

wherein Z is -P(=0}OR ).

23, The compound, Nuocleic Acid Agent, or conjugate of any one of the previous claims,

wherein 7 15 -P(=S}OR%).

29. The compound, Nucleic Acid Agent, or comjugate of any one of the previous claims,

wherein Z is -PE0YER Y.

30. The compound, Nucleic Acid Agent, or conjugate of any one of the previous claims,

wherein Z is -P(=S)}{SR),.
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31, The compound of any one of the preceding claims, being of Formula (-1}, ("-2), (I1"-1),

or (1172}

Yooaray,

or a pharmaceutically acceptable salt thereof.

32. The compound of any one of the preceding claims, being of Formula (I-A) or ({-A):

Z
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Q.
Y ({-A),
or a pharmaceutically acceptable salt thereof.

33. The compound of any one of the preceding claims, being of Formula (I-47-1}, (I-A7-2),

(Ii-A"-1), or (IL-A7-2):

5
O!H;.
S

S
Oises

“

Y (A1) or

B

\
™

AT
[@1N
ra

Yo (-An2)
or a pharmaceutically acceptable salt thereof.
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34, The compound of any one of the preceding claims, being of Formula (I-B-1}, (i-B-2), (I-

B-1), or (I1-B-2):

Y (B-1): or

h\g/a
X O.
Y (I-B-2);

or a pharmaceutically acceptable salt thereof.

35. The compound of any one of the preceding claims, being of Formula 3-B°-1), (1-B7-2},

(I-B°-3), (I-B-4), (1-B’-1), (H-B’-2), (11-B-3), or (11-B’-4):

-B-1);



WO 2023/164464

Z
P B
D X
Y (d-B"-2):
zZ
S X
Y (I-B’-3};
z
— B
6 X
¥ (1-B-4);
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s,
"9,
///

)‘{éiu
Oine

Y (@B
or a pharmaceutically acceptable salt thereof.

36. The compound of any one of the preceding clavns, wherein the corapound 15
7 z - z
N S \ N
b e B B
y-O OMe  y-O OMe MeQ Owy  MelG Owy
2 B > 3

Z Z

z 7
N | |

i 2 i B \[ B8 \W R
.0 OMe ' E

v ) v© Di‘f’ﬁ’ MeO Owy  MeO O~y
z Z z z
NS 8 N
- e e, i,
! B I 8 B B
O f .C OMe >
O OMe O OM [ MeQ O~y

&
L or MeQ Owy .

>

or a pharmaceutically acceptable salt thereof, wherein:

Y is -P(R" )2, -P{ORYI(NR)), -PEONORIRY, -P(=S}ORYIRY, -P(=0¥SRVRY, -
P(=S)(SRVIRY, -P(=0}OR )y, -P(=SYORY )z, -P(=O}SR )2, -P(=S)} SR}, or a hydroxy
protecting group {e.g., silvl {e.g., trimethylsilyl, triethyisiyl, tert-butyldirnethylsilyl, tert-
butyldiphenylsilyl, or trusopropylsilyl), triphenyimethyl {To), 4,4 -diroethoxyirityl (DMTr},
substituted acyl (e g., optionally substituted acetyl), or benzyl);

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

7 15 -P(R%):, -P(ORTYN(RZY), -P(=ONORARE, -P(=8)ORAHR?, -P(=0)}SRHR?, -
P(=S)SRORE, -P(=0XOR%), -P(=SHOR%n, -P(=0)8R%):2, or -P(=S)SR%):; and

each RZ independently is H or C1-Cs alky] opticnally substituted with one or more
halogen or cyano.
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|
(&)
_"0“‘

NC P
NG NGB,

-5
NCVA\O/P\
/
A
?,—
O —
— ;,:J \\
G

N(Pr2 o

B

—,
—_ ’cﬁ;
/p\

07 TNG-Pr), -
or a pharmaceutically acceptable salt thereof, wherein B 15 adenine {A), cytosine (C), guanine

NC

{G), thymune (T), or uracil {(U).

38 The compound of any one of the preceding claims, wherein the corapound 13 selected

from the compounds described in Table E and pharmaceutically acceptable salis thereof.

39 The Nucleic Acid Agent of any one of the preceding claims, comprising a single strand
40. The Nucleic Acid Agent of any one of the preceding claims, comprising a double strand
RNA.

41. The Nucleic Acid Agent of any one of the preceding claims, comprising a double strand

RNA (e.g., double strand siRINA) and one or two 5’-End Units, wherein:

a 5’-End Unit 1s atiached to the sense strand (e.g., at the 5~ terminal position) of the
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double strand RNA (e.g., double strand siRNA}; and/or

a 5’-End Unit 1s attached to the antisense strand (&g, at the 5~ terminal position) of the
double strand RNA (e.g., double strand siRNA).
42,

The Nucleic Acid Agent of any one of the preceding claims, wherein the 5"-End Unit in
the Nucleic Acid Agent i

Q 8
HQ.__'FI"»C} OMe HO-—-E!ZI"‘O OMe

Q. Qg

L2 L5
L5
R T k\ B

< ? L
ﬁ,O OMe
HO—P MeG o, .80  MeC O 3/,8

[eXN - -
Fan a4 oM #b0 OH

B
o :Lﬁq H@g\
B0 OMe i B B

: i-iO-—-'Fl’"Q Olde
3.
P

Oty 45-5-0" OH

or a pharmaceutically acceptable salt thereof, wherein:

MeO ¢, 0O MeC o, S8

&0
or H#E0O OH.

Z is -P(R7), -P(ORD(N(R ), -P(=ONORIR?, -P(=8)ORHRY, -P(=0) SRR, -
P=8)(SROR?, -P(=0NOR y, -P(=8)(OR ), -P(=0){SR" ), or -P(=8}(SR™);

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

The Nucleic Acid Agent of any one of the preceding claims, wherein the ’-End Untt in
the Nucleic Acid Agent is:
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HO~ (.
(g %.\\B
w""'J‘,
—_—g
/ -

OH
or a pharmaceutically acceptable salt thereof, wherein B 1s adenive (A), cytosine (C), guanine

(), thymine (T), or uracii {U).

44, The Nucleic Acid Agent of any one of the preceding claims, wheremn the 5’ -End Unit in

the Nucleic Acid Agent is selected from the 5”-Eud Units described in Table N

45, The conjugate of any one of the preceding claims, comprising a single strand RNA {e.g.,

single strand siRNA}, one or more Ligands, and one 5”-End Unit.

40, The conjugate of any one of the preceding claims, comprising 8 double strand RNA {e.g.,

double strand siRNA), one or more Ligands, and one or two 57-End Units.

47, The conjugate of any one of the preceding claims, comprising a double strand RNA {e.g,
double strand siRNA}, one or more Ligands, and one or two 5’-End Umits, wherein:

a 5"-End Unit is attached to the sense strand (e g, at the 57- terminal position) of the
double strand RNA (e.g., double strand siRNA); and/or

a 5"-End Unit is attached to the antisense strand (e g, at the 5°- terminal position) of the

double strand RNA (e.g., double strand sSiRNA}.

48, The conjugate of any one of the preceding claims, wherein the 5’-End Unit in the

conjugate is:
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(;)H
HO~p.
(I:i \ wB
i
-0 P
S:.:-F!)'....D"}Ll
OH

or a pharmaceutically acceptable salt thereof, wherein B 1s adenive (A}, cytosine (C}, guanine

(G}, thymine (T), or uracil (U).

49, The conjugate of any one of the preceding claims, wherein the §”-End Unit s selected

from the conjugates described in Table C.

50. The Nucleic Acid Agent or conjugate of any one of the preceding claims, wherein the
DAC oH
Ac!—iNI Ohc ASHN. A _OH
e ) |
,%/MO, ol %, /EJ\(\)\/,O/\O/\\E
, . Ae  TE :
Higand comprises 130 OAC o 130 OH,
51 The Nucleic Acid Agent or conjugate of any one of the preceding claims, wherein the

QAc \\

figand comprises

/ Ot
/’ AcHN LOH
18, o
o |
"2* Linking Moiety /1 w0 OH /
A\ fia
52, The Nucleic Acid Agent or conjugate of any one of the preceding claims, wherein the

ligand comprises a lipid, a peptide moiety, or an antibody moiety.
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53, The Nucleic Acid Agent or conjugate of any one of the preceding claims, wherein the

Nucleic Acid Agent comprises an sligonucleotide.

54. A pharmaceutical composition comprising the compound, Nucleic Acid Agent, or

conjugate of the any one of the preceding claims.

55, A method of modulating the expression of a target gene in a subject, delivering a Nucleic
Acid Agent to a subject, or freating or preveniing a disease in a subject in need thereof,

comprising administering to the subject the conjugate of any one of the preceding clatms.

56. The conjugate of any one of the preceding claims 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.

57. Use of the conjugate of any one of the preceding claims n the manufacture of g
medicament for modulating the expression of a target gene in a subiect, delivering a Nucleic

Acid Agent to a subject, or treating or preventing a disease in a subject in need thereof.
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