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LIFID-BASED CONJUGATES FOR SYSTEMIC, CENTRAL NERVOUS SYSTEM,
PERIFHERAL NERVOUS SYSTEM, AND OCULAR DELIVERY

RELATED APPLICATIONS

[0001} This application claims priority to, and the benefit of, U.8. Application No. 63/499,944,
filed on May 3, 2023; and U.5. Application No. 63/507 623, filed on June 12, 2023, the entire

contents of which are incorporated herein by reference.

BACKGROUND

(00021 Oligonuclectide-based therapeutics have been used as an effective means to modulate
gene expression and have recerved regulatory approvals from the FDA. However, one major
obstacle preventing its broader climcal application is the lack of effective delivery approaches to
direct ohgonucleotides to extrahepatic tissues or cell types other than liver hepatocytes.
Therefore, there remains a need in the art for approaches for efficient and specific delivery of
oligonucleoctides to exirahepatic tissues.

[0003] The present disclosure addresses this need by designing oligonucleotide conjugates with
natural or modified lipids to enhance oligonucleotides” delivery, cellular uptake efficiency, and
cellular potency, or other properties in extrahepatic tissues, including but not limited to central

nervous system, peripheral nervous system, eye, adipose, muscle, heart, and adrenal gland

tissyes.

SUMMARY

[0004] In some aspects, the present disclosure provides a Lipid-Based Ligand Agent being a

compound of Forraula (1), (IT), (1), or (V)
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{TH); or

or a pharmaceutically acceptable salt thereof, wherein:

118 a ipid moiety;

Bis H, Ci-Cs alkyl, or a nucleobase moiety;

Vs -O-, -NRY-, ar -C(R ),

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

Q15 ~{CRR)-NH-* 1n which * denotes attachment to L; or Q 1s Cs-Cio arylene or 5- to
10-membered hetercarylene, wherein the Ca-Cio arylene or 5- to 10-membered hetercarylene 15
optionally substituted with one or more RY;

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

X is H, halogen, or -ORY;

b
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R*is H, Ci-Ce alkvl, or -(Ci-Cs alkyD-(Cs-Cro aryl}, wherein the C1-Cs atkyl or <{(Ci-Cs
alky1)-{Cs-Cio aryl) is optionally substituted with one or more R*; or R and R* together form
Ci-Cs alkylene;

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

Y is H, Ci-Cs alkey! optionally substituted with one or more halogen, -P(R" ), -
PORVWN(RY 1), -P(=0)ORVIRY, -P(=S}ORHRY, -P(=0}SRRY, -P(=8}SRIRY, -
P(=0)OR )2, -P(=SHOR" ), -P(=0)(SR" )y, -P(=S)}(SR¥)z, or a hydroxy protecting group;

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

Z is H, C:-Cs alky! optionally substituted with one or more halogen, -P(R*), -
P{ORZHN(R )}, -P(=O0XORNR”, -P(=S}OR/IR”, -P(=0OHSR*)R?, -P(=S)}(SR")R”, -
P(=0)OR 2, -P(=S}{OR" )z, -P(=0OHSR" )z, -P(=S}SR ), or a hydroxy protecting group;

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

or Y and Z in Formula (1) or (I, together form -Si{R* jz-0-Sy{R" )2-, wherein each RY
independently 1s H or T1~Cs alkyl;

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

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

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

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

R*1s H, halogen, or C1-Cs alkyl optionally substituted with one or more halogen; or R?
and R* together form Ci-Cs alkylene;

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

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

{00051 In some aspects, the present disclosure provides a conjugate or a pharmaceutically
acceptable salt thereof, comprising:

(i} one or more Nugleic Acid Agent; and

(o5
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(i1} one or more Lipid-Based Ligand Unit, wherein each Lipid-Based Ligand Unit

mdependently is:

wherein:

variables L, B, V. Q, X, R%, n, RY, RZ R R RY RY, and R are described herein; and
when the Lipid-Based Ligand Umt 15 at the 37 -ternunus of the Nucleic Acid Agent,

# 15 an attachment to the rest of the conjugate; and

##1s H, -P(RY )2, -PORVUN(R 1), -P(=0HORMRY, -P(=S)ORMRY, -P(=0)} SRR, -
PESHSRORY, -PEOHOR ), -PESHOR ), -P=OHSRY ), -P(=SHSRY ), or a hydroxy
protecting group; or
when the Lipid-Based Ligand Unit is at the 5" -terminus of the Nucleic Acid Agent,

#is H, -P(R%)z, -P(OR)(N(R?)), -P(=O)ORAIRY, -P(=S)}{ORY)R”, -P(=O} SR )R?, -
PESHSRORY, -PEONORY ), -PESHORY ), -P(=0)SR ), -P(=S)} SR}, or a hydroxy
protecting group; and

## 15 an attachment to the rest of the conjugate; or

each of # and ## independently is an attachment to the rest of the conjugate.

{00061 In some aspects, the present disclosure provides an isotopic derivative of a Lipid-Based
Ligand Agent described herein.
{00071 In some aspects, the present disclosure provides a pharmaceutical composition

comprising a Lipid-Based Ligand Agent or conjugate described herein.
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(0008} In some aspects, the present disclosure provides a method of modulating the expression
of a target gene in a subject, comprising administering 1o the subject a conjugate described
herein.

f0009] In some aspects, the present disclosure provides a method of delivering a Nucleic Acid
Agent 10 a subject, comprising administering to the subject a conjugate described herein.

{00101 In some aspects, the present disclosure provides a method of treating or preventing a
disease 1n a subject in need thereof, comprising administering to the subject a therapeutically
effective amount of a conjugate described herein.

[00111 In some aspects, the present disclosure provides a conjugate described herein for
modulating the expression of a target gene in a subject.

{00121 In some aspects, the present disclosure provides a conjugate described herein for
delivering a Nucleic Acid Agent to a subject.

{00131 In some aspects, the present disclosure provides a conjugate described herein for treating
or preventing a disease in a subject in need thereof.

(00147 In some aspects, the present disclosure provides a use of a conjugate described heren o
the manufacture of a medicarnent for modulating the expression of a target gene in a subject.
[00137 In some aspects, the present disclosure provides a use of a conjugate described heren o
the manufacture of a medicament for delivering a Nucleic Acid Agent to a subject.

[00161 In some aspects, the present disclosure provides a use of a conjugate described heren tn
the manufacture of a medicament for freating or preventing a disease m a subject in need thereof
(00171 In some aspects, the present disclosure provides a compound being an 1sotopic derivative
of a Lipid-Based Ligand Agent disclosed herein.

[0018] In some aspects, the present disclosure provides a pharmaceutical composition
comprising a conjugate described herem

[0019] Unless otherwise defined, all techunical 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 similar or equivalent to those described
herein can be used in the practice or testing of the present disclosure, suitable methods and
materials are described below. All publications, patent applications, patents and other references

mentioned herein are incorporated by reference. The references cited herein are not admutted to

W
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be prior art to the claimed invention. In the case of conflict, the present specification, including
definitions, will control. In addition, the matenials, methods and examples are illustrative only
and are not intended 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 THE FIGURES
(00217 FIGS. 1A-1E show the target mRNA knockdown in multiple tissues after administration
of different lipid conjugates. Data is shown as the percent target mRNA remaining in the liver or
extrahepatic tissue {7 ¢., white adipose, brown adipose, adrenal gland, or heart).
100221 FIGS. 2A-2G show lipid conjugate aciivities shown by target mRNA reduction in hver
and extrahepatic tissues, including white adipose (gonadal white adipose tissue (gWAT)), brown
adipose (BAT), adrenal gland, heart, guadriceps {quad), and kidney tissues.
[00231 FIG. 3 shows exemplary conjugation configurations of Linker Units, Lipid-Based
Ligand Unuts, and the Nucleic Acid Agent. Note that the attachment of the Lipid-Based Ligand
Units, either directly or through the Linker Units, may be to one or both strands of the Nucleic
Acid Agent {e.g., sense and/or antisense strand),
100241 FIGS. 4A-4F show hipid conjugate activities shown by target aRNA reduction in hiver
and extrahepatic tissues, including white adipose (gWAT), brown adipose (BAT), adrenal gland,
heart, and quadriceps (quad) tissues on Day 11 post-dosing of | mg/kg, 2 mg/kg, and 4 mg/kg in
mice.
(00257 FIGS. SA-SF show lipid conjugate activities shown by target mRNA reduction in hiver
and extrahepatic tissues, mcluding white adipose {(inguinal white adipose tissue {WAT),
gWAT), brown adipose {BAT), heart, quadniceps {quad), and kidney tissues on Bay 10 post-
dosing of 2 mg/kg n mice.
[0026] FIGS. 6A-6E show lipid conjugate activities shown by target mRNA reduction in liver
and extrahepatic tissues, including white adipose (gWAT), brown adipose {(BAT), heart, and

quadriceps {quad} tissues on Day 10 post-dosing of 0.5 mg/kg and 2.0 mg/kg in mice.
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{00277 FIGS. 7A-7] show lipid conjugate activities shown by target mRNA reduction in biver
and extrahepatic tissues, including white adipose (gWATT), brown adipose (BAT), heart, and
quadriceps (quad) on Day @ and Day 35 post-dosing of 2 mg/kg in mice.

[0028] FIGS. 8A-8G show the mRNA knockdown activities of conjugated duplexes i CNS,
PNS, and liver via 1.1, injection. Different numbers (#1-4) correspond to data obtained from
different mice.

(00291 FIGS. 9A-9G show the mRNA knockdown activities of conjugated duplexes in UNS,
PNS, liver, heart and kidney via 1.1, injection. Different numbers (#1-4) correspond to data
obtained from different mice.

[0030] FIGS. 10A-10D show the mRNA knockdown activities of conjugated duplexes in CNS,
PNS, liver, and heart via 1.1 injection. Different numbers (#1-4) correspond to data obtained
from different mice.

[0031] FIGS. 11A-11G show the mRNA knockdown activities of conjugated duplexes in NS,
PNS, and liver via i.¢.v. injection. Different numbers {#1-3) correspond to data obtained from
different mice.

[0032] FIGS. 12A-12G show the mRNA knockdown activities of conjugated duplexes in CNS,
PNS, liver, and heart via 1cv. myjection. Different numbers (#1-3) correspond to data obtained
from different mice.

[0033] FIGS. 13A-13D show the mRNA knockdown activities of conjugated duplexes in CNS,
PNS, liver, and heart via i.c.v. myection. Different numbers (#1-3) correspond to data obtammed
from different mice.

[0034] FIGS. 14A-14B show the mRNA knockdown activities of conjugated duplexes i mouse
reting and sclera/RPE layers after a single dose mtravitreal imjection (1.v.t.)

[0035] FIGS. 15A-15D show the mRNA knockdown activities of conjugated duplexes in UNS,
PNE, and peripheral tissues in mice via 1.1, injection. Dnfferent numbers (#1-4} correspond to data
obtained from different mice.

[0036] FIGS. 16A-16D show the mRNA knockdown activities of conjugated duplexes in CNS,
PNS, and peripheral tissues m mice via 1.cv. mjection. Dhifferent numbers (#1-3} correspond to
data obtained from different mice.

[0037] FIGS. 17A-17M show the mRINA knockdown activities of conjugated duplexes in

different tissues in spinal-ceregbellar tract, deeper brain area, and peripheral tissues in rats via 1.t



WO 2024/229397 PCT/US2024/027763

mjection (LSC = lumbar spinal cord; CSC = cervical spinal cord; BS = brainstem; CB =
cerebellum; SS{ = somatosensory cortex; FC = frontal cortex; HC = lippocampus; TH =
thalamus; 8T = striatum; Hypo = hypothalamus; L-DRG = L dorsal root gangha; LY = liver; HT
= heart}.

[0038] FIGS. 18A-18H show the mRNA knockdown activities of Conjugated Duplex with
Lipid-Based Ligand Unit 3-36 in different tissues in spinal-cerebellar tract, deeper brain area,
and peripheral tissues in mice via L.o.v. injection (LSC = lumbar spinal cord; BS = brainstem; B
= cerebellum; SSC = somatosensory cortex; HC = hippocampus; TH = thalamus).

[0039] FIGS. 19A-19B demonstrates the biodistribution of Conjugated Duplex with Lipid-
Based Ligand Unit Q-36 in mice brain via 1.¢.v. injection through miRNAscope in situ
hybridization assay (BS = brainstem; CB = cerebellum; SSC = somatosensory cortex; HC =

hippocampus; Th = thalamus}.

DETAILED DESCRIPTION
{00401 Oligonucleotide-based therapeutics require efficient and specific delivery to target
disease-related tissues or cell types and to regulate disease-related gene expression. One method
of achieving specific targeting 1s to conjugate a targeting motety to the nucleic acid {e.g.,
oligonucieotide). The targeting motety may help direct the nucletc acid to the site of interest and
facilitate the internalization of the ohigonucleotides.
{00411 The present disclosure provides Lipid-Based Ligand Agents, which may improve the
targeted delivery efficiency of oligonucleotides to extrahepatic tissues {e.g., central nervous
system {UNS}, peripheral nervous system (PNS), eve, adipose, muscle, heart, and adrenal gland
tissues), resulting m improved potency m regulating target genes. The present disclosure also
provides ohigonucleotide conjugates comprismg the Lipid-Based Ligand Agents. The Lipid-
Based Ligand Agents may improve the oligonucleotides” pharmacokinetic properties, receptor-
mediated endocytosts, franscytosis, traversing of capillary endothelium cells, mntraceltular
activities, armong other mechamsms and pathways. The present disclosure also relates 1o uses of
the Lipid-Based Ligand Agents and conjugates, e.g., in delivering nucleic acid and/or treating or

preventing diseases.
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[0042] In some embodiments, the oligonucleotide conjugate comprising the Lipid-Based Ligand
Agent has a higher targeted delivery efficiency as compared to an oligonucleotide conjugate
without the Lipid-Based Ligand Agent.

[0043] In some embodiments, the oligonuclestide conjugate comprising the Lipid-Based Ligand
Agent demonstrates improved cellular uptake efficiency as compared to an oligonucleotide
without the Lipid-Based Ligand Agent.

{00441 In some embodiments, the conjugate comprising the Lipid-Based Ligand Agent
demonstrates improved knockdown activities as compared to an oligonucleotide without the
Lipid-Based Ligand Agent.

[0045] In some embodiments, the conjugate comprising the Lipid-Based Ligand Agent
demonstrates enhanced pharmacokinetic (PK) properties compared to an oligonucleotide without
the Lipid-Based Ligand Agent.

{00461 In some embodiments, the conjugate comprising the Lipid-Based Ligand Agent
demonstrates enhanced selectivity of targeting extrahepatic tissues {e.g., CNS, PNS, eye,
adipose, muscle, heart, and adrenal gland tissues) as compared to an oligonucleotide without the
Lipid-Based Ligand Agent.

100471 In some embodments, the conjugate comprising the Lipid-Based Ligand Agent
demonstrates enhanced selectivity of targeting CNS, PNS, or eves as compared to an
oligonucleotide without the Lipid-Based Ligand Agent.

{00481 In some embodiments, the conjugate comprising the Lipid-Based Ligand Agent
demonstrates enhanced selectivity of targeting adipose, muscle, heart, and adrenal gland tissues

as compared to an oligonucleotide without the Lipid-Based Ligand Agent.

Lipid-Based Lisand Agent
[0049] In some aspects, the present disclosure provides a Lipid-Based Ligand Agent being a

compound of Formula (1), (I}, (I}, or IV}

R 5
0t™ gt
Zi'
R-i
R?ﬁ
| &

O
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(I1Ey; or

or a pharmaceutically acceptable salt thereof, wherein:

L 1s a ipid moidety;

B s H, Ci-Cs alkyl, or a nucleobase moiety;

V15 -0-, -NRY-, or -C(RV)2-;

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

Q 15 -{CR™R*1-NH-* 1n which * devotes attachment to L; or @ 1s Cs-Cio arylene or 5- to
10~-membered hetercarylene, wheremn the Ca-Cio arviene or 3~ to 10-membered hetercarylene is
optionally substituted with one or more R9;

each R independently is halogen or Ci-Ce allyl optionally substituted with one or more
halogen;

X is H, halogen, or -ORY;

10

10
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R*is H, Ci-Ce alkvl, or -(Ci-Cs alkyD-(Cs-Cro aryl}, wherein the C1-Cs atkyl or <{(Ci-Cs
alky1)-{Cs-Cio aryl) is optionally substituted with one or more R*; or R and R* together form
Ci-Cs alkylene;

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

Y is H, Ci-Cs alkey! optionally substituted with one or more halogen, -P(R" ), -
PORVWN(RY 1), -P(=0)ORVIRY, -P(=S}ORHRY, -P(=0}SRRY, -P(=8}SRIRY, -
P(=0)OR )2, -P(=SHOR" ), -P(=0)(SR" )y, -P(=S)}(SR¥)z, or a hydroxy protecting group;

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

Z is H, C:-Cs alky! optionally substituted with one or more halogen, -P(R*), -
P{ORZHN(R )}, -P(=O0XORNR”, -P(=S}OR/IR”, -P(=0OHSR*)R?, -P(=S)}(SR")R”, -
P(=0)OR 2, -P(=S}{OR" )z, -P(=0OHSR" )z, -P(=S}SR ), or a hydroxy protecting group;

each R” independently is H or C'1-Cs alky! optionally substituted with one or more
halogen or cyano;

or Y and Z in Formula (1) or (I, together form -Si{R* jz-0-Sy{R" )2-, wherein each RY
independently 1s H or T1~Cs alkyl;

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

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

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

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

R*1s H, halogen, or C1-Cs alkyl optionally substituted with one or more halogen; or R?
and R* together form Ci-Cs alkylene;

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

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

(00507 It is understood that, for a compound of the present disclosure, variables L, RY, RV RY,
R BV, RY, X RN RN YV RY, Z RY QR RY RY, R%, R®, R®, R, and n can each be, where
applicable, selected from the groups described herein, and any group described herein for any of

variables L, RY, R¥ RV R™ BV, RY, X R, R*™ Y RY, Z R* {, R° R" R' R’ R’ R' R’

11

11
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and n can be combined, where applicable, with any group described herein for one or more of the
remainder of variables L, RY, RV, RY R™ B, V,RY, X, R, R™ YV, RV, Z, R, Q, RY, R* R,
RO RY R andn

Variables L, RE, RE, and R

[0051] In some embodiments, L 15 a fatiy acid, a glycerolipid, a glycerophospholipid, a
sphingolipid, a sterol, a prenol, or a saccharslipid, any derivative thereof, or any portion thereof.
{00521 In some embodiments, L is a fatty acid, a derivative thereof, or a portion thereof.

[00531 In some embodiments, L s a glycerolipid, a derivative thereof, or a portion thereof,
{00541 In some embodiments, L is a glycerophospholipid, a derivative thereof, or a portion
thereof.

0055} In some embodiments, L is a sphingolipid, a derivative thereof, or a portion thereof.
0056
0057
0058
0059

ey

In some embodiments, L is a sterol, a derivative thereof, or a portion thereof.

In some embodiments, L is a prenol, a derivative thereof, or a portion thereof.
In some erobodiments, L 15 a saccharolipid, a derivative thereof, or a portion thereof.,

]
]
]
1 In some embodiments, L is ~-C(=0)R" or -C(=S)R";

pr— gy

R¥ s C2-Czo0 hydrocarbon chain or 2- to 200-membered hetero-hydrocarbon chain,
wheretn the Cz-Caoe hydrocarbon chain or 2- to 200-membered hetero-hydrocarbon chain 1s
optionally substituted with one or more RY;

each R independently is oxo, dibalocarbene, cyano, halogen, -OH, -O(C1-Ciz alkyl), -
O{Ce-Cro aryl), ~-COOH, ~-COGCr-Crz alkyl}, -CO(C1-Cao alkyl), -NHCO(C:-Cao alkyl), -
CONHz, -CONH{Ci-Cr2 alkyl), -CON(Ci-Cu2 alkyl)ye, ~-C{OINHOH, -SO:H, ~-SO:(Ci-Ciz alkyl),
SNHa, -NH(C1-Ciz alkyl), -N(C1-Cr2 alkyl)z, ~S{C1-Ciz alkyl), ~8(Cs-Cro aryl), -P(Ce-Cro arvli, -
OP{(=0CX0-(Ci-Ciz alkylene}-NMes ™", Ci-Ciz alkyl, Co-Caz alkenyl, Co-Ciz alkynyl, 5-Cs
cycloalkyl) 3- to &-membered heterocycloaltkyl, Cs-Cro arvl, or 5- to 10-membered heteroaryl,
wherein the -G{Ci-Crz alkyl}, -O(Ce-Cro aryly, -COMCi-Crz alkyl), -CO(Ci-Cao alkyl}, -
NHCO(C-Cao alkyl), -CONH(C1-Ciz alkyl), -CON(Ci-Ciz alkylyy, -8O5{C1-Crz alieyl), -NH(C;-
Ciz alkyly, ~-N{C1-Ciz alkyil, -S{C1-Ciz alkyD), -8${Ce-Cio aryl), -B{Co-Cio arylys, -OPE=0KOH0-
{C1-Cr alkylene}-NMes™, C1-Chz alkyl, Co-Cro alkenyl, Co-Ciz alkynyl, C3-Cs cyeloalkyl, 3- to 8-
membered heterocycloalkyl, Co-Cio aryl, or 5- to 10-membered hetercaryl is optionally

substituted with one or more R™; or

12
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two RY together with the one or more intervening atoms, form C3-Cs cveloalkyl, 3-to 8-
membered heterocycloalkyl, Ce-Cis aryl, or 5- to 15-membered heteroaryl, wherein the (5-Cs
cycloalkyl, 3- to 8-membered heterocycioalkyl, Co-Cis aryl, or 5- to 15-membered heteroaryl is
optionally substituted with one or more R™: and

each R™ independently is oxo, halogen, -OH, -O(C1-Ciz alkyl), -SH, -8(Ci-Ci2 alkyl), -
NHz, -NH(C1-Ciz atkyly, -N{C1-Cr2 alkyl)e, C1-Cro alkyl, C2-Cr2 alkenyl, Co-Ciz alkynyl, C:-Ce
cycloalkyl 3- to 8-membered heterocycloalkyl optionally substituted with one or more C1-Ciz
alkyl Ce-Cio aryl, or 5- to 10-membered heteroaryl; or

two R™ together with the one or more intervening atoms, form Cs-Ce eycloalkyl, 3- to 8-
membered heterocycloalkyl, Co-Cio aryl, or 5- to 10-membered hetercaryl.

[0060] In some embodiments, L is -C{(=0Q)R":

R is Co-Caoo hydrocarbon chain or 2- to 200-membered hetero-hydrocarbon chain,
wherein the Cao-Cae hydrocarbon chain or 2- to 200-membered hetero-hydrocarbon chain is
optionally substituted with one or more R™;

each R" independently is oxo, dihalocarbeve, halogen, ~OH, ~-O(Ci-Ciz alkyl), -COOH, -
COO(Ci-Caz alky ), ~-CO(C1-Cao alkyly, -NHCO{C1-Coo alkyl), -NHz, -NH{C1-Ciz alkyl), -N(Cys-
Ci2 alkylyz, ~OPEONONY0-(Ci-Ciz alkylene)-NMes', Ci-Ciz alkyl, C2o-Ci2 alkenyl, C2-Ciz
alkynyl, C3-Cs cycloalkyl, 3- to 8-membered heterocycloalkyl, Cs-Cio arvl, or 5~ to 10-
membered heteroaryl, wherein the ~-O{Ci-Ciz alkyl), -COO(Ci~-Ciz alkyl, ~CO{C1-Cso alkyl}, -
NHCO(Ci-Cao alkyly, -NH{C1-Ciz alkyl), -N{C:-Ci2 alkvlye, -OPEONHON-(Ci-Chz alkyiene)-
NMes", Ci-Cr2 alkyl, C2-Crz alkenyl, C2-Ciz alkynyl, Ca-Ce cycloalkyl, 3- to 8-membered
heterocycloallyl, Ce-Cio aryl, or 5- to 10-membered heteroaryl 15 optionally substituted with one
or more RY; or

two R together with the one or more intervening ators, form C3-Cs cycloalkyl, 3- to 8-
membered heterocycloalkyl, Ce-Cis aryl, or 5- to 15-membered heteroaryl, wherein the (5-Cs
cycloalkyl, 3- to B-membered heterocycloalkyl, Ce-Cis aryl, or 5- to 15-membered heteroaryl s
optionally substituted with one or more R™; and

each R* independently is oxo, halogen, -OH, -O{C1-Ci2 alkyl), -NHy, -NH{C-Cu2 alkyl),
SN(Ci-Caz alkyly, Ci-Ciz alkyl, C2-Caz alkenyl, Co-Caz alkynyl, C:-Ce eycloalkyl, 3- to 8-
membered heterocycloalkyi optionally substituted with one or more C1-Cro alkyl, Co-Cro arvl, or

5- to 10-membered hetercaryl; or

13
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two RM, together with the one or more intervening atoms, form C3-Ck eycloalkyl, 3- to 8-
membered heterocycloalkyl, Ce-Cio aryl, or 5- to 10-membered hetercaryl.
[0061] In some embodiments, L is -C{=0)RY:

R¥is C2-Cas hydrocarbon chain or 2- to 35-membered hetero-hydrocarbon chain, wherein
the C2-Css hydrocarbon chain or 2- to 35-membered hetero-hydrocarbon chain is optionally
substituted with one or more RV

each R independently is oxo, dihalocarbene, halogen, -OH, -O{Ci-Ciz alkyl), -COQOH, -
COO(Ci-Crz alkyhy, -NHCO(Ci-Cso alkyl), -NHz, -NH(Ci-Ciz alkyl), -N{C1-Crz alkylle, C-Cz
alkyl, Ca-Ciz alkenyl, Co-Cr2 alkynyl, Cs-Ce cycloalkyl, 3- to 8-membered heterocycloalkyl, Cs-
Cio aryl, or 3- to 10-membered hetercaryl, wherein the ~-O(C:-Crz alkyl), -COO(Ci-Ciz alkyly, -
NHCO(C-Cao alleyl), -NH{Ci-Can alkyly, -N{C:-Crz alky e, Ci-Crz alkyl, C2-Ciz alkenyl, Co-Cr2
alkynyl, C5-Cs cycloalkyl, 3- to 8-membered heterocyeloalkyl, Cs-Cro arvi, or 5- to 10-
membered heteroaryl is optionally substituted with one or more R™*, or

two R together with the one or more intervening atoms, form Cs-Ca cycloalkyl or 3- to
8-membered heterocycloalkyl, wherein the Cs-Cs cycloalkyl or 3- to 8-membered
heterocycloalkyl is optionally substituted with one or more R™; and

each R™® independently is oxo, halogen, -OH, -O(C1-Ci2 alkyly, -NHz, -NH(C1-C1z alkyl),
or -N{C1-Ciz alky.

[0062] In some embodiments, L is -C(=0)RL or C(=8)R;

R i C2-C1o0 hydrocarbon chain or 2- to 30-membered hetero-hydrocarbon chain, wherein
the C2~Cso hydrocarbon chain or 2~ to 30-membered hetero-hydrocarbon chain is optionally
substituted with one or more RY

each RY independently is oxo, dihalocarbene, cyano, halogen, ~-COOH, -COOG(Ci-Ci
alkyly, -CONHa, ~-CONH(Ci-Ciz alkyly, -CON(Ci-Cr2 alkeylh, -COWNHOH, ~-SO:H, -8Os(Ci-Ciz
alkyh), ~OH, -O(C1-Ciz alkyly, -O{Cs-Cro aryl), -NHaz, -NH(C1-Cr2 alkyl), -N(Ci-Ci2 alkyl), -
S{Ci-Ca2 alkyl}, ~S(Ce-Cro aryl), -P{Ts-Cio arylys, Ci-Ciz alkyl, Co-Cio alkenvl, C2-Ciz alkynyl,
(5-Cs cveloalkyl, 3- to 8-membered heterocycloaltkyl, Cs-Cro aryl, or 5- to 10-membered
heteroaryl, wherein the -COO(C-Crz alleyl), -CONH{Ci-Ciz alkyl), -CON(C1-Crz alkyl)y, -

SO C1-Crz alkyl}, -O(C1-Crz alkyl), -O{(Co-Cao aryl}, -NEH(C1-Crz alkyl), -N{C1-Crz alkeyl)e, -
S{Ci-Crz alkyl), -S{Ce-Cro aryl), -P{Cs-Cro arvlys, Ci-Ciz alkyl, Co-Ciz alkenyl, C2-Ciz alkynyl,

14
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Ca-Ce cycloalkyl, 3- to 8-membered heterocycloalkyl, Cs-Cro aryl, or 5- to 16-membered
heteroaryl is optionally substituted with one or more R or

two RY together with the one or more intervening atoms, form C3-Cs cvcloalkyl or 3- to
&-membered heterocycloalkyl, wherein the C3-Us cycloalkyl or 3- to 8-membered
; and

each R independently is oxo, halogen, -OH, -O(C1-Cr2 alkyl), -SH, -S(Ci-Cr2 alkyl), -
NHz, -NH{C1-Ciz alkyl), -IN(Ci-Caz alkyl)e, Ci-Caz alkyl, Co-Cha alkenyl, or C2-Ciz alkynyl.
[0063] In some embodiments, L is -C(=0)}R";

heterocycloaikyl is optionally substituted with one or more R

R* is C2-Cao hydrocarbon chain or 2- to 30-membered hetero-hydrocarbon chain, wherein
the C2-Cs0 hydrocarbon chain or 2- to 30-membered hetero-hydrocarbon chain 1s optionally
substituted with one or more R*;

each R independently is oxo, dihalocarbene, cyano, halogen, -COOH, -COO(Ci-Cr
alkyl), -CONH, -CONH(Ci-Ciz alkyly, ~-CON{C1-Chz alkyl), -C{OYNHOH, -SO:H, -8C3(Ci-Ciz
alkyly, -OH, -O(Ci-Crz alkyl), -Q{Ce-Cro arvl), -NHz, -NH(Ci-Ciz alkyl}, -N{Ci-Ciz alkyl), -
S{Ci-Ciz alky 1), -8(Ce~Cro aryl), -P(Ce-Cio arvly, Ci~-Ciz alkyl, C2-Ciz alkenyl, Co-Ciz alkyuyl,
C3-Cs cveloalkyl, 3- to 8-membered heterocycloalkyl, Co-Cio aryl, or 5- to 10-membered
heteroaryl, wherem the -COO{C1-Crz alkyh), -CONH{(C1-Ciz alkyly, -CON(C1-Crz alkyha, -
SOCi-Ciz alkyl), ~O(Ci-Caz alkyl), -O(Ce~Cio aryl), -NH(C1~-Ciz alkyl), -N(Ci-Ciz alkyl)z, -
S{Ci-Ciz alky 1), ~S(Co~Cro aryl), -P(Ce-Cro arvly, Ci~Ciz alkyl, Co-Ciz alkenyl, Co-Ciz alkyuyl,
C3-Cs eycloalkyl, 3- to B-membered heterocycloalkyl, Cs~Cio aryl, or 5~ to 10-membered
heteroaryl 1s optionally substituted with one or more RY; or

two R together with the one or more intervening atoms, form C3-Cs cycloalkyl or 3- to
&-membered heterocycloalkyl, wherein the C3-Cs cycloalkyl or 3- to 8-membered
. and

each R™ independently is oxo, halogen, -OH, -O{C1-Cu2 alkyl), -SH, -S(C1-Ci2 alkyl), -
NHa, -NH{C-Ciz allyD), or -N{Ci-Cr2 alkylh

[0064] In some embodiments, L is -C(=0)R". In some embodiments, L is -C(=8)R".

heterocycloallyl is optionally substituted with one or more R

9

[0065] In some embodiments, R* is a C2-Ciso hydrocarbon chain, a C2-Cioo hydrocarbon chain,
or a C2-Cso hydrocarbon chain, wherein the hydrocarbon chain is optionally substituted with one

or more RY.

[
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[0066] In some embodiments, R™ is a Cso-Caoo hydrocarbon chain, a Cioo-Caoe hydrocarbon
chain, or a {ise-Cane hydrocarbon chain, wherein the hydrocarbon chain is optionally substituted
with one or more R

[0067] In some embodiments, R™ is a Cso-Cise hydrocarbon chain, wherein the hydrocarbon
chain is optionally substituted with one or more RV,

[0068] In some embodiments, R" is a saturated C2-Cise hydrocarbon chain, a saturated Ca-Cion
hydrocarbon chain, or a saturated C2-Cso hydrocarbon chain, wherein the hydrocarbon chain is
optionally substituted with one or more RY

[0069] In some embodiments, R" is a saturated Cso-Caoo hydrocarbon chain, a saturated Cioo-
Cao0 hydrocarbon chain, or a saturated Cise-Caoo hydrocarbon chain, wherein the hydrocarbon
chain is optionally substituted with one or more R

[0070] In some embodiments, R* is a saturated Cs0-Ciso hydrocarbon chain, wherein the
hydrocarbon chain is optionally substituted with one or more RY,

[0071] In some embodiments, R™ is an unsaturated C2-Cise hydrocarbon chain, an unsaturated
Co-Croo hydrocarbon chain, or an unsaturated Cz-Cso hydrocarbon chain, wherein the
hydrocarbon chain is optionally substituted with one or more RY

[0072] In some embodiments, R" is an unsaturated Cso-Caoo hydrocarbon chain, an unsaturated
Cio0-Caoe hydrocarbon chain, or an unsaturated Crso-Caoo hydrocarbon chain, wherein the
hydrocarbon chain is optionally substituted with one or rmore RY

[0073] In some embodiments, RY 13 an unsaturated Cse-Ciso hydrocarbon chain, wherein the
hydrocarbon chain is optionally substituted with one or more RY

[0074] In some embodiments, RY is a 2- to 150-membered hetero-hydrocarbon chain, a 2- to
100-membered hetero-hydrocarbon cham, or a 2- to S0-membered hetero-hydrocarbon chain,
wherein the hetero-hydrocarbon chain is optionally substituted with one or more RV

[0075] In some embodiments, R™ is a 50- to 200-membered hetero-hydrocarbon chain, a 100- to
200-membered hetero-hydrocarbon chain, or a 150~ to 200-membered hetero-hydrocarbon chain,
wherein the hetero-hydrocarbon chain is optionally substituted with one or more RV

[0076] In some embodiments, RY is a 50- to 150-membered hetero-hydrocarbon chain, wherein
the hetero-hydrocarbon chain is optionally substitated with one or more RY.

[00771 In some embodiments, R is a saturated 2- to 1 50-membered hetero-hydrocarbon chain,

a saturated 2- to 100-membered hetero-hydrocarbon chain, or a saturated 2- to 50-membered
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hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain is optionally substituted with
one or more RY.

[0078] In some embodiments, R is a saturated 50- to 200-membered hetero-hydrocarbon chain,
a saturated 100- to 200-membered hetero-hydrocarbon chain, or a saturated 150- to 200-
membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain is optionally
substituted with one or more RY

[0079] In some embodiments, R" is a saturated 50- to 150-membered hetero-hydrocarbon chain,
wherein the hetero-hydrocarbon chain is optionally substituted with one or more R

[0080] In some embodiments, R" is an unsaturated 2- to 150-membered hetero-hydrocarbon
chain, an unsaturated 2- to 100-membered heters-hydrocarbon chain, or an unsaturated 2- to 50-
membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain 1s optionally
substituted with one or more RY

[0081] In some embodiments, R is an unsaturated 50- to 200-membered hetero-hydrocarbon
chain, an unsaturated 100- to 200-membered hetero-hydrocarbon chain, or an unsaturated 150- to
200~-membered hetero-hiydrocarbon chain, wherein the hetero-hydrocarbon chain 15 optionally
substituted with one or more RY

[0082] In some embodiments, RY is an unsaturated 50- to 150-membered hetero-hydrocarbon
chain, wherein the hydrocarbon chain is optionally substituted with one or more RY.

[0083] In some embodiments, R™ is a C15-Css hydrocarbon chain, a Cis-Css hydrocarbon chain,
a C15-Css hydrocarbon chain, a Cis-Ca2 hydrocarbon chain, 8 Cis-Car hydrocarbon chain, a Cis-
(59 hydrocarbon chain, a Cis-Cze hydrocarbon chain, a Ci5-Cas hydrocarbon chain, or 3 Ci5-Cor
hydrocarbon chain, wherein the hydrocarbon chan is optionally substituted with one or more
RY.

[0084] In some embodiments, RY is a Cio-Css hydrocarbon chain, a Cis-Caa hydrocarbon chain,
a Cro-Cas hydrocarbon chain, a Cio-Caz hydrocarbon chain, a Cie-Csyt hydrocarbon chain, a Cio-
Cso hydrocarbon chain, a Cro-C2o hydrocarbon chain, or a Cro-{2s hydrocarbon chain, wherein
the hydrocarbon chain is optionally substituted with one or more B>

[0085] In some embodiments, RV is a Cio-Cor hydrocarbon chain, a Cio-Cas hydrocarbon chain,
a Cio-Cozs hydrocarbon chain, a Cro-Caa hydrocarbon chain, a Cie-Cas hydrocarbon chain, a Cio-
Cz2 hydrocarbon chain, a Cre-C21 hydrocarbon chain, or a Cio-{2 hydrocarbon chain, wherein

the hydrocarbon chain is optionally substituted with one or more R™

[
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[0086] In some embodiments, RY is a C1s-Css hydrocarbon chain, a Ci7-Cas hydrocarbon chain,
a C1s-Css hydrocarbon chain, a Cio-Cas hydrocarbon chain, or a Cae-Cas hydrocarbon chain,
wherein the hydrocarbon chain is optionally substituted with one or more RY.

[0087] In some embodiments, R™ is a C21-Cas hydrocarbon chain, a (22-Css hydrocarbon chain,
a Ca3-Cas hydrocarbon chain, a Cas-Cas hydrocarbon chain, a Cos-Css hydrocarbon chain, a Cae-
(35 hydrocarbon chain, a C27-Css hydrocarbon chain, a Cas-Cas hydrocarbon chain, a C2e-Css
hydrocarbon chain, a C30-Css hydrocarbon chain, a Cs31-Cas hydrocarbon chain, a T52-Css
hydrocarbon chain, or a C33-Css hydrocarbon chain, wherein the hydrocarbon chain is optionally
substituted with one or more R*. In some embodiments, R" is a C20-C27 hydrocarbon chain, a
C21-Co7 hydrocarbon chain, a C22-Car hydrocarbon chain, a Caz-Carhydrocarbon chain, a Co-Cor
hydrocarbon chain, a C25-Cz7 hydrocarbon chain, or a Cae-Car hydrocarbon chain, wherein the
hiydrocarbon chain is optionally substituted with one or more R¥

[0088] In some embodiments, R" is a C1s-Cs4 hydrocarbon chain, a Ci7-Css hydrocarbon chain,
a Cis-Csz hydrocarbon chain, a Cio-Cas hydrocarbon chain, a Cx-Cse hydrocarbon chain, a Cus-
oo hydrocarbon chain, a Cr-Cas hydrocarbon chain, a Co:-Cor hydrocarbon chain, or a C2a-Cos
hydrocarbon chan, wherein the hydrocarbon chain is optionally substituted with one or more
RY.

[0089] In some embodiments, RY is a Cao-Cas hydrocarbon chain, a C21-Css hydrocarbon chain,
a C2~Caz hydrocarbon chain, a C23-Csr hydrocarbon chain, a Cas-Cse hydrocarbon chain, a Cas-
Cs hydrocarbon chain, or a C2e-Coe hydrocarbon chain, wherein the hydrocarbon chamn is
optionally substituted with one or more RY

[0090] In some embodiments, RY is a C20-Cas hydrocarbon chain, a C21-Cas hydrocarbon chain,
or a Ca2~-{C24 hydrocarbon chain, wherein the hydrocarbon chain 1s optionally substituted with one
or more RY.

(00917 In some embodiments, RY is a C15-Cas hyvdrocarbon chain optionaily substituted with one
or more RY. In some embodiments, RY is a Cio-Uos hydrocarbon chain optionally substituted
with one or more RY

[0092] In some embodiments, R* is a C15 hydrocarbon chain optionally substitated with one or
more RV In some embodiments, R™ is a Cis hydrocarbon chain optionally substituted with one
or more RY. In some embodiments, R is a Ci7 hydrocarbon chain optionally substituted with

one or more RY. In some embodiments, R is a Ciz hydrocarbon chain opticnally substituted
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with one or more R In some embodiments, R" is a Cis hydrocarbon chain optionally
substituted with one or more RY. In some embodiments, R™ is a Czo hydrocarbon chain
optionally substituted with one or more BY. In some embodiments, R* is a T hydrocarbon
chain optionally substituted with one or more R In some embodiments, R is a Coz
hydrocarbon chain optionally substituted with one or more R In some embodiments, RV is a
(2 hydrocarbon chain optionally substituted with one or more R™. In some embodiments, R" is
a Cz4 hydrocarbon chain optionally substituted with one or more RY. In some embodiments, R"
is a C2s hydrocarbon chain optionally substituted with one or more R™. In some embodiments,
R¥ is a Cu hydrocarbon chain optionally substituted with one or more R, In some
embodiments, R is a Ca7 hydrocarbon chain optionally substituted with one or more R In
some embodiments, R is a Cos hydrocarbon chain optionally substituted with one or more RV
In some embodiments, R is a Cas hydrocarbon chain optionally substituted with one or more
RY. In some embodiments, R" is a Cx hydrocarbon chain optionally substituted with one or
more R In some embodiments, R" is a Cs1 hydrocarbon chain optionally substituted with one
or more R" Tn some embodiments, R™ is a Cs2 hydrocarbon chain optionally substituted with
one or more R Tn some embodiments, R 15 a Css hydrocarbon chain optionally substitutec
with one or more R In some embodiments, R" is a Caa hydrocarbon chain optionally
substituted with one or more RY. In some embodiments, RY s a Css hydrocarbon chain
optionally substituted with one or more RY

[0093] In some embodiments, RY i3 a saturated Ci5-Cas hydrocarbon chain, a saturated Cis-Caa
hydrocarbon chain, a saturated Cis-Css hydrocarbon chain, a saturated Cis-Us2 hydrocarbon
chain, a saturated Cis-Car hydrocarbon chain, a saturated Cis-Cae hydrocarbon chain, a saturated
(Cis-Cas hydrocarbon chain, a saturated Cis~-{os hydrocarbon chain, or a saturated Cis-Car
hydrocarbon chain, wherein the hydrocarbon chain 1s optionally substituted with one or more
R,

[0094] In some embodiments, RY 13 a saturated Cio-Cas hydrocarbon chain, a saturated Cio-Cas
hydrocarbon chain, a saturated Cie-Css hydrocarbon chain, a saturated Cio-Us2 hydrocarbon
chain, a saturated Cio-Ca1 hydrocarbon chain, a saturated Cis-Cie hydrocarbon chain, a saturated
C19-Coo hydrocarbon chain, or a saturated Ci9-Cag hydrocarbon chain, wherein the hydrocarbon

chain is optionally substituted with one or more R
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[0095] In some embodiments, R is a saturated C19-Ca7 hydrocarbon chain, a saturated Cis-Cas
hydrocarbon chain, a saturated Cie-Cos hydrocarbon chain, a saturated Cio-{24 hydrocarbon
chain, a saturated Cio-Caz hydrocarbon chain, a saturated Cis-Coz hydrocarbon chain, a saturated
C1e-Ca1 hydrocarbon chain, or a saturated Ci9-Cao hydrocarbon chain, wherein the hydrocarbon
chain is optionally substituted with one or more RV,

[0096] In some embodiments, R™ is a saturated C15-Css hydrocarbon chain, a saturated Ci7-Css
hydrocarbon chain, a saturated Cie-Cas hydrocarbon chain, a saturated Cio-Cas hydrocarbon
chain, or a saturated Coo-Css hydrocarbon chain, wherein the hydrocarbon chain is optionally
substituted with one or more R*.

[0097] In some embodiments, R™ is a saturated C21-Css hydrocarbon chain, a saturated C22-Cs
hydrocarbon chain, a saturated Ca3-Css hydrocarbon chain, a saturated (24-Css hydrocarbon
chain, a saturated C25-Css hydrocarbon chain, a saturated Cu6-Css hydrocarbon chain, a saturated
C27-Css hydrocarbon chain, a saturated Coe-Css hydrocarbon chain, a saturated Cro-Css
hydrocarbon chain, a saturated Cs0-Css hydrocarbon chain, a saturated (31-Css hydrocarbon
chain, a saturated Cs2-Css hydrocarbon cham, or a saturated C33-Css hydrocarbon chain, wheremn
the hydrocarbon chain is optionally substituted with one or more R

[0098] In some embodiments, R is a saturated C20-C27 hydrocarbon chain, a saturated Con-Coy
hydrocarbon chain, a saturated Co-Cor hydrocarbon chain, a saturated Cz:-Cor hydrocarbon
chain, a saturated C24-Co7 hydrocarbon chain, a saturated Cos-Cor hydrocarbon chain, or a
saturated Cos-Co7 hydrocarbon chain, wherein the hydrocarbon chain 15 optionally substituted
with one or more RY

[0099] In some embodiments, R is a saturated Ci6-Caa hydrocarbon chain, a saturated Ci7-Cas
hydrocarbon chain, a saturated Cis-Csz2 hydrocarbon chain, a saturated Cio-{s1 hydrocarbon
chain, a saturated Cz0-Cao hydrocarbon chain, a saturated Car-Cos hydrocarbon chain, a saturated
Un-Cos hydrocarbon chain, a saturated (23-Co7 hydrocarbon chain, or a saturated Coa-Cas
hydrocarbon chain, wherein the hydrocarbon chain is optionally substituted with one or more
RY.

[0100] In some embodiments, R" is a saturated Ca0-Cas hydrocarbon chain, a saturated Coi-Caa
hydrocarbon chain, a saturated Tn-Csz hydrocarbon chain, a saturated C23-C31 hydrocarbon

chain, a saturated Cz4-Cao hydrocarbon chain, a saturated Cos-Crs hydrocarbon chain, or a
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saturated C2s-Cos hydrocarbon chain, wherein the hydrocarbon chain is optionally substituted
with one or more RY.

[0101] In some embodiments, R is a saturated C20-Cae hydrocarbon chain, a saturated Coi-Cos
hydrocarbon chain, or a saturated C22-Cas hydrocarbon chain, wherein the hydrocarbon chain is
optionally substituted with one or more RY.

[0102] In some embodiments, R" is a saturated {15-Css hydrocarbon chain optionally
substituted with one or more R* In some embodiments, R is a saturated Cio-C2 hydrocarbon
chain optionally substituted with one or more R".

[0103] In some embodiments, R" is a saturated Cis hydrocarbon chain optionally substituted
with one or more R*" In some embodiments, R" is a saturated C1s hydrocarbon chain optionally
substituted with one or more R*. In some embodiments, R" is a saturated C17 hydrocarbon chain
optionally substituted with one or more R In some embodiments, R" is a saturated Cig
hydrocarbon chain optionally substituted with one or more R*. In some embodiments, RV is a
saturated Cio hydrocarbon chain optionally substituted with one or more R In some
embodiments, R" is a saturated Co hydrocarbon chain optionally substituted with one or more
RY In some embaodiments, RY 15 a saturated C21 hydrocarbon chain optionally substituted with
one or more RY. In some embodiments, RY is a saturated C22 hydrocarbon chain optionally
substituted with one or more RY. In some embodiments, RY 1s a saturated Cz: hydrocarbon chain
optionally substituted with one or more RY In some embodiments, R” 1s a saturated Cas
hydrocarbon chain optionally substituted with one or more RV In some embodiments, RE is a
saturated Czs hydrocarbon chain optionally substituted with one or more RY. In some
embodiments, RY is a saturated Cz¢ hydrocarbon chain optionally substituted with one or more
RY. In some embodiments, R is a saturated C27 hydrocarbon chain optionally sobstituted with
one or more RY. In some embodiments, R is a saturated Cos hydrocarbon chain optionally
substituted with one or more RY. In some embodiments, R™ is a saturated Coo hydrocarbon chain
optionally substituted with one or more R In some embodiments, R" is a saturated Cao
hydrocarbon chain optionally substituted with one or more RY In some embodiments, R" is a
saturated {31 hydrocarbon chain optionally substituted with one or more ™. In some
embodiments, R is a saturated Cx hydrocarbon chain optionally substituted with one or more
RY. In some embodiments, RV is a satarated Cs: hydrocarbon chain optionally substituted with

one or more RY. In some embodiments, R" is a saturated Cas hydrocarbon chain optionally
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substituted with one or more RY. In some embodiments, RY is a saturated Css hydrocarbon chain
optionally substituted with one or more RY

[0104] In some embodiments, R is an unsaturated C15-Cas hydrocarbon chain, an unsaturated
(C15-Cs4 hydrocarbon chain, an unsaturated {'1s-Css hydrocarbon chain, an vnsaturated Cis-Ca
hydrocarbon chain, an unsaturated Ci5-Cai hydrocarbon chain, an unsaturated Ci5-Cao
hydrocarbon chain, an unsaturated Ci5-Co hydrocarbon chain, an unsaturated Cis-Cag
hydrocarbon chain, or an unsaturated Cis-Cz7 hydrocarbon chain, wherein the hydrocarbon chain
is optionally substituted with one or more RV

[0105] In sone embodiments, R is an unsaturated C10-Css hydrocarbon chain, an unsaturated
C19-Cs4 hydrocarbon chain, an unsaturated Cio-Css hydrocarbon chain, an unsaturated Cio-Cs2
hydrocarbon chain, an unsaturated Cio-C31 hydrocarbon chain, an unsaturated Cio-Cao
hydrocarbon chain, an vosaturated Cie-Coo hydrocarbon chain, or an unsaturated Cio-Cos
hydrocarbon chain, wherein the hydrocarbon chain is optionally substituted with one or more
R".

[0106] In sonme ernbodiments, R is an unsaturated C19-Ca7 hydrocarbon chain, an unsaturated
Ci9-Cos hydrocarbon chain, an unsaturated Ci9-Czs hydrocarbon chain, an unsaturated Cio-Cos
hydrocarbon chain, an unsaturated Cis-Cas hydrocarbon chaim, an unsaturated Cio-Coz
hydrocarbon chain, an unsatorated Cio-Cor hydrocarbon chamn, or an unsaturated Cio-Coo
hydrocarbon chain, wherewn the hydrocarbon chain is optionally substituted with one or more
RV

[0107] In some embodiments, RY is an unsaturated Cis-Css hydrocarbon chain, an unsaturated
Ci17-Cas hydrocarbon chain, an unsatorated Cig-Cas hydrocarbon chain, an unsaturated Cio-Cas
hydrocarbon chain, or an unsaturated Coo~Css hydrocarbon chain, wherein the hydrocarbon cham
is optionally substituted with one or more RY

[0108] In some embodiments, R" is an unsaturated C2i-Css hydrocarbon chain, an unsaturated
Czz-Cas hydrocarbon chain, an unsaturated Co-Cas hydrocarbon chain, an unsaturated C24-Css
hydrocarbon chain, an unsaturated Czs-Css hydrocarbon chain, an unsaturated Cae-Cas
hydrocarbon chain, an unsaturated Ca7-Cas hydrocarbon chain, an unsaturated Cas-Cas
hydrocarbon chain, an unsaturated Cos-Css hydrocarbon chain, an unsaturated Cs0-Cas

hydrocarbon chain, an unsaturated Ca1-Cas hydrocarbon chain, an unsaturated Caz-Cas
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N

hydrocarbon chain, or an vnsaturated Cs3-Css hydrocarbon chain, wherein the hydrocarbon chain
is optionally substituted with one or more RV

[0109] In some embodiments, R is an unsaturated Coo-Ca7 hydrocarbon chain, an unsaturated
C21-Co7 hydrocarbon chain, an unsaturated {22-Co7 hydrocarbon chain, an vnsaturated (23-Cor
hydrocarbon chain, an unsaturated Cau-Cor hydrocarbon chain, an unsaturated Cos-Car
hydrocarbon chain, or an unsaturated Cas-Ca7 hydrocarbon chain, wherein the hydrocarbon chain
is optionally substituted with one or more R”.

[0110] In some embodiments, R is an unsaturated C16-Cas hydrocarbon chain, an unsaturated
C17-Css hydrocarbon chain, an unsaturated Cre-Cs2 hydrocarbon chain, an unsaturated Cio-Cx
hydrocarbon chain, an uosaturated Cze-Cao hydrocarbon chain, an unsaturated Cn-Cos
hydrocarbon chain, an unsaturated Ca-Cas hydrocarbon chain, an unsaturated Cas-Car
hydrocarbon chain, or an unsaturated Cas4-Cas hydrocarbon chain, wherein the hydrocarbon chain
is optionally substituted with one or more R

[0111] In some embodiments, R™ is an unsaturated C2o-Css hydrocarbon chain, an unsaturated
C21-Css hydrocarbon chain, an unsaturated Cz:-Csz hydrocarbon chain, an unsaturated C2-Cxu
hydrocarbon chain, an unsatorated Cze-Cao hydrocarbon cham, an unsaturated Cos-Coo
hydrocarbon chain, or an unsaturated Cos-Cos hydrocarbon chain, wherein the hydrocarbon chain
is optionally substituted with one or more RV

[0112] In some embodiments, R is an unsaturated C20-Cos hydrocarbon chain, an unsaturated
Cu-Cas hydrocarbon chain, or an unsatorated Cz2-Cos hydrocarbon chain, wherein the
hydrocarbon chain is optionally substituted with one or more RY

[0113] Insome embodiments, RY ts an unsatorated Ci5-Cas hvdrocarbon chain optionally
substitated with one or more RY. In some embodiments, RY is an ansaturated Cio-Caz
hydrocarbon chain optionally substituted with one or more RV

[0114] In some embodiments, RY is an unsaturated Cis hydrocarbon chain optionally substituted
with one or more R™ In some embodiments, R is an unsaturated Cis hydrocarbon chain
optionally substituted with one or more RY. In some embodiments, RY is an unsaturated Ci7
hydrocarbon chain optionally substituted with one or more R In some embodiments, R" is an
unsaturated Cre hydrocarbon chain optionally substituted with one or more RY . In some
embodiments, R is an unsaturated Cio hydrocarbon chain optionally substituted with one or

more R In some embodiments, R" is an unsaturated (2o hydrocarbon chain optionally
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substituted with one or more RY. In some embodiments, R" is an unsaturated C21 hydrocarbon
chain optionally substituted with one or more RY In some embodiments, R" is an unsaturated
C22 hydrocarbon chain optionally substituted with one or more RY. In some embodiments, R" is
an unsaturated (22 hydrocarbon chain optionally substituted with one or more R In some
embodiments, RY is an unsaturated Cz4 hydrocarbon chain optionally substituted with one or
more RV In some embodiments, R" is an unsaturated C2s hydrocarbon chain optionally
substituted with one or more R In some embodiments, R" is an unsaturated Cas hydrocarbon
chain optionally substituted with one or more R". In some embodiments, R" is an unsaturated
C27 hydrocarbon chain optionally substituted with one or more R, In some embodiments, R" is
an unsaturated Cas hydrocarbon chain optionally substituted with one or more R, In some
embodiments, R™ is an unsaturated Cao hydrocarbon chain optionally substituted with one or
more RV In some embodiments, R* is an unsaturated Cso hydrocarbon chain optionally
substituted with one or more R* In some embodiments, R" is an unsaturated Cs hydrocarbon
chain optionally substituted with one or more R*  In some embodiments, R" is an unsaturated
Cs2 hydrocarbon chain optionally substituted with one or more R In some embodiments, R" is
an unsaturated C33 hvdrocarbon chain optionally substituted with one or more RY . In some
embodiments, R" is an unsaturated Cas hydrocarbon chain optionally substituted with one or
more RY Tn some embaodiments, RY is an unsaturated Css hydrocarbon chain optionally
substituted with one or more RV

[0115] In some embodiments, RY i3 a hydrocarbon chain optionally substituted with one or
more RY

[0116] Insome embodiments, R is a saturated hydrocarbon chain optionally substituted with
one or more RY.

(01171 Insome embodiments, RY is an unsatorated hydrocarbon chatn optionally substituted
with one or more RV

[0118] In some embodiments, R i3 a 15- to 35-membered hetero-hydrocarbon chain, a 15- to
34-membered heterg-hydrocarbon chain, a 15- to 33-membered heterg-hydrocarbon chain, a 15-
to 32-membered hetero-hydrocarbon chain, a 15- to 31-membered hetero-hydrocarbon chain, a
15- t¢ 30-membered hetero-hvdrocarbon chain, a 15- to 29-membered hetero-hvdrocarbon chain,
a 15- to 28-membered hetero-hydrocarbon chain, or a 15- to 27-membered hetero-hydrocarbon

chain, wherein the hetero-hydrocarbon chain is optionally substituted with one or more RV
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[0119] In some embodiments, R" is a 19~ to 35-membered hetero-hydrocarbon chain, a 19- to
34-membered hetero-hydrocarbon chain, a 19- to 33-membered hetero-hydrocarbon chain, a 19-
to 32-membered hetero-hydrocarbon chain, a 19- to 31-membered hetero-hydrocarbon cham, a
19- t¢ 30-membered hetero-hydrocarbon chain, a 19- to 29-membered hetero-hydrocarbon chain,
or a 19- to 28-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain is
optionally substituted with one or more RY.

[0120] In some embodiments, R" is a 19- to 27-membered hetero-hydrocarbon chain, a 19- to
26-membered hetero-hydrocarbon chain, a 19- to 25-membered hetero-hydrocarbon chain, a 19-
to 24-membered hetero-hydrocarbon chamn, a 19- to 23-membered hetero-hydrocarbon cham, a
19- to0 22-membered hetero-hydrocarbon cham, a 19- to 21-membered hetero-hydrocarbon chain,
or a 19- to Z0-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain 1s
optionally substituted with one or more B>

[01211 In some embodiments, R" is a 16- to 35-membered hetero-hydrocarbon chain, a 17- to
3S-membered hetero-hydrocarbon chain, a 18- to 35-membered hetero-hydrocarbon chain, a 19-
to 35-membered hetero-hydrocarbon chain, or a 20- to 35-membered hetero-hydrocarbon chain,
wherein the hetero-hydrocarbon chain is optionally substituted with one or more R

[0122] In some embodiments, R" is a 21- to 35-membered hetero-hydrocarbon chain, a 22- to
35-rnembered hetero-hvdrocarbon chain, 2 23- to 35-membered hetero-hydrocarbon chain, a 24-
to 35-membered hetero-hydrocarbon chatn, a 25- to 35-membered hetero-hydrocarbon chatn, a
26- to 35-membered hetero-hydrocarbon chain, 8 27- to 35-membered hetero-hydrocarbon chain,
a 28~ 10 35-membered hetero-hydrocarbon chain, a 29~ to 35-membered hetero-hydrocarbon
chain, a 30~ to 35-membered hetero~hydrocarbon chain, a 31~ to 35-membered hetero~
hydrocarbon chain, a 32- to 35-membered hetero-hydrocarbon cham, or a 33~ 16 35-membered
hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain s optionally substituted with
one or more RY.

[0123] In some embodiments, RY i3 a 20- to 27-membered hetero-hydrocarbon chain, a 21- to
27-membered hetero-hydrocarbon chain, a 22- to 27-membered hetero-hydrocarbon chain, a 23-
to 27-membered hetero-hydrocarbon chain, a 24- to 27-membered hetero-hydrocarbon chain, a
25- t¢ 27-membered hetero-hydrocarbon chain, or a 26- to 27-membered hetero-hydrocarbon

chain, wherein the hetero-hydrocarbon chain is optionally substituted with one or more RY
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[0124] In some embodiments, R" is a 16~ to 34-membered hetero-hydrocarbon chain, a 17- to
33-membered hetero-hydrocarbon chain, a 18- to 32-membered hetero-hydrocarbon chain, a 19-
to 31-membered hetero-hydrocarbon chain, a 20- to 3C-membered hetero-hydrocarbon cham, a
21- to 29-membered hetero-hydrocarbon chain, a 22- to 28-membered hetero-hydrocarbon cham,
a 23- to 27-membered hetero-hydrocarbon chain, or a 24- to 26-membered hetero-hydrocarbon
chain, wherein the hetero-hydrocarbon chain is optionally substituted with one or more RV,
[0125] In some embodiments, R" is a 20- to 34-membered hetero-hydrocarbon chain, a 21- to
33-membered hetero-hydrocarbon chain, a 22- to 32-membered hetero-hydrocarbon chain, a 23-
to 31-membered hetero-hydrocarbon chamn, a 24- to 30-membered hetero-hydrocarbon cham, a
28- to 29-membered hetero-hydrocarbon chain, or a 26- to 28-membered hetero-hydrocarbon
chain, wherein the hetero-hydrocarbon chain is optionally substituted with one or more R
[0126] In some embodiments, R is a 20- to 26-membered hetero-hydrocarbon chain, a 21- to
25-membered hetero-hydrocarbon chain, or a 22- to 24-membered hetero-hydrocarbon chain,
wherein the hetero-hydrocarbon chain is optionally substituted with one or more R

[0127] In sonme ernbodiments, R™ is a 15- to 34-membered hetero-hydrocarbon chain optionally
substituted with one or more RY . In some embodiments, RY is a 19~ to 23-membered hetero-
hydrocarbon chain optionally substituted with one or more R

[0128] In some embodiments, RY is a 15-membered hetero-hydrocarbon chain optionally
substitated with one or more RY. In some embodiments, R” is a 16-membered hetero-
hydrocarbon chain optionally substituted with one or more RV In some embodiments, RE is a
17-membered hetero-hydrocarbon chain optionally substituted with one or more R In some
embodiments, RY is a 18-membered hetero-hydrocarbon chain optionally substituted with one or
more RY. In some embodiments, R" is a 19-membered hetero-hydrocarbon chain optionally
substituted with one or more RY In some embodiments, RY is a 20-membered hetero-
hydrocarbon chain optionally substituted with one or more RY In some embodiments, R s a
21-membered hetero-hydrocarbon chain optionally substituted with one or more RY. In some
embodiments, R™ is a 22-membered hetero-hvdrocarbon chain optionally substituted with one or
more R In some embodiments, R" is a 23-membered hetero-hydrocarbon chain optionally
substituted with one or more RY. In some embodiments, R* is a 24-membered hetero-
hydrocarbon chain optionally substituted with one or more R In some embodiments, RV is a

25-membered hetero-hydrocarbon chain optionally substituted with one or more RY. In some
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embodiments, R" is a 26-membered hetero-hydrocarbon chain optionally substituted with one or
more RV In some embodiments, R is a 27-membered hetero-hydrocarbon chain optionally
substituted with one or more R*. In some embodiments, R" is a 2&-membered hetero-
hivdrocarbon chain optionally substituted with one or more RV, In some embodiments, R¥ isa
29-membered hetero-hydrocarbon chain optionally substituted with one or more RY. In some
embodiments, R™ is a 30-membered hetero-hvdrocarbon chain optionally substituted with one or
more R* In some embodiments, R is a 31-membered hetero-hydrocarbon chain optionally
substituted with one or more R"" In some embodiments, R* is a 32-membered hetero-
hydrocarbon chain optionally substituted with one or more R* In some embodiments, R" is a
33-membered hetero-hydrocarbon chain optionally substituted with one or more R, In some
embodiments, R" is a 34-membered hetero-hydrocarbon chain optionally substituted with one or
more RY. In some embodiments, R* is a 35-membered hetero-hydrocarbon chain optionally
substituted with one or more R*.

[0129] In some embodiments, R™ is a saturated 15- to 35-membered hetero-hydrocarbon chain,
a saturated 15- to 34-membered hetero-hydrocarbon chain, a saturated 15- to 33-membered
hetero-hydrocarbon chain, a saturated 15- to 32-membered hetero-hydrocarbon chain, a saturated
15~ to 31-membered hetero-hydrocarbon chain, a saturated 15- to 30-membered hetero-
hydrocarbon chain, a saturated 15- to 29-membered hetero-hydrocarbon chain, a saturated 13-~ to
28-membered hetero-hydrocarbon chamn, or a saturated 13- to 27-membered hetero-hydrocarbon
chain, wherein the hetero-hydrocarbon chain is optionally substituted with one or more RY
[0130] In some embodiments, R™ is a saturated 19- to 35-membered hetero-hydrocarbon chain,
a saturated 19~ to 34-membered hetero-hydrocarbon chain, a saturated 19- to 33-membered
hetero~-hydrocarbon chain, a saturated 19- to 32-membered hetero-hydrocarbon chain, a saturated
19- to 31-membered hetero-hydrocarbon chain, a saturated 19- to 30-membered hetero-
hydrocarbon chain, a saturated 19- 1o 29-membered hetero-hydrocarbon cham, or a saturated 19-
to 28-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain is optionally
substituted with one or more RY

[0131] In some embodiments, R is a saturated 19- to 27-membered hetero-hydrocarbon chain,
a saturated 19- to 26-membered hetero-hydrocarbon chain, a saturated 19- to 25-membered
hetero-hydrocarbon chain, a saturated 19- to 24-membered hetero-hydrocarbon chain, a saturated

19- t¢ 23-membered hetero-hyvdrocarbon chain, a saturated 19- to 22-membered hetero-
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hydrocarbon chain, a saturated 19- to 21-membered hetero-hydrocarbon chain, or a saturated 19-
to 20-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain is optionally
substituted with one or more RY.

[0132] In some embodiments, RY is a saturated 16- to 35-membered hetero-hydrocarbon chain,
a saturated 17- to 35-membered hetero-hydrocarbon chain, a saturated 18- to 35-membered
hetero-hydrocarbon chain, a saturated 19- to 35-membered hetero-hydrocarbon chain, or a
saturated 20- to 35-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain
is optionally substituted with one or more RV

[0133] In some embodiments, R is a saturated 21- to 35-membered hetero-hydrocarbon chain,
a saturated 22- to 35-membered hetero-hydrocarbon chain, a saturated 23- to 35-membered
hetero-hydrocarbon chain, a saturated 24- to 35-membered hetero-hydrocarbon chain, a saturated
25- to 35-membered hetero-hydrocarbon chain, a saturated 26- to 35-membered hetero-
hydrocarbon chain, a saturated 27- to 35-membered hetero-hydrocarbon chain, a saturated 28- to
3S-membered hetero-hydrocarbon chain, a saturated 29- to 35-membered heterc-hydrocarbon
chain, a saturated 30- to 35-membered hetero-hydrocarbon chain, a saturated 31- 1o 35~
membered hetero-hydrocarbon chain, a saturated 32- to 35-membered hetero-hydrocarbon chain,
or a saturated 33- to 35-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon
chain is optionally substituted with one or more RY.

[0134] In some embodiments, R™ is a saturated 20- to 27-membered hetero-hydrocarbon chain,
a saturated 21~ to 27-membered hetero-hydrocarbon chain, a saturated 22- to 27-membered
hetero-hydrocarbon chain, a saturated 23~ to 27-membered hetero-hydrocarbon chain, a saturated
24- 10 27-membered hetero-hydrocarbon chain, a saturated 25- to 27-membered hetero-
hydrocarbon chain, or a saturated 26- to 27-membered hetero-hydrocarbon chain, wheren the
hetero-hydrocarbon chain is optionally substituted with one or more RY.

[0135] In some embodiments, RY is a saturated 16- to 34-membered hetero-hydrocarbon chain,
a saturated 17- 1o 33-membered hetero-hydrocarbon chain, a saturated 18- to 32-membered
hetero-hydrocarbon chain, a saturated 19- to 31-membered hetero-hydrocarbon chain, a saturated
20~ o 30-membered hetero-hydrocarbon chain, a saturated 21- to 29-membered hetero-
hydrocarbon chain, a saturated 22~ to 28-membered heters-hydrocarbon chain, a saturated 23- to
27-membered hetero-hydrocarbon chain, or a saturated 24- to 26-membered hetero-hydrocarbon

chain, wherein the hetero-hydrocarbon chain is optionally substituted with one or more RV
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[0136] In some embodiments, R" is a saturated 20- to 34-membered hetero-hydrocarbon chain,
a saturated 21~ to 33-membered hetero-hydrocarbon chain, a saturated 22- to 32-membered
hetero-hydrocarbon chain, a saturated 23- to 31-membered hetero-hydrocarbon chain, a saturated
24~ 1o 30-membered hetero-hydrocarbon chain, a saturated 25- to 29-membered hetero-
hydrocarbon chain, or a saturated 26- to 28-membered hetero-hydrocarbon chain, wherein the
hetero-hydrocarbon chain is optionally substituted with one or more RY.

[0137] In some embodiments, R" is a saturated 20- to 26-membered hetero-hydrocarbon chain,
a saturated 21- to 23-membered hetero-hydrocarbon chain, or a saturated 22- to 24-membered
hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain is optionally substituted with
one or more R

[0138] In some embodiments, R is a saturated 15- to 34-membered hetero-hydrocarbon chain
optionally substituted with one or more R™. In some embodiments, BY is a saturated 19- to 23-
membered hetero-hydrocarbon chain optionally substituted with one or more R

[0139] In some embodiments, R™ is a saturated 15-membered hetero-hydrocarbon chain
optionally substituted with one or more R In some embodiments, R" is a saturated 16-
membered hetero-hydrocarbon chain optionally substituted with one or more RY . In some

~
7
/

embodiments, R" is a saturated 17-membered hetero-hydrocarbon chain optionally substituted
with one or roore RY. In some embodiments, RY is a saturated 18-roembered hetero-hydrocarbon
chain optionally substituted with one or mare R In some embodiments, R is a saturated 19-
membered hetero-hydrocarbon chain optionally substituted with one or more R In some
embodiments, R” is a saturated 20-mernbered hetero-hydrocarbon chain optionally substituted
with one or more R* In some embodiments, RY is a saturated 21-membered hetero-hydrocarbon
chain optionally substituted with one or more RY. In some embodiments, RY is a saturated 22-
membered hetero-hydrocarbon chain optionally substituted with one or more RV, In some
erbodiments, R is a saturated 23-mevnbered hetero-hydrocarbon chain optionally substituted
with one or more R In some embodiments, R" is a saturated 24-membered hetero-hydrocarbon
chain optionally substituted with one or more RY. In some embodiments, R" is a saturated 25-
membered hetero-hydrocarbon chain optionally substituted with one or more R In some
embodiments, R is a saturated 26-membered hetero-hydrocarbon chain optionally substituted
with one or more R, In some embodiments, RY is a saturated 27-membered hetero-hydrocarbon

chain optionally substituted with one or more RY. In some embodiments, R" is a saturated 28-
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membered hetero-hydrocarbon chain optionally substituted with one or more R In some
embodiments, R™ is a saturated 29-membered hetero-hydrocarbon chain optionally substituted
with one or more R, In some embodiments, R" s a saturated 30-membered hetero-hydrocarbon
chain optionally substituted with one or more RY. In some embodiments, R™ is a saturated 31-
membered hetero-hydrocarbon chain optionally substituted with one or more R In some
embodiments, R is a saturated 32-membered hetero-hydrocarbon chain optionally substituted
with one or more RY . In some embodiments, R” is a saturated 33-membered hetero-hydrocarbon
chain optionally substituted with one or more R". In some embodiments, R" is a saturated 34-
membered hetero-hydrocarbon chain optionally substituted with one or more R In some
embodiments, R is a saturated 35-membered hetero-hydrocarbon chain optionally substituted
with one or more B>

[0140] In some embodiments, R is an unsaturated 15- to 35-membered hetero-hydrocarbon
chain, an unsaturated 15- 1o 34-membered hetero-hydrocarbon chain, an unsaturated 15- 10 33-
membered hetero-hydrocarbon chain, an unsaturated 15- to 32-membered hetero-hydrocarbon
chain, an unsaturated 13- to 31~-membered hetero-hvdrocarbon chain, an unsaturated 15- to 30-
membered hetero-hydrocarbon chain, an unsaturated 15~ to 29-membered hetero-hydrocarbon
chain, an unsaturated 13- to 28-membered hetero-hydrocarbon chain, or an unsaturated 15- to
27-roembered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain is optionally
substituted with one or more RY.

[0141] In some embodiments, RY is an unsaturated 19- to 35-membered hetero-hydrocarbon
chain, an unsaturated 19~ to 34-membered hetero-hydrocarbon cham, an unsatorated 19- to 33-
membered hetero-hydrocarbon chain, an unsaturated 19~ to 32-membered hetero-hydrocarbon
chain, an unsaturaied 19~ to 31-membered hetero-hydrocarbon chan, an unsaturated 19- to 30-
membered hetero-hydrocarbon chain, an unsaturated 19- to 29-membered hetero-hydrocarbon
chain, or an unsaturated 19- to 28-membered hetero-hydrocarbon chain, wherein the hetero-
hydrocarbon chain is optionally substituted with one or more RY

[0142] In some embodiments, RY is an unsaturated 19- to 27-membered hetero-hydrocarbon
chain, an unsaturated 19- {0 26-membered hetero-hydrocarbon chain, an unsaturated 19- to 25-
membered heterg-hydrocarbon chain, an unsaturated 19- to 24-membered hetero-hydrocarbon
chain, an unsaturated 19- fo 23-membered hetero-hydrocarbon chain, an unsaturated 19- to 22-

membered hetero-hydrocarbon chain, an unsaturated 19- to 21-membered hetero-hydrocarbon
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chain, or an unsaturated 19- to 20-membered hetero-hydrocarbon chain, wherein the hetero-
hydrocarbon chain is optionally substituted with one or more RY

[0143] In some embodiments, R is an unsaturated 16- to 35-membered hetero-hydrocarbon
chain, an unsaturated 17- to 35-membered hetero-hydrocarbon chain, an unsaturated 18- to 35-
membered hetero-hydrocarbon chain, an unsaturated 19- to 35-membered hetero-hydrocarbon
chain, or an unsaturated 20- to 35-membered hetero-hydrocarbon chain, wherein the hetero-
hydrocarbon chain is optionally substituted with one or more RY.

[0144] In some embodiments, R is an unsaturated 21- to 35-membered hetero-hydrocarbon
chain, an unsaturated 22- to 35-membered hetero-hydrocarbon chain, an unsaturated 23- t0 35-
membered hetero-hydrocarbon chain, an unsaturated 24~ to 35-membered hetero-hydrocarbon
chain, an unsaturated 25- 1o 35-membered hetero-hydrocarbon chain, an unsaturated 26- 10 35-
membered hetero-hydrocarbon chain, an unsaturated 27- to 35-membered hetero-hydrocarbon
chain, an unsaturated 28- 1o 35-membered hetero-hydrocarbon chain, an unsaturated 29- 10 35-
membered hetero-hydrocarbon chain, an unsaturated 30- to 35-membered hetero-hydrocarbon
chain, an unsaturated 31- to 35-membered hetero-hydrocarbon chain, an unsaturated 32- 10 35-
membered hetero-hydrocarbon chain, or an unsaturated 33- to 35-membered hetero-hydrocarbon
chain, wherein the hetero-hydrocarbon chain is optionally substituted with one or more RY
[0145] In some embodiments, RY is an unsaturated 20- to 27-membered hetero-hydrocarbon
chain, an unsaturated 21~ to 27-membered hetero-hydrocarbon chain, an unsaturated 22- 10 27-
membered hetero-hydrocarbon chain, an unsaturated 23~ to 27-membered hetero-hydrocarbon
chain, an unsaturated 24~ to 27-membered hetero-hydrocarbon chamn, an unsatorated 25- to 27-
membered hetero-hydrocarbon chain, or an unsaturated 26- to Z7-membered hetero-hydrocarbon
chain, wherein the hetero-hydrocarbon chain is optionally substituted with one or more RY
[0146] In some embodiments, RY is an unsatorated 16- to 34-membered hetero-hvdrocarbon
chain, an unsaturated 17- to 33-membered hetero-hydrocarbon chain, an unsatorated 18- 10 32-
membered hetero-hydrocarbon chain, an unsaturated 19~ to 31-membered hetero-hydrocarbon
chain, an unsaturated 20- to 30-membered hetero-hvdrocarbon chain, an unsaturated 21- 1o 29-
membered hetero-hydrocarbon chain, an unsaturated 22- to 2%-membered hetero-hydrocarbon
chain, an unsaturated 23- to 27-membered hetero-hvdrocarbon chain, or an unsaturated 24- to
26-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain is optionally

substituted with one or more RY.

31



WO 2024/229397 PCT/US2024/027763

[0147] In some embodiments, R" is an unsaturated 20- to 34-membered hetero-hydrocarbon
chain, an unsaturated 21- to 33-membered hetero-hydrocarbon chain, an unsaturated 22- to 32-
membered hetero-hydrocarbon chain, an unsaturated 23- to 31-membered hetero-hydrocarbon
chain, an unsaturated 24- to 30-membered hetero-hydrocarbon chain, an unsaturated 25- to 29-
membered hetero-hydrocarbon chain, or an unsaturated 26- to 28-membered hetero-hvdrocarbon
chain, wherein the hetero-hydrocarbon chain is optionally substituted with one or more RV,
[0148] In some embodiments, R" is an unsaturated 20- to 26-membered hetero-hydrocarbon
chain, an unsaturated 21- to 25-membered hetero-hydrocarbon chain, or an unsaturated 22- to
24-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain is optionally
substituted with one or more RY

[0149] In some embodiments, R" is an unsaturated 15- to 34-membered hetero-hydrocarbon
chain optionally substituted with one or more R". In some embodiments, R" is an unsaturated
19- 10 23-membered hetero-hydrocarbon chain optionally substituted with one or more RV
[0150] In some embodiments, R™ is an unsaturated 15-membered hetero-hydrocarbon chain
optionally substituted with one or more R In some embodiments, R" is an unsaturated 16-
membered hetero-hydrocarbon chain optionally substituted with one or more RY . In some
embodiments, R" is an unsaturated | 7-membered hetero-hydrocarbon chain optionally
substituted with one or more RY In some embodiments, RY is an unsaturated 18-membered
hetero-hydrocarbon chain optionally substituted with one or more RY. In some embodiments, R
15 an unsaturated 19-membered hetero-hydrocarbon chamn optionally substituted with one or
more RY In some ernbodiments, RV is an unsaturated 20-membered hetero-hydrocarbon chain
optionally substituted with one or more RY. In some embodiments, RY is an unsaturated 21-
membered hetero-hydrocarbon chain optionally substituted with one or more R In some
embodiments, RY is an unsaturated 22-membered hetero-hydrocarbon chain optionally
substitated with one or more RY. In some embodiments, R” is an unsaturated 23-membered
hetero-hydrocarbon chain optionally substituted with one or more RY. In some embodiments, R
is an unsaturated 24-membered hetero-hydrocarbon chain optionally substituted with one or
more R In some embodiments, R" is an unsaturated 25-membered hetero-hydrocarbon chain
optionally substituted with one or more RY. In some embodiments, R is an unsaturated 26-
membered hetero-hydrocarbon chain optionally substituted with one or more R In some

embodiments, R" is an unsaturated 27-membered hetero-hydrocarbon chain optionally
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substituted with one or more RY. In some embodiments, R" is an unsaturated 28-membered
hetero-hydrocarbon chain optionally substituted with one or more R* In some embodiments, R
15 an unsaturated 29-membered hetero-hyvdrocarbon chamn optionally substituted with one or
more RV In some embodiments, R* is an unsaturated 30-membered hetero-hydrocarbon chain
optionally substituted with one or more R, In some embodiments, R" is an unsaturated 31-
membered hetero-hydrocarbon chain optionally substituted with one or more R* In some
embodiments, R" is an unsaturated 32-membered hetero-hydrocarbon chain optionally
substituted with one or more R In some embodiments, R" is an unsaturated 33-membered
hetero-hydrocarbon chain optionally substituted with one or more R In some embodiments, R"
is an unsaturated 34-membered hetero-hydrocarbon chain optionally substituted with one or
more R™ In some embodiments, R" is an unsaturated 35-membered hetero-hydracarbon chain
optionally substituted with one or more B>

[0151] In some embodiments, R" is a Co-Car hydrocarbon chain, a Co-Cao hydrocarbon chain, a
Co-Cro hydrocarbon chain, a Co-Cys hydrocarbon chain, a Co-Ci7 hydrocarbon chain, a Co-Cio
hydrocarbon chain, a Co-Cis hydrocarbon chain, or a Co-Cig hydrocarbon chain, wherein the
tiydrocarbon chain is optionally substituted with one or more RY

[0152] In some embodiments, RY is a C13-Car hydrocarbon chain, a Ci3-Cao hydrocarbon chain,
a Ci3-Cio hydrocarbon chain, a Ci3-Cis hydrocarbon chain, a Ci3-Ciy hydrocarbon chain, a Cis-
Cis hydrocarbon chain, a Ci3-Cis hydrocarbon chain, or 8 Ci3-Cia hydrocarbon chain, wherein
the hydrocarbon chain is optionally substituted with one or more RY.

[0153] In some embodiments, R™ is a C1o-Ca1 hydrocarbon chain, a Ci1-Car hydrocarbon chain,
a Ci2-Cz: hydrocarbon chain, or a Ci3-Ca: hydrocarbon chain, wherein the hydrocarbon chain 1s
optionally substituted with one or more RY

[0154] In some embodiments, RY is a Cus-Car hydrocarbon chain, a Ci5-Ca1 hydrocarbon chain,
a Cis-Ca: hydrocarbon chain, a Ci17-Car hydrocarbon chain, a Cis-Car hydrocarbon chain, a Cio-
Cz1 hydrocarbon chain, or a C20-Czr hydrocarbon chain, wherem the hydrocarbon chamn is
optionally substituted with one or more RY.

[0155] In some embodiments, R* is a C-Cao hydrocarbon chain, a C11-Cio hydrocarbon chain,
a C12-Cig hydrocarbon chain, a Ci3-Ci7 hydrocarbon chain, or a Cra-Cie hydrocarbon chain,

wherein the hydrocarbon chain is optionally substituted with one or more RY
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[0156] In some embodiments, RY is a Cu-Coo hydrocarbon chain, a Ci5-Cis hydrocarbon chain,
or a Cis-{1s hydrocarbon chain, wherein the hydrocarbon chain is optionally substituted with one
or more RV

[0157] In some embodiments, R is a C13-Cao hydrocarbon chain or a Cis-Cis hydrocarbon
chain, wherein the hydrocarbon chain is optionally substituted with one or more RY.

[0158] In some embodiments, R™ is a Co hydrocarbon chain optionally substituted with one or
more R In some embodiments, R" is a Cio hydrocarbon chain optionally substituted with one
or more R* In some embodiments, R* is a C11 hydrocarbon chain optionally substituted with
one or more R*. In some embodiments, R is a Ci2 hydrocarbon chain optionally substituted
with one or more R*" In some embodiments, R* is a C13 hydrocarbon chain optionally
substituted with one or more R* In some embodiments, R is a C14 hydrocarbon chain
optionally substituted with one or more R*. In some embodiments, R is a 15 hydrocarbon
chain optionally substituted with one or more R"". In some embodiments, R" is a Cis
hydrocarbon chain optionally substituted with one or more R". In some embodiments, R" is a
C17 hydrocarbon chain optionally substituted with one or more R In some embodiments, R" is
a Cis hydrocarbon chain optionally substituted with one or more RY. In some embodiments, RY
15 a C1o hydrocarbon chain optionally substituted with one or more RY Tn some embodiments,
RY is a Cao hydrocarbon chain optionally substituted with one or more RY. In some
embodiments, R” is a C21 hydrocarbon chain optionally substituted with one or more RY
[0159] In some embodiments, RY is a saturated Co-Ca1 hydrocarbon chain, a saturated Co-Cao
hydrocarbon chain, a saturated Co-Cis hydrocarbon chain, a saturated Co-Cis hydrocarbon chamn,
a saturated Co-Ci7 hydrocarbon chain, a saturated Co-Cis hydrocarbon chamn, a saturated Co-Cis
hydrocarbon chain, or a saturated Co-Cia hydrocarbon chain, wherein the hydrocarbon chain 1s
optionally substituted with one or more RY

(01607 In some embodiments, RY is a saturated Ci3-Cor hydrocarbon chain, a saturated Ciz-Coo
hydrocarbon chain, a saturated Ci:-Cio hydrocarbon chamn, a saturated Ci3-Cis hydrocarbon
chain, a saturated Ci3-Ci7 hydrocarbon chain, a saturated (C13-Cis hydrocarbon chain, a saturated
C13-Cy5 hydrocarbon chain, or a saturated C13-Cig hydrocarbon chain, wherein the hydrocarbon

chain is optionally substituted with one or more R™.
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[0161] In some embodiments, R™ is a saturated C1o-Ca1 hydrocarbon chain, a saturated Cii-Co
hydrocarbon chain, a saturated Ci2-Car hydrocarbon chain, or a saturated Ci3-Car hydrocarbon
chain, wherein the hydrocarbon chain is optionally substituted with one or more R*

[0162] In some embodiments, R is a saturated C14-Ca hydrocarbon chain, a saturated Cis-Ca
hydrocarbon chain, a saturated Cis-Car hydrocarbon chain, a saturated Ci7-Ca hydrocarbon
chain, a saturated Cis-Co1 hydrocarbon chain, a saturated Cio-Ca2i hydrocarbon chain, or a
saturated Cao-Cot hydrocarbon chain, wherein the hydrocarbon chain is optionally substituted
with one or more RY.

[0163] In some embodiments, R" is a saturated Cio-Cao hydrocarbon chain, a saturated Cii-Cio
hydrocarbon chain, a saturated Ci2-Cis hydrocarbon chain, a saturated C3-Cri7 hydrocarbon
chain, or a saturated C14-Cis hydrocarbon chain, wherein the hydrocarbon chain 1s optionally
substituted with one or more RY

[0164] In some embodiments, R is a saturated Cy4-Co hydrocarbon chain, a saturated Ci5-Cio
hydrocarbon chain, or a saturated Cie-Cis hydrocarbon chain, wherein the hydrocarbon chain is
optionally substituted with one or more R

[0165] In some embodiments, R™ is a saturated C13-Czo hydrocarbon chain or a saturated Cia-
Cio hydrocarbon chain optionally substituted with one or more RV

[0166] In some embodiments, R is a saturated Co hydrocarbon chain optionally substituted
with one or more RY In some embodiments, RY is a saturated Cio hydrocarbon chain optionally
substituted with one or more RY. In some embodiments, RY 1s a saturated Ci1 hydrocarbon chain
optionally substituted with one or more RV In some embodiments, R" 1s a saturated Ci2
hydrocarbon chain optionally substituted with one or more RY . In some embodiments, RF is a
saturated Ci3 hydrocarbon chain optionally substituted with one or more RY In some
embodiments, R is a saturated Cis hydrocarbon chain optionally substituted with one or more
RY. In some embodiments, R" is a saturated Cis hydrocarbon chain optionally substituted with
one or more RY. In some embodiments, RY is a saturated Cie hydrocarbon chain optionally
substituted with one or more RY" In some embodiments, R is a saturated C17 hydrocarbon chain
optionally substituted with one or more R In some embodiments, R" is a saturated Cie
hydrocarbon chain optionally substituted with one or more RY In some embodiments, R" is a
saturated (1o hydrocarbon chain optionally substituted with one or more ™. In some

embodiments, R is a saturated Co hydrocarbon chain optionally substituted with one or more
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RY In some embodiments, R" is a satarated Co1 hydrocarbon chain optionally substituted with
one or more RY.

[0167] In some embodiments, R is an unsaturated Co-Cas hydrocarbon chain, an unsaturated
Co-Uon hydrocarbon cham, an unsaturated Co-{19 hydrocarbon chain, an unsaturated Co-Cis
hydrocarbon chain, an unsaturated Co-Ci7 hydrocarbon chain, an unsaturated Co-Cis hydrocarbon
chain, an unsaturated Co-Cts hydrocarbon chain, or an unsaturated Co-Crs hyvdrocarbon chain,
wherein the hydrocarbon chain is optionally substituted with one or more RY.

[0168] In some embodiments, R is an unsaturated C13-Cx1 hydrocarbon chain, an unsaturated
Ci13-Cao hydrocarbon chain, an unsaturated Ci3-Cio hydrocarbon chain, an unsaturated Ci3-Cas
hydrocarbon chain, an unsaturated Ci3-Ci7 hydrocarbon chain, an unsaturated Ci3-Cis
hydrocarbon chain, an unsaturated Ci3-Cis hydrocarbon chain, or an unsaturated Ci3-Cis
hydrocarbon chain, wherein the hydrocarbon chain 1s optionally substituted with one or more

B

RL
[0169] In some embodiments, R™ is an unsaturated C1o-C2i hydrocarbon chain, an unsaturated
Ci1~-Cor hydrocarbon chain, an unsaturated Ci2~Car hydrocarbon chain, or an unsaturated Cia-Ca
hydrocarbon chan, wherein the hydrocarbon chain is optionally substituted with one or more
RV

[0170] In some embodiments, RY is an unsaturated C14-C2: hydrocarbon chain, an unsaturated
Cis-Cor hydrocarbon chatn, an unsaturated Cis-Ca hydrocarbon chain, an vusaturated Cor-Co
hydrocarbon chain, an unsatorated Cis-Cos hydrocarbon chain, an unsatorated Cio-Cos
hydrocarbon chain, or an unsaturated Coo~Co1 hydrocarbon chain, wherein the hydrocarbon cham
is optionally substituted with one or more RV

[0171] In some embodiments, R is an unsaturated Cro-Cao hydrocarbon chain, an unsaturated
Ci1-Crs hydrocarbon chain, an unsatorated Ciz-Cis hydrocarbon chaim, an unsaturated Cia-Ciy
hydrocarbon chain, or an unsaturated Ci4-Cis hydrocarbon chain, wherein the hydrocarbon chain
15 optionally substituted with one or more R

[0172] In some embodiments, R is an unsaturated Cra-Coo hydrocarbon chain, an unsaturated
Ci5-Cio hydrocarbon chain, or an unsaturated Cis-Cis hydrocarbon chain, wherein the
hydrocarbon chain is optionally substituted with one or more B>

[0173] In some embodiments, R is an unsaturated C13-Cao hydrocarbon chain or an unsaturated

(14-Cro hydrocarbon chain optionally substituted with one or more RY.
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[0174] In some embodiments, R" is an unsaturated Co hydrocarbon chain optionally substituted
with one or more RY In some embodiments, R is an unsaturated Cio hydrocarbon chain
optionally substituted with one or more RY. In some embodiments, R is an unsaturated Cn
hivdrocarbon chain optionally substituted with one or more RY. In some embodiments, RV is an
unsaturated (12 hydrocarbon chain optionally substituted with one or more R In some
embodiments, R" is an unsaturated Ci3 hydrocarbon chain optionally substituted with one or
more R In some embodiments, R" is an unsaturated Ci4 hydrocarbon chain optionally
substituted with one or more RY" In some embodiments, R is an unsaturated Cis hydrocarbon
chain optionally substituted with one or more R™. In some embodiments, R is an unsaturated
C1s hydrocarbon chain optionally substituted with one or more ™. In some embodiments, R" is
an unsaturated Ci7 hydrocarbon chain optionally substituted with one or more RY. In some
embodiments, B is an unsaturated Cis hydrocarbon chain optionally substituted with one or
more R In some embodiments, R" is an unsaturated Cyo hydrocarbon chain optionally
substituted with one or more R In some embodiments, R" is an unsaturated Cy hydrocarbon
chain optionally substituted with one or more RY. In some embodiments, R is an unsaturated
C21 hydrocarbon chain optionally substituted with one or more R

[0175] In some embodiments, RY is a 9- to 21-membered hetero-hydrocarbon chain, a 9- to 20-
membered hetero-hvdrocarbon chain, a 9- 1o 19-membered hetero-hydrocarbon chain, a 9- 10 18-
membered hetero-hydrocarbon chain, a 9- to 17-membered hetero-bydrocarbon chain, a 9- to 16-
membered hetero-hydrocarbon chain, a8 9- 1o 15-membered hetero-hydrocarbon chain, ora 9- to
14-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain 15 optionally
substituted with one or more RY

[0176] In some embodiments, R is a 13- to 21-membered hetero-hydrocarbon chain, a 13- to
Z20-membered hetero-hydrocarbon chain, a 13- to 19-membered hetero-hydrocarbon chain, a 13-
io 18-membered hetero-hydrocarbon chan, a 13- to 17-membered hetero-hydrocarbon chan, a
13- to 16-membered hetero-hydrocarbon chain, a 13- o 1 5-membered hetero-hydrocarbon chain,
or a 13- to 14-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain is
optionally substituted with one or more RY

[0177] In some embodiments, R™ is a 10- to 21-membered hetero-hydrocarbon chain, a 11- to

21-membered hetero-hydrocarbon chain, a 12- to 21-membered hetero-hydrocarbon chain, or a

W
-~
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13- o 21-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain is
optionally substituted with one or more RY

[0178] In some embodiments, RY is a 14- to 21-membered hetero-hydrocarbon chain, a 15- to
21-membered heterg-hydrocarbon chain, a 16- to 21-membered heters-hydrocarbon chain, a 17-
to 21-membered hetero-hyvdrocarbon chain, a 18- to 21-membered hetero-hydrocarbon chain, a
19- to 21-membered hetero-hydrocarbon chain, or a 20- to 21-membered hetero-hydrocarbon
chain, wherein the hetero-hydrocarbon chain is optionally substituted with one or more R
[0179] In some embodiments, RY is a 10- to 20-membered hetero-hydrocarbon chain, a 11- to
19-membered hetero-hydrocarbon chain, a 12- to 18-membered hetero-hydrocarbon chain, a 13-
to 17-membered hetero-hydrocarbon chain, or a 14- to 16-membered hetero-hvdrocarbon chain,
wherein the hetero-hydrocarbon chain is optionally substituted with one or more RY.

[0180] In some embodiments, R" is a 14- to 20-membered hetero-hydrocarbon chain, a 15- to
19-membered hetero-hydrocarbon chain, or a 16- to 18-membered hetero-hydrocarbon chain,
wherein the hetero-hydrocarbon chain is optionally substituted with one or more R

[0181] In sone ernbodiments, R™ is a 13- to 20-membered hetero-hydrocarbon chain or a 14- to
19-embered hetero-hydrocarbon chain optionally substituted with one or more RY

[0182] In some embodiments, R" is a 9-membered hetero-hydrocarbon chain optionally
substituted with one or more RY. Tn some embodiments, RY is a 10-membered hetero-
hydrocarbon chain optionally substituted with one or more RY. In some ernbodiments, R" is a
11-membered hetero-hydrocarbon chain optionally substituted with one or more RV In some
embodiments, R is a 12-membered hetero-hydrocarbon chain optionally substituted with one or
more RV In some embodiments, RY 13 a 13-membered hetero-hydrocarbon chain optionally
substituted with one or more RY. In some embodiments, R” is a 14-membered hetero-
hydrocarbon chain optionally substituted with one or more RY. Tn some embodiments, RV is a
15-membered hetero-hydrocarbon chain optionally sobstituted with one or more RY. In some
embodiments, R is a 16-membered hetero-hydrocarbon chain optionally substituted with one or
more RY. In some embodiments, R" is a 17-membered hetero-hydrocarbon chain optionally
substituted with one or more R In some embodiments, R" is a 18-membered hetero-
hydrocarbon chain optionally substituted with one or more RY In some embodiments, R" is a
19-membered hetero-hydrocarbon chain optionally substituted with one or more RY. In some

embodiments, R™ is a 20-membered hetero-hydrocarbon chain optionally substituted with one or
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more RY In some embodiments, R is a 21-membered hetero-hydrocarbon chain optionally
substituted with one or more RY.

[0183] In some embodiments, R is a saturated 9- to 21-membered hetero-hydrocarbon chain, a
saturated 9- to 20-membered hetero-hydrocarbon chain, a saturated 9- to 19-membered hetero-
hydrocarbon chain, a saturated 9- to 18-membered hetero-hydrocarbon chain, a saturated 9- to
17-membered hetero-hydrocarbon chain, a saturated 9- to 16-membered hetero-hydrocarbon
chain, a saturated 9- to 15-membered hetero-hydrocarbon chain, or a saturated 9- to 14-
membered hetero-hvdrocarbon chain, wherein the hetero-hydrocarbon chain is optionally
substituted with one or more R>

[0184] In some embodiments, R is a saturated 13- to 21-membered hetero-hydrocarbon chain,
a saturated 13- to 20-membered hetero-hydrocarbon chain, a saturated 13- to 19-membered
hetero-hydrocarbon chain, a saturated 13- to 18-membered hetero-hydrocarbon chain, a saturated
13~ t¢ 17-membered heterc-hydrocarbon chain, a saturated 13- to 16-membered hetero-
hydrocarbon chain, a saturated 13- to 15-membered hetero-hydrocarbon chain, or a saturated 13-
to 14-membered hetero-hydrocarbon chatn, wherein the hetero-hyvdrocarbon chain s optionally
substituted with one or more RY

[0185] In some embodiments, R" is a saturated 10- to 21-membered hetero-hydrocarbon chain,
a saturated 11~ to 21-membered hetero-hydrocarbon chain, a saturated 12- to 21-membered
hetero-hydrocarbon chamn, or a saturated 13- to 21~-membered hetero-hydrocarbon chain, wheren
the hetero-hydrocarbon chain is optionally substituted with one or more RY

[0186] In some embodiments, R™ is a saturated 14- to 21-membered hetero-hydrocarbon chain,
a saturated 15~ to 21-membered hetero-hydrocarbon chain, a saturated 16- to Z1-membered
hetero-hydrocarbon chain, a saturated 17- to 21-membered hetero-hydrocarbon chain, a saturated
18- to 21-membered hetero-hydrocarbon chain, a saturated 19- to 21-membered hetero-
hydrocarbon chain, or a satorated 20- to 21-membered hetero-hydrocarbon chain, wherein the
hetero-hydrocarbon chain is optionally substituted with one or more RY

[0187] In some embodiments, R" is a saturated 10- to 20-membered hetero-hydrocarbon chain,
a saturated 13- to 19-membered hetero-hydrocarbon chain, a saturated 12- to 18-membered
hetero-hydrocarbon chain, a saturated 13- to 17-membered hetero-hydrocarbon chain, or a
saturated 14- to 16-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain

is optionally substituted with one or more RV
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[0188] In some embodiments, R" is a saturated 14- to 20-membered hetero-hydrocarbon chain,
a saturated 15~ to 19-membered hetero-hydrocarbon chain, or a saturated 16- to 18-membered
hetero-hydrocarbon chain, wheremn the hetero-hyvdrocarbon chain is optionally substituted with
one or more RY.

[0189] In some embodiments, RV is a saturated 13- to 20-membered hetero-hydrocarbon chain
of a saturated 14- to 19-membered hetero-hydrocarbon chain optionally substituted with one or
more R

[0190] In some embodiments, R is a saturated 9-membered hetero-hydrocarbon chain
optionally substituted with one or more R, In some embodiments, R” is a saturated 10-
membered hetero-hydrocarbon chain optionally substituted with one or more R* In some
embodiments, R" is a saturated 11-membered hetero-hydrocarbon chain optionally substituted
with one or more R* In some embodiments, R" is a saturated 12-membered hetero-hydrocarbon
chain optionally substituted with one or more R™". In some embodiments, R is a saturated 13-
membered hetero-hydrocarbon chain optionally substituted with one or more R" . In some
embodiments, R is a saturated 14-membered hetero-hydrocarbon chain optionally substituted
with one or roore R™ In some embodiments, R is a saturated 1S-membered hetero-hydrocarbon
chain optionally substituted with one or more RY. In some embodiments, RY is a saturated 16-
membered hetero-hydrocarbon chain optionally substituted with one or more R In some
embodiments, R” is a saturated 17-mernbered hetero-hydrocarbon chain optionally substituted
with one or more RY. In some embodiments, RY is a saturated 18-membered hetero-hydrocarbon
chain optionally substituted with one or more RV In some embodiments, R is a saturated 19-
membered hetero-hydrocarbon chain optionally substituted with one or more RY. In some
embodiments, R” is a saturated 20-membered hetero-hydrocarbon chain optionally substituted
with one or more RY . In some embodiments, RY is a satorated 21-roembered hetero-hydrocarbon
chain optionally substituted with one or more RY.

[0191] In some embodiments, RY i3 an unsatorated 9- to 21-membered hetero-hydrocarbon
chain, an unsaturated 9- to 20-membered hetero-hydrocarbon chain, an unsaturated 9- to 19-
membered hetero-hydrocarbon chain, an unsaturated 9- to 18-membered hetere-hydrocarbon
chatn, an unsaturated 9- to 17-membered hetero-hydrocarbon chain, an unsaturated 9- to 16-

membered hetero-hydrocarbon chain, an unsaturated 9- to 15-membered hetere-hydrocarbon
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chain, or an unsaturated 9- to 14-membered hetero-hydrocarbon chain, wherein the hetero-
hydrocarbon chain is optionally substituted with one or more RY

[0192] In some embodiments, R is an unsaturated 13- to 21-membered hetero-hydrocarbon
chain, an unsaturated 13- to 20-membered hetero-hydrocarbon chain, an unsaturated 13- to 19-
membered hetero-hydrocarbon chain, an unsaturated 13- to 18-membered hetero-hydrocarbon
chain, an unsaturated 13- to 17-membered hetero-hvdrocarbon chain, an unsaturated 13- t0 16-
membered hetero-hydrocarbon chain, an unsaturated 13- to 15-membered hetero-hydrocarbon
chain, or an unsaturated 13- to 14-membered hetero-hydrocarbon chain, wherein the hetero-
hydrocarbon chain is optionally substituted with one or more RY

[0193] In some embodiments, R is an unsaturated 10- to 21-membered hetero-hydrocarbon
chain, an unsaturated 11- to 21-membered hetero-hydrocarbon chain, an unsaturated 12- 10 21-
membered hetero-hydrocarbon chain, or an unsaturated 13- to 21-membered hetero-hydrocarbon
chain, wherein the hetero-hydrocarbon chain is optionally substituted with one or more R>.
[0194] In some embodiments, R" is an unsaturated 14- to 21-membered hetero-hydrocarbon
chain, an unsaturated 13- to 21-membered hetero-hydrocarbon chain, an unsaturated 16- 1o 21-
membered hetero-hydrocarbon chain, an unsaturated 17- to 21-membered hetero-hydrocarbon
chain, an unsaturated 18- to 21-membered hetero-hydrocarbon chain, an unsaturated 19- 10 21-
membered hetero-hvdrocarbon chain, or an unsaturated 20- to 21-membered hetero-hydrocarbon
chain, wherein the betero-hydrocarbon chain is optionally substituted with one or more RY.
[0195] In some embodiments, RY i3 an unsaturated 10- to 20-membered hetero-hydrocarbon
chatn, an unsaturated 11~ to 19-membered hetero-hydrocarbon cham, an unsaturated 12- 0 18-
membered hetero-hydrocarbon chain, an unsaturated 13- to 17-membered hetero-hydrocarbon
chatn, or an unsaturated 14- to 16-membered hetero-hydrocarbon chain, wherein the hetero-
hydrocarbon chain is optionally substituted with one or more RY

[0196] In some embodiments, R is an unsaturated 14- to 20-membered hetero-hydrocarbon
chain, an unsatorated 15- {0 19-membered hetero-hydrocarbon chain, or an unsaturated 16- to
18&-membered hetero-hydrocarbon chain, wherein the hetero-hydrocarbon chain s optionally
substituted with one or more R¥

[0197] In some embodiments, R is an unsaturated 13- to 20-membered hetero-hydrocarbon
chain or an unsaturated 14- to 19-membered hetero-hydrocarbon chain optionally substiiuted

with one or more RV
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[0198] In some embodiments, R" is an unsaturated 9-membered hetero-hydrocarbon chain
optionally substituted with one or more RY. In some embodiments, RY is an unsaturated 10-
membered hetero-hydrocarbon chain optionally substituted with one or more R In some
embodiments, R™ is an unsaturated 11-membered hetero-hydrocarbon chain optionally
substituted with one or more R In some embodiments, RY is an unsaturated 12-membered
hetero-hydrocarbon chain optionally substituted with one or more Y. In some embodiments, R"
is an unsaturated 13-membered heterc-hydrocarbon chain optionally substituted with one or
more R In some embodiments, R™ is an unsaturated 14-membered hetero-hydrocarbon chain
optionally substituted with one or more RY. In some embodiments, R” is an unsaturated 15-
membered hetero-hydrocarbon chain optionally substituted with one or more R* In some
embodiments, R" is an unsaturated 16-membered hetero-hydrocarbon chain optionally
substituted with one or more RY. In some embodiments, R" is an unsaturated 17-membered
hetero-hydrocarbon chain optionally substituted with one or more R In some embodiments, R"
is an unsaturated 18-membered hetero-hydrocarbon chain optionally substituted with one or
more R In some embodiments, R" is an unsaturated 19-membered hetero-hydrocarbon chain
optionally substituted with one or more RY . In some embodiments, RY is an unsaturated 20-
membered hetero-hydrocarbon chain optionally substituted with one or more R Tn some
embodiments, RY is an unsaturated 21-membered hetero-hydrocarbon chain optionally
substituted with one or more RV

[0199] In some embodiments, RY 13 a hetero-hydrocarbon chain optionally substituted with one
or more R

[0200] In some embodiments, RY is a hetero-hydrocarbon chain with at feast one O, wherein the
hetero-hydrocarbon chain is optionally substituted with one or more RY. In some embodiments,
Rl is a hetero-hydrocarbon chain with at least one N, wherein the hetero-hydrocarbon chain i3
optionally substituted with one or more RY. In some embodiments, RY 1s a hetero-hydrocarbon
chain with at least one 8, wherein the hetero-hydrocarbon chain is optionally substituted with
one or more RY. In some embodiments, R> is a hetero-hydrocarbon chain with at least one P,
wherein the hetero-hydrocarbon chain is optionally substituted with one or more R¥ . In some
embodiments, R" is a hetero-hydrocarbon chain with at least one Se, wherein the hetero-

hydrocarbon chain is optionally substituted with one or more RY.
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[0201] In some embodiments, R" is a hetero-hydrocarbon chain with one O, wherein the hetero-
hydrocarbon chain is optionally substituted with one or more R* In some embodiments, R is a
hetero-hydrocarbon chain with one N, wherein the hetero-hydrocarbon chamn is optionally
substituted with one or more RY. In some embodiments, R" is a hetero-hydrocarbon chain with
one S, wherein the hetero-hydrocarbon chain is optionally substituted with one or more RV In
some embodiments, RY is a hetero-hydrocarbon chain with one P, wherein the hetero-
hydrocarbon chain is optionally substituted with one or more RY. In some embodiments, RV is a
hetero-hydrocarbon chain with one Se, wherein the hetero-hydrocarbon chain is optionally
substituted with one or more R>

[0202] In some embodiments, R" is a saturated hetero-hydrocarbon chain optionally substituted
with one or more B>

[0203] In some embodiments, R* is a saturated hetero-hydrocarbon chain with at least one O,
wherein the hetero-hydrocarbon chain is optionally substituted with one or more R In some
embodiments, R" is a saturated hetero-hydrocarbon chain with at least one N, wherein the
hetero-hydrocarbon chain is optionally substituted with one or more R In some embodiments,
RY is 3 saturated hetero-hydrocarbon chain with at least one S, wherein the hetero-hydrocarbon
chain is optionally substituted with one or more RV In some embodiments, R" 15 a saturated
hetero-hydrocarbon cham with at least one P, wherein the hetero-hydrocarbon chain is optionally
substituted with one or more RV In some embodiments, R™ is a saturated hetero-hydrocarbon
chain with at least one Se, wherewn the hetero-hydrocarbon cham is optionally substituted with
one or more RY

[0204] In some embodiments, RY is a satorated hetero-hydrocarbon chain with one O, wherein
the hetero-hydrocarbon chain 15 optionally substituted with one or more RY. In some
embodiments, RY is a saturated hetero-hydrocarbon chain with one N, wherein the hetero-
hydrocarbon chain is optionally substituted with one or more RY In sorme embodiments, RF is a
saturated hetero-hydrocarbon chain with one 8, wherein the hetero-hydrocarbon chan s
optionally substituted with one or more RY. In some embodiments, R" is a saturated hetero-
hydrocarbon chain with one P, wherein the hetero-hydrocarbon chain is optionally substituted
with one or more RY. In some embodiments, R" is a saturated hetero-hydrocarbon chain with

one Se, wherein the hetero-hydrocarbon chain is optionally substituted with one or more RY
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[0205] In some embodiments, R" is an unsaturated hetero-hydrocarbon chain optionally
substituted with one or more RY.

[0206] In some embodiments, R is an unsaturated hetero-hydrocarbon chain with at least one
O, wherein the hetero-hydrocarbon chain is optionally substituted with one or more R In some
embodiments, R is an unsaturated hetero-hydrocarbon chain with at least one N, wherein the
hetero-hydrocarbon chain is optionally substituted with one or more R In some embodiments,
RY is an unsaturated hetero-hydrocarbon chain with at least one 8, wherein the hetero-
hiydrocarbon chain is optionally substituted with one or more R*. In some embodiments, R is an
unsaturated hetero-hydrocarbon chain with at least one P, wherein the hetero-hydrocarbon chain
is optionally substituted with one or more R In some embodiments, R" is an unsaturated
hetero-hydrocarbon chain with at least one Se, wherein the hetero-hydrocarbon chain s
optionally substituted with one or more B>

[0207] In some embodiments, R is an unsaturated hetero-hydrocarbon chain with one O,
wherein the hetero-hvdrocarbon chain is optionally substituted with one or more RY . In some
embodiments, R™ is an unsaturated hetero-hydrocarbon chain with one N, wherein the hetero-
tiydrocarbon chain is optionally substituted with one or more R™ . In some embodiments, R is an
unsaturated hetero-hydrocarboun chain with one S, wherein the hetero-hydrocarbon chain 1s
optionally substituted with one or more RY. In some embodiments, RY s an unsaturated hetero-
hydrocarbon chain with one P, wherein the hetero-hydrocarbon chain is optionally substituted
with one or more RV In some embodiments, RY is an unsaturated hetero-hydrocarbon chain with

one Se, wherein the hetero-hydrocarbon chain is optionally substituted with one or more RV

[0208] In some embodiments, at least one RY is oxo.

[0209] In some embodiments, at least one RY 15 dihalocarbene.

[0210] In some embodiments, at least one RY is difluorocarbene.

[0211] In some embodiments, at least one RY 15 cyano.

[0212] In some embodiments, at least one RY is halogen (e.g., F, C1, or Br).

[0213] In some embodiments, at least one R™ is F. In some embodiments, at least two RV are F.

In some embodiments, two RY are ¥
[0214] In some embodiments, at least one R™ is -OH.
[0215] In some embodiments, at least one RY is -({C1-Ciz alkyl) optionally substituted with

onte or more R12.
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[0216] In some embodiments, at least one RY is -O{Cs-C o arvl) optionally substituted with one
or more R,

[0217] In some embodiments, at least one RY is -OH, -O(Ci-Ciz alkyl), or -O(Ce-Cio aryl),
wherein the -O(C1-C2 alkyl) or -0{Cs-Cro aryl) is optionally substituted with one or more R,
[0218] In some embodiments, at least one RY is -COOH, -COO(C1-Ciz alkyl), -CONHy, -
CONH{Ci-Ciz alkyl), -CON(C1-Crz alkyl), or <C(O)NHOH, wherein the -COMC1-Ciz atkyl}, -
CONH(C1-Ciz2 alkyl), or -CON(C1-Crz alkyl), is optionally substituted with one or more R™*,
[0219] Insome embodiments, at least one R* is -COOH.

[0220] In some embodiments, at least one RY is -COQ{C1-Crz alkyl) optionally substituted with

one or more R12

[02211 Insome embodiments, at least one RY

[0222] In some embodiments, at least one R

one or more R

[0223] Insome embodiments, at least one RY

[0224] In some ernbodiments, at least one RY

with one or roore R

with one or more R

[0230] In some embodiments, at least ong RY

with one or more R

[0231] In some embodiments, at least one RY

[0232] In some embodiments, at least one RY

substituted with one or more R™

[0233] In some embodiments, at least one RY

[0234] In some embodiments, at least one RV

one or more R

In some embodiments, at least one RY
In some embodimuents, at least one RY
In some embodiments, at least one RY
In some embodiments, at least one RY

In some embodiments, at least one RY

is -COOCHs.
is ~CO(C1-Cse alkyl) optionally substituted with

is ~CO(Co alkyl).
i3 -NHCO(C1i-Cao alkyl) optionally substituted

15 -NHCOCisHa,

1s ~NHCOC 1 Has.

15 ~-NHCOC»Haw,

15 ~CONH2.

18 “CONH{(C:-C12 alkyl} optionally substituted
18 “CON{C1-Ciz alkyl)z optionally substituted
is ~C(OYNHOH.

1s -SGaH or -80:¢Ci-Ciz alkyl) optionally

is -SO:H.
is -803(Ci-Ciz alkyl) optionally substituted with

N
s
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[0235] In some embodiments, wherein at feast one R is -NHp, -NH(Ci-Cu2 alky1), or -N(Ci-Cin

alkyty, wherein the -NH{C1-Crz alkeyl) or -N(Ci-Coz alkyl) is optionally substituted with one or

more R,

[0236] In some embodiments, at least one R-
[0237] In some embodiments, at least one RY
one or more RY®.

[0238] In some embodiments, at least one RV
one or more R,

[0239] In some embodiments, at least one R"

" is -NHo.
“is -NH(Ci-Cr2 alkyl) optionally substituted with

“is -N{C1-Crz alkyl): optionally substituted with

“is -8(C1-Cy2 alkyly or -S{Cs-Cio aryl), wherein the

-S{C1-Ci2 alkyl) or -S{Cs-Cro aryl) is optionally substituted with one or more R'*

[0240]1 In some embodiments, at least one R"

or more RM8

[0241] In some embodiments, at least one RY

[0242] Insome embodiments, at least one RY

or more RY.

[0243] In some embodiments, at least one RY

[0244] In some embodiments, at least ong RY

or more RM2

[0245] In some embodiments, at least ong RY

[0246] In some embodiments, at least one RY

optionally substituted with one or more R™,

[0247] In some embodiments, at least one RY

[0248] In some embodiments, at least ong R

more R

[0249] In some embodiments, at least one RV

or more RV

[0250] In some embodiments, at least one RY

or more RY

“is -8(C1-Cy2 alkyl) optionally substituted with one

is -SMe.

is ~S{Cs-Cro aryl) optionally substituted with one

F

F )Isa
g

IS i .

18 ~P{{s~Cro aryl); optionally substituted with one

15 -PPha.
is ~OP(=0HON0-(C-Con alkylene - NMes™

is ~OP(=0XO0)Y0-(C2 alkylene)-NMe: .

18 C1-Crz alkyl optionally substituted with one or
is C2-Cr2 alkenyi optionally substituted with one

is C2-Cr2 atkynyl optionally substituted with one
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[0251] In some embodiments, at least one RY is {'3-Cs cycloalkyl optionally substituted with
one or more RM,

[0252] In some embodiments, at least one RY is 3- to 8-membered heterocycloalkyl optionally
substituted with one or more R™.

[0253] In some embodiments, at least one RY is (s-C o aryl optionally substituted with one or
more R',

[0254] In some embodiments, at least one R' is 5- to 10-membered heteroaryl optionally
substituted with one or more R™.

[0255] In some embodiments, at least one R" is tetrazolyl optionally substituted with one or
more R,

[0256] In some embodiments, two RY, together with the one or more intervening atoms, form
(3-Cs cycloalkyl optionally substituted with one or more R*

[02571 In some embodiments, two RY, together with the one or more intervening atoms, form
cyclopropyl optionally substituted with one or more R*,

[0258] In some embodiments, two RY, together with the one or more intervening ators, form 3-
to 8-membered heterocycioalkyl optionally substituted with one or more R,

[0259] In some embodiments, two RY, together with the one or more intervening atoms, form
dioxolanyl optionally substituted with one or more R, In some embodiruents, two RY| together
with the one or more intervening atorns, form dithiolanyl optionally substituted with one or more
RM In some embodiments, two RY together with the one or more intervening atoms, form
azacyclobutanyl optionally substituted with one or more RM.

[0260] In some embodiments, two RY together with the one or more intervening atoms, form
Cs-Cis aryi optionally substituted with one or more R™

(02617 In some embodiments, two RY together with the one or more intervening atoms, form

)
y*

N

[0262] In some embodiments, two RY, together with the one or more intervening atoms, form

N
~3
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[0263] In some embodiments, two RY together with the one or more intervening atoms, form

~
E

[0264] In some embodiments, two RY, together with the one or more intervening atoms, form 5-
to I5-membered heteroaryl optionally substituted with one or more R™

[0265] In some embodiments, two RY together with the one or more intervening atoms, form

In some embodiments, at least one R is oxo.

In some embodiments, at least one R™ is halogen (e.g., F, Cl, or Br),
in some embodiments, at least one R 15 -OH or -O(C:i-Ci2 alkyl).
In some embodiments, at least one R is -OH.

In some embodiments, at least one RY® 15 -O(C1-Cr2 alkyl).

]
]
]
]
]
0272} In some embodiments, at least one RY is -SH or -S{Ci-Ciz alkyl).
1 In some embodiments, at least one R 15 -SH.
1 In some embodiments, at least one R™ is -S(C1-Ciz alkyl).
1 In some embodiments, at least one RY? 15 -NH2, -NH{(C1-Ciz alkyh), or -N(C1-Ci2 ally il
1 In some embodiments, at least one RV is -NHz.

1 Insome embodiments, at least one RY 15 -NH{C:-Ciz alkyl).
02781 In some embodiments, at least one RM is -N{Ci-Ci2 alkyl)..
0279] In some embodiments, at least one R™ is C1-Ciz alkyl
028071 In some embodiments, at least one R is (2-C2 alkenyl.
[0281] In some embodiments, at least one RY is C2-Ci2 alkynyl.
[0282] In some embodiments, at least one R is (3-Cs cveloalkyl
[0283] In some embodiments, at least one R™ is 3- to 8-membered heterocycloalky! optionally
substituted with one or more {1-Ciz alkyl

[0284] In some embodiments, at least one R™ is Cs-Cro aryl.
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[0285] In some embodiments, at least one R is 5- to 10-membered heteroaryl.

[0286] In some embodiments, two R', together with the one or more intervening atoms, form
Ca-Cg cycloalkyl.

[0287] In some embodiments, two R', together with the one or more intervening atoms, form
3- to 8-membered heterocycloalkyl.

[0288] In some embodiments, two R™, together with the one or more intervening atoms, form
Ce-Cro aryl.

[0289] In some embodiments, two R™, together with the one or more intervening atoms, form
5- to 10-membered hetercaryl.

[0290] In some embodiments, L is selected from the structures described in Table X, wherein

'3' mdicates the point of attachment to the rest of the Lipid-Based Ligand Agent or Lipid-Based

Ligand Unit.

Table X
Me. Structure
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(02911 in some embodiments, L 1s selected from the structures described 1 Table Y, wherein

% mdicates the point of attachment to the rest of the Lipid-Based Ligand Agent or Lipid-Based
Ligand Unit.
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{02921 In some embodiments, L s selected from the structures described 1n Tables X and Y.

Variable B
[0293] In some embodiments, B is H.
(02941 In some embodiments, B is Ci-Co alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butvl, t-butyl, peniyl, or hexyi).
(02951 in some embodimenis, B is methyl, ethyl, or propyl.
(02961 In some embodiments, B is a nuclechase moiety.
[02971 The term, “nucleobase moiety”, as used herein, refers to a nucleobase that is attached to
the rest of the compound, e.g., via an atom of the nucleobase or a functional group thereof.
[0298] In some embodiments, the nuclecbase moiety is adenine {A), cytosine {C), guanine {G},
thymine (T), or uracii (U).

O

o H

N N
?, Sy NHy ?' )'—;O
— , ‘:%: RN ,

, N . L
(02991 In some embodiments, the nucleobase moiety 18 : Nz

N G

NH @ A

N ; 4\4

“ N H
\ FN 4 S

%/N‘ N 7 = g

% =/ L or NH, , wherein ¢ ndicates the point of attachment to the rest of

the Lipid-Based Ligand Agent.

(03007 In some embodiments, the nucleobase moiety is a modified nucieobase.

(03011 In some embodiments, the modified nucleobase is S-methvicytosine.

[0302] In some embodiments, the modified nucleobase 1s hypoxanthine, xanthine, or 7-

methylguanine.

(03031 In some embodiments, the modified nuclecbase is 5,6-dihydrouracil, S-methylcytosine,

or S-hydroxymethylcytosine.

{03041 In some embodiments, the nucleobase moiety is an artificial nucleobase.

(03057 in some embodiments, the artificial nuclecbase is isoguanine, isocytosing, Z-aming-6-{2-

thienyl}purine, or pyrrole-2-carbaldehyde.

Variahles Vand B

(03061 In some embodiments, V is ~O-.
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[0307] In some embodiments, V is -NR"-.

[0308] In some embodiments, V is ~NH-.

[0309] In some embodiments, V is -C(R"}-.

f0310] In some embodiments, V 1s ~CHa-.

[0311] Insome embodiments, at least one RV is H.

[0312] In some embodiments, each RY is H.

[0313] In some embodiments, at least one R" is C1-Cs alkyl (e.o., methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butvl, t-butyl, pentyl, or hexyl) optionally substituted with one or more
halogen {e.g., ¥, Cl, Br, or I}.

[0314] 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).

[0315] Insome embodiments, at least one RY is 1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) substituted with one or more halogen
{eg. F,CLBror )

[0316] In some embodiments, each RY is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-propyl, n-
butyl, i-butyl, s-butyl, --butyl, pentyl, or hexvyl} optionally substituted with one or more halogen
{e.g, F, Cl, By, or ).

[0317] In some embodiments, each RY is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-propyl, n-
butyl, i~butyl, s~butyl, t-butyl, pentvl, or hexyl}.

[0318] In some embodiments, each RY is Ci-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-
butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyi) substituted with one or more halogen (e.g., F, Cl,

Br, or 1)

Variables X, RY, R RV, RV, 7, RZ, O, RE, and R”

[0319] In some embodiments, X is H.

{0320} In some embodiments, X is halogen (e.g., F, C}, Br, or 1),
[0321] In some embodiments, X is ¥ or CL

(0322} In some embodiments, X is F.

[0323] In some embodiments, X is -OR™.

[03241 In some embodiments, X 15 -OH.

[0325] In some embodiments, X is -0-(C1-Cr alkyl).
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[0326] In some embodiments, X 15 -0-{Ci-Cs alkyi) (e.g., wherein the Ci-Cs alkyl s methyl,
ethyl, n-propyl, i-propyl, n-butyl, t-buiyl, s-buiyl, t-butyl, pentyl, or hexyt}.

{03277 In some embodiments, X 15 -OCH:.

[0328] In some embodiments, X is -0-(C1-Us alky-0-{Ch-Co alkyl) (e g, wherein the Ci-Cs
alkyl is methyl, ethyl, n-propvl, t-propyl, n-butvl, i-butyl, s-butyl, t-butyl, peniyl, or hexyl}.
[0329] In some embodiments, X is -OCHCH20CH:,

03301 In some embodiments, X 15 -0-{Ci-Co alkyl}-(Co-Cio aryl} optionally substituted with one
or more R,

[0331] In some embodiments, X is -0-{Ci-Cs alkyl}-{Cs-Cro aryl).

b

izé,O
03321 In some embodiments, X is

‘ng . ’ )
03331 In some embodiments, X is optionally substituted with one or more R

’O\/@
03347 In some embodiments, X is thz optionally substituted with one or more
halogen.

ié,@ J: ]
[0335] In some embodiments, X is optionally substituted with one or more Ci-

Co alkyl or ~-0-{C:-Cs alkyl), wherein the Ci-Ce alkyl or -0-(C1-Cs alkyl) 15 optionally
substituted with one or more halogen.

[0336] In some embodiments, RY is H.

[0337] In some embodiments, R* is C1-Cs alky! optionally substituted with one or more R™
[0338] In some embodiments, R is Ci-Cs alkyl.

[0339] In some embodiments, RY is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionaily substituted with one or more RX®.

[0340] In some embodiments, R 1s C1-Ce alkyl (e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butyl, t-butyl, penivl, or hexyl} optionally substituted with one or more halogen {e.g., F,

Ci, Br, or [ or ~0-(C1-Cs alkyl) {e.g., wherein the (1-Cs alkyl is methyl, ethyl, n-propyl, -
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propyl, n-butyl, i-butyi, s-butyl, t-butyl, pentyl, or hexyl} optionally substituted with one or more
halogen.

{03417 In some embodiments, RX is C1-Cs alkyl {(e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl s-butyl, t-butyl, pentyl, or hexyl}

[0342] In some embodiments, RY is methyl, ethyl, or propyl.

[0343] In some embodiments, R™ is methyl.

[0344] In some embodiments, R" is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, s-butvl, t-butyl, pentyl, or hexyl) substituted with one or more halogen {e.g., F, Cl, Br, or
I

[0345] In some embodiments, R¥ is C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,
-hutyl, s-buiyl, t-butyl, pentvl, or hexyl) substituted with one or more -0-{C1-Cs alkyl) (e g,
wherein the C1-Cs alkyl is methyl, ethyl, n-propyl, i-propvl, n-butyl, i-butyl, s-butyl, t-butyl,
pentyl, or hexyl), wherein the -0-(C:-Cs alkyl) 15 optionally substituted with one or more
halogen.

[0346] In some embodiments, R™ is ~{C1-Cs alky}-{Cs-Cio aryl) optionally substituted with one
or more R,

[0347] In some embodiments, RY is «{(C1-Cs atkyl}-{Cs-Cio aryl) optionally substituted with one
or more halogen {e.g., F, Cl, Br, or I}, Ci-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-
butyl, i-butyl, s-butyl, t-butyl, pentvl, or hexyl}, or -O-(Ci-Ce alkyl} (e.g., wheretn the C1-Cs
alkyl 1s methyl, ethyl, n-propvl, 1-propyl, u-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexvlj,
wherein the C1~Cs alkyl or ~0-(C1-Ce alkyl) 13 optionally substitited with one or more halogen.
[0348] In some embodiments, RY is -(C1-Ce alkyD-(Ce-Cio aryl).

[0349] In some embodiments, R and R* together form C1-Cs alkylene (e.g., methylene,
ethylene, propylene, butylene, peniylene, or hexylene).

[0350] In some embodiments, RY and R* together form methylene, ethylene, or propylene.
[0351] In some embodiments, RY and R* together form methylene.

[0352] In some embodiments, R™ and R* together form ethylene.

[0353] In some embodiments, RY and R* together form propylene.

[0354] In some embodiments, Y is H.
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[0355] In some embodiments, Y 15 Ci-Us alkyi (e.g., methyl, ethyl n-propyl, i-propyi, n-butyl, 1-
butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally substituted with one or more halogen (e.g | F,
Ci, Br, or I).

[0356] In some embodiments, Y is Ci-Cs alkyi {(e.g., methyl, ethyl, n-propyl, 1-propyi, n-butyl, -
butyl, s-butyl, t-butyl, pentyl, or hexyl}.

[0357] In some embodiments, Y is methyl, ethyl, or propyl

[0358] In some embodiments, Y is -P(R" )2, -POR Y NR" 12}, -P(=O}ORMIRY, -P=SHORVHRY
-PEOHSRMIRY, -P(=S)}SRYIRY, -P(=0XORY )2, -P(=SHOR )2, -P(=0}SR" ), or -P(=SHSR ).

03597 In some embodiments, Y is -P(R" ).

>

f
{03601 In some embodiments, Y is -PHa.

[0361] In some embodiments, Y is -P{ORYN(RY )2).

[0362] In some embodiments, Y is ~-P(CH}NHz).

(03631 In some embodiments, Y 15 -P(O{C1-Cs alkyDHN(C1-Cs alkyl)z), wherein the Ci-Ce alky!l
is optionally substituted with one or more halogen or cyano.

[0364] In some embodiments, Y is -P(=0}OR")RY,

{03651 In some embodiments, Y s ~-P(=0XOH}C1~Cs alkyl), wherein the Ci-Cs alkylis
optionally substituted with one or more halogen or cyano.

[0366] In some embodiments, Y is -P(=S}ORVRY,

[0367] Tn some embodiments, Y 15 -P(=S}{OH}C1-Co alkyl), wheren the Ci-Cs alkyl s
optionally substituted with one or more halogen or cyane.

[0368] In some embodiments, Y 1 -P(=0)}SRRY,

{0369} In some embodiments, Y 15 ~P(=0}SHX1~-Cs alkyl), wherein the C1-Cs alkyl s
optionally substituted with one or more halogen or cyano.

[0370] In some embodiments, Y is -P(=S}SRYIRY.

[0371] In some embodiments, Y is ~PE=SHSHKC1-Ce alkyl), wherein the C1-Ce alkyl 1s
optionally substituted with one or more halogen or cyano.

[0372] In some embodiments, Y is -P(=0)}OR .

{03731 In some embodiments, Y 15 -P(=0Q}OH).

[0374] In some embodiments, Y is -P(=S}OR" ).

[0375] In some embodiments, Y is -P(=S}{OH).

[0376] In some embodiments, Y is -P(=0)SR" ).
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(0377} In some embodiments, Y 15 -P(=0)}SH}..

[0378] In some embodiments, Y is -P(=S}SR ).

{03791 In some embodiments, Y is -P(=8)}{SH).

[0380] In some embodiments, Y is a hydroxy protecting group.

{03811 In some embodiments, Y is silyl {e.g., trimethylsilyl, triethyisilyl, tert-butyldimethyisily},
tert-butyldiphenyisilyl, or triisopropylsilyl).

{0382} In some embodiments, Y is triphenylmethyl (Tr) or 4,4 -dimethoxyirityl (DMTr).

[0383] In some embodiments, Y is optionally substituted acyl {e.g., optionally substituted acetyl)
or benzyl

[0384] In some embodiments, at least one RY is H.

[0385] In some embodiments, each RY is H.

[0386] In some embodiments, at least one RY is C1-Cs alkyl {e.g., methyl, ethyi, 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, or 1} or cvano.

[0387] In some embodiments, each RY 15 C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-
butyl, i-butyl, s-butyl, --butyl, pentyl, or hexvyl} optionally substituted with one or more halogen
{e.g., F, Cl, By, or |} ot cyano.

[0388] In sorme embodiments, at least one RY is H, and at least one RY 15 Ci-Cs alkyl (e g,
methyl, ethyl, n-propyl, i-propvl, n-butyl, i-butyl, s-buty], t-butyl, pentyl, or hexyl) optionally
substituted with one or more halogen or cyano.

(03891 In some embodiments, when X 15 ~OH, then Y is not H or a hydroxy protecting group.
[0390] In some embodiments, when X 13 -OH, then Y 15 C1-{s alky! optionally substituted with
one or more halogen, -P(RY )z, -PORVYN(R R}, -P=OWORIRY, -P(=8}ORVRY, -
P(=0XSRORY, -PE=SHSRYRY, -P(=0)ORY )z, -P(=S}ORY )2, -P(=0}SR ), or -P(=S}SR )
[0391] In some embodiments, when Y 1s H or a hydroxy protecting group, then X is not -OH.
[0392] In some embodiments, when Y i1s H or a hydroxy protecting group, then X is H, halogen,
or -OR”, and R is Ci-Cs alky! or -{Ci-Cs alkyD-(Cs-Cro aryl), wherein the C1-Cs alkyl or (Ci-
Ce alkyD-{ Ce-Cio aryl) is optionally substituted with one or more R™.

[0393] In some embodiments, Z is H.
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{0394} In some embodiments, Z is Ci-Co alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl, i
butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally substituted with one or more halogen (e.g | F,
Ci, Br, or I).

[0395] In some embodiments, Z 18 Ci1-Cs alkyl {e. g, methyl, ethyl, n-propyl, i-propyl, n-butyi, 1-
butyl, s-butyl, t-butyl, pentyl, or hexyl}.

[0396] In some embodiments, Z 15 methyl, ethyl, or propyl.

[0397] In some embodiments, 7 is -P(R™ ), -P(OR“HN{R )2}, -P(=0}ORIR”, -P(=S)ORNR, -
P(=0}SRRY, -P(=S} SRR’ -P(=0}OR )2, -P(=S}OR" )2, -P(=0}SR )z, -P(=S}SR™n.
[0398] In some embodiments, 7 is -P(R")2.

{03991 In some embodiments, Z is -PHo.

[0400] In some embodiments, 7 is -P{OR”}{N{R"}2}.

{04017 In some embodiments, Z i1s -P{OH}NH»).

[0402] In some embodiments, Z 15 -P(O{C1-Cs alky){N(Ci-Co alkylyz), wherein the Ci-Cs alkyl
is optionally substituted with one or more halogen or cyano.

[0403] Tn some embodiments, 7 is -P(=0}OR*)R”,

{04041 In some embodiments, Z 18 ~P(=0WOH} C:i-Ce alkyl), wherein the Ci-Cs alkyl s
optionally substituted with one or more halogen or cyano.

[0405] In some embodiments, Z is ~-P(=S}OR)RZ.

104061 Tn some embodiments, £ 5 -PESOHNCi-Cs alkyly, wherein the Ci-Cs alkyl 5
optionally substituted with one or more halogen or cyane.

[0407] In some embodiments, 7 is -P(=O} SRH)R%.

{0408} In some embodiments, Z 18 ~PE0HSHY Ci-Ce alkyl), wherein the Ci-Ce alkyl1s
optionally substituted with one or more halogen or cyano.

[0409] In some embodiments, Z is -P(=S)}SR?)RZ.

[0410] In some embodiments, Z i3 -P(=5}{ SH}1-Cs alkyl), wherein the Ci-Cs alkyl 1s
optionally substituted with one or more halogen or cyano.

{04117 In some embodiments, Z is -P(=0} OR" ).

[0412] In some embodiments, Z is -P{(=0)OH)z.

[0413] In some embodiments, Z is -P{(=S}{OR" ).

[0414] In some embodiments, Z is -P(=SHOH)..

[0415] In some embodiments, Z is -P{=0} SR ).
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[0416] In some embodiments, Z is -P(=0}SH)..

[0417] In some embodiments, Z is -P{(=S}{ SR}

[0418] In soms embodiments, Z is -P(=S)}SH}z.

[0419] In some embodiments, Z 18 a hydroxy protecting group.

{04207 In some embodiments, Z is silyl {e.g., irimethylsilyl, triethylsilyl, tert-butyldimethyisilyl,
tert-butyldiphenyisilyl, or trusopropylsilyl}.

(0421} In some embodiments, 7 is triphenyimethyt (Tr) or 4, 4'-dimethoxytrity (DMTr).

[0422] In some embodiments, 7 is substituted acyl (e.g , optionally substituted acetyl) or benzyl.
[04237 In some embadiments, at least one R” is H.

[0424] In some embodiments, each R” is H.

[04257 In some embodiments, at least one R” is C1-Cs alkyl (e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, 1-butyl, s-butyl t-butyl, pentyvl, or hexyl) optionally substituted with one or more
halogen {e.g., ¥, Cl, Br, or I} or cyano.

[0426] In some embodiments, each R” is C1-Cs alkyl {e.g., methyl, ethyl, n-propyl, i-propyl, n-
butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexy!} optionally substituted with one or more halogen
{e.g..F, Cl, By, or [} or cyano.

[0427] In some embodiments, at least one R is H, and at least one R 15 C1-Cs alkyl (e,
methyl, ethyl, nepropyl, i-propyl, o-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally
substituted with one or more halogen {e.g., ¥, CL, Br, or I) or cyano.

[0428] In some embodiments, Y and Z in Formula (1) together form -S1(R* 1-0-Si(RY )z-.
[0429] In some embodiments, Y and Z in Formula (B} together form ~S{Ci-Cs allyDe-0-8Ca-
Ce alkyhh-.

[0430] In some embodiments, Y and 7 i Formula (I} together form ~Si(iPr-0-81(1Pr}-.

{04317 In some embodiments, Y and Z in Formula (IH) together form -Si(R* -0-Si{RE o-.
[0432] In some embodiments, Y and 7 in Formula (HI} together form ~S{Ci-Ce alkyDo-0-84Ca-
Ce atkyi)-.

[0433] In some embodiments, Y and Z in Formula (I} together form -Si{iPrh-O-Si{(iPr)2-.
{04341 In some embodiments, ¥ and Z in Formula (I}, (HE), (), ), (V7), (A}, {{H-A), (V-
A), (VIE-A), (IX-A), (XI-A), (I'-A), (II7-A), (V*-A), (VIP-A), (IX-A), (XI'-A), (I-B), (HI-B),
(V-B), I"-B), (Hi"-B), or (V’-B) together form -Si(RY )2-0-S(R" )o-, wherein each RY

independently s H or C1-Cs alkyl
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{04357 In some embodiments, Y and Z in Formula (1), (HE), (), {7}, (V7), (A}, T-A), (V-
A), (VIE-A), (BX-A), (XT-A), (FP-A), (IT-A), (V7-A), (VID-A), (IXC-A), (XU-A), (1-B), (1H-B),
(V-B), I"-B), (I1’-B), or {(V’-B} together form -Si{{C1-Cs alky}2-0-8S1(Ci-Cs alkylik-.
[0436] In some embodiments, ¥ and 7 in Formula (1}, (L), 7)), ({117}, (V°}, ({-A), (HH-A} (V-
A}, (VH-A}, (IX-A), (XT-A), (-A), (HP-A), (V7-A), (VI-A), (IX7-A), (XT7-A), (1-B), (I1-B),
{(V-B), (I"-B}, (IIF'-B}), or (V’-B) together form -Si(iPr)2-0-Si{iPr)e-.
{0437} In some embodiments, Q 15 ~({CR*R"}-NH-* 1n which * denotes attachment to L.
{04381 In some embodiments, (3 is ~(CR*R*).s-NH-*,
[0439] In some embodiments, Q is -(CR*R*)s-NH-*_ In some embodiments, Q 1s -(CR*R*)4-NH-
* In some embodiments, (15 -{(CRR*3-NH-*. In some embodiments, @ 5 -{CR*R*)z-NH-* In
some embodiments, Q 18 -(CR'R*)-NH-*.
{04407 In some embodiments,  is ~(CHz)i.s-NH-*.
{04417 n some embodiments, Q is -{CHz}s-NH-*. In some embodiments, € 1s -{(CHz)a-INH-* In
some embodiments, 15 <{(CHz)s-NH-*, In some embodiments, Q 18 -(CH2}2-NH-* In some
erabodiments, Q 1s -(CHy)-NH-*%.
{04427 In some embodiments, s -NH-*,
[0443] In some embodiments, Q is Ce-Cio arylene optionally substituted with one or more R%.
{04441 In some embodiments, Q@ 18 Co-Cro arylene.
{04457 In some embodiments, Q is 3- to 1 0-membered beteroarylene optionally substituted with
one or more RY
[0446] In some embodiments, Q is 3~ to 10-membered heteroarylene.
(04471 In some embodiments, (Q is triazolylene optionally substituted with one or more RY
[0448] In some embodiments, 15 triazolylene.

N=N

A

[0449] In some embodiments, Q is R® in which * denotes attachment to L and -4
mdicates the point of attachment to the rest of the Lipid-Based Ligand Agent.

NN

) e N \)\ éé“ " . -
{04501 In some embodiments, (¥ 18 in which * denotes attachment to L and

e

mdicates the point of attachment to the rest of the Lipid-Based Ligand Agent.
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[0451] 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, t-propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyi, or hexyl}
optionally substituted with one or more halogen {(e.g., F, Cl, Br, or {).

[0452] In some embodiments, at least one R¥ is halogen (e.g., F, Cl, Br, or ).

[0453] In some embodiments, at least one R%is F or CL

[0454] In some embodiments, at least one RR 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, C1, Br, or I},

[0455] In some embodiments, at least one R is C1-Cs alkyl (e 2., methyl, ethyl, n-propyl, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyvl, or hexyl).

[0456] In some embodiments, at least one R% is C1-Cs alkyl (e 2., methyl, ethyl, n-propyl, i-
propyl, n-butyl, 1-butyl, s-butyl, t-butyl, pentvl, or hexyl) substituted with one or more halogen

(e.g, F, Cl, Br, or ).

[0457] In some embodiments, at least one R is H.

[0458] In some embaodiments, at least one R™ is C1-Cs alkyl.

[04597 In sorme embodiments, at least one R™ 13 methyl, ethyl, or propyl {e.g., iPr).

[0460] In some embodiments, each RY independently is H.

[0461] In some embodiments, each RY independently is Ci-Cs alkyl.

[0462] In some embodiments, each R" independently 15 methyl, ethyl, or propyl {e.g., iPr).

Variables B¢, R, R R, R, R, and n

{04631 In some embodiments, each R 1s H.

[0464] In some embodiments, at least one R 13 halogen {e.g., F, Cl, Br, or I} or Ci-Co alkyl (e g,
methyl, ethyl, n-propyl, t~propyl, a-butyl, -butyl, s-butyl, t-butyl, pentyl, or hexyl) optionally
substituted with one or more halogen {e.g, F, C, Br, or I},

{04657 In some embodiments, at feast one R" is halogen {e.g, F, Cl, Br, or [}

[0466] In some embodiments, at least one R* 15 F or CL.

(04677 In some embodiments, at least one R® is C1-Co alkyl (e.g., methyl, ethyl, n-propyl, i-
propyl, n-butyl, -butyl, s-butyl, t-butyl, pentyl, or hexy!) optionally substituted with one or more

halogen (e.g., F, CL, Br, or I},
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{0468} In some embodiments, at feast one R” is C1-Co alkyl (e.g., methyl, ethyl, n-propyl, i~
propyl, n-butyl, -butyl, s-butyl, t-butyl, pentyvl, or hexyi}.

[0469] In some embodiments, at least one R is Ti-Co alkvi {e.g., methyl, ethyl, n-propyl, 1~
propyl, n-butyl, -butyl, s-butyl, t-butyl, pentvl, or hexyl} substituted with one or more halogen
(e.g, F,Cl, Br,or ).

[0470] In some embodiments, R' is H.

[0471] In some embodiments, R' is halogen (e.g., F, Cl, Br, or I).

[0472] In some embodiments, R' is F or CL

[0473] In some embodiments, R* is C1-Cs alkyl {e.¢.. methyl, ethyl, n-propyl. i-propyl, n-butyl,
i-butyl, s-butvl, t-butyl, pentyl, or hexyl) optionally substituted with one or more halogen{e g, F,
CL Br,or i),

[0474] In some embodiments, R’ is C1-Cs alkyl {e.g , methvl, ethyl, n-propyl, i-propyl, n-butyl,
-hutyl, s-butyl, t-butyl, pentyl, or hexyl).

[04757 In some embodiments, R is C1-Cs alky! {e.g., methyl, ethyl, n-propyl, i-propyl, n-butyl,

i-butyl, s-butyl, t-butyl, pentyl, or hexyi) substituted with one or more halogen {e.g., F, Cl, Br, or

15}
[0476] In some embodiments, R? is H.
[0477] In sorne embodiments, R? 15 halogen (e.¢., F, Cl, Br, or 1),

[0478] In some embodiments, R? is F or C1.

[0479] In some embodiments, R? 15 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,
CL Br,or 1)

[0480] In some embodiments, R? is C1-Cs alkyl (e g, methyl, ethyl, n-propyl, t-propyl, n-butyl,
-butyl, s-buivl, t-butyl, pengyl, or hexyi).

[04817 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 hexy!} substituted with one or more halogen (e g, F, C1, Br, or
.

[0482] In some embodiments, R 1s H.

[0483] In some embodiments, R’ is halogen {e.g, F, Cl, Br, or I},

{04847 In some embodiments, R is F or C1.
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[04857 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 halogen{e g, F,
Ci, Br, or I).

[0486] In some embodiments, R? is C1-Cs alkyl (e g, methyl, ethyl, n-propyl, t-propyl, n-butyl,
=-butyl, s-buiyl, t-butyl, pentyl, or hexyl).

[0487] In some embodiments, R? is (1-Cs alkyl (e g, methyl, ethyl, n-propyl, t-propyl, n-butyl,
=butyl, s-buiyl, t-butyl, pentvl, or hexy!) substituted with one or more halogen (e.g., F, Cl, Br, or
n.
[0488

In some embodiments, R* is H.

[0490] In some embodiments, R* is F or CL.

3]
[0489] In some embodiments, R* is halogen {e.¢., F, Cl. Br, or I}.

]
[04917 In some embodiments, R* is C1-Cs alkyl (e g, methyl, ethyl, n-propyl, i-propyl, n-butyl,
-hutyl, s-butyl, t-butyl, pentvl, or hexyl) optionally substituted with one or more halogen (e.g., F,
Cl, Br, or I},
[0492] In some embodiments, R* is C1-Cs alkyl (e ¢, methyl, ethyl, n-propyl, t-propyl, n-butyl,
-butyl, s-butyl, t+-butyl, pentyl, or hexyl}.
[04937 In some embodiments, R* is C1-Cs alkyl (e ., methyl, ethyl, n-propyl, i-propyl, n-butyl,
-butyl, s-butyl, t-butyl, pentyl, or hexyl) substituted with one or more halogen {e.g., ¥, Cl, Br, or
D
[0494] In some embodiments, R and R¥ together form C1-Cs alkylene {e.g., methviene,
ethylene, propylene, butylene, pentylene, or hexylene).
[0495] In some embodiments, R* and R¥ together form methylene, ethylene, or propylene.
[0496] In some embodiments, R* and R™ together form methylene.
[0497] In some embodiments, R and RX together form ethylene.
[0498] In some embodiments, R* and R™ together form propylene.
[0499] In some embodiments, each R® is HL
[050¢] In some embodiments, at least one R’ is halogen (e.g., F, C1, Br, or I} or C1-Cs alkyl (e.g.,
methyl, ethyi, n-propyl, i-propvl, n-butyl, i-butyl, s-butyl, t-butvl, pentyl, or hexyl) optionally
substituted with one or more halogen (e.g, F, Cl, Br, or I},
[05017 In some embodiments, at feast one R® is halogen (e g, F, Cl, Br, or I}.

105027 In some embodiments, at least one R’ is F or CL
[0502]

3
U
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[0503] In some embodiments, at feast one R® is C1-Cs alkyl {e.g., methyl, ethyi, n-propyl, i-
propyl, n-butyl, -butyl, s-butyl, t-butyl, pentyl, or hexyl} optionally substituted with one or more
halogen {(e.g., ¥, Cl, Br, or ).

[0504] 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 hexvyi}.

[0505] In some embodiments, at least one R® is C1-Cs alkyl (e g, methvl, ethyi, n-propyi, i-
propyl, n-butyl, i-butyl, s-butyl, t-butyl, pentyl, or hexy!} substituted with one or more halogen
{eg. F, CLBrorl)

[0506] In some embodiments, each of R®, R!, R*, R, R* and R*is H.

{05077 In some embodiments, n 1s an integer ranging from about 1 to about 10,

05081 In some embodiments, n is an integer ranging from about 2 to about 10,

{05091 In some embodiments, n 1s an integer ranging from about 3 to about 10, from about 4 to
about 10, from about 3 to about 10, or from about 6 to about 10.

{0510} In some embodiments, n 1s an integer ranging from about 1 to about §, from about 1 to
about 7, from about § to about 6, from about 1 to about S, from about 1 to about 4, or from about
1 to about 3,

105117 In some embodiments, n 1s an integer ranging from about 2 to about 8, from about 2 1o

about 7, from about 2 to about 6, from about 2 to about 3, from about 2 to about 4, or from about

In some embodiments, nis 3.
05187 In some embodiments, nis 6.
0519} In some embodiments, nis 7.
(05201 In some embodiments, n is 8.
[0521] In some embodiments, nis 9.

[0522} In some embodiments, n s 10,
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Fxemplary Embodiments of the Lipid-Based Ligand Agenis
{05237 In some embodiments, the Lipid-Based Ligand Agent s of Formula (17), (17, (111},

(V7). (V7 or (VI

iy

Y’ (V'); or Yo )
{05241 In some embodiments, the Lipid-Based Ligand Agent is of Formula (1-A), (1F-A), (-
A), (IV-A), (V-A), (VI-A), (VII-A), (VII-A), (IX-A), (X-A), (XI-A), or (XIE-A):

-3
~3
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Y- (-A); Y {H-A);

Y (V-A); Y (VEAY

Y7 (VIL-A), Y (VIH-A);

78

78



WO 2024/229397 PCT/US2024/027763

RS, RS .
04N qet Ok QL
zZ Z
RA R1 RA R1
R3 R? Re R?
O X X
Y (XI-A); or Y (XI-A).

{05257 In some embodiments, the Lipid-Based Ligand Agent is of Formula (I"-A), (U-4), (I~
A), (IV>-A), (V'-A), (VI'-4), (VIT-A), (VIIT-A), (IX-A), (X°-A), (XI'-A) or (XIF-A):

Y- (U-A): Y (I0-A);

!/
{J-AY; {IvV’>-A)

Y (V7-A): Yo vreA)
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Y~ (VIT-A); Y (VIIT-A);

Y (XT-A); or Y xar-ay,
{05261 In some embodiments, the Lipid-Based Ligand Agent is of Formula (I-8), (II-B), (-8},
(IV-B), (V-B), or (VI-B):

a
25 5 R R RSR:"; R® R
o R L ,«O N"L

v (-B), Y (1-B);

{Iv-B);
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v (V-B); or Y (VIB).
(05271 In some embodiments, the Lipid-Based Ligand Agent is of Formula (I'-B}, (II"-B), (i1~
B), (IV’-B), (V'-B), or (V'-B}:
Ra REE

Y- (P-B); Y (IP-B);
RS,
o+ B
7 \Y
NH HN-E - Oy
N /
L sy, U ° (IV'-B);
RS .
o~ , ot
z
X o
(V'-B); or Y (vI-B)

{05281 In some embodiments, the Lipid-Based Ligand Agent 15 of Formula (1-C}, (I1-C), (11-C),
(Av-C), (V-Cy, (VI-O), (VII-C}, (VHIE-C), (IX-C), (X-C), (XI-), or (XTI-C):
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R R R®

R RS, mre R°
Z"O O N © " e
H p b
Y (1-C): =Y (T-C)
0t B
Z.’
(Nl NH Ly
R4 N / R
R Laomey b R av-Cy.
Rgs R‘?;gs
Z Z/ Q Q
v (V-C); Y vy,
Ra R 5 5 Rci R}

el

(VITI-C);
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Y’ (XI-C): or Y ((XI-0).
(05291 In some embodiments, the Lipid-Based Ligand Agent is of Formula (I"'-C}, (1"-C), (11"~
Cy, (IV°-C), (V7-C), (V-0 (VIT-C), (VIED -y, (IX -}, (30-C), (XT7-C), or (X3T-CY:

RE, R\F

L (-C); Y (10-C):;

&5 -
RS RS,
/ o S oo ot
X X o,
Y (V-0 oo
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Y’ (VIP-O), Y (VIID-C);
RS,
04N B
ZA‘
NH An Oy
A 2
E... L RBR
(IX°-C); (X'-C)
2 5
0" Q—L
Z
PO oY
(XP'-C): or Yoo

{0530} In some embodiments, the Lipid~Based Ligand Agent is

Z”\J\
% '--
y-0 A \—\x Ly
.0 e i
Z” z-” L& Lo
. . . e Z
> - "/\\//I\\ANH/L \Q?—I\I/H o --N/H ~O Q-4
X o, &4 X P

y

H H
2

>

34
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~Y V-

or a pharmaceutically acceptable salt thereof, wherein:

=zx denotes a single or double bond;

Y is -P(RY )2, -PLORVHN(RR2), -P(=OKORYIRY, -P(=8)}(ORVIRY, -P(=0)SRVRY, -
P(=S)SRYIRY, -P(=0}OR )2, -P(=S)(OR 2, -P(=0)}SR "), -P{=8}SR Y}z, or a hydroxy
protecting group {&.g., silyl {e.g,, irnmethylsityl, triethylsilyvl, tert-butyldimethylsilyl, tert-
butyldiphenyisilyl, or trissopropyisilyl), triphenyimethyl {Tr}, 4,4"-dimethoxytrity ! (DMTr),
substituted acyl {e.g., optionally substituted acetyl), or benzyl);

each RY independently 1s H or C1-Cs alkyl optionally substituted with one or more
halogen or cyano;

7 is -P(R%), -P(ORANN(R 1), -P(=O)ORIRY, -P(=S ORHRE, -P(=0}SRORY, -
PESHSRARY, -PEONORY ), -PESHORY ), -P(=0O)SR ), -P(=S)} SR}, or a hydroxy
protecting group {e.g., silvl {e.g, rimethyisilyl, triethylsilyl, tert-butyldimethylsilyl, tert-
butyldiphenyisilyl, or triisopropylsilyl}, trivhenyimethyt (T1), 4,4 -dimethoxytrityl (BMTr),
substituted acyl (e.g., optionally substituted acetyl}, or benzyl}; and

each R” independently is H or C1-Ce alkyl optionally substituted with one or more
halogen or cvano.

[0531] In some embodiments, the Lipid-Based Ligand Agent s selected from the compounds
described in Table L and pharmaceutically acceptable salts thereof.
[0332] In some embodiments, the Lipid-Based Ligand Agent is selected from the compounds
described in Table L.

Table L

Mo, Stracture

2]
(¥
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[0533] In some embodiments, the Lipid-Based Ligand Agent 15 selected from the compounds

described in Table M and pharmaceutically acceptable salts thereof.

[0534] In some embodiments, the Lipid-Based Ligand Agent 15 selected from the compounds

described in Table M.
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{05357 In some embodiments, the Lipid-Based Ligand Agent 13 selected from the compounds

described in Table P and pharmaceutically acceptable salis thereof.

[0536} In some embodiments, the Lipid-Based Ligand Agent 13 selected from the compounds

described in Table P
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(053371 Tn some embodiments, the Lipid-Based Ligand Agent 1s selected from the compounds
described in Tables M and P and pharmaceutically acceptable salts thereof

[0538] In some embodiments, the Lipid-Based Ligand Agent 1s selected from the compounds
described in Tables M and P.In some aspects, the present disclosure provides an isotopic
dertvative {e.g., 1sotopically labeled compound) of a Lipid-Based Ligand Agent disclosed herem.
[0539] It 15 understood that the isotopic derivative can be prepared using any of a variety of art-
recognized techniques. For example, the 1sotopic dertvative can generally be prepared by
carrying out the procedures disclosed in the Schemes and/or in the Examples herein, by
substituting an sotopically labeled reagent for a non-1sotopically labeled reagent.

{05401 In some embodiments, the 1sotopic derivative is a deuterium labeled derivative.

{05417 The term “isotopic dertvative”, as used herein, refers to a derivative of a chemuieal
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structure in which one or more atoms are 1sotopically enriched or labelled. For example, an
isotopic derivative of an agent s isotopically enriched with regard to, or labelled with, one or
more 1sotopes as compared to the corresponding agent. In some embodiments, the isotopic
derivative is enriched with regard to, or labelled with, one or more atoms selected from ?H, PC,
We BN, 1RO, 2981 7P, and ¥*8. In some embodiments, the isotopic derivative is a deuterium
labeled derivative (i.e., being enriched with *H with regard to one or more atoms thereof). In
some embodiments, the derivative is a “H labeled derivative. In some embodiments, the
derivative is a PC labeled derivative or a '*C labeled dertvative. In some embodiments, the
derivative is a | °F labeled derivative. In some embodiments, the derivative is a '“I labeled
dertvative, a % labeled derivative, a '%°I labeled derivative, a 1%l labeled derivative, a ' V1
labeled derivative, a 1 labeled derivative, or any combination thereof. In some embodiments,
the derivative is a *'P labeled derivative or a **P labeled derivative. In some embodiments, the
derivative is a 8 labeled dertvative, a **S labeled derivative, a *°8 labeled derivative, a *°S
labeled derivative, or any combination thereof,

[0342] Tt 1s understood that the sotopic derivatives can be prepared using any of a vanety of art-
recognized techniques. For example, the isotopic dertvatives can generally be prepared by
carrying out the procedures disclosed in the Schemes and/or 10 the Examples described herein,
by substituting an isotope labeled reagent for a non-isotope labeled reagent.

[05437 H s also understood that 1sotopical substitution may afford certain therapeutic advantages
resulting from greater metabolic stability, e.g., increased in vivo half-life or reduced dosage
requirements.

[0544] For the avordance of doubt 1t 1s to be understood that, where in this specification a group
15 qualified by “described heremn”, the said group encompasses the first occurring and broadest
definition as well as each and all of the particular definttions for that group.

[0545] Tt 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 to one or another isomer, tautomer, regicisomer or stereoisomer, nor does it exclude
mixtures of isomers, tautomers, regioisomers or stereoisomers. In some embodiments, the
presentation of a compound herein m a particular configuration intends to encompass, and to
refer to, each of the available 1somers, tautomers, regicisomers, and stereoisomers of the

compound, or any mixture thereof; while the presentation further intends to refer to the specific
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configuration of the compound.

05461 It will be understood that while compounds disclosed herein may be presented without
specified configuration (e.g., without specified stereochemistry). Such presentation intends to
encompass all available isomers, tautomers, regicisomers, and steresisomers of the compound.
in some embodiments, the presentation of a compound herein without specified configuration
mtends to refer to each of the available isomers, tavtomers, regioisomers, and stereoisomers of
the compound, or any mixture thereof.

{05471 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 in space are termed
“sterecisomers’. Stereotsomers 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 asymmetnic center, for example, 1t 1s bonded to four
different groups, a pair of enanfiomers is possible. An enauntiomer can be characterised by the
absolute configuration of its asymuetric center and ts described by the R- and S-sequencing
rules of Cahn and Prelog, or by the manner in which the molecule rotates the plave of polarized
light and designated as dextrorotatory or levorotatory (Le., as (+) or (-}-isomers respectively). A
chiral compound can exist as either individual enantiomer or as a mixture thereof. A muxture
containing equal proportions of the enantiomers 15 called a “racemic mixture”,

[0548] The compounds of this disclosure may possess one or more asymmetric centers; such
compounds can therefore be produced as individual (R}~ or (S)-stereoisomers or as mixtures
thereof. Unless indicated otherwise, the description or naming of a particular compound in the
specification and claims 1§ intended to include both individual enantiomers and mixtores,
racemnic or otherwise, thereof. The methods for the determination of stereochenustry and the
separation of sterecisomers 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 reselution of a racemic form. Some of
the compounds of the disclosure may have geometric isomeric centers (E- and Z- isomers). It is

to be understood that the present disclosure encompasses all optical, diastereoisomers and
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geometric isomers and mixtures thereof that possess the biological activity defined herein.
05491 As used herein, the term “chiral center” refers to a carbon atom bonded to four
nonidentical substituents.

[0550] As used herein, the term “chiral isomer” means a compound with at least one chiral
center. Compounds with more than one chiral center may exist either as an individual
diastereomer or as a mixture of diastereomers, termed “diastereomeric mixture” When one
chiral center is present, a stereoisomer may be characterized by the absolute configuration (R or
8) of that chiral center. Absclute configuration refers to the arrangement in space of the
substituenis attached to the chiral center. The substituents attached to the chiral center under
consideration are ranked in accordance with the Sequence Kule of Cahn, Ingold and Prelog.
(Cahn et al , Angew. Chem. Inter. £dit. 19606, S, 38S; errata 511; Cahn et af | Angew. Chem.
1966, 78, 413; Cahn and Ingold, .. Chem. Soc. 1951 (London), 612; Cahn e of, Experientia
1956, 12, 81; Cahn, J. Chem. Fduc. 1964, 41, 116).

{05517 As used herein, the term “geometric 1somer” means the diasterecmers that owe their
existence to hindered rotation about double bonds or a cycloalkyl linker {e.g, 1,3-cyclobutyl).
These configurations are differentiated n thewr names by the prefixes cis and trans, ot £ and E,
which mdicate that the groups are on the same or opposite side of the double bond 10 the
molecule according to the Cahn-Ingold-Prelog rules.

[0552] Ht1s 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 geometric isomeric forms, all isomeric forms are intended to be inchuded
n the scope of the present disclosure, and the naming of the compounds does not exclude any
someric forms, 1t being understood that not all 1somers may have the same level of activity.
[0553] It 15 to be undersiood that the structures and other compounds discussed 1 this disclosure
melude all atropic 1somers thereof. It 15 also to be understood that not all atropic 1somers may
have the same level of activity.

[05541 As used herein, the term “atropic isomers” are a type of steresisomer 1n which the atoms
of two 1somers are arranged differently in space. Atropic isomers owe their existence to a
restricted rotation caused by hindrance of rotation of large groups about a central bond. Such
atropic isomers typically exist as a mixture, however as a result of recent advances in

chromatography techniques, it has been possible to separate mixtures of two atropic 1Isomers in
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select cases.

{05557 As used herein, the term “tautomer” s one of two or more structural isomers that exist in
equilibrium and is readily converted from one isomeric form to another. This conversion resulis
in the formal migration of a hydrogen atom accompanied by a switch of adjacent conpugated
double bonds. Tautomers exist as a mixture of a tavtomeric set in solution. In solutions where
tautomerization s 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 tautomerizations is called tavtomerism. 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) in a sugar chain molecule reacting
with one of the hydroxy groups (-OH) in the same molecule to give i a cvelic (ring-shaped) form
as exhibited by glucose.

[0556] 1t 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 ntended to be mcluded 1o the scope of the present disclosure, and the
naming of the compounds does not exclude any tautomer forra. It will be understood that certain
tantoroers may have a higher level of activity than others.

[0557] H s to be understood that the compouunds of any Formula described heremn 1uclude the
compounds themselves, as well as their salts, and their solvates, if applicable. A salf, for
example, can be formed between an anion and a positively charged group (e.g., aminoj on a
substituted compound disclosed herein. Suttable anions inclade chloride, bromide, 10dide,
suffate, bisulfate, sulfamate, nitrate, phosphate, citrate, methanesulfonate, trifluoroacetate,
clutamate, glucuronate, glutarate, malate, maleate, succinate, fumarate, tartrate, tosylate,
salicylate, lactate, naphthalenesulfonate, and acetate (e.g., irifluorcacetate).

{05581 As used herem, the term “pharmaceutically acceptable amon” refers to an anion suitable
for forming a pharmaceutically acceptable salt. Likewise, a salt can also be formed between a
cation and a negatively charged group (e.g., carboxylate} on a substituted compound disclosed
herein. Suitable cations include sodium ion, potassium 1on, magnesium ion, calcium ion, and an
ammonium cation such as tetramethylammonium ion or diethylammoniom ion. The substituted

compounds disclosed herein also include those salts contaming quaternary nitrogen atoms.
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{05591 H is to be understood that the compounds of the present disclosure, for example, the salts
of the compounds, can exist in etther hydrated or unhydrated {the anhydrous} form or as solvates
with other solvent molecules. Nonlimiting examples of hydrates include monchydrates,
dihydrates, etc. Nonlimiting examples of solvates include ethanol solvates, acetone solvaies, etc.
[0560] As used herein, the term “solvate” means solvent addition forms that contain either
stoichiometric or non-stoichiometric amounts of solvent. Some compounds have a tendency to
trap a fixed molar ratio of solvent molecules in the crystalline solid state, thus forming a solvate.
If the solvent 15 water the solvate formed is a hydrate; and if the solvent is alcohol, the solvate
formed 15 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 HaQ.
[0561] As used herein, the term “analog” refers to a chemical compound that s structurally
strilar to another but differs shightly in composition {as in the replacement of one atom by an
atom of a different element or in the presence of a particular functional group, or the replacement
of one functional group by another functional group). Thus, an analog 1s a compound that is
stmular or coroparable in function and appearance, but not in structure or origin to the reference
compound.

[0562] As used herein, the term “denivative” refers to compounds that have a common core
structure and are substituted with various groups as described herein

105631 As used herein, the term “bioisostere” refers to a compound resulting from the exchange
of an atom or of a group of atoms with another, broadly similar, ator or group of atoms. The
objective of a bioisosteric replacement 1s to ereate a new compound with similar biological
properties to the parent compound. The bioisosteric replacement may be physicochemically or
topologically based. Examples of carboxylic acid biowsosteres mclude, but are not hmited to, acyl
sulfonamides, tetrazoles, sulfonates and phosphonates. See, e.g., Patant and LaVote, Chem. Rev.
96, 3147-3176, 1996.

(05641 I 15 also to be understood that certain compounds of any one of the Formulae disclosed
herein may exist in solvated as well as unsolvated forms such as, for example, hydrated forms. A
suitable pharmaceutically accepiable solvate 15, for example, a hydrate such as hemi-hydrate, a
mone-hydrate, a8 di-hydrate or a tri-hydrate. It is to be understood that the disclosure
encompasses all such selvated forms that possess the bislogical activity defined herein.

{05657 1t 1s also to be understood that certain compounds of any one of the Formuilae disclosed
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herein may exhibit polymorphism, and that the disclosure encompasses all such forms, or
mixtures thereof, which possess the biological activity defined herein. It is generally known that
crystalline materials may be analysed using conventional techniques such as X-Ray Powder
Dnffraction analysis, Differential Scanning Calorimetry, Thermal Gravimetric Analysis, Diffuse
Reflectance Infrared Fourier Transform (DRIFT) spectroscopy, Near Infrared (NIR)
spectroscopy, solution and/or solid state nuclear magnetic resonance spectroscopy. The water
content of such crystalline materials may be determined by Karl Fischer analysis.
{08661 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 ali
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
mire/act-niro.

., N N

i
G = C=C e C=C
N v AN M / “

keto enol enolate

[0567] Compounds of any one of the Formulae disclosed heremn containing an amine function
may also form N-oxides. A reference herein {0 2 compound of any one of the Formulae herein
that contains an amine function also inchudes 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.g. a peroxycarboxylic
acid}, see for example Advanced Organic Chemustry, by Ferry March, 4th Edition, Wiley
Interscience. 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-
chloroperoxybenzotc acid (mCPBA), for example, in an mnert solvent such as dichloromethane.

[05681 The compounds of any one of the Formulae disclosed herein may be administered in the
113
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form of a prodrug which is broken down in the human or animal body to release a compound of
the disclosure. A prodrug may be used to alter the physical properties and/or the pharmacokinetic
properties of a compound of the disclosure. A prodrug can be formed when the compound of the
disclosure contains a suitable group or substituent to which a property-moditying group can be
attached.

(05691 Accordingly, the present disclosure includes those compounds of any one of the
Formulae disclosed herein as defined herembefore when made available by organic synthesis and
when made available within the human or arumal 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, that s a
compound of any one of the Formulae disclosed herein may be a synthetically-produced
compound or a metabolically-produced compound.

{05701 A suitable pharmaceutically acceptable prodrug of a compound of any one of the
Formulae disclosed herein is one that 15 based on reasonable medical judgment as being suitable
for administration 1o the human or animal body without undesirable pharmacological activities
and without undue toxicity. Vartous forms of prodrug have been described, for example i the
following documents: a} Methods in Enzymology, Vol. 42, p. 309-396, edited by K. Widder, et
al. (Academic Press, 1985); b} Design of Pro-drugs, edited by H. Buondgaard, (Elsevier, 1985); ¢)
A Textbook of Drug Design and Development, edited by Krogsgaard-Larsen and H. Bundgaard,
Chapter 5 “Design and Application of Pro-drugs”, by H. Bundgaard p. 113-191 (1991}; d) H.
Bundgaard, Advanced Drrug Debivery Reviews, &, 1-38 {1992); e) H. Bundgaard, et al., Journal
of Pharmaceutical Sciences, 77, 285 (1988}; f) N. Kakeya, et al., Chem. Pharm. Buoll| 32, 692
(1984}, ¢} T. Higuchi and V. Stella, “Pro~Drugs as Novel Delivery Systems”, A.C.8. Symposium
Series, Volume 14; and h} E. Roche {editor), “Bioreversible Carriers in Drog Design”, Pergamon
Press, 1987.

{05711 The in vive effects of a compound of any one of the Formulae disclosed herein may be
exerted in part by one or more metabolites that are formed within the human or animal body after
admunistration of a compound of any one of the Formulae disclosed herein. As stated
hereinbefore, the i vivo effects of a compound of any one of the Formulae disclosed herein may

also be exerted by way of metabolism of a precursor compound (a prodrug).
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(0572} Suitably, the present disclosure excludes any individual compounds not possessing the

biological activity defined herein.

Conjugates Containing Lipid-Based Ligand Units
[0573] As used herein, the term “conjugate” refers to a compound or complex that comprises a
Nucleic Acid Agent being covalently attached to a ligand. In some embodiments, the conjugate
further comprises a Lipid-Based Ligand Unit described herein.
[0574] In some aspects, the present disclosure provides a conjugate or a pharmaceutically
acceptable salt thereof, comprising:

(1) one or more Nucleic Acid Agent; and

(111} one or more Lipid-Based Ligand Unit, wherein each Lipid-Based Ligand Unit

mdependently is:

5
0 LR
e
R4

R3

wherein:

variables L, B, V, Q, X, R* n, RY, R” R}, R? R’ R* and R are described herein; and
when the Lipid-Based Ligand Unit is at the 3’ -terminus of the Nucleic Acid Agent,

# 1s an attachment to the rest of the conjugate; and

#His H, -PRY)z, -P(ORVHNR R), -PEONORYRY, -PESHORYRY, -P(=0)SRVRY, -
P(=S)SRVRY, -PEOHOR ), -P(=S){OR "), -P(=O)}SR" )z, -P(=S)SR )2 or a hydroxy

protecting group; or
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when the Lipid-Based Ligand Unit s at the 5'-terminus of the Nucleic Acid Agent,

#1s H, -P(R%)z, -P(ORD)(N(R? ), -P(=O)ORAIRY, -P(=S){ORYR?, -P(=O} SR )R?, -
PESHSRORY, -PEONORY ), -PESHORY ), -P(=0)SR ), -P(=S)} SR}, or a hydroxy
proteciing group, and

## 15 an attachment to the rest of the conjugate; or

each of # and ## mdependently is an attachment to the rest of the conjugate.

(05757 It 1s understood that one or more Lipid-Based Ligand Unit each independently is
attached to a termunal position or an internal position of the one or more Nucleic Acid Agent.
Further, 1t 1s understood that, when a Nucleic Acid Agent comprises more than one strand {e.g., a
sense strand and an antisense strand}, the one or more Lipid-Based Ligand Unit could be
attached to the same strand, or different strands, of the Nucleic Acid Agent.

[0576] In some embodiments, # is H, -P(R™}), -P{ORVYN(R )2}, -P(=0)}ORR”, -
P(=S}ORNR”, -P(=0)SRAIR”, -P(=S)(SRMR’, -P(=O)}OR" ), -P(=S}{OR"}z, -P(=0) SR, -
P(=S)(SR"),, or a hydroxy protecting group, and ## is an attachment to the rest of the conjugate.
(053771 In some embodiment, # 15 an attachment to the rest of the conjugate, and ## s H, -
PR ), -P{ORVHNR ), -PEOHORMIRY, -P(=SHORVIRY, -P(=0} SRR, -P(=S){SR")R", -
P(=0}ORY )z, -P(=SHORY )z, -P(=OSR ), -P(=S}SR")2, or a hydroxy protecting group.
{05781 In some emboduvents, each of # and ## mdependently 1s an attachment to the rest of the
conjugate.

(05791 In some embodiments, the conjugate further comprising one or more Linker Untt.
[0380] In some embodiments, the conjugate comprises a double strand RNA {e.g., double strand
siRNA) and one or more Lipid-Based Ligand Unit.

[0581] In some embodiments, one or more Lipid-Based Ligand Unit 15 attached to the Nucleic
Acid Agent {(e.g., SiRNA} directly.

[0582] In some embodiments, one or more Lipid-Based Ligand Unit is attached to the Nucleic
Acid Agent {e.g., siRNA} via one or more Linker Umit.

{05831 In some embodiments, the conjugate comprises:

(Nucleic Acid Agent)-[{Linker Unit)o.i-(Lipid-Based Ligand Unitii3; or

{{Lipid-Based Ligand Unit}-(Linker Unith. Jia-(Nucleic Acid Agent)-[{Linker Unith.i-(
Lipid-Based Ligand Unit)hi3;
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wherein each of the Linker Unit and Lipid-Based Ligand Unit, when attached to the
Nucleic Acid Agent {e.g., siRNA}, independently is attached to a terminal position (e.g, a
nucleotide at the 3’ -terminus or the 5" -terminus) or an internal position {e.g., a nucleotide that 13
not at the 3 -terminus or the 5 -terminus) of the Nucleic Acid Agent {e g, SIRNA}.

[0584] In some embodiments, the conjugates comprises:

5.-Nucleic Acid Agent-@’m{nunker Unit .}m E;an%ajﬁg
-1

Lipid-Based _{ | inker Unit —\— 5-Nucleic Acid Agent-3'
Ligand Unit + %E (

,z Link ¢ Lipid-Based
n er o ) Ligand Unit
5-Nucleic Acad Agent-3

Lipid-Based

.......{..Linker Unit 1 B-Nucleic Acid Agent-3'—{-Linker Unit %m Lipid-Based
Ligand Unit %——‘ ° —é Ligand Un;i

Lipid-Based Lmker Unit
Ligand Unit "{ )Q 1

' Lipid-Based
%L K t)—
&'-Nucleic Acad Agent-3 inker Uni Ligand Unit

Lipid-Based
Linker Unit

( )_‘ Ligand Unit
Lipid-Based Link i+ . ) _ =

Ligand Uit _<5 inker Uni }a—— 5-Nucleic Acid Agent-3

Lipid-Based Lipid-Based
Ligand Unit  Ligand Unit

(Liﬂker Unst)

0_1(L§nker umt)

0-1

5-Nucleic Acid Agent-3'
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Lipid-Based Lipid-Based
Ligand Unit  Ligand Unit

(Limjer Unit)

]
(Lmke: Umt) y

0-1
5'-Nucleic Acid Agent-3'

(Linke!r ums:)w

Lipid-Based
Ligand Unit

, O

Lipid-Based Lipid-Based
Ligand Unit  Ligand Unit

(Linker umt)m

&'-Nucleic Acid Agent-3'

(Linker unit)

-1

(;_mker Unit) (Linker Unit)
E 0-1 E 0-1
Lipid-Based  Lipid-Based
Ligand Unit  Ligand Unit
wherein the Nucleic Acid Agent may optionally be further attached to one or more Linker
Units and one or more Lipid-Based Ligand Units at one or more of the internal positions of the
Nucleic Acid Agent according to the attachment described herein.
058571 It is understood that the one or more attachments to the Nucleic Acid Agent may
| {

LY, 7.9 WA

] i
5-Nucleic Acid Agent-3'
mdependently be at one or more internal positions {(e.g,, ‘ t atthe3 -

, - &-Nucleic Acid Agent-3' _gm
terminus position {e.g.,

_§,, 5-Nucleic Acid Agent-3'

}, or at the 5"-terminus position {e.g.,

} of the Nucleic Acid Agent, for example, of the sense strand
and/or of the antisense strand.

(05861 In some embodiments, the conjugate is selected from the conjugates described in FIG. 3.
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{0587} In some embodiments, at feast one Lipid-Based Ligand Unit in the conjugate is:
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#-g—o\:
Ha_gmﬂ"\_\ \ﬁ;\_\ o ﬁ( 1 B N N

S ## 25‘1##

or a pharmaceutically acceptable salt thereof
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{0588} In some embodiments, at feast one Lipid-Based Ligand Unit in the conjugate is selected

from the structures described in Table C.

Table C
No. Structure
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[0589] In some embodiments, at least one Lipid-Based Ligand Unit in the conjugate is selected

from the structures described in Table N.

Table N
No, Structure
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Lipid-Based Ligand Unit

(05917 As used heremn, a “Lipud-Based Ligand Urut” refers to a moiety corresponding to a Lipid-

Based Ligand Agent in which the 3’ -position, 27 position, and/or 3”-position are/ts attached to a
Nucleic Acid Agent, at the 5 -terminus, 3 -termunus, or an joternal position of the Nucleic Acid
Agent.

(05927 In some embodiments, the Lipid-Based Ligand Unit corresponds to a Lipid-Based Ligand
Agent m which the 3" -position 1s attached to a Nucleie Acid Agent, at the 5" -termunus, 37-
termunus, or an internal position of the Nucleic Acid Agent.

[0593] In some embodiments, the Lipid-Based Ligand Unit corresponds to a Lipid-Based Ligand
Agent m which the 3 -position is attached to a Nucleic Acid Agent, at the 5"-terminus, 37~
terminus, or an internal position of the Nucleic Acid Agent.

[0594] In some embodiments, the Lipid-Based Ligand Unit corresponds to a Lipid-Based Ligand
Agent m which the 27 -position 18 attached to a Nucleie Acid Agent, at the 5" -termunus, 37-

terminus, or an internal position of the Nucleic Acid Agent.
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{05957 In some embodiments, at feast one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula (1), (1), (111}, or 4V}, wherein:

the 3’ -position of the Lipid-Based Ligand Unit 15 attached to a Nucleic Acid Agent, at the
5 -termunus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the 5”-position of the Lipid-Based Ligand Unit s attached to a Nucleic Acid Agent, at the
5’ -terminus, 3’ -terminus, or an internal position of the Nucleic Acid Agent.
{05961 In some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula (1), (I}, (111}, or (IV), wherein:

the 2’ -position of the Lipid-Based Ligand Unit s attached to a Nucleic Acid Agent, at the
§’-terminus, 3’-terminus, or an internal position of the Nucleic Acid Agent; and/or

the 5 -position of the Lipid-Based Ligand Unit s attached to a Nucleic Acid Agent, at the
5" -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent.
[0597] In some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula (1), (1), (U, (AV7), (V7 or (V1'), wheremn

the 3’ -position of the Lipiwd-Based Ligand Uit 1s attached to a Nucleic Acid Agent, at the
S -termunus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the 57 -position of the Lipid-Based Ligand Unit is attached to a Nucleic Acid Agent, at the
§’-termunus, 3 ~terminus, or an internal position of the Nucleic Acid Agent.
(05981 Tn some embodiments, at least one Lipud-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula (I}, (]17), (i1}, GV7), (V7), or (VI7), wherein:

the 2”-position of the Lipid-Based Ligand Unit 1s attached to a Nucleic Acid Agent, at the
S -termunus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the 5 -position of the Lipid-Based Ligand Umnit 15 attached to a Nucleic Acid Agent, at the
S -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent.
[0599] In some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula (I-A), (J1-A)Y, (JH-A), (IV-A), (V-A), (VI-A), (VII-A), (VHI-A},
(IX-A), (X-A), (XI-A}), or (XH-A), wherain:

the 3’ -position of the Lipid-Based Ligand Uit 1s attached to a Nucleic Acid Agent, at the
§’-ternunus, 3’ -terminus, or an internal position of the Nucleic Acid Agent; and/or

the 5’ -position of the Lipid-Based Ligand Unit 1s attached to a Nucleic Acid Agent, at the

5 -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent.
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[0600] In some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula (I-A}, (H-A), (IH-A), JV-A), (V-A), (VI-A), (VII-A), (VIE-A),
(IX-A}, (X-A), (XI-A), or (XII-A}, wherein:

the 2" -position of the Lipid-Based Ligand Unit is attached to a Nucleic Acid Agent, at the
S’ -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the 5" -position of the Lipid-Based Ligand Unit 1s attached to a Nucleic Acid Agent, at the
S’ -terminus, 3'-terminus, or an internal position of the Nucleic Acid Agent.
{06017 In some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula ('-A), (IF-A), (I-A), (IV'-A), (V7-A), (VI-A), (VIT-A),
(VHP-A), (IX-A), (X7-A), (XP-A) or (XIP-A), wherein:

the 3’ -position of the Lipid-Based Ligand Unit s attached to a Nucleic Acid Agent, at the
5" -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the 5" -position of the Lipid-Based Ligand Unit 1s attached to a Nucleic Acid Agent, at the
5" -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent.
(06027 Tn some embodiments, at least one Lipud-Based Ligand Unit corresponds to a Lipid-
Baged Ligand Agent of Formula (I"-A), (1U-A), (IIF-A), (IV7-A), (V7-A), (VI-A), (VIT-A),
(VIIT-A), (IX-A), (X0-A), (XT-A) or (XT-A), wherein;

the 27-position of the Lipid-Based Ligand Unit 15 attached to a Nucleic Acid Agent, at the
5 -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the 57-position of the Lipid-Based Ligand Unit 15 attached to a Nucleic Acid Agent, at the
5’ -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent
[0603] In some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula (I-B), (II-B}), (1I1-B}, (IV-B), (V-B}, or (VI-B), wherem:

the 37 -position of the Lipid-Based Ligand Unit 15 attached to a Nucleic Acid Agent, at the
5’ -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the S”-position of the Lipid-Based Ligand Unit 1s attached to a Nucleic Acid Agent, at the
5’ -terminus, 3’ -terminus, or an internal position of the Nucleic Acid Agent.
(06041 In some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula (I-B), (-8B}, (I1-B}, (V-B), (V-B), or (VI-B), wherein:

the 2’-position of the Lipid-Based Ligand Unit 1s attached to a Nucleic Acid Agent, at the

5-terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or
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the 57-position of the Lipid-Based Ligand Unit 1s attached to a Nucleic Acid Agent, at the
5 -termuinus, 3 -terminus, or an internal position of the Nucleic Acid Agent.
f0605] In some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula (I"-B), (IF’-B), (1IU-B), {V’-B), (V'-B), or (VI'-B), wherein:

the 3”-position of the Lipid-Based Ligand Unit s attached to a Nucleic Acid Agent, at the
5’ -terminus, 3’ -terminus, or an internal position of the Nucleic Acid Agent; and/or

the 5’ -position of the Lipid-Based Ligand Uit 1s attached to a Nucleic Acid Agent, at the
$’-terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent.
(06061 In some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula (I'-B), (II’-B), (I’-B), (IV'-B), (V’-B), or (VI'-B), whereimn:

the 2’ -position of the Lipid-Based Ligand Unut s attached to a Nucleic Acid Agent, at the
5" -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the 5" -position of the Lipid-Based Ligand Unit is attached to a Nucleic Acid Agent, at the
5" -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent.
(06077 Tn some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Baged Ligand Agent of Formula (1-C), ({I-C), (IH-C), V-, (V-O), (VI-C), (VII-Cy, (VII-O),
(IX-Cy, (X-C), (XI-C), or (XII-C}, wherein:

the 37 -position of the Lipid-Based Ligand Unit 15 attached to a Nucleic Acid Agent, at the
5 -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the 57-position of the Lipid-Based Ligand Unit 15 attached to a Nucleic Acid Agent, at the
5’ -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent.
[0608] In some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula J-C), (H-C), (IH-C}, V-C), (V-C), (VI-C), (VII-C), (VII-C),
(IX-0), (X-Cy, (XI-0), or (XU-C), wheremn:

the 2"-position of the Lipid-Based Ligand Unit 1s attached to a Nucleic Acid Agent, at the
S’ -termunus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the §"-position of the Lipid-Based Ligand Unit 1s attached to a Nucleic Acid Agent, at the
S’ -terminus, 3'-terminus, or an internal position of the Nucleic Acid Agent.
[0609] In some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula (I"-C), (0"-C), (I1"-C}, (V°-C), (V-C), (VI'-O), (VII'-C},
(VI -Cy, (IX°-0), (X°-C), (XI-C), or (XII'-C), wherein:
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the 37-position of the Lipid-Based Ligand Unit 1s attached to a Nucleic Acid Agent, at the
5’ -termunus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the 5’ -position of the Lipid-Based Ligand Unit 15 attached to & Nucleic Acid Agent, at the
5 -termunus, 3 -terminus, or an internal position of the Nucleic Acid Agent.
[0610] In some embodiments, at least one Lipid-Based Ligand Unit corresponds to a Lipid-
Based Ligand Agent of Formula (I’-C), (1"-C), (I1’-C), FV’-Cy, (V'-C), (VI'-C), (VII'-(O),
(VIT-(O), (IX°-C), (X°-C), (XU-C), or (XJ1'-(), wherein:

the 2" -position of the Lipid-Based Ligand Unit is attached to a Nucletc Acid Agent, at the
S -terminus, 3’ -terminus, or an internal position of the Nucleic Acid Agent; and/or

the §"-position of the Lipid-Based Ligand Unit is attached to a Nucletc Acid Agent, at the
S -terminus, 3’ -terminus, or an internal position of the Nucleic Acid Agent.
{0611} In some embodiments, at least one Lipid-Based Ligand Unit 1s selected from Table C,
wherein:

the 3 -position of the Lipid-Based Ligand Unit is attached to a Nucletc Acid Agent, at the
3 -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the 5™ -position of the Lipid-Based Ligand Untt is attached to a Nucleie Acid Agent, at the
5’ -termoinus, 3 -termanus, or an internal posttion of the Nucleic Acid Agent.
(06121 In some embodiments, at least one Lipid-Based Ligand Unit 1s selected froro Table C,
wherein:

the 27-position of the Lipid-Based Ligand Unit 15 attached to a Nucleic Acid Agent, at the
5’ -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent; and/or

the S™-position of the Lipid-Based Ligand Untt 15 attached to a Nucleic Acid Agent, at the

5 -terminus, 3 -terminus, or an internal position of the Nucleic Acid Agent.

Linker Units

(06131 As used herem, a “Linker Unit” or “linker unit” refers to a moiety with an attachment (o a
Lipid-Based Ligand Unit and a Nucleic Acid Agent.

{06141 In some embodiments, the Linker Unit is a ribose derivative.

(06157 In some embodiments, the Linker Unit 15 a 17-alkyl modified ribose derivative, e g., as
described in PCT Application No. PCT/US2022/039517 {incorporated herein by reference}.

[0616] In some embodiments, the Linker Unit s a 27-alkyl or 3 -alkyl modified ribose
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derivative, e.g., as described i PCT Application No. PCT/US2022/044377 (incorporated herein
by reference).

[0617] In some embodiments, the Linker Unit 1s a polvhvdroxylated cyclopentane derivative,
e.g., as described in PCT Application No. PCT/US2022/045748 {incorporated herein by

reference).

Nucleic Acid Agenits

[0618] In some embodiments, the Nucleic Acid Agent comprises an oligonucleotide.

[0619] In some embodiments, the Nucleic Acid Agent (e g, the oligonucleotide) comprises one
or more one or more phosphate groups or one or more analogs of a phosphate group.

[0620] In some embodiments, the Linker Unit 1s attached to the Nucleic Acid Agent {e g, the
oligonucleotide) via a phosphate group, or an analog of a phosphate group, in the Nucleic Acid
Agent.

10621} 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 13 to 30 nucleotides, from 18 to 25
nucleotides, or from 20 to 23 nucleotides. Tn some embodiments, the oligonucleotide has a length
of 18, 19, 20, 21, 22, 23, 24, or 25 nucleotides. In some embodiments, the oligonucleotide bas a
length of 20, 21, 22, or 23 nucleotides.

106227 Tn some embodiments, the Nucleic Acid Agent comprises an RNA, a DNA, or a mixture
thereof.

[0623] In some embodiments, the Nucleic Acid Agent comprises an RNA.

[0624] In some embodiments, the ohigonucleotide 18 an siIRNA {e.g , a single strand siRNA (e g.,
a hairpin single strand sIRNA) or a double strand siRNA}, microRNA, antimictoRNA,
microRNA mimic, antagomir, dsRNA, ssRNA, aptamer, immune stumulatory oligonucleotide,
decoy oligonucleotide, splice altermg ohigonucleotide, triplex forming oligonucleotide, G-
quadruplexe, or antisense oligonucleotide.

(06257 In some embodiments, the Nucleic Acid Agent comprises a double stranded RNA
(dsRNA}, wherein the double stranded RNA comprises a sense strand and an antisense strand, as
described herein.

(0626} In some embodiments, the Nucleic Acid Agent comprises a double stranded siRNA (ds-

stRNA), wherein the double stranded siRNA comprises a sense strand and an antisense strand, as
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described herein.

{06277 It 1s understood that sense sirand is also known as passenger strand, and the terms “sense
strand” and “passenger strand” are used interchangeably herein.

[0628] It1s understood that antisense strand is also known as guide strand, and the terms
“antisense strand” and “guide strand” are used interchangeably herein.

(06291 In some embodiments, the oligonucleotide 15 an iRNA.

{06301 The term “iRNA” refers to an RNA agent which can down regulate the expression of a
target gene (e.g., an siRNA), e.g., an endogenous or pathogen target RNA. While not wishing to
be bound by theory, an iRNA may act by one or more of a number of mechanisms, including
post-transcriptional cleavage of a target mRNA (referred to in the art as RNA1), or pre-
transcriptional or pre-translational mechanisms. An iRNA can include a single strand or can
melude more than one strands, e g, it can be a double stranded iIRNA. If the iIRNA is a single
strand it can include a 5" modification which includes one or more phosphate groups or one or
more analogs of a phosphate group. In some embodiments, the iRNA is double stranded. In some
embodiments, one or both strands of the double stranded 1RNA can be modified, eg., §'
modification,

106317 The (RNA typically includes a region of sufficient homology to the target gene, and 1s of
sufficient length 1n terms of nucleotides, such that the IRNA, or a fragment thereof, can mediate
down regulation of the target gene. The iIRNA is or includes a region which 15 at least partially,
and in some embodiments fully, complementary to the target RNA. It 13 not necessary that there
be perfect complementarity between the iIRNA and the target, but the correspondence may be
sufficient to enable the 1IRNA, or a cleavage product thereof, to direct sequence specific
stlencing, e.g., by RNAi1 cleavage of the target RNA, e.g., mRNA.

{06321 The nucleotides in the iIRNA may be modified {e.g., one or more nucleotides may include
a 2'-F or 2'“OCHs group, or be nucleotide surrogates}. The single stranded or double stranded
regions of an IRNA may be modified or include nucleotide surrogates, e.g., the unpaired region
or regions of a hairpin structure, e.g., a region which links two complementary regions, can have
maodifications or nucleotide surrogates. Modification to stabilize one or more 3'- or 5'-terminus
of an iRNA, e.g., against exonucleases. Modifications can include €3 {or C6, C7, C12) aming
linkers, thio! linkers, carboxyl linkers, non-nucleotidic spacers (C3, €6, (9, C12, abasic,

tricthylene glveol, hexaethylene glycol), special biotin or fluorescein reagents that come as
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phosphoramidites and that have another BMT-protected hydroxyl group, allowing multiple
couplings during RNA synthesis. Modifications can also include, e.g., the use of modifications at
the 2" OH group of the ribose sugar, e.g., the use of deoxyribonucleotides, e ¢., deoxythymiding,
mstead of ribonuclectides, and modifications in the phosphate group, e.g., phosphothicate
modifications. In some embodiments, the different strands will include different modifications.
[0633] In some embodiments, the strands are chosen such that the iIRNA includes a single strand
or unpaired region at one or both ends of the molecule. A double stranded iIRNA may have an
overhang, e.g., one or two 3’ or 3’ gverhangs (e g, at least a 3" overhang of 2-3 nucleotides). In
some embodiments, the iIRNA has overhangs, e.g., 3’ overhangs, of 1, 2, or 3 nucleotides in
fength 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.

{06347 In some embodiments, the duplexed regions between the strands of the iRNA are
between & and 30 nucleotides in length. In some embodiments, the duplexed regions are between
15 and 30, most preferably 18, 19, 20, 21, 22, and 23 nucleotides in length. In some
embodiments, the duplexed regions are between 6 and 20 nucleotides, most preferably 6, 7, 8, 9,
10, 11, and 12 nucleotides in length.

106357 The oligonucleotide may be that described in U.S. Patent Publication Nos.

2009/0239814, 2012/0136042, 2013/0158824, or 2009/0247608, each of which 1s hereby
meorporated by reference.

(0636} In some embodiments, the oligonucleotide 1s an siRNA.

[0637] In some embodiments, the oligonucleotide 15 a single strand siRNA.

[0638] In some embodiments, the shgonucleotide 13 8 double strand siRNA, for example, double
strand siRNA described heremn

[0639] A “single strand siIRNA” as used herein, 1s an siIRNA which 1s made up of a single strand,
which includes a duplexed region, formed by mira-strand pairing, e.g., it may be, or include, a
hawrpin or pan-handle structure. Single strand siRNAS may be antisense with regard to the target
molecule.

(06401 A single strand sSiIRNA may be sufficiently long that it can enter the RISC and participate
i RISC mediated cleavage of a target mRNA. A single strand siRNA 15 at least 14, and in some
embodiments at least 15, 20, 25, 29, 35, 40, or 50 nuclestides 1 length. In some embodiments, it

15 less than 200, 100, 80, 60, 50, 40, or 30 nuclectides in length.
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{0641} In some embodiments, the single strand siRNA has a length of from 10 to 40 nucleotides,
from 12 to 35 nucleotides, from 15 to 30 nucleotides, from 18 to 25 nucleotides, or from 20 to 23
nucleotides. In some embodiments, the single strand siRNA has a length of 18, 19, 20, 21, 22,
23, 24, or 25 nucleotides. In some embodiments, the single strand siRINA has a length of 20, 21,
22, or 23 nucleotides.

(06427 Hairpin siRNAs may have a duplex region equal to or atleast 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 1910 21 nucleotides pairs in length. The hairpin may have a single strand
overhang or terminal unpaired region. In some embodiments, the overhangs are 2-3 nucleotides
i length. In some embodiments, the overhang s at the sense side of the hairpin and mn some
embodiments on the antisense side of the hairpin.

(06431 In some embodiments, the oligonucleotide s a double strand siRNA.

{06447 A “double stranded siRINA” as used herein, 15 an siRNA which includes more than one,
and 1 some cases two, strands in which 1aterchain hybridization can form a region of duplex
structure.

106457 Tn some embodiments, the sense 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. Tt may he
equal to or less than 200, 100, or 30 nucleotides in length. Ranges may be 1710 25, 1910 23, 19
to 21, 21 to 23, or 20 to 22 nucleotides m length.

[0646] In some embodiments, the sense strand has a length of from 10 to 40 nucleotides, from 12
1o 35 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 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.

[0647] In some embodiments, the sense strand has a length of 18, 19, 20, 21, or 22 nucleotides.
[0648] In some embodiments, the antisense 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. It may
be equal to or less than 200, 100, or 50 nucleotides in length. Ranges may be 17 10 25, 1915 23,
1910 21, 21 t0 23, or 20 to 22 nucleotides in length.

(06491 In some embodiments, the antisense strand has a length of from 10 to 40 nucleotides,
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from 12 to 35 nucleotides, from 15 to 30 nucleotides, from 18 to 25 nucleotides, or from 20 to 23
nucleotides. In some embodiments, the antisense strand has a length of 18, 19, 20, 21, 22, 23, 24,
or 25 nucleotides. In some embodiments, the antisense strand has a length of 20, 21, 22, or 23
nucleotides.

[0650] In some embodiments, the antisense strand has a length of 20, 21, 22, 23, or 24
nucleotides.

[0651] In some embodiments, the sense strand has a length of 18, 19, 20, 21, or 22 nucleotides,
and the antisense strand has a length of 20, 21, 22, 23, or 24 nucleotides.

[0652] In some embodiments, the sense strand has a length of 18 nucleotides, and the antisense
strand has a length of 20 nucleotides.

(06531 In some embodiments, the sense strand has a length of 19 nucleotides, and the antisense
strand has a length of 21 nucleotides.

(06547 In some embodiments, the sense strand has a length of 20 nuclestides, and the antisense
strand has a length of 22 nucleotides.

(06557 Tn some embodiments, the sense strand has a length of 21 nucleotides, and the antisense
strand has a length of 23 nucleotides.

(06561 Tn some embodiments, the sense strand has a length of 22 nucleotides, and the antisense
strand has a length of 24 nucleotides.

{06571 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 nuclectide pairs i length. It may be equal to
or less than 200, 100, or 30 nucleotides pairs in length. Ranges may be 1510 30, 171023, 1510
23, and 19 to 21 nucleotides pairs in length.

[0658] In some embodiments, the siIRNA 1s sufficiently large that it can be cleaved by an
endogenous molecule, e.g., by Dicer, to produce smaller sSiRNAs, e g, siRNAs agents.

[0059] The sense and antisense strands may be chosen such that the double-stranded siRNA
mehudes a single strand or unpaired region at one or both ends of the molecule. Thus, a double-
stranded siRINA may contain sense and antisense strands, paired to contain an overhang, e.g., one
or two 5’ or 3/ overhangs, or a 3' overhang of 1-3 nucleotides. The overhangs can be the result of
onte 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 is 2
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nucleotides.

(06601 In some embodiments, the length for the duplexed region 15 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
resemble 1 length and structure the natural Dicer processed products from long dsiRNAs.
Embodimenis in which the two strands of the ssiRNA are attached, e.g., covalently attached are
alse included. Hairpin, or other single strand structures which provide the required double
stranded region, and a 3’ overhang are also contemplated.

{06617 The siRNAs described herein, including double-stranded siRNAs and single-stranded
siRNAs can mediate silencing of a target RNA, e, mRNA, e, a transcript of a gene that
encodes a protein. For convenience, such mRNA s also referred o herein as mRNA to be
stlenced. Such a gene is also referred to as a target gene. In general, the RNA to be silenced 1s an
endogenous gene or a pathogen gene. In addition, RNAs other than mRNA, e g, tRNAs, and
viral RNAs, can also be targeted.

106621 As used herein, the phrase “mediates RNAT” refers to the ability to silence, in a sequence
specific manner, a target RNA. While not wishing to be bound by theory, it 1s believed that
stlencing uses the RN A1 machinery or process and a guide RNA, e.g., an ssiRNA of 21 10 23
nucleotides.

[0663] In some embodiments, an 51RNA 13 “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 sSIRNA 15 “exactly complementary” to a target RNA, e.g., the target
RNA and the siRNA anneal, for example to form a hybrid made exclusively of Watson-Crick
base pairs in the region of exact complementarity. A “sufficiently complementary” target RNA
can include an nternal region {e.g., of at least 10 nucleotides) that 15 exactly complementary to a
target RNA. Moreover, in some embodiments, the siRNA specifically discriminates a single-
nucleotide difference. In this case, the siRNA only mediates RNA1 if exact complementary is
found i the region {e.g., within 7 nucleotides of) the single-nucleotide difference.

(06641 MicreRNAs: Micro RNAs (muRNAs) are a highly conserved class of small RNA
molecules that are transcribed from DNA in the genomes of planis and animals, but are not
translated into protein. Processed miRNAs are single stranded "17-25 nuclectide {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 differeniiation.
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They are believed to play a role in regulation of gene expression by binding to the 3'-untransiated
region of specific mRNAs. RISC mediates down-regulation of gene expression through
transiational inhibition, transcript cleavage, or both. RISC s also implicated in transcriptional
stlencing in the nucleus of a wide range of eukaryotes.

[0665] The number of miRNA sequences identified to date is large and growing, illustrative
examples of which can be found, for example, in: “miRBase: microRNA sequences, targets and
gene nomenclature” Griffiths-Jones §, Grocock R J, van Dongen S, Bateman A, Enright A J.
NAR, 2006, 34, Database Issue, D140-D144; “The microRNA Registry” Griffiths-Jones 8.
NAR, 2004, 32, Database Issue, D109-D111,

106661 Antisense Oligonucleotides: In some embodiments, a nucleic acid is an antisense
oligonucleotide directed to a target polynucleotide. The term “antisense oligonucleotide” or
stnply “antisense” is meant to include oligonuclieotides that are complementary to a targeted
polvnucleotide sequence. Antisense oligonucleotides are single strands of DNA or RNA that are
complementary to a chosen sequence, e.g. a target gene mRNA. Antisense oligonucleotides are
thought to whibit gene expression by binding to a complementary nRNA. Binding to the target
mRNA can lead to inhibition of gene expression either by preventing translation of
complementary mRNA strands by binding to i, or by leading to degradation of the target
mBNA. Antisense DNA can be used to target a specific, coraplementary {(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 coutain from about 10 to about 50 nucleotides,
more preferably about 15 to about 30 nucleotides. The term also encompasses antisense

gene. Thus,

oligonucleotides that may not be exactly complementary 1o the desired target ¢
mstances where non-target specific-activities are found with antisense, or where an antisense
sequence containing one or more mismatches with the target sequence s the most preferred for a
particalar use, are contemplated.

(06671 Antisense oligonucieotides have been demonstrated to be effective and targeted inhibitors
of protein synthesis, and, consequenily, can be used to specifically inhibit protein synthesis by a
targeted gene. The efficacy of antisense oligonucleotides for inhibiting protein synthesis 15 well
established. For example, the synthesis of polygalacturonase and the muscarine type 2
acetylcholine receptor are inhibited by antisense cligonucleotides directed to their respective

mRNA sequences {U.8. Pat. Nos. 5,739,119 and 5,759,829 each of which is incorporated by
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reference). Further, examples of antisense mhibttion have been demonstrated with the nuclear
protein cyclin, the multiple drug resistance gene (MDG1), ICAM-1, E-selectin, STK-1, striatal
GABAA receptor and human EGF (Jaskulski et al., Science. 1988 Jun. 10; 240(4858}:1544-6;
Vasanthakumar and Ahmed, Cancer Commun. 1989; 1(4}:225-32; Peris et al ) Brain Res Mol
Brain Res. 1998 Jun. 15; 87(23:310-20; US. Pat. Nos. 5,801,154; 5,789,573; 5,718,709 and
5,610,288, each of which is incorporated by reference). Furthermore, antisense constructs have
alse been described that inhibit and can be used to treat a variety of abnormal celtular
proliferations, e.g. cancer {U.S. Pat. Nos. 5,747,470; 5,391,317 and 5,783,683, each of which is
incorporated by reference).

{06681 Methods of producing antisense oligonucleotides are known in the art and can be readily
adapted to produce an antisense oligonucleotide that targets any polynuclestide sequence.
Selection of antisense oligonuclectide sequences specific for a given target sequence is based
upon analysis of the chosen target sequence and determination of secondary structure, Tm,
binding energy, and relative stability. Antisense oligonucieotides may be selected based upon
thetr relative mability to form dimers, hairpins, or other secondary structures that would reduce
or prohibif specific binding to the target mRNA 1n a host cell. Highly preferred target regions of
the mRNA include those regions at or near the AUG translation inttiation codon and those
sequences that are substantially complementary 1o 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)3:3389-402}.

[0669] Aatagomirs: Antagomrs are RNA-like oligonucieotides 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-methyiation of
sugar, phosphorothioate backbone and, for example, a cholestercl-motety at 3'-terminus.
Antagomirs may be used to efficiently silence endogenous miRNAs by forming duplexes
comprising the antagomir and endogenous niRNA, thereby preventing miRNA-induced gene
silencing. An example of antagomir-mediated miRNA silencing is the silencing of miR-122,
described in Krutzfeldt et al, Nature, 2005, 438: 685-689, which is expressly incorporated by
reference herein in its entirety. Antagomir RNAs may be synthesized using standard solid phase

oligonucleotide synthesis protocols. See U.S. Patent Application Publication Nos. 2007/0123482
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and 2007/0213292 (each of which s incorporated herein by reference}.

{06701 An antagomir can include ligand-conjugated monomer subuniis and monomers for
oligonucleotide synthesis. Exemplary monomers are described in U.S. Patent Application
Publication No. 2005/0107325, which 1s incorporated by reference in its entirety. An antagomir
can have a ZXY siructure, such as is described in WO 2004/080406, which is incorporated by
reference in s entirety. An antagomir can be complexed with an amphipathic moiety.
Exemplary amphipathic moieties for use with oligonucleotide agents are described in WO
2004/080406, which is incorporated by reference 1 its eniirety.

(06711 Aptamers. Aptamers are nucleic acid or peptide molecules that bind to a particular
molecule of interest with high affinity and spectficity (Tuerk and Gold, Science 249:505 (1990);
Ellington and Szostak, Nature 346:818 (1990}, each of which is incorporated by reference in its
entirety}. DNA or RNA aptamers have been successfully produced which bind many different
entities from large proteins to small organic molecules. See Eaton, Curr. Opin. Chem. Biol. 1:10-
16 (1997}, Famulok, Curr. Opin. Struct. Biol ©:324-9 (1999}, and Hermann and Patel, Science
287:820-5 (2000}, each of which 1s incorporated by reference in ifs entirety. Aptamers may be
RNA or DNA based, and may mnclude 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
activity. Thus, an mRNA that contains a riboswitch 1s directly involved m regulating its own
activity, depending on the presence or absence of us target molecule. Generally, aptamers are
engineered through repeated rounds of m vitro selection or equivalently, SELEX {(systematic
evolution of ligands by exponential enrichment} to bind to varions molecular targets such as
small molecules, protens, nucleic acids, and even cells, tissues and orgamisms. The aptamer may
be prepared by any known method, mncluding 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 mcludes “secondary
aptamers” containing a consensus sequence derived from comparing two or more known
aptamers to a given target.

(0672} Ribozymes: According to another embodiment, nucleic acid-lipid particles are associated
with ribozymes. Ribozymes are RNA molecules complexes having specific catalytic domains
that possess endonuclease activity {(Kim and Cech, Proc Natl Acad Sci USA. 1987 December;

84(243.8788-92; Forster and Symons, Cell. 1987 Apr. 24, 49(23:211-20). For example, a large
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number of ribozymes accelerate phosphoester transfer reactions with a high degree of specificity,
often cleaving only one of several phosphoesters in an oligonucleotide substrate (Cech et al |
Cell. 1981 December; 27(3 Pt 2}.487-96; Michel and Westhot, J Mol Biol. 1990 Dec. 5;
216(3):585-010; Reinhold-Hurek and Shub, Nature. 1992 May 14; 357(6374}:173-6). This
specificity has been atiributed to the requirement that the substrate bind via specific base-pairing
mteractions to the internal guide sequence (“1GS”) of the ribozyme prior to chemical reaction.
{06731 At least six basic varieties of naturally-occurring enzymatic RNAs are known presently.
FEach can catalyze the hydrolysis of RNA phosphadiester 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 nucleic acid which is held in close proximity to an enzymatic portion of the molecule
that acts to cleave the target RNA. Thus, the enzymatic nucleic acid first recognizes and then
binds a target RNA through complementary base-patring, and once bound to the correct site, acts
enzymatically to cut the target RNA. Strategic cleavage of such a target RNA will destroy s
ability to direct synthesis of an encoded protein. After an enzymatic nucleic acid has bound and
cleaved its RNA target, it 15 released from that RNA to search for another target and can
repeatedly bind and cleave new targets.

{06741 The enzymatic nucleic acid molecule may be formed in a hammerhead, hairpin, a
hepatitis O virus, group [ intron or RNaseP RNA (in assoctation with an RNA guide sequence) or
Neurospora VS RNA motif, for example. Specific examples of hammerhead motifs are described
by Rossi et al. Nucleic Acids Res. 1992 Sep. 11; 20(171.4559-65. Examples of hairpin motifs are
described by Hampel et al. (Eur. Pat. Appl. Publ. No. EP 0360257}, Hampel and Tritz,
Biochemistry 1989 Jun. 13; 28(12):4929-33; Hampel et al., Nucleic Acids Res. 1990 Jan. 25,
18(23:299-304 and U.S. Pat. No. 5,631,359, An example of the hepatitis 8 virus motif is
described by Perrotta and Been, Biochenustry. 1992 Dec. 1; 31(473:11843-52; an example of the
RNaseP motif 1s described by Guernier-Takada et al., Cell. 1983 December; 35(3 Pt 2).849-57;
Neurospora VS RNA ribozyme motif is described by Colling (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; Cellins and Olive, Biochemisiry. 1993 Mar. 23; 32{11):2795-9); and an example of the
Group ! intron 1s described in U.S. Pat No. 4,987,071, Important characteristics of enzymatic

nucleic acid molecules used are that they have a specific substrate binding site which is
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complementary to one or more of the target gene DNA or RNA regions, and that they have
nucleotide sequences within or surrounding that substrate binding site which impart an RNA
cleaving activity to the molecule. Thus the ribozyme constructs need not be limited to specific
motifs mentioned herein.

{06751 Methods of producing a ribozyme targeted to any polynucleotide sequence are known in
the art. Ribozymes may be designed as described m Int. Pat. Appl Publ Nos. W0 93/23569 and
WO 94/02595, each specifically incorporated herem by reference, and synthesized to be tested in
vitro and in vive, as described theren.

(06761 Ribozyme activity can be optinuzed by altering the length of the ribozyme binding arms
or chemically synthesizing ribozymes with modifications that prevent their degradation by serum
ribonucleases (see e.g, Int. Pat. Appl Publ Nos. WG 92/07065, W0 93/15187, and WO
91/03162; Eur. Pat. Appl. Publ No. 92110298 4; US. Pat. No. 5,334,711; and Int. Pat. Appl
Publ. No. WO 94/13688, which describe various chemical modifications that can be made to the
sugar moteties of enzymatic RNA molecules), modifications which enhance their efficacy in
cells, and remowval of stem 11 bases to shorten RNA synthesis times and reduce chernical
requirerents.

10677 Enumenostinaiiatory Oligonucleotides: Nucleic acids associated with lipid particles may
be ramunostimulatory, including tmrounostimulatory oligonucleotides (IS8 single- or double-
stranded) capable of inducing an immune response when administered fo a subject, which may
be a mammal or other patient. ISS mclude, e g., certain pahndromes feading to hairpin secondary
structures {see Yamamoto S., et al. (1992) J. Immunol. 148: 4072-4076, which 1s incorporated by
reference 1n its entivety ), or CpQG motifs, as well as other known ISS features {such as multi-G
domains, see WO 96/11266, which 1s incorporated by reference in its entirety ).

[0678] The immune response may be an innate or an adaptive immune response. The immune
system 1s divided 1nto a more mnate immune system, and acquired adaptive immune system of
vertebrates, the latter of which 1s further divided into humoral celtular components. In some
embodiments, the immune response may be mucosal.

(06791 In some embodiments, an immunostinudatory nucleic acid is only immunostimulatory
when administered in combination with a lipid particle, and 1s not immunostimulatory when
administered n its “free form.” Such an oligonucleotide 15 considered to be immunostimulatory.

(06807 Immunosiimulatory nucleic acids are considered to be non-seguence specific when it is

192

192



WO 2024/229397 PCT/US2024/027763

not required that they specifically bind to and reduce the expression of a target polynucleotide in
order to provoke an immune response. Thus, certain immunostimulatory nucleic acids may
comprise a sequence corresponding to a region of a naturally occurring gene or mRNA, but they
may still be considered non-sequence specific immunostimulatory nucleic acids.

[0681] In some embodiments, the immunostimulatory nucleic acid or oligonucleotide comprises
at least one Cp(s dinucleotide. The oligonucleotide or Cp( dinucleotide may be unmethylated or
methylated. In another embodiment, the immunostimulatory nucleic acid comprises at least one
CpG dinucleotide having a methylated cytosine. In some embodiments, the nucleic acid
comprises a single CpG dinucleotide, wherein the cytosine in said CpG dinucleotide is
methylated. In an alternative embodiment, the nucleic acid comprises at least two CpG
dinucleotides, wherein at least one cytosine in the CpG dinucleotides is methylated. In a further
embodiment, each cytosine in the CpG dinucleotides present in the sequence is methylated. In
another embodiment, the nucleic acid comprises a plurality of CpG dinucleotides, wherein at

least one of said CpG dinucleotides comprises a methylated cytosine.

Attachments Between Lipid-Based Ligand Uniy, Linker Unit, and Nucleic Acid Agent

106827 In some embodiments, the attachment between the Lipid-Based Ligand Unit and the
Lanker Unitis a bond.

(06837 Tn some embodiments, the attachment between the Lipid-Based Ligand Unit and the
Linker Unit 1s a motety (e.g., a molety comprising a cleavable group).

[0684] In some embodiments, the attachment between the Lipid-Based Ligand Unit and the
Linker Unit comprises ~C(=0)- connected to the Linker Unit.

[0685] In some embodiments, the attachment between the Lipid-Based Ligand Unit and the
Nucleic Acid Agent is a bond.

[0086] In some embodiments, the attachment between the Lipid-Based Ligand Unit and the
Nucleic Acid Agent is a motety {e.g., a molety comprising a cleavable group).

{06871 In some embodiments, the attachment between the Linker Unit and the Nucleic Acid
Agent is a bond.

[0088] In some embodiments, the attachment between the Linker Unit and the Nucleic Acid
Agent is a motety {e.g., a moiety comprising a cleavable group).

[0689] The attachment between the Lipid-Based Ligand Unit, Linker Unit, and Nucleic Acid
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Agent can be a cleavable group or a non-cleavable group. Suitable groups include, for example, -
NR-, -C{=0}-, -C(=0NH-, -S(=0)}-, -8{=0)2-, -S{(=0nNH- or a chain of atoms, such as, but not
limited to, alkylene, alkenylene, alkvnviene, arvialkylene, arvialkenviene, arvialkynylene,
heteroarylalkylene, hetercarylalkenviene, hetersarylalkynviene, heterocyclylalkylene,
heterocyclylalkenylene, heterocyclylaikynylene, arylene, hetercarviene, heterocyclylene,
cycloalkylene, cycloalkenylene, alkylarylalkyiene, alkylarvialkenylene, alkylarylalkynylene,
alkenylarylalkylene, alkenylarylalkenvlene, alkenviarylalkynylene, alkynylarylalkylene,
alkyvnylaryvialkenvlene, alkynylarylalicynylene, alkythetercarylatkylene,
alkylhetercarylalkenvlene, alkylhetercarylalkynylene, alkenvihetercarylalkylene,
alkenylhetercarylalkenylene, alkenyihetercarylalkynylene, alkynyihetercarylalkylene,
alkynylhetercarylalkenylene, alkynvlhetercaryialkynylene, alkylheterocyelylatkylene,
alkviheterocyclvlalkenylene, alkylhererocyclylalkynylene, alkenylheterocyclylalkylene,
alkenylheterocyelylalkenylene, alkenvylheterocyclylalkynylene, alkynytheterocyclylalkylene,
alkynylheterocyclylalkenvlene, alkynyltheterocyclylalkynyiene, alkylarviene, alkenylarvlene,
alkyoyiarviene, alkylhetercarylene, alkenylhetercarviene, or alkyuoyihereroarylene, each of which
may be substituted or unsubstituted, and which one or more methylenes can be interrupted or
terminated by ~0O-, -8-, -S(=0)-, -8(=0)z-, -NR-, -C(=0}-, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, or substituted or unsubstituted heterocyclic, where Rig
hydrogen, acyl, aliphatic or substituted aliphatic.

(0690} A cleavable group is one which 13 sufficiently stable outside the celi, but which spon
entry into a target cell 18 cleaved to release the two parts the group 1s holding together Ina
preferred embodiment, the cleavable group 1s cleaved at least 10 times or more, preferably at
least 100 times faster in the target cell or under a first reference condition {which can, eg., be
selected to minic or represent intracellular conditions) than in the blood of a subject, or under a
second reference condition {which can, e.g., be selected to mumc or represent conditions found
i the blood or serum).

106917 Cleavable groups are susceptible to cleavage agents, e g, pH, redox potential or the
presence of degradative molecules. Generally, cleavage agents are more prevalent or found at
higher levels or activities inside cells than in serum or blood. Examples of such degradative
agenis include: redox agents which are selected for particular substrates or which have no

substrate specificity, including, e g, oxadative or reductive enzymes or reduciive agents such as
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mercaptans, present in cells, that can degrade a redox cleavable group by reduction; esterases;
endosomes or agents that can create an acidic environment, e.g., those that result in a pH of five
or lower; enzymes that can hydrolvze or degrade an acid cleavable group by acting as a general
acid, peptidases {which can be substrate specific}, and phosphatases.

{06921 A cleavable group, such as a disulfide bond can be susceptible to pH. The pH of human
serum s 7.4, while the average mtracellular pH is slightly lower, ranging from about 7.1-7.3.
Endosomes have a more acidic pH, in the range of 5.5-6.0, and lysosomes have an even more
acidic pH at around 5.0. Some linkers will have a cleavable group that is cleaved at a preferred
pH, thereby releasing the cationic lipid from the ligand inside the cell, or mto the desired
compartment of the cell.

[0693] A conjugate can include a cleavable group that is cleavable by a particular enzyme. The
type of cleavable group incorporated into a conjugate can depend on the cell to be targeted. For
example, liver targeting ligands can be attached to the cationic hpids through a chemical motety
that includes an ester group. Liver cells are rich in esterases, and therefore the group will be
cleaved more efficiently 1o hiver cells than in cell types that are not esterase-rich. Other cell-types
rich i esterases include cells of the lung, renal cortex, and testis.

1069471 Coupling groups that contain peptide bonds can be used when targeting cell types nich in
peptidases, such as hiver cells and synoviogytes.

106937 Tn general, the suitability of a candidate cleavable group can be evaluated by testing the
ability of a degradative agent {or condition} to cleave the candidate group. It will also be
desirable to also test the candidate cleavable group for the ability to resist cleavage in the blood
or when in contact with other non-target tissue. Thus one can determine the relative
susceptibility to cleavage between a first and a second condition, where the first 1s selected to be
mdicative of cleavage in a target cell and the second 15 selected to be ndicative of cleavage in
other tissues or biological fluids, e.g , blood or serum. The evaluations can be carried out in cell
free systems, 1n cells, n cell culture, 1n organ or tissue culture, or 1 whole animals. It may be
useful to make initial evaluations in cell-free or culture conditions and to confirm by further
evaluations in whole animals. In preferred embodiments, useful candidate compounds are
cleaved at least 2, 4, 10 or 100 times faster in the cell (or under in vitro conditions selected to
mimic intracellular conditions) as compared to blood or serum {or under m vitro conditions

selected to mimic extracetular conditions).
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(0696} Redox Cleavable Groups. One class of cleavable groups are redox cleavable groups that
are cleaved upon reduction or oxidation. An example of reductively cleavable group s a
disulphide linking group (——S8—8—1}. To determine if a candidate cleavable group is a suitable
“reductively cleavable linking group,” or for example is suitable for use with a particular iRNA
moiety and particular targeting agent one can look to methods described herein. For example, a
candidate can be evaluated by incubation with dithiothreitol (DTT), or other reducing agent
using reagents know i the art, which mimic the rate of cleavage which would be cbserved ina
cell, e g, atarget cell. The candidates can also be evaluated under conditions which are selected
to numic blood or serum conditions. In a preferred embodiment, candidate compounds are
cleaved by at most 10% in the blood. In preferred embodiments, useful candidate compounds are
degraded at least 2, 4, 10 or 100 times faster in the cell (or under in vitro conditions selected to
mimic intracellular conditions) as compared to blood {or under in vitre conditions selected to
mimic extracellular conditions). The rate of cleavage of candidate compounds can be determined
using standard enzyme kinetics assays under conditions chosen to mimic intracellular media and
compared to conditions chosen to mimic exiracellular media.

(06971 Phosphate-Based Cleavabie Groups. Phosphate-based cleavable groups are cleaved by
agents that degrade or hydrolyze the phosphate group. An example of an agent that cleaves
phosphate groups 10 cells are enzymes such as phosphatases in cells. In some embodiments, the
phosphate-based lnking group 1s —O—P{=0NORN—0—, —0—P(=SHORH—0—, —0—
PESHSRY O, —S—PE=0HORY 0, —O—PEOHOR) S, —8—P(=0NOR—
S, —O—P(=SHORK 5, 8 P(=8}OR}— O, —O—PE=0) RO, — O
PESHRG— 0O, 85— PEOWRN O, S PESHRG O, 8 PE0)RY)—8—, or —

PEONOHp—O, O PESYOH - O, Qe PEER Y SH O, - 8 PO YW O H Y O,
»»»»»»» O PO OH B, 8 PEO N OH 8, O PER Y OH P S, e 8 PR W OH
Oy O PEOHH) O O PESYH O | B PEOWH O, o 8PS H
O —8—P(=0H}—8—, or —O—PE8)(Hy—8— In some embodiments, the phosphate-
based linking group s —O—PEOHOH—0—.

(00981 Acid Cleavable Groups. Acid cleavable groups are linking groups that are cleaved under
acidic conditions. In preferred embodiments acid cleavable groups are cleaved in an acidic

environment with a pH of about 6.5 or lower (g.g., about 6.0, 5.5, 5.0, or lower}, or by agents
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such as enzymes that can act as a general acid. In a cell, specific low pH organelles, such as
endosomes and lysosomes can provide a cleaving environment for acid cleavable linking groups.
Examples of acid cleavable groups include but are not Himited to hydrazones, esters, and esters of
amine acids. Acid cleavable groups can have the general formula —C=NN— C{OY0, or —
OC{0). A preferred embodiment 1s when the carbon attached to the oxygen of the ester {the
alkoxy group) is an aryl group, substituted alkyl group, or tertiary alkyl group such as dimethyl
penty! or t-butyl. These candidates can be evaluated using methods analogous to those described
above.

(06991 Ester-Based Cleavable Groups, Ester-based cleavable groups are cleaved by enzymes
such as esterases and amidases in cells. Examples of ester-based cleavable groups include but are
not limited to esters of alkylene, alkenyiene and alkynylene groups. Ester cleavable linking
eroups have the general formula —C(0Y0—, or —OC{0)—. These candidates can be evaluated
using methods analogous to those described above.

[0700] Peptide-Based Cleavable Groups. Peptide-based cleavable groups are cleaved by
enzymes such as peptidases and proteases n cells. Peptide-based cleavable groups are peptide
bonds formed between anuno acids to yield oligopeptides {e.g., dipeptides, tripeptides etc ) and
polypeptides. Peptide-based cleavable groups do not inelude the amide group (—C{ONH—).
The anude group can be formed between any alkylene, alkenylene or alkyunelene. A peptide bond
15 a special type of amide bond formed between amino acids to yield peptides and proteins. The
peptide based cleavage group is generally fumited to the peptide bond (1.e, the amide bond)
formed between amino acids yielding peptides and proteins and does not inchude the entire amide
functional group. Peptide-based cleavable linking groups have the general formula —
NHCHRAC({OINHCHREC(O)—, where R*and R are the R groups of the two adjacent amino
actds. These candidates can be evahuated using methods analogous to those described above. As
used heremn, “carbohydrate” refers to a compound which s etther a carbohydrate per se made up
of one or more monosaccharide units having at least 6 carbon atoms {(which may be linear,
branched or cyclic} with an oxygen, nitrogen or sulfur atom bonded to each carbon atom; ora
compound having as a part thereof a carbohydrate moiety made up of one or more
monosaccharide units each having at least six carbon atoms (which may be hinear, branched or
cyclic), with an oxygen, nitrogen or sulfur atom bonded to each carbon atom. Representative

carbohydrates include the sugars {(mono-, di-, tri- and oligosaccharides containing from about 4-9
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monosaccharide umis), and polysaccharides such as starches, glycogen, cellulose and
polysaccharide gums. Specific monosaccharides include Cs and above {preferably Cs-Cs) sugars;
di- and trisaccharides mclude sugars having two or three monosaccharide umiis {preferably Cs-
Cs).

Methods of Synthesis

{07017 In some aspects, the present disclosure provides a method of preparing a compound {e.g.,
a Lipid-Based Ligand Agent) described herein.

{07027 In some aspects, the present disclosure provides a compound obtainable by, or obtained
by, a method for preparing a compound {e.g., a Lipid-Based Ligand Agent} described herein.
{07037 In some aspects, the present disclosure provides an intermediate as described herein,
being suitable for use in a method for preparing a compound {e.g., a Lipid-Based Ligand Agent)
described herein.

[0704] The compounds of the present disclosure can be prepared by any suitable technique
known 1n the art. Particular processes for the preparation of these compounds are described
further in the accompanying exarples,

{07051 In the description of the synthetic methods described herein and 1o any referenced
synthetic methods that are used to prepare the starting matenials, 1t 1s to be understood that all
proposed teaction conditions, mcluding choice of solvent, reaction atmosphere, reaction
temperature, duration of the experiment and workup procedures, can be selected by a person
skilled m the art.

[0706] 1t s understood by one skilled i the art of organic synthesis that the functionality present
on various portions of the molecule must be compatible with the reagents and reaction conditions
utifized.

[0707] It will be appreciated that during the synthesss of the compounds of the disclosure in the
processes defined herein, or during the synthesis of certam starting materials, it may be desirable
to protect certain substituent groups o prevent their undesired reaction. The skilled chemist will
appreciate when such protection is required, and how such proteciing 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 Organic 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 skilled chemist as appropriate for the removal of the
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protecting group in guestion, 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
mnclude, for example, groups such as amino, carboxy or hydroxy it may be desirable to protect
the group in some of the reactions mentioned herein.

[0708] By way of example, a suitable protecting group for an amino or alkvlamino group 1s, for
example, an acyl group, for example an alkanoyl group such as acetyl, an alkoxycarbonyl group,
for example a methoxycarbonyl, ethoxycarbonyl, or t-butoxycarbonyi group, an
arylmethoxycarbonyl group, for example benzyloxycarbonyl, or an aroyl group, for example
benzoyl. A suitable protecting group for an hydroxy or alkylhydroxy group can be, ez, Acetyl
{Ac), Benzoyl (Bz), Benzyl (Bn), B-Methoxyethoxyvmethyl ether (IMEM), Dimethoxytrityl
(DMT), Methoxymethy! ether (IMOM]}, Methoxytrityl (MMT), p-Methoxybenzyl ether (PMB),
p-Methoxypheny! ether (PMP), Pivaloyl (Piv), Tetrahydropyranyl {THP), Tetrahydrofuran
(THF), Truy! {triphenylmethyl, Tr), Silyl ether (e.g., trimethylsilyl (TMS), tert-
butyldimethyisilyl {TBDMS), tri-iso-propylsilvioxymethyi (TOM), and tritsopropyisityl (TIPS}
ethers), a Methy] ether, or an Ethoxyethyl ether (EE). A suitable protecting group for an 1,2-diol
can be, e.g., acetal. A suitable protecting group for an §,3-diol can be, e g., tetraisopropyl-
disiloxanylidene (TIPDS).

{07091 The deprotection conditions for the above protecting groups necessarily vary with the
choice of protecting group. Thus, for exarple, an acyl group such as an alkanovl or
alkoxycarbony] group or an aroyl group may be removed by, for example, hydrolysis with a
suttable base such as an alkal metal hydroxide, for example lithium or sodium hydroxide.
Alternatively an acyl group such as a tert-butoxycarbony! group may be removed, for example,
by treatment with a suitable acid as hydrochloric, sulfuric or phosphoric acid or trifluoroacetic
actd and an aryimethoxycarbonyl group such as a benzyloxycarbonyl group may be removed, for
example, by hydrogenation over a catalyst sach as palladium on carbon, or by treatment with a
Lewis acid for example boron tris(tnfluorcacetate}. A suitable alternative protecting group fora
primary amino group is, for example, a phthaloy! group which may be removed by treatment
with an alkylaming, for example dimethylaminopropylamine, or with hydrazine.

{07101 A sutable protecting group for a hydroxy group is, for example, an acyl group, for
example an alkanoy! 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
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necessarily vary with the choice of protecting group. Thus, for example, an acyl group such as an
alkanoy! or an aroyi group may be removed, for example, by hydrolysis with a suitable base such
as an alkal metal hydroxide, for example lithium, sedium hydroxide or ammonia. Alternatively
an arvimethyl group such as a benzyl group may be removed, for example, by hydrogenation
over a catalyst such as palladium on carbon.

{07117 A sutable protecting group for a carboxy group is, for example, an estenifying group, for
example a methyl or an ethyl group which may be removed, for example, by hydrolysis witha
base such as sodium hydroxide, or for example a tert-buty] group which may be removed, for
example, by treatment with an acid, for example an organic acid such as trifluoroacetic acid, or
for example a benzyl group which may be removed, for example, by hyvdrogenation over a
catalyst such as palladium on carbon.

10712} Conveniently, the reaction of the compounds is carried out in the presence of a suitable
solvent, which 1s preferably inert under the respective reaction conditions. Examples of suitable
solvents comprise but are not limited to hydrocarbons, such as hexane, petroleum ether, benzene,
toluene or xylene; chlornated hydrocarbons, such as trichlorethylene, 1,2-dichloroethane,
tetrachloromethane, chloroform or dichloromethane; alcohols, such as methanol, ethanol,
1sopropanol, n-propanol, n-butanol or tert-butanol; ethers, such as diethyl ether, disopropy]
ether, tetrabydrofuran {(THF), 2-methyltetrabydrofuran, cyclopentyluethyl ether (CPME), methyl
tert-butyl ether (MTBE) or dioxaune; glyeol ethers, such as ethylene glycol roonomethy! or
monoethyl ether or ethylene glvcol dimethyl ether (diglyme}; ketones, such as acetone,
methylisobutylketone (MIBK) or butanone; amides, such as acetamide, dimethylacetamide,
dimethyormamide (BMF) or N-methylpyrrolidinone (NMP); nitriles, such as acetonitrile;
suffoxides, such as dimethyl sulfoxide (DMSQ); nitro compounds, such as mitromethane or
mitrobenzene,; esters, such as ethyl acetate or methyl acetate, or muxtures of the said solvenis or
mixtures with water.

{07131 The reaction temperature s suitably between about -100 °C and 300 °C, depending on the
reaction step and the conditions used.

{07141 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 respactive reaction conditions.
Suitable reaction times are readily determinable by methods known in the art, for example

reaction monitoring. Based on the reaction temperatures given above, suitable reaction times
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generally lie in the range between 10 minutes and 48 hours.

{07151 Moreover, by utilizing the procedures described herein, in conjunction with ordinary
skiils in the art, additional compounds of the present disclosure can be readily prepared. Those
skilled in the art will readily understand that known variations of the conditions and processes of
the following preparative procedures can be used to prepare these compounds.

{07161 As will be understood by the person skilled in the art of organic synthesis, compounds of
the present disclosure are readily accessible by various synthetic routes, some of which are
exemplified in the accompanying examples. The skilled person will easily recognize which kind
of reagents and reactions conditions are to be used and how they are to be applied and adapted in
any particular instance — wherever necessary or useful — in order to obtain the compounds of the
present disclosure. Furthermore, some of the compounds of the present disclosure can readily be
synthesized by reacting other compounds of the present disclosure under suitable conditions, for
instance, by converting one particular functional group being present in a compound of the
present disclosure, ora  suitable precursor molecule thereof, into another one by applying
standard synthetic methods, like reduction, oxidation, addition or substitution reactions; those
methods are well known to the skilled person. Likewise, the skilled person wiil apply —
whenever necessary or useful — synthetic protecting {or protective) groups; suitable protecting
groups as well as roethods for introducing and removing them are well-known to the person
skilled 11 the art of chemical synthesis and are described, in more detail, in, e.g., P.G.M. Wuts,
T.W. Greene, “Greene’s Protective Groups in Organic Synthesis”, 4th edition (2006) (John
Wiley & Sons).

{07177 General routes for the preparation of a compound of the application are described in
Schemes A and B herem,

Scheme A
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{0718} Compounds {e.g., Nucleic Acid Agents, Lipid-Based Ligand Agents, and Conjugates}

were prepared by solid-phase synthesis according to standard synthesis protocols or synthesized

via post-synthetic conjugations.
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{07191 Briefly, oligonucleotide synthesis was conducted on a solid support to incorporate each
nucleoside phosphoramidites from 3 -terminus to 5’ -terminus to prepare oligo single strands.
ETT or BTT was used as an activator for the coupling reaction. fodine in water/pyridine/THF
was used to oxidize phosphite-triester { P(HI}) to afford phosphate backbones and DDTT was
used for the preparation of phosphorothioate linkages. Aqueous ammonium was used to cleave
oligos from solid support and o remove protecting groups globally. The oligo crude was then
concentrated and purified by strong anion exchange or reverse phase HPLC. The purification
fractions were combined and concentrated.

[0720] In some cases, oligo single strands were then conjugated with targeting ligands {e. g,
natural or modified lipids) through post-synthetic conjugation to afford conjugates. The
conjugation reactions were performed using standard conjugation methods. The conjugate crude
was further purified by strong anion exchange or reverse phase HPLC. The purification fractions
were combined and concentrated.

107217 The synthesized single strands were then dialvzed against water using MidiTrap G-25
column or Amicon MWCO filter, concentrated, and their 0D amounts were measured. Based on
the equal molar amounts, the sense and antisense strands were annealed at 95 °C for 5 nun and
cooled down to room temperature to afford the conjugate duplex with >90% purity. The solution
of the duplex was lyophilized to afford the desired conjugate and its amourd was calculated

based on the molar amount of single strand consumed 10 the annealing,

Biological Assays

{07227 Compounds {e.g., Lipid-Based Lipid 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 i the art to determine whether the compounds or
conjugates have biological activity. For example, the compounds or conjugates can be
characterized by conventional assays, including but not limited to those assays described below,
to determine whether they have a desired activity, e.g., target binding activity and/or specificity
and/or stability.

{07237 Furthermore, high-throughput screening can be used to speed up analysis using such
assays. As a result, it may be possible to rapidly screen the molecules described herein for

activity, using techniques known 1n the art. General methodologies for performing high-
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throughput screening are described, for example, 1 Devlin (1998} High Throughput Screening,
Marcel Dekker; and U.S. Patent No. 5,763,263, High-throughput assays can use one or more
different assay technigues including, but not limited to, those described below.

[0724] Various in vitre or in vivo bislogical assays may be suitable for detecting the effect of the
compounds or comugates of the present disclosure. These in vitro or in vive biological assays can
mclude, but are not Himited to, enzymatic activity assays, electrophoretic mobility shift assays,
reporter gene assays, in vifre cell viability assays, and the assays described heremn.

{07251 In some embodiments, the biological assays are described in the Examples herein.

[0726] In some aspecis, the present disclosure provides a pharmaceutical composition
comprising a compound or conjugate of the present disclosure as an active ingredient.

[0727] As used herein, the term “composition” s intended to encompass a product comprising
the specified ingredients in the specified amounts, as well as any product which results, directly
or indirectly, from combination of the specified ingredients in the specified amounts.

{0728} Pharmaceutical compositions suitable for injectable use include sterile agueous solutions
{where water soluble) or dispersions and sterile powders for the extemporaneous preparation of
sterile ingectable solutions or dispersion. For intravenous administration, suttable carriers include
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J) or
phosphate butfered 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 example,
water, ethanol, polyol (for example, glvcerol, propvlene glycol, and liquid polyethylene glycol,
and the like), and suitable mixtures thereof. The proper fluidity can be maintained, for example,
by the use of a coating such as lecithin, by the maintenance of the required particle size in the
case of dispersion and by the use of surfactants. Prevention of the action of microorganisms can
be achieved by various antibacterial and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, thimerosal, and the like. In roany cases, 1t will be preferable to include
sotonic agents, for example, sugars, polyalcohols such as mannitol and sorbitol, and sodium
chloride in the composition. Prolonged absorption of the mjectable compositions can be brought
about by mcluding in the composition an agent which delays absorption, for example, aluminum

monostearate and gelatin,
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(07291 Sterile injectable solutions can be prepared by incorporating the active compound in the
required amount in an appropriate solvent with one or a combination of ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
mcorporating the active compound inio 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 drving and
freeze-drying that vields a powder of the active ingredient plus any additional desired ingredient
from a previously sterile-filtered solution thereof.

(07301 The formulation of the present disclosure may be i the form of an agueous solution
comprising an aqueous vehicle. The aqueous vehicle component may comprise water and at least
one pharmaceutically acceptable excipient. Suitable acceptable excipients include those selected
from the group consisting of a solubility enhancing agent, chelating agent, preservative, tonicity
agent, viscosity/suspending agent, buffer, and pH modifying agent, and a mixture thereof.

1073171 Any suitable solubility eshancing agent can be used. Examples of a solubility enhancing
agent include cyclodexirin, such as those selected from the group consisting of hydroxypropyl-f-
cyclodextrin, methyl-f-eyclodextrin, randomly methylated-B-cvclodextrin, ethylated-B-
cyclodextrin, triacetyl-B-cyclodextrin, peracetylated-B-cyclodextrin, carboxymethyl-B-
cyclodextrin, hydroxyethyl-p-cyclodextrin, 2-hydroxy-3-(trimethylammoniojpropyl-p-
cyclodextrin, glucosyl-B-evelodextrin, sulfated B-cyclodextrin {(5-B-CD), maltosyl-B-
cyclodextrin, B-cyclodexirin sulfobutyl ether, branched-p-cyclodextrin, hydroxypropyi-y-
cyclodextrin, randomly methylated-y-cyclodexirin, and tnimethylvy-cyclodexirin, and mixtures
thereof.

[0732] 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 salis
thereof, disodium edetate, frisodium edetate, and tetrasodiom edetate, and mixtures thereof
(07331 Any suitable preservative can be used. Examples of a preservative include those selected
from the group consisting of quaternary ammontum salis such as benzalkonium halides
{(preferably benzalkonium chloride), chlorhexidine ghiconate, benzethonium chloride, cetyl
pyridimum chloride, benzy! bromide, phenvimercury nitrate, phenylmercury acetate,
phenvimercury neodecanoate, merthiolate, methylparaben, propylparaben, sorbic acid, potassium

sorbate, sodium benzoate, sodium propionate, ethyl p-hydroxybenzoate, propylamimnopropyi
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biguanide, and butyl-p-hydroxybenzoate, and mixtures thereof.

[0734] The aqueous vehicle may also include a tonicity agent to adjust the tonicity {osmotic
pressure}. The tonicity agent can be selected from the group consisting of a glycol (such as
propylene glycol, diethylene glycol, triethylene glycol}, glycerol, dextrose, glycerin, mannitol,
potassium chloride, and sodium chioride, and a mixture thereof

[0735] In order to adjust the formulation to an acceptable pH (typicaily 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 8.3, about 7.2 to about 7.7, about 7.1 to about 7.9, or about 7.5 to about 8.0), the
formulation may contain a pH moditying agent. The pH modifying agent is typically a mineral
acid or metal hvdroxide base, selected from the group of potassium hydroxide, sodium
hydroxide, and hydrochloric acid, and muxtures thereof, and preferably sodium hydroxide and/or
hydrochloric acid. These acidic and/or basic pH modifying agents are added to adjust the
formulation to the target acceptable pH range. Hence it may not be necessary to use both acid
and base - depending on the formulation, the addition of one of the acid or base may be sufficient
to bring the mixture to the desired pH range.

{07361 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 salts thereof
meluding sodium citrate), and s-aminocaproic acid, and mixtures thereof,

{07371 According to a further aspect of the disclosure there 15 provided a pharmaceutical
compostiion which comprises a compound of the disclosure as defined heremnbefore, or a
pharmaceutically acceptable salt, hydrate or solvaie thereof, i association with a
pharmaceuiically acceptable diluent or carrier.

[0738] The compositions of the disclosure may be m a form suitable for oral use (for example as
tablets, lozenges, hard or soft capsules, agueous or otly suspensions, emulsions, dispersible
powders or granules, syrups or ehixirs}, for topical use (for example as creams, omniments, gels,
or aqueous 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 admunistration {for example as a sterile aqueous or aily

solution for intravenous, subcutanesus, mtramuscular, infraperitoneal or mtramuscular dosing or
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as a suppository for recial dosing).
[0739] The compositions of the disclosure may be obtained by conventional procedures using
conventional pharmaceutical excipients, well known in the art. Thus, compositions intended for

oral use may contain, for example, one or more colforing, sweetening, flavoring and/or

preservative agents.

{07401 An effective amount of a compound of the present disclosure for use in therapy 1s an
amount sufficient to treat or prevent an inflammasome related condition referred to herein, slow
its progression and/or reduce the symptoms associated with the condition.

[0741] An effective amount of a compound of the present disclosure for use in therapy is an
amount sufficient to treat an mflammasome related condition referred to herein, slow its
progression and/or reduce the symptoms associated with the condition.

[0742] The size of the dose for therapeutic or prophylactic purposes of a compound of Formula
O, A, A, or (V) 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,

Metheods of Use

107437 Tn some aspects, the present disclosure provides a method of modulating (e.g., reducing
or elimunating) the expression of a target gene in a subject, comprising admunustering to the
subject a conjugate of the present disclosure.

[0744] In some aspects, the present disclosure provides a method of modulating (e.g., reducing
or ¢limmnating) the expression of a target gene 0 a cell or tissue of a subject, comprising
admmuistering to the subject a conjugate of the present disclosure.

[0745] In some aspects, the present disclosure provides a method of modulating {e.g., reducing
or eliminating} the expression of a target gene in central nervous system tissue, peripheral
nervous system tissue, ocular tissue, white adipose tissue, brown adipose tissue, heart tissue,
muscle tissue {e.g., guadricep tissue}, adrenal gland tissue, and/or kudney tissue of a subject,
comprising adminisiering to the subject a conjugate of the present disclosure.

(07461 In some aspects, the present disclosure provides a method of modulating (e.g., reducing
or eliminating) the expression of a target gene in white adipose tissue, brown adipose tissue,
heart tissue, muscle tissue {e.g., quadricep tissue), adrenal gland tissue, and/or kidney tissue of a

subject, comprising administering to the subject a conjugate of the present disclosure.
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{07477 In some aspects, the present disclosure provides a method of modulating (e.g., reducing
or eliminating) the expression of a target gene in white adipose tissue, brown adipose tissue,
heart tissue, muscle tissue {(e.g., quadricep tissue), adrenal gland tissue, and/or kidney tissue of &
subject, comprising administering to the subject a conjugate of the present disclosure, wheren
the conjugate comprises a lipid motety that comprises C2-Css hydrocarbon chain or 2- to 35-
membered hetero-hydrocarbon chain {e.g., R is C2-Cas hydrocarbon chain or 2- to 35-membered
hetero-hydrocarbon chain).

[0748] In some aspects, the present disclosure provides a method of modulating {e.g., reducing
or eliminating) the expression of a target gene in white adipose tissue, brown adipose tissue,
heart tissue, muscle tissue (e.g., quadricep tissue)}, adrenal gland tissue, and/or kidney tissue of a
subject, comprising admunistering to the subject a conjugate of the present disclosure, wherein
the conjugate comprises a lipid motety that comprises Cu-Css hydrocarbon chain or 20- to0 35-
membered hetero-hydrocarbon chain {e.g., R" is Cs-Css hydrocarbon chain or 20- to 35-
membered hetero-hydrocarbon chain).

(07491 Tn some aspects, the present disclosure provides a method of modulating (e.g., reducing
or eliminating) the expression of a target gene in white adipose tissue, brown adipose tissue,
heart fissue, muscle tissue (e g., quadricep tissue}, adrenal gland tissue, and/or kidney tissue of a
subject, comprising administering to the subject a conjugate of the present disclosure, wherein
the conjugate comprises L selected fror the structures described 1 Table X

(0750} In some aspects, the present disclosure provides a method of modulating (e.g., reducing
or eliminating) the expression of a target gene in central nervous system tissue, peripheral
nervous system tissue, and/or ocular tissue of a subject, comprising adminstering to the subjecta
conjugate of the present disclosure.

[0751] In some aspects, the present disclosure provides a method of modulating (e g., reducing
or eliminating) the expression of a target gene o central nervous systern tissue, peripheral
nervous system tissue, and/or ocular tissue of a subject, comprising administering to the subjecta
conjugate of the present disclosure, wherein the conjugate comprises a lipid moiety that
comprises C2-Cae hydrocarbon chain or 2- to 30-membered hetero-hydrocarbon chain (e.g , R is
2-Cso hydrocarbon chain or 2- to 30-membered hetero-hydrocarbon chain).

[0752% In some aspects, the present disclosure provides a method of modulating (e.g., reducing

or eliminating) the expression of a target gene in central nervous system tissue, peripheral
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nervous system tissue, and/or ocular tissue of a subject, comprising administering to the subjecta
conjugate of the present disclosure, wherein the conjugate comprises a lipid moiety that
comprises C14-Cao hydrocarbon chain or 14- to 20-membered hetero-hydrocarbon chain (e.g., R"
18 C14-Coe hydrocarbon chain or 14- to 20-membered hetero-hydrocarbon chain).

(07531 In some aspects, the present disclosure provides a method of modulating (e.g., reducing
or eliminating) the expression of a target gene in central nervous system tissue, peripheral
nervous system tissue, and/or ocular tissue of a subject, comprising administering to the subjecta
conjugate of the present disclosure, wherein the conjugate comprises L selected from the
structures described in Table Y.

107547 In some aspects, the present disclosure provides a method of delivering a Nucleic Acid
Agent to a subject, comprising administering to the subject a conjugate of the present disclosure.
107557 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.

(07561 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 1n a subject,

(07571 Tn 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 1n a cell or tissue of a
subject.

(0758} In some aspects, the present disclosure provides a conjugate of the present disclosure for
modulating {e.g., reducing or elimnating) the expression of a target gene in central nervous
system tissue, peripheral nervous system tissue, ocular fissue, white adipose tissue, brown
adipose tissue, heart tissue, muscle tissue {(e.g., quadricep tissue}, adrenal gland tissue, and/or
kidney tissue of a subject.

[0759] 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 white adipose tissue,
brown adipose tissue, heart tissue, muscle tissue (e.g., quadricep tissue}, adrenal gland tissue,
and/or kidney tissue of a subject.

(07601 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 central nervous

svstem tissue, peripheral nervous system tissue, and/or ocular tissue of a subject.
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{07617 In some aspects, the present disclosure provides a conjugate of the present disclosure for
delivering a Nucleic Acid Agent to a subject.

[0762] 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.

[0763] In some aspects, the present disclosure provides use of a conjugate of the present
disclosure in the manufacture of a medicament for modulating (e g, reducing or eliminating) the
expression of a target gene in a subject.

{07641 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.

[0763] 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 white adipose tissue, brown adipose tissue, heart tissue, muscle
tissue {e.g., quadricep tissue), adrenal gland tissue, and/or kidney tissue of a subject.

[0766] In some aspects, the present disclosure provides use of a conyugate of the present
disclosure 10 the maonufacture of a medicament for modulating (e g, reducing or eliminating) the
expression of g target gene 1n central nervous system tissue, peripheral nervous system tissue,
and/or ocular tissue of a subject.

107671 Tn some aspects, the present disclosure provides use of a conjugate of the present
disclosure m the manufacture of 3 medicament for delivering a Nucleic Acid Agent to a subject.
[0768] In some aspects, the present disclosure provides use of a conjugate of the present
disclosure m the manufacture of 3 medicament for treating or preventing a disease in a subject n
need thereof.

[0769] In some embodiments, the subject 1s a cell.

[0770] In some embodiments, the subject is 3 tissue.

(07711 In some embodiments, the subject 15 central nervous system tissue, peripheral nervous
svstem tissue, ocular tissue, white adipose tissue, brown adipose tissue, heart tissue, muscle
tissue {e.g., quadricep tissue), adrenal gland tissue, and/or kidney tissue.

[0772] In some embodiments, the subject is white adipose tissue, brown adipose tissue, heart
tissue, muscle tissue (e.g., quadricep tissue), adrenal gland tissue, and/or kidney tissue.

[0773] In some embodiments, the subject is central nervous system tissue, peripheral nervous
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system tissue, and/or ocular tissue.

[0774] In some embodiments, the subject is a human.

[0775] In some embodiments, the target gene is Factor VIE EgS, POCSKS, TPXZ, 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, Erk1/2 gene, PUNA(p21} gene, MYB gene, JUN gene,
FOS gene, BCL-2 gene, Cyclin D gene, VEGY gene, EGFR gene, Cychin A gene, Cyclin E gene,
WNNT-1 gene, beta-catenin gene, c-MET gene, PKC gene, NFKB gene, STAT3 gene, survivin
gene, Her2/Neu gene, topoisomerase { gene, topoisomerase 11 alpha gene, p73 gene,
p2H{WAF1/CIP1) gene, p27(KIP1) gene, PPMID gene, RAS gene, caveolin I gene, MIB 1 gene,
MTAT gene, M68 gene, mutations in tumor suppressor genes, pS3 tumor suppressor gene,
LDHA, or any combination thereof.

[0776] In some embodiments, the disease is characterized by unwanied expression of the target
gene.

{07771 In some embodiments, the administration results in reduced or eliminated expression of
the target gene n the subject.

[0778] In some embodiments, the disease 1s a viral infection, e.g., an HCV, HBV, HPV, HSV or
HIV infection.

{07791 In some embodiments, the disease is cancer.

107801 Tn some embodiments, the cancer s biliary tract cancer, bladder cancer, transitional cell
carcinoma, urothehial carcinoma, brain cancer, ghiomas, astrocytomas, breast carcinoma,
metaplastic carcinoma, cervical cancer, cervical squamous cell carcinoma, rectal cancer,
colorectal carcimoma, colon cancer, hereditary nonpolyposis colorectal cancer, colorectal
adenocarcinomas, gastromntestinal stromal tumors {GISTs), endometrial carcimoma, endometrial
stromal sarcomas, esophageal cancer, esophageal squamous cell carcinoma, esophageal
adenocarcinoma, ocular melanoma, oveal melanoma, galibladder carcinomas, galibladder
adenocarcinoma, renal cell carcinoma, clear cell renal cell carcmoma, |, wilms tumor, leukernia,
acute lymphocytic leukemia {ALL), acute myeloid leukemia {AML), chronic lymphocytic
(CLL), chronic myeloid ({CML), chronic myelomongevtic (CMML), liver cancer, liver
carcinoma, hepatoma, hepatocellular carcinoma, cholangiocarcinoma, hepatoblastoma, lung
cancer, non-smali cell lung cancer (NSCLC), mesothelioma, B-cell lymphomas, non-Hodglkin

iymphoma, diffuse large B-cell lymphoma, Mantle cell lymphoma, T-cell lymphomas, precursor
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T-lymphoblastic lymphoma/leukemia, peripheral T-cell ymphomas, multiple myeloma,
nasopharyngeal carcinoma (NPC), neuroblastoma, oropharyngeal cancer, oral cavity squamous
cell carcinomas, ostegsarcoma, ovarian carcingma, pancreatic cancer, pancreatic ductal
adenocarcinoma, pseudopapiilary neoplasms, acinar cell carcinomas. prostate cancer, prostate
adenocarcinoma, skin cancer, melanoma, malignant melanoma, cutanecus melanoma, small
mtestine carcinomas, stomach cancer, gastric carcinoma, gastrointestinal stromal tumor {(GIST),
uterine cancer, or utering sarcoma.

[0781] In some embodiments, the disease is a proliferative, inflammatory, autoimmune,
neurologic, ocular tissue, respiratory, metabolic, dermatological, auditory, cardiac, muscular,
adrenal gland, central nervous system, peripheral nervous system, liver, kidney, white adipose
tissue, brown adipose tissue, and/or infectious disease.

[0782] In some embodiments, the disease is a disease of the central nervous system, peripheral
nervous system, ocular, heart, muscle, adrenal gland, kidney, white adipose tissue, and/or brown
adipose tissue

(07837 In some embodiments, the disease i3 a proliferative, inflamroatory, autoimmune,
neurologic, ocular, respiratory, metabolic, dermatological, auditory, cardiac, muscular, adrenal
gland, hver, kidney, white adipose tissue, brown adipose tissue, and/or infectious disease.

[0784] In some embodiments, the disease is a disease of the heart, muscle, adrenal gland, kadney,
white adipose tissue, and/or brown adipose tissue.

(07857 In some embodiments, the disease is a proliferative, inflammatory, autoimmune,
neurologic, ocular, respiratory, metabolic, dermatological, auditory, central nervous system,
peripheral nervous system, hver, kidoey, or infectious disease.

[0786] In some embodiments, the disease 15 a disease of the central nervous system, peripheral
nervous system, or ocular tissue.

Definitions

(078771 Unless otherwise stated, the following terms used in the specification and claims have the
following meanings set out below.

{07881 Without wishing to be limited by this statement, it is understood that, while various
options for variables are described herein, the disclosure intends to encompass operable
embodimenis having combinations of the options. The disclosure may be mterpreted as

excluding the non-operable embodiments caused by certain combinations of the options.
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{07891 As used herein, “hydrocarbon chain” refers to a linear or branched motety consisting of
hydrogen and carbon, except for otherwise specified one or more substitutions. In some
embodiments, the hvdrocarbon chain is a saturated hydrocarbon chain {e.g., alkyl}. In some

embodiments, the hydrocarbon chain is an unsaturated hydrocarbon chain {e.g., contaming one

or more double bonds and/or one or more triple bonds {e.g., alkeny! or atkynyl}}. In some
embodiments, two substituents of the hydrocarbon chain {e.g., two R"'), together with the one or
more intervening atoms, form a ring moiety {e.g., C3-Ce cycloalky! or 3- to 8-membered
heterocycloalkyl), wherein the substituents comprise at least one ring atom. When the ring

maoiety is af an internal position of the hydrocarbon cham, the carbon atoms of the hvdrocarbon

chain{e.g., C2-Uss) are counted via the shortest path through the ring (e.g, 7% & COMPrises
two carbon atoms of the hydrocarbon chain, wherein each MEM indicates a point of attachment to
the rest of the hydrocarbon chain}. When the ring moiety is at a terminal posttion of the

hydrocarbon chain, the carbon atoms of the hydrocarbon chain {e.g., C2-Css) are counted via the
iongest path within the ring {e.g., \<] comprises two carbon atoms of the hydrocarbon cham,

wherein miu mdicates the point of attachment to the rest of the hydrocarbon chain).

(07901 As used herein, “hetero-hydrocarbon chain” refers to a linear or branched motety
consisting of hydrogen, carbon, and one or more heteroatorms {such as G, N, S, P, or Se}, eg, 1
or l-2otr1-3ori-dori-Sori-6or-7Tort-Bor1-9or I-1Gori-1lorl-120vr 1-13 or 1-14
hetercatoms, ore.g., 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, or 14 hetercatoms, except for
otherwise specified one or more substitutions. It is anderstood that an “Xemembered” hetero-
hydrocarbon chain refers to a hetero-hydrocarbon chain where the total atom count of carbon and
heteroatoms along the longest path of the chamn s X7, {e.g, 2-, 3+, 4+, 5, 6+, 7-, 8-, 9-, 10+, 11~
12-, 13-, 14-, 15-, 16-, 17-, 18-, 19-, 20-, 21-, 22-, 23-, 24~ 25- 26-, 27-, 28-, 29-. 30-, 31-, 32-,

5 B

33-, 34~ or 35-membered hetero-hydrocarbon chain), except for otherwise specified one or more
substitutions. In some embodiments, the hetero-hydrocarbon chain 15 a saturated hetero-
hydrocarbon chain. In some embodiments, the hetero-hydrocarbon chain is an unsaturated
hetero-hydrocarbon chain (e.g., containing one or more double bonds and/or one or more triple
bonds). In some embodiments, two substituents of the hetero-hydrocarbon chain {e.g., two RY),

., C3-Cs cycloalkyl or 3-

B

together with the one or more mtervening atoms, form a ring moiety {e
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to S~membered heterocycloalkyl), wherein the substituents comprise at least one ring atom.
When the ring mosety is at an internal position of the hetero-hydrocarbon chain, the atoms of the

hetero-hydrocarbon chain {e.g., 2-35 members) are counted via the shortest path through the ring

{e.z., TV comprises two atoms of the hetero-hydrocarbon chain, wherein each 4+
indicates a point of attachment to the rest of the hetero-hydrocarbon chain). When the ring
motety 1s at a terminal position of the hetero-hydrocarbon chain, the atoms of the hetero-
hydrocarbon chaiu {e.g., 2-35 members) are counted via the longest path withun the ning {e. g,

& 4
¢ i . . R T .
N comprises two atoms of the hetero-hydrocarbon chain, wherein § indicates the point of

attachment to the rest of the hetero-hydrocarbon chain).

[0791] As used herein, “alkyl”, “Cs, Oz, Ca, Cs, Us or Co alkyl” or “Ci-Co alkyl” is intended to
melude Cr, O, T3, Cy, Cs or Co straight chain (linear) saturated aliphatic hydrocarbon groups and
(3, Cs, Cs or Cs branched saturated aliphatic hydrocarbon groups. For example, C,-C, alkyl s
mtends to include C, C,, C,, C,, C; and C; alkyl groups. Examples of alkyl include, moieties
having from one to six carbon atoms, such as, but not limited to, methyl, ethyl, n-propvl,
-propyl, n-butyl, s-butyl, t-butyl, n-pentyl, i-pentvl, or n-hexyl. In some embodiments, a straight
chain or branched alkyl has six or fewer carbon atoms {e.g., Ci1-Cs for straight chain, C3-Cs tor
branched chain}, and in another embodiment, a straight chain or branched alkyl has four or fewer
carbon atoms.

(07921 As used hereiv, the term “optionally substituted alkyl” refers to unsubstituted atkvl 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, hvdroxyl, alkvicarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylearbonyl, alkoxyearbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylamimocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate, phosphonato,
phosphinato, amino (including alkylamino, dislkylamino, arylamino, diarylaminoe and
alkylarylamine}, acylamino (including alkylcarbonylaminoe, arvicarbonylamino, carbamoy! and
ureido), amiding, inuno, sulfhydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl,
sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyelyl, alkylaryt,
or an aromatic or heterparomatic motety.

{07937 As used herein, the term “alkylene” refers to a divalent group resulting from the removal

2i4
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of a hvdrogen radical from an alkyl group.

{07941 As used herein, the term “alkeny!” includes unsaturated aliphatic groups analogous in
length 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 alkenyl groups {e.g., ethenyl,
propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, noneny!, decenyl), and branched alkeny!
groups. In some embodiments, a straight chain or branched alkeny! group has six or fewer
carbon atoms 1n its backbone {e.g., C2-Cs for straight chain, {5-Cs for branched chain). The term
“Ca-Cs” includes alkenyl groups containing two to six carbon atoms. The term “C3-Cs” includes
alkenyl groups containing three to six carbon atoms.

{07951 As used herein, the term “optionally substituted alkeny!” refers to unsubstituted alkenyl
or alkenyl having designated substituents replacing one or more hydrogen atoms on one or more
hydrocarbon backbone carbon atoms. Such substituents can include, for example, alkyl, alkenyl,
alkynyi, halogen, hydroxyl, alkyicarbonyloxy, arvlicarbonyloxy, alkoxycarbonyloxy,
aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylearbonyl, alkoxycarbonyl, aminocarbonyl,
alkytaminocarbonyl, dialkylaminocarbonyl, alkyithiocarbonyl, alkoxyl, phosphate, phosphonato,
phosphinato, amino (including alkylamino, dialkylamine, arylamino, diarylamino and
alkylarvlamine), acylamino (including alkylcarbonvlamino, aryicarbonylamine, carbamoyl and
ureido), amidino, o, sulthydeyl, alkylthio, aryithio, thiocarboxylate, sulfates, alkylsulfinyl,
sulfonato, sulfamoyl, sulfonamido, mitro, triftuoromethyl, cyano, heterocyclyl, alkylaryl, oran
aromatic or heteroaromatic moiety.

{07961 As used herein, the term “alkyoy!l” includes onsaturated aliphatic groups analogous i
iength and possible substitotion to the alkyls described above, but which contain at least one
triple bond. For example, “alkyoy?” mcludes straight chamn alkynyl groups {e.g., ethynyl,
propynyl, butynyi, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl}, and branched
alkynyi groups. In some embodiments, a straight chain or branched alkyny! group has six or
fewer carbon atoms in its backbone {e.g., T2-Cs for straight chain, C3-Ca for branched chain}.
The term “C2-Ce” includes alkynyl groups containing two to six carbon atoms. The term “(C3-Cs”
mchades atkynyl groups containing three to six carbon atoms. As used herein, “Co-Co alkenylene
finker” or “Cz2-Ce altkynylene linker” 1s intended to include Ca, Cs, Ca, Cs or Cs chain (linear or
branched} divalent unsaturated aliphatic hvdrocarbon groups. For example, C,-C, alkenylene

finker is intended to include Co, Cs, Cy, Cs and Cs alkenvlene linker groups.
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[0797] As used herein, the term “optionally substituted alkyny!l” refers to unsubstituted alkynyl
or alkynyl having designated substituents replacing one or more hydrogen atoms on one or more
hydrocarbon backbone carbon atoms. Such substituents can include, for example, alkyl, alkenyi,
alkynyl, halogen, hydroxyl, alkylcarbonyloxy, arylcarbonvioxy, alkoxycarbonvioxy,
aryloxycarbonyloxy, carboxvlate, alkvicarbonyl aryicarbonyl, alkoxycarbonyl, aminocarbonyl,
alkyviaminocarbonyl, dialkylammocarbonyl, alkyithiocarbonyl, alkoxvl phosphate, phosphonato,
phosphinato, amino {including alkylamino, dialkylamine, arylaming, diarylamino and
alkvlarylamine}, acylamine (including alkylcarbonylamino, aryicarbonylamino, carbamoyl and
ureido), amidino, imine, sulfhydryl, alkylthio, arylihio, thiocarboxvlate, sulfates, atkylsulfinyl,
sulfonato, sulfamovl, sulfonamide, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl,
or an aromatic or heteroaromatic moiety.

107987 Other optionally substituted moieties (such as optionally substituted cycloalkyl,
heterocycloalkyl, aryl, or heteroaryl} include both the unsubstituted moteties 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-pipenidinyl
and 2,2,6,6-tetramethyi-1,2,3 6-tetrahydropyridinyl.

107991 As used herein, the term “cycloalkyl” refers to a saturated or partially unsaturated
hydrocarbon monocyelic or polyeychie {e.g., fused, bridged, or spivo rings) systers having 3 to 30
carbon atoms {e.g., C5~-Ci2, C5-Cio, or T5~-Cs). Examples of cycloalkyl include, but are vot limated
to, eyclopropyl, cyclobutyl, cyclopentyl, cyelohexyl, cyclohepiyl, cyclooctyl, cyclopentenyl,
cyclohexenyl, cycloheptenyl, 1,2,3,4-tetrahydronaphthalenyl, and adamantyl. In the case of
polyeyche evcloalkyl, only one of the rings in the cycloalkyl needs to be non-aromatic.

[0B00] As used heren, the term “heterocycloalkyl” 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 heteroatoms
(suchas O, N, 5, P, or Sg), eg., T or 1-2 or 13 or 1-4 or 1-5 or 1-0 hetercatoms, ore.g. 1, 2, 3,
4, 5, or 6 heteroatoms, mdependently selected from the group consisting of nitrogen, oxygen and
sulfur, unless specified otherwise. Examples of heterocycloalkvl groups include, but are not
fimited to, piperidiny], piperazinyl, pyrrolidinyl, dioxanyl, tetrahydrofuranyl, iscindolinyl,
mdolinyl, imidazolidinyl, pyrazolidinyl, oxazelidinyl, soxazolidinyl, triazolidinyl, oxiranyl,

azetidinyl, oxetanyl, thietanyl, 1,2,3 0-tetrahydropyridinyl, tetrahydropyranyl, dihydropyranyl,
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pyranyi, morpholinyi, tetrahydrothiopyranyl, 1,4-diazepanyl, 1,4-oxazepanyl, 2-oxa-5-
azabicyclo{2.2. 1 heptanyl, 2,5-diazabicyclof2.2. 1 heptanyl, 2-oxa-6-azaspiro{3.3 lheptanyl, 2,06~
diazaspiro[3. 3theptanyl, 1,4-dioxa-8-azaspirof4. S]decanyl, 1,4-dioxaspiro{4.5idecanyl, i-
oxaspirol4.5idecanyl, 1-azaspiro[4 S)decanyl, 3'H-spirofcyciohexane-1,1-1sobenzofuran]-yl,
T'H-spiro[evclohexane-1, 5 -furo[3 4-bipyridini-yl, 3'H-spiro[cyclohexane-1,1'-furs[3 4-
clpyridin]-vl 3-azabicyclo[3.1 0lhexanyl, 3-azabicyclo{3.1 Othexan-3-yl 1,45 6-
tetrahydropyrrolof3,4-clpyrazolyl, 3,4,5,6,7 8-hexahydropyridof4,3-djpyrinudinyl, 4,5,6,7-
tetrahydro- 1H-pyrazolo[3 4-clpyridinyl, 5,6,7,8-tetrahydropyridof4,3-dipyrimidinyl, 2-
azaspiro[3 3theptanyl, 2-methyi-2-azaspiro{3 3 theptanyl, 2-azaspiro[3. Sinonanyl, 2-methyl-2-
azaspiro]{3.5nonanyl, 2-azaspiro[4 5}decanyl, 2-methyl-Z-azaspiro{4 5]decanyl, Z-oxa-
azaspiro[3 4joctanyl, 2-oxa-azaspiro[3 . 4joctan-6-vl, §,6-dihydro-dH-cyclopenta[blthiophenyl,
and the like. In the case of multicyclic heterocycloalkyl, only one of the rings in the
heterocycloalkyl needs to be non-aromatic {e.g., 4,5,6,7-tetrahydrobenzo[clisoxazolyl}.

{08017 As used herein, the term “aryl” includes groups with aromaticity, including “conjugated,”
or multicychic systerns with one or more aromatic rings and do not contain any heteroatom 1n the
ring structure. The term aryl includes both monovalent species and divalent species. Examples of
aryl groups include, but are not limited to, phenyl, biphenyl, naphthy! and the like. Conveniently,
an aryl is phenyl

[08021 As used herein, the term “heteroary!” 1s intended to mclude a stable 5~, 6~, or 7-
membered monocyclic or 7-, 8-, 9-, 10+, 11- or 12-membered bicyclic aromatic heterocyclic ring
which consists of carbon atoms and one or more heteroatoms, e.g, lor -2 or 1-3 or 1-4 or 1.5
or 1-6 heteroatoms, or e.g., 1, 2, 3, 4, 5, or 6 heteroatoms, independently selected from the group
consisting of mitrogen, oxygen and sulfur. The nitrogen atom may be substituted or unsubstituted
{(i.e., N or NR wherein R 15 H or other substituents, as defined). The nitrogen and sulfur
heteroatoms may optionally be oxidized (i.e., N—>Q0 and 8{(O}), where p=1 or 2}. It is to be
noted that total number of 8§ and O atoms 1 the aromatic heterocycle s not more than 1.
Examples of heteroaryl groups include pyrrole, furan, thiophene, thiazole, sothiazole, imidazole,
triazole, tetrazole, pyrazole, oxazole, 1soxazole, pyridine, pyrazine, pyridazive, pyrimidine, and
the like. Heteroaryl groups can also be fused or bridged with alicyclic or heterocychc tings,
which are not aromatic so as to form a multicyelic systern {e.g., 4,5,6,7-

tetrahydrobenzofclisoxazolyl). In some embodiments, the hetercaryl is thiophenyi or
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benzothiophenvl. In some embodiments, the heteroaryl is thiophenyl. In some embodiments, the
heteroaryl benzothiophenyl.

[0803] Furthermore, the terms “aryl” and “hetercarv!” include muliicyclic aryl and heteroaryl
eroups, e.g., tricyclic, bicyclic, e.g., naphthalene, benzoxazole, benzodioxazole, benzothiazole,
benzoimidazole, benzothiophene, quinoline, isoguinoline, naphthrydine, indole, benzofuran,
purine, benzofuran, deazapurine, indolizine.

{08041 The cycloalkyl, heterocycloalkyl, aryl, or hetercaryl ring can be substituted at one or
more ring positions (e.g., the ring-forming carbon or hetercatom such as N) with such
substituenis as described above, for example, alkyl, alkenyl, alkynyl, halogen, hydroxyl, alkoxy,
alkyicarbonyloxy, arvicarbonyloxy, alkoxycarbonvioxy, arvloxycarbonyloxy, carboxylate,
alkylcarbonyl, alkylaminocarbonyl, aralkylaminocarbonyl, alkenylaminocarbonyl, alkylcarbonyl,
arylcarbonyl, aralkylcarbonyl, alkenylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylthiocarbonyl, phosphate, phosphonato, phosphinato, amino (including atkylamine,
diabkylamino, arylamine, diarylamine and alkyvlarylamine}, acylamino (including
alkylcarbonylamino, arvicarbonylanuno, carbamoyl and vreido), amidine, imine, sulfhydryl,
alkylthio, arvithio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato, sulfamovl, sulfonanudeo,
nitro, trifluoromethyl, cyano, azido, heterocyelyl, alkvlaryl, or an aromatic or hetercaromatic
motety. Aryl and heteroaryl groups can also be fused or bridged with alicyclic or heterocyclic
rings, which are not aromatic so as to form a multicyclic system (e. g., tetrahn,
methylenedioxyphenyi such as benzo[djf 1,3 ]dioxole-5-yi).
[0805] As used herein, the term “substituted,” means that any one or more hydrogen atoms on
the designated atom 1s replaced with a selection from the indicated groups, provided that the
designated atom’s normal valency is not exceeded, and that the substitution results i a stable
compound. When a sabstituent is oxo or keto {i.e., =0}, then 2 hydrogen atoms on the atom are
replaced. Keto substiiuents 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., T=C, C=N or
N=N}. “Stable compound” and “stable structure” are meant to indicate a compound that 18
sufficiently robust to survive 1solation to a useful degree of purity from a reaction mixture, and
formulation into an efficacious therapeutic agent.

{08061 When a bond to a substituent is shown to cross a bond connecting two atoms in a ring,

then such substituent may be bonded to any atom n the ring. When a substituent s listed without
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mdicating the atom via which such substituent is bonded to the rest of the compound of a given
formula, then such substituent may be bonded via any atom in such formula. Combinations of
substituenis and/or variables are permissible, but only if such combinations result in stable
compounds.

{08071 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 maoieties, then
the group may optionally be substituted with up to two R moseties 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.

08081 As used herein, the term “hydroxy” or “hydroxyl” includes groups with an ~-OH or -0
{08091 As used herein, the term “hale” or “halogen” refers to fluoro, chloro, bromo and wodo.
{08101 The term “haloalky!” or “haloalkoxy!” refers to an alky! or alkoxyl substituted with one
or more halogen atoms.

{08117 As used herein, the term “optionally substituted haloalky!” refers to unsubstituted
haloalkyl or substituted haloalkyl having designated substituents replacing one or more hydrogen
atoms on one or more hydrocarbon backbone carbon atoms. Such substituents can include, for
example, alkyl, alkenyl, alkynyl, halogen, hydroxyl, alkylcarbouyloxy, arvicarbonyloxy,
alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, aryicarbonyl,
alkoxyearbonyl, aminocarbonyi, alkylammocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl,
alkoxyl, phosphate, phosphonato, phosphinato, amino (inchuding alkylamino, dialkylamine,
arylamino, diarylaming and alkylarylamme), acylamine {including alkyicarbonylamno,
arylcarbonylamino, carbamoyl and ureido), amidino, smno, sulthydryl, alkylthio, aryithio,
thiocarboxylate, sulfates, alkvisulfinyl, sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl,
cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic motety.

(08121 As used heremn, the term “alkoxy™ or “alkoxyl” includes substituted and unsubstituted
alkvl, alkenvl and alkynyl groups covalently attached to an oxygen atom. Examples of alkoxy
groups or alkoxyl radicals include, but are not himited to, methoxy, ethoxy, isopropvioxy,
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,

allkvnyi, halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,
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aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arvicarbonyl, alkoxycarbonyl, aminocarbonyl,
alkyviaminocarbonyl, dialkylammocarbonyl, alkyithiocarbonyl, alkoxyi, phosphate, phosphonato,
phosphinate, amino {including alkylamme, dialkyvlamine, arylaming, diarylamine, and
alkviarylamino}, acylamineo (including alkylcarbonylamino, arylcarbonylamino, carbamoyl and
ureido), amidino, imino, sulfhydryl, altkylthio, arylthio, thiocarboxylate, sulfates, atkylsulfinyl,
sulfonato, sulfamoyl, sulfonamide, nitro, trifluoromethyl, cyans, azido, heterocyclyl, alkylaryl,
or an aromatic or heteroaromatic moieties. Examples of halogen substituted alkoxy eroups
mclude, but are not limited to, fluoromethoxy, difluoromethoxy, triflucromethoxy,
chloromethoxy, dichloromethoxy and trichloromethoxy.

57 «C

[0813] As used herein, the expressions “one or more of A, B, or C,” “oneor more A, B, or C.7

2% &<

“one or more of A, B, and C,” “one or more A, B, and C,” “selected from the group consisting of
AL B, and C7, “selected from A, B, and C7, and the like are used interchangeably and all refer to
a selection from a group consisting of A, B, and/or C, i.e., one or more As, one or more Bs, one
or more Cs, or any combination thereof, unless indicated otherwise.

(08147 ¥ 1s 1o be understood that the present disclosure provides methods for the syuthesis of the
compounds and conjugates described herein. The present disclosure also provides detailed
methods for the synthesis of various disclosed compounds and conjugates according to the
schemes herein as well as those shown in the Examples.

[08157 H s to be understood that, throughout the description, where compositions are described
as having, including, or comprising specific components, it is contemplated that compositions
also consist essentially of, or consist of, the recited components. Similarly, 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, 1t should be
understood that the order of steps order for performing certain actions is tmmaterial so long as
the imvention remains operable. Moreover, two or more steps of actions can be conducted
stmultaneously.

08161} It 1s 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
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 thereof.
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{08177 I is to be understoed that compounds 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 readily prepared intermediates, by emploving standard synthetic
methods and procedures either known to those skilled in the art, or which will be apparent to the
skilled artisan in light of the teachings herein. Standard synthetic methods and procedures for the
preparation of organic molecules and functional group transformations and manipulations can be
obtained 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, S™ edition, John Wiley &
Sons: New York, 2001; Greene, TW., Wuts, P.G. M., Profective Groups in Organic Synthesis,
3 edition, John Wiley & Sons: New York, 1999; R. Larock, Comyprehensive Organic
Transformations, VCH Publishers (1989); L. Fieser and M. Fieser, Fieser and Fieser's Reagents
Jfor Organic Synthesis, John Wiley and Sons (1994); and L. Paquette, ed., Encyclopedia of
Reagents for Organic Synthesis, John Wiley and Scons (1995}, incorporated by reference herein,
are useful and recognized reference textbooks of organic synthesis known to those i the art
[0818] One of ordinary skill in the art will note that, during the reaction sequences and synthetic
schemes described herein, the order of certain steps may be changed, such as the miroduction
and removal of protecting groups. One of ordinary skill 1n the art will recoguize 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 i molecudes. A list
of protecting groups and how to infroduce and remove these groups can be found in Greene,
TW., Wats, P.G. M., Profective Groups in Organic Synthesis, 3% edition, John Wiley & Sons:
New York, 1999,

[0819] It 15 to be undersiood that, unless otherwise stated, any description of a method of
treatment or prevention includes use of the compounds and conjugates 1o provide such treatment
or prevention as 1s described herein. It 18 to be further understood, unless otherwise stated, any
description of a method of treatment or prevention includes use of the compounds and conjugates
to prepare a medicament to treat or prevent such condition. The treatment or prevention includes
treatment or prevention of human or non-human animals including rodents and other disease
models.

{08201 It 1s to be understood that, unless otherwise stated, any description of a method of
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treatment includes use of the compounds and conjugates to provide such treatment as is
described heremn. 1t 13 to be further understood, unless otherwise stated, any description of a
method of treatment includes use of the compounds and conjugates to prepare a medicament to
treat such condition. The treatment inchides treatment of human or non-human animals including
rodents and other disease models.

{08217 As used herein, the term “subject” 18 interchangeable with the term “subject in need
thereof”, 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 ¢.g., a human or
appropriate non-human mamimal, 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 is a
human. A subject in need thereof can be one who has been previcusly diagnosed or identified as
having a disease or disorder disclosed herein. A subject in need thereof can also be one who 1s
suffering from a disease or disorder disclosed herein. Alternatively, a subject in need thereof can
be one who has an increased risk of developing such disease or disorder relative to the
population at large (1., a subject who is predisposed to developing such disorder relative to the
population at large). A subject in need thereof can have a refractory or resistant a disease or
disorder disclosed herein {1.¢, a disease or disorder disclosed herein that does vot respond ot has
not vet responded to treatment). The subject may be resistant at start of treatment or may become
resistant during treatment. In some embodiments, the subject in need thereof received and failed
all known effective therapies for a disease or disorder disclosed herein. In some embodiments,
the subject in need thereof recetved at least one prior therapy.

{08227 As used herein, the term “ireating” or “treat” describes the management and care of 2
patient for the purpose of combating a disease, condition, or disorder and mcludes the
adounistration 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 eluninate the disease, condition or disorder. The term “treat” can also include
treatment of a cell in vitro or an animal model. ¥t is to be appreciated that references to “treating”

13

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 yet
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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 attenuating the disease, i.¢., Causing regression
of the state, disorder or condition or at least one of its clinical or subclinical symptoms.

[0823] It 1s to be understood that compounds 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.

[0824] As used herein, the term “preventing,” “prevent,” or “protecting against” describes
reducing or eliminating the onset of the symptoms or complications of such disease, condition or
disorder.

08251 It is to be understood that the present disclosure also provides pharmaceutical
compositions comprising any compound or conjugate described herein in combination with at
least one pharraceutically acceptable excipient or cartier.

(08261 As used herein, the term “pharmaceutical composition” 15 a formulation containing the
compounds or conjugates of the present disclosure in a form suitable for admimstration to a
subject. In some embodiments, the pharmaceutical composition is in bulk or i unit dosage form.
The unit dosage form 1s any of a variety of forms, including, for example, a capsule, an TV bag, a
tablet, a single pump on an aerosol inhaler or a vial. The quantity of active ingredient{e.g., a
formulation of the disclosed compound or salt, hydrate, solvate or 1somer thereof} 1n a unit dose
of composition is an effective amount and 1s varied according to the particular treatment
mvolved. One skilled 1n the art wili appreciate that it 18 sometimes necessary to make routing
variations to the dosage depending on the age and condition of the patient. The dosage will also
depend on the route of admimstration. A variety of routes are contemplated, including oral)
pulmonary, rectal, parenteral, transdermal, subcutaneous, intravenous, intramuscular,
mtraperitoneal, inhalational, buccal, sublingual, intrapleural, intrathecal, intranasal, and the like.
Dosage forms for the topical or transdermal administration of a compound of this disclosure
melude powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and
mhalants. In some embodiments, the active compound is mixed under sterile conditions with a

pharmaceutically acceptable carrier, and with any preservatives, buffers, or propetlants that are
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required.

{08271 As used herein, the term “pharmaceutically acceptable” refers to those compounds,
conjugates, anions, cations, materials, compositions, carriers, and/or dosage forms which are,
within the scope of sound medical judgment, suitable for use 1 contact with the tissues of human
beings and animals without excessive toxicity, irritation, allergic response, or other problem or
complication, commensurate with a reasonable benefit/risk ratio.

{08281 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 accepiable for
veterinary use as well as human pharmaceutical use. A “pharmaceutically acceptable excipient”
as used in the specification and claims includes both one and more than one such excipient.
{08291 It 1s to be understood that a pharmaceutical compostiton of the disclosure s formulated to
be compatible with its intended route of administration. Examples of routes of adminustration
mchude parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., ingesticn), inhalation,
transdermal (topical}, and transmucosal adminstration. Solutions or suspensions used for
parenteral, intradermal, or subcutaneous application can include the following components: a
sterile diluent such as water for 1njection, saline solution, fixed ous, polyethylene glycols,
glycerine, propylene giyeol or other synthetic solvents; antibacterial agents such as benzyl
alcohol or methy! parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating
agenis such as ethylenediaminetetraacetic acid; buffers such as acetates, citrates or phosphates,
and agents for the adjustment of tomcity such as sodium chioride or dextrose. The pH can be
adjusted with acids or bases, such as hydrochioric acid or sodnum hydroxide. The parenteral
preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made of
glass or plastic.

[0830] I 1s to be understood that a compound or pharmaceutical composition of the disclosure
can be adminstered to a subject in many of the well-known methods corrently used for
chemotherapeutic treatment. For example, a compound of the disclosure may be injected into the
blood stream or body cavities or taken orally or 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
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reasonable period after treatment.

08317 As used herein, the term “therapeutically effective amount”, refers to an amount of a
pharmaceuiical agent 1o freat, ameliorate, or prevent an identified disease or condition, or o
exhibit a detectable therapeutic or mhibrtory 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 the
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,

{08321 As used herein, the term “therapeutically effective amount”, refers to an amount of a
pharmaceuiical agent to treat or ameliorate an identified disease or condition, or to 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 the therapeutic or
combination of therapeutics selected for administration. Therapeutically effective amounts for a
given situation can be determined by routine experimentation that 13 within the skill and
judgment of the clintcian.

(08331 K15 to be understood that, for any compound, the therapeutically effective amount can be
estimated 1matially either 10 cell culture assays, e.g., of neoplastic cells, or 1o ammal models,
usually rats, mice, rabbits, dogs, or pigs. The amimal 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 in humans. Therapeotic/prophvlactic
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 LDse {the dose lethal to 50 % of the population). The dose ratic between toxic and
therapeutic effects is the therapeutic index, and 1t can be expressed as the ratio, EDse/Else.
Pharmaceutical compositions that exhibit large therapeutic indices are preferred. The dosage may
vary within this range depending upon the dosage form employed, sensitivity of the patient, and
the route of administration.

[08341 Dosage and administration are adjusted to provide sufficient levels of the active agent(s}

or to mainiain the desired effect. Factors which may be taken into account include the severity of
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the disease state, general health of the subject, age, weight, and gender of the subject, diet, time
and frequency of adnunistration, drug combination(s), reaction sensitivities, and
tolerance/response to therapy. Long-acting pharmaceutical compositions may be administered
every 3 to 4 days, every week, or once every itwo weeks depending on haif-life and clearance rate
of the particular formulation.

{08357 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, dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating,
entrapping, or lyophilizing 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 administration chosen.

{08361 Pharmaceutical compositions suitable for injectable use include sterile agueous solutions
{where water soluble) or dispersions and sterile powders for the extemporaneous preparation of
sterile ingectable solutions or dispersion. For intravenous administration, suitable carriers include
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J) or
phosphate buffered saline (PBS}. In all cases, the composition must be sterile and should be fluid
to the extent that easy syringeability exists. 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 contatning, for example,
water, ethanol, polyol (for example, glvcerol, propylene glycol, and liquid polyethylene glycol,
and the like), and suitable mixtures thereof. The proper fluidity can be maintained, for example,
by the use of a coating such as lecithin, by the maintenance of the required particle size in the
case of dispersion and by the use of surfactants. Prevention of the action of microorganisms can
be achieved by various antibactenial and antifungal agents, for example, parabens, chlorobutanol,
phenol, ascorbic acid, thimerosal, and the like. In roany cases, it will be preferable to include
sotonic agents, for example, sugars, polyalcohols such as mannitol and sorbitol, and sodium
chloride in the composition. Prolonged absorption of the mjectable compositions can be brought
about by mcluding in the composition an agent which delays absorption, for example, aluminum

monostearate and gelatin,
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{08377 Sterile injectable solutions can be prepared by incorporating the active compound in the
required amount in an appropriate solvent with one or a combination of ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
mcorporating the active compound inio 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 drving and
freeze-drying that vields a powder of the active ingredient plus any additional desired ingredient
from a previously sterile-filtered solution thereof.

08381 Oral compositions generally include an inert diluent or an edible pharmaceutically
acceptable carrier. They can be enclosed in gelatin capsules or compressed into tablets. For the
purpose of oral therapeutic administration, the active compound can be incorporated with
excipients and used in the form of tablets, troches, or capsules. Oral compositions can also be
prepared using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier
is applied orally and swished and expectorated or swallowed. Pharmaceutically compatible
binding agents, and/or adjuvant materials can be mcluded as part of the composition. The tablets,
pills, capsules, troches and the like can contain any of the following ingredients, or compounds
of a stmuilar nature: a binder such as microcrystalline cellulose, gum tragacanth or gelatin; an
excipient such as starch or lactose, a disintegrating agent such as alginic acid, Primogel, or com
starch; a lubricant such as magnesium stearate or Sterotes; a ghdant such as collowdal silicon
dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring agent such as
peppermint, methyl salicylate, orange Havoring.

[0839] For admuustration by mhalation, 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.

[0840] For intranasal admimstration, the compounds are delivered in solution or solid
formulation. In some embodiments, the compounds are delivered in solution as a mist, a drip, or
a swab. In some embodiments, the compounds are delivered as a powder. In some embodiments,
the compound is included in a kit which further inchides an intranasal applicator.

[0841] Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated

are used in the formulation. Such penetranis are generally known in the art, and include, for
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example, for transmucosal administration, detergents, bile salts, and fusidic acid derivatives.
Transmucosal administration can be accomplished through the use of nasal sprays or
suppositories. For transdermal administration, the active compounds are formulated into
omtments, salves, gels, or creams as generally known in the art.

[0842] The active compounds can be prepared with pharmaceutically acceptable carriers that
will protect the compound against rapid elimination from the body, such as a conirolled release
formulation, including implants and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides,
polvglycolic acid, collagen, polyorthoesters, and polylactic acitd. Methods for preparation of such
formulations will be apparent to those skilled in the art. The materials can also be obtained
commercially from Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions
{including liposomes targeted to infected cells with monoclonal anttbodies to viral antigens) can
also be used as pharmaceutically acceptable carriers. These can be prepared according to
methods known to those skilled in the art, for example, as described in U.S. Pat. No. 4,522 811
(08437 Ht1s especially advantageous to formulate oral or parenteral compositions in dosage unut
form for ease of administration and uniformity of dosage. Dosage unit form as used herein refers
to physically discrete units suited as unttary dosages for the subject to be treated; each unit
containing a predetermined quantity of active compound calculated to produce the destred
therapeutic effect in association with the required pharmaceutical carrier. The specification for
the dosage unit forms of the disclosure are dictated by and directly dependent on the unique
characteristics of the active compound and the particular therapeutic effect to be achieved.

[0844] In therapeutic applications, the dosages of the pharmaceutical compositions used n
accordance with the disclosure vary depending on the agent, the age, weight, and climical
condition of the recipient patient, and the experience and judgment of the clinician or practitioner
adnunistering the therapy, among other factors affecting the selected dosage. Generally, the dose
should be sofficient to result in slowing, and preferably regressing, the symptoms of the disease
or disorder disclosed herein and also preferably causing complete regression of the disease or
disorder. Dosages can range from about 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 in survival and

erowth indicates regression. As used herein, the term “dosage effective manner” refers to amount
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of an active compound to produce the desired biological effect in a subject or cell.

{08457 It 1s to be understood that the pharmaceutical compositions can be included in a
container, pack, or dispenser together with instructions for administration.

[0846] It1s to be understood that, for the compounds or conjugates of the present disclosure
being capable of further forming salis, all of these forms are also contemplated within the scope
of the claimed disclosure.

{08471 As used herein, the term “pharmaceutically acceptable salts” refer to dertvatives of the
compounds of the present disclosure wherein the parent compound is modified by making acid
or base salis thereof. Examples of pharmaceutically acceptable salis include, but are not limited
to, mineral or organic acid salts of basic residues such as amines, alkali or organic salts of acidic
residues such as carboxylic acids, and the like. The pharmaceutically acceptable salts include the
conventional non-toxic salis or the guaternary ammoniurm salts of the parent compound formed,
for example, from non-toxic morganic or organic acids. For example, such conventional non-
toxic salts include, but are not limited to, those derived from norganic and organic acids selected
from 2-acetoxybenzoic, 2-hydroxyethane sulfonic, acetic, ascorbic, benzene sulfonic, benzoic,
bicarbonic, carbonig, citrie, edetic, ethane disulfonie, 1,2-sthane sultfonic, fumaric,
glucoheptonic, gluconic, glutamie, glycolic, glyveollvarsanilie, hexylresorcinic, hydrabanue,
hydrobromie, hydrochlorie, hyvdrowdic, hydroxyroaleic, hydroxynaphthoic, sethiomc, lactie,
lactobionic, lauryl sulfonic, maleic, malic, mandelic, methane sulfonic, napsylic, mitric, oxalic,
pamoic, pantothenic, phenylacetic, phosphoric, polygalactaronic, propiouic, salicylic, stearie,
subacetic, succinic, sulfamic, sulfamlic, sulfurie, tanme, tartaric, toluene sulfonic, and the
commonly occurring amne acids, e.g., glyeine, alanine, phenylalaning, arginine, etc.

[0848] In some embodiments, the pharmaceutically acceptable salt 15 a sodium salt, a potassium
salt, a calcium salt, 2 magnesiom salt, a diethviamine salt, a choline salt, a meglumine salt, a
benzathime salt, a tromethamine salt, an animonia salt, an arginime salt, or a lysine salt.

{08491 Other examples of pharmaceutically acceptable salts include hexanoic acid, cyclopentane
propionic acid, pyruvic acid, malonic acid, 3-(4-hydroxybenzovibenzoic acid, cinnamic acid, 4~
chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic
acid, 4-methytucyclo-{2.2.2]-cct-2-ene-1-carboxylic acid, 3-phenyipropionic acid,
trimethylacetic acid, tertiary butylacetic acid, muconic acid, and the Like. The present disclosure

also encompasses salts formed when an acidic proton present in the parent compound either is
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replaced by a metal ton, e.g., an alkali metal 1on, an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine, diethanolamine, triethanclamine,
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, orany ratic other than 1:1, e.g., 311,
2.1, 12, or 123

{08501 1t 1s to be understood that all references to pharmaceutically acceptable salts include
solvent addition forms (solvates) or crystal forms (polymorphs) as defined herein, of the same
salt.

(08511 The compounds, or pharmaceutically acceptable salts thereof, are administered orally,
nasally, transdermally, pulmonary, inhalationally, buccally, sublingually, intraperitoneally,
subcutaneously, mtramuscularly, intravencusly, rectally, intrapleurally, intrathecally and
parenterally. In some embodiments, the compound is administered orally. One skilled in the art
will recognize the advantages of certain routes of administration.

108521 The dosage regimen utilizing 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 admimistration; the renal and hepatic function of the
patient; and the particular compound or salt thereof emploved. An ordinanly skilled physician or
veterinarian can readily determine and prescribe the effective arnount of the drug required to
prevent, counter, or arrest the progress of the condition. An ordivardy 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.

{08531 Techmques for formulation and admimistration of the disclosed compounds of the
disclosure can be found in Remington: the Science and Practice of Fharmacy, 19% edition, Mack
Publishing Co., Easton, PA (1995}, In an embodument, the compounds described herein, and the
pharmaceutically acceptable salts thereof, are used in pharmaceutical preparations in
combination with a pharmaceutically acceptable carrier or diluent. Suitable pharmaceutically
acceptable carriers inchude inert sokid fillers or diluents and sterile aqueous organic solutions.
The compounds will be present in such pharmaceutical compositions in amounts sufficient to
provide the desired dosage amount in the range described herein.

(08541 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
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provided examples illustrate different components and methodology useful in practicing the
present disclosure. The examples do not limit the claimed disciosure. Based on the present
disclosure the skilled artisan can identify and employ other components and methodology useful
for practicing the present disclosure.

[0855] In the synthetic schemes described herein, compounds may be drawn with one particular
configuration for simplicity. Such particular configurations are not to be consirued as limiting the
disclosure to one or ancther isomer, tautomer, regioisomer or steresisomer, nor does it exclude
mixtures of isomers, fautomers, regioisomers or sterecisomers; however, it will be understood
that a given isomer, tautomer, regioisomer of sterecisomer may have a higher level of activity
than another isomer, tautomer, regicisomer OF Stereoisoner,

(08561 All publications and patent documents cited herein are incorporated herein by reference
as if each such publication or document was specifically and individually mdicated to 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 adnussion as 1o the
contents or date of the same. The invention having now been described by way of written
description, those of skill i the art will recognize that the invention can be practiced 1n a variety
of embodiments and that the foregoing description and examples below are for purposes of
llustration and not hmutation of the claims that follow,

Exemplary Embodiments

(08571 Esemplary Embodiment No. 1. A compound of Formula (1), (Ii), ({1}, or (IV}:

R55
Z
R‘:
R2
Y (8
R55
O Rv a—*
z R4 R
R3 ; R2
X &s\Y
(i),
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or a pharmaceutically acceptable salt thereof, wherem:

L 1s a lipid moiety;

Bis H, Ci-Ce alkyl, or a nucleobase moiety;

Vs -0-, -NRY-, or -C{RV )

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

3 15 -(CR™RM)-NH-* 1n which * denotes attachment to L; or @ 1s {s-Cro arylene or 5- to
10-membered heteroarylene, wherein the Ce-Cio arylene or 5- to 10-membered hetercarylene is
optionally substituted with one or more R

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

X is H, halogen, or -OR™;

R* is H, C1-Cs alkyl, or -(Ci-Cs alkyD-(Co-Cio aryl), wherein the C1-Cs alkyl or -{Ci-Cs
alky$-{Ce-Cio aryl) is optionally substituted with one or more R™; or R® and R* together form
C1-Co alkylene;

each R™ independently is halogen, C1-Cs alkyl, or ~0-{Ci-Cs alky!}, wherein the C1-Cs

alkyl or -0-(C1-Co alkyl) 1s optionally substituted with one or more halogen;
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Y is H, C1-Ce alkyl optionally substituted with one or more halogen, -P(RY), -
PORYN(R Y}, -PEONORVIRY, -P(=SHORMIRY, -PEOHSRNRY, -PESHSRHRY, -
PEONORY Y, -PESHOR Y, -P(=OXSRY )2, -P(=S}SRY):, 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 H, C1-Cs alkyl optionally substituted with one or more halogen, -P(R”), -
PORDUN(R R}, -P(=0}ORNR?, -P(=SHORNR?, -P(=0}SROR?, -P(=SHSR/ IR, -
P(=0XO0OR" ), -P(=SYOR )2, -P(=ONSR )2, -P(=5)(SR")2, or a hydroxy protecting group;

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

or Y and 7 in Formula (1) or (Iff}, together form -Si{R* 12-0-Si(R" }o-, wherein each R~
mdependently is H or Ci-Cs alkyl;

each R® independently 15 H, halogen, or C1-Cs alky! optionally substituted with one or
more halogen;

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

R? 15 H, halogen, or Ci-Cs alkyl optionally substituted with one or more halogen;

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

R*is H, halogen, or C1-Cs alkyl optionally substituted with one or more halogen; or R*
and R™ together form C1-Cs alkylene;

each R® mdependently 15 H, halogen, or C1-Cs alkyl optionally substituted with one or
more halogen; and

n 1s an integer ranging from about 0 to about 10,

[0858] Exemplary Embeodiment No. 2. A conjugate or a pharmaceutically acceptable salt
thereof, comprising:

{1} one or more Nucleie Acid Agent; and

(i1} one or more Lipid-Based Ligand Unit, wherein each Lipid-Based Ligand Unit

independently is:
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wherein:

variables L, B, V, §, X, R n, RY, RZ R} B2 R’ R and R® are described in Exemplary
Embodiment No. 1; and
when the Lipid-Based Ligand Umt 15 at the 37 -ternunus of the Nucleic Acid Agent,

# 15 an attachment to the rest of the conjugate; and

##1s H, -P(RY )2, -PORVUN(R 1), -P(=0HORMRY, -P(=S)ORMRY, -P(=0)} SRR, -
PESHSRORY, -PEONORY ), -P(=S)OR ), -P(=0}SRY ), -P(=S¥SR ), or a hydroxy
protecting group,; or
when the Lipid-Based Ligand Unit is at the 5" -terminus of the Nucleic Acid Agent,

#is H, -P(R™ ), -P{ORMYN(R ), -PONORANR?, -P(=S)OR"IR”, -P(=0) SR )R, -
PESHSRORY, -PEONORY ), -PESHORY ), -P(=0)SR ), -P(=S)} SR}, or a hydroxy
protecting group; and

## 15 an attachment to the rest of the conjugate; or

each of # and ## independently is an attachment to the rest of the conjugate.

(08591 Exemplary Embodiment No. 3.  The compound or conjugate of any one of the

preceding Exemplary Embodiments, wherein L is -C{(=0}R" or -C(=8)R*, wherein:
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R is C2-Cono hydrocarbon chain or 2- to 200-membered hetero-hydrocarbon chain,
wherein the {2-Cone hydrocarbon chain or 2- to 200-membered hetero-hydrocarbon chain is
optionally substituted with one or more R

each RY independently is oxo, dihalocarbene, cyano, halogen, -OH, -O{C-Crz alkyl), -
Q{Cs-Cro aryh), -COOH, -COG(Ci-Ciz alkyl), -CO(Ci-Cao alkyly, -NHCO(C:-Cao alkyl), -
CONHy, -CONI(C1-Ciz alkyl), -CON(C:i-Ciz alkyiyy, -C{OINHOH, -SO3H, -80:(Ci-Ci2 alkyl),
~NHz, -NH{C1-Ciz alkyh), -N(Ci-Ciz alkyl}z, -5{C1-Cr2 alkyl), -S{Coe-Cro aryl}, -P{(Cs-Cro arvl, -
OPEOYOY0-(Ci-Cr alkylene)-NMes™, C1-Crz alkyl, Co-Cro alkenyl, Co-Ciz alkynyl, C3-Cs
cycloalkyl, 3- to §-membered heterocycloalkyl, Cs-Cio aryl, or 5- to 10-membered heteroarvl,
wherein the -O(C1-Ciz alkyl), -O(Ce-Cio aryl), -COO(C:-Crz alkyl), -CO(Ci-Cao alkyly, -
NHCO(C-Cao allyl), -CONH(Ci-Crz alkyl), -CON(Ci-Ciz alkyl), -SOs(Ci-Crz alkyly, -NH(C:-
Ciz alkyl), -N{Ci-Ciz alkylyz, -8(Ci-Ciz alkyly, -S{Cs-Cre arvl), -P(Co-Cio aryl)s, -OPEOHOH0-
(Ci-Cr2 alkylene}-NMes™, Ci-Ciz alkyl, Co-Ciz alkenyl, C2-Ciz alkynyl, C5-Ce cycloalkyl, 3- to 8-
membered heterocycloalkyl, Co-Cio aryl, or 5~ to 10-membered hetercary! is optionally
substituted with one or more R™; or

two RY, together with the one or more intervening atorns, form Cs-Cs cycloalkyl, 3~ to 8-
membered heterocycloalkyl, Co-Cis aryl, or 5-to 1 S-membered heteroaryl, wherein the C3-Cs
cycloalkyl, 3~ to 8-membered heterocycloalkyl, Ce-Cis arvl, or 3- to 15-membered heteroaryl s
optionally substituted with one or more R™; and

each R independently is oxo, halogen, -OH, -O(C1-Ciz alkyl), -SH, -S(C1-Ci2 alkyl), -
NHz, -NH(C1-Ciz altkyly, -N{C1-Ciz alkyl)e, Ci-Ciz alkyl, C2-Ciz alkenyl, Ca-Ciz alkynyl, C3-Cs
cycloalkyl, 3- to 8-membered heterocycloalkyl optionally substituted with one or more Ci1-Ci2
alkyl, Cs-Cio aryl, or 3~ to 10~-membered heteroaryl; or

two RM together with the one or more intervening atoms, form Ca-Ce eycloalkyl, 3- to 8-
membered heterocycloalkyl, Cs-Cio aryl, or 5- to 180-membered heteroaryl
(08601 Esemplary Embodiment No. 4. The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R 13 C2-Cas hvdrocarbon chain optionally
substituted with one or more R¥
(08617 Exemplary Embediment Ne. 5. The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein RYis 2- to 35-membered hetero-hydrocarbon chain

optionally substituted with one or more R
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[0862] Exemplary Embodiment No. 6. The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R is oxo.

[0863] Exemplary Embodiment No. 7, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R is dihalocarbene.

[0864] Exemplary Embodiment No. 8, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R¥ is cyano.

(08651 Exemplary Embodiment No. 8. The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R* is halogen.

[0866]1 Exemplary Embodiment No, 18,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R* is -OH, -O(C1-Ci2 alkyl), or -O(Ce-
Cro aryl}, wherein the -O{C1-Ciz alkyl) or -O(Cs-Cio aryl) is optionally substituted with one or
more R,

(08671 Exemplary Embodiment No. 11, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R" is -COOH, -COO{C1-C2 alkyl), -
CO(Ci-Cao alkyl), -CONHz, -CONB{C:-Ci» alkyl), -CON{C1-Ciz alkyi)e, or ~-C{ONHOH,,
wheretn the -COO(Ci-Ciz alkyl), -CO(C1-Cao alkyl), ~-CONR({C:-Chp alkyl), or -CON(Ci-Ciz
alkyl): 1s optionally substituted with one or more RM,

{08681 Exemplary Embediment No. 12, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RY is -NHCO(C1-Cae alkyl) optionally
substituted with one or more RM.

[0869] Exemplary Embodiment No. 13, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RY 15 -SO:H or -SO:(Ci-Cr2 alkyl)
optionally substituted with one or more R™,

[0870] Exemplary Embodiment No. 14, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RY is -NH, -NH{(C:1-Cu2 atkyl), or -
N{C:-Ci2 alkyllz, wherein the -NH{C1-Crz alkyl} or -N{Ci-Ci2 alkylk is optionally substituted
with one or more R™.

(08711 Exemplary Embodiment No, 15,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R¥ is -8(C;-Ciz alkyl) or -S{Ce-Cro
aryl), wherein the -8(C1-Ciz alkyl) or -8(Cs-Cro arvl) is optionally substituted with one or more

RL?
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(08721 Exemplary Embodiment No, 16,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R is -P{Cs-Cio aryl)z or -OPEONO
YO-(Cr-Cr2 alkylene)-NMes™, wherein the -P(Cs-Cio arvl)s or -OPEOWOHY0-(Ci-Cr2 alkylene)-
NMe:" is optionally substituted with one or more R,

[0873] Exemplary Embodiment No. 17,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R¥ is C:-Ci2 alkyl optionally
substituted with one or more R,

(08741 Exemplary Embediment Mo. 18,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RY is (2-C1s alkenyl optionally
substituted with one or more R™.

[08731 Exemplary Embodiment No. 19, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R™ is Co-Ci2 alkynyl optionally
substituted with one or more R™.

(08761 Exemplary Embediment Mo, 26.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R¥ is C3-Cs cycloalky! optionally
substituted with one or more R™.

(08771 Exemplary Embodiment No. 21, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R is 3- to 8-membered
heterocycloalkyl optionally substituted with one or more RM.

{0878} Esemplary Embodiment No. 22, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R is Ce-Cio aryl optionally substituted
with one or more RM,

[0879] Exemplary Embodiment No. 23.  The compound or conjugate of any one of the
preceding Bxemplary Embodiments, wherein at least one RY i3 5- to 10-membered heteroaryl
optionally substituted with one or more R™,

{0880} Esemplary Embodiment No, 24, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein two RY, together with the one or more intervening
atoms, form C3-Ce cycloalkyl optionally substituted with one or more RV,

[0881] Exemplary Embediment MNe. 28,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein two RY, together with the one or more intervening

atoms, form 3- to S-membered heterocycloalkyl optionally substituted with one or more RY,
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(08821 Exemplary Embodiment No. 26,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein two RY, together with the one or more intervening
atoms, form Ce-Cis aryl optionally substituted with one or more R,

[0883] Exemplary Embodiment No. 27. The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein two R, together with the one or more intervening
atoms, form 5- to 1S-membered heteroaryl optionally substituted with one or more R™,

{08841 Exemplary Embodiment No, 28,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R™ is oxo.

(088531 Exemplary Embodiment No. 29,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R™ is halogen.

(08861 Exemplary Embodiment No, 38,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R is -OH or -O{Ci-Ciz alkyl).
{08871 Exemplary Embodiment No. 31,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R™ is -SH or -S{C1-Ci2 alkyl).

[0888] Exemplary Embodiment No. 32.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R™ is -NHy, -NH(Ci-Ci2 alkyl), or -
N(Ci-Ciz alky .

{08891 Exemplary Embediment No. 33, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RY is C1-Chiz alkyl, C2-Chz alkenyl, or
Cz-Ciz alkynyl.

[0890] Exemplary Embodiment No. 34, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RY 15 (3-Cs cycloalkyl.

[0891] Exemplary Embodiment No. 35, The compound or conjugate of any one of the
preceding Bxemplary Embodiments, wherein at least one R™ is 3- to &-membered
heterocycloalkyl optionally substituted with one or more Ci-Ciz alkyl.

(0892} Esemplary Embodiment No, 36, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R is Cs-Cio aryl.

[0893] Exemplary Embodiment No. 37,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R* is 5- to 10-membered heteroaryl.
(08941 Exemplary Embodiment No, 38,  The compound or conjugate of any one of the

preceding Exemplary Embodiments, wherein two R', together with the one or more intervening
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atoms, form C3-Ce cycioalkyl.

[0895] Exemplary Embediment Neo. 39.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein two R™, together with the one or more intervening
atoms, form 3- to S-membered heterocycloalkyl

[0896] Exemplary Embodiment No. 40,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein two R™, together with the one or more intervening
atoms, form Ce-Cio aryl.

(08971 Exemplary Embediment Mo. 41,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein two R™, together with the one or more intervening
atoms, form 5- to 10-membered hetercaryl.

(08981 Exemplary Embodiment No. 42,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein L is selected from the structures described in
Tables X and Y.

(08991 Exemplary Embediment Mo. 43.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein B 5 H.

(09001 Exemplary Embodiment No. 44.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein B 5 C1-Cs alkyl

{00017 Exemplary Embediment No. 45,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein B 15 a nucleobase moiety.

(0902} Esemplary Embodiment No. 46,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein the nuclesbase motety 15 adenine (A}, cytosine (C},
guanine (G}, thymme (T}, or uraci] {U).

[0903] Exemplary Embodiment No. 47.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein the nucleobase motety 18 a modified nucleobase.
[0904] Exemplary Embodiment No. 48.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein the nucleobase moitety s an artificial nucleobase.
(09051 Exemplary Embediment MNe. 49.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein V 15 -O-.

[0906] Exemplary Embediment MNe. 3¢.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein V is -NR"-.

[0907] Exemplary Embediment Ne. 31, The compound or conjugate of any one of the
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preceding Exemplary Embodiments, wherein V is -C(RY)2-.

[0908] Exemplary Embediment Neo. 52.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RV is H.

[0909] Exemplary Embodiment No. 833.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RV is ('1-Cs alkyi optionally substituted
with one or more halogen.

{0910} Exemplary Embodiment No. 34,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein Q is -{CR*R*).-NH-* in which ¥ denotes
attachment to L.

[0911] Exemplary Embediment Mo. 88, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein @ is Cs-Cro arylene optionally substituted with one
or more RY,

(09121 Exemplary Embodiment No. 36, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein Q is 5- to 10-membered heteroarylene optionally
substituted with one or more RY.

(09131 Exemplary Embeodiment No. 87, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RY is halogen.

(00141 Exemplary Embeodiment No. 88,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RY is C1-Cs alky! optionally substituted
with one or more halogen.

[0915] Exemplary Embodiment No. 39, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein X 13 H.

[0916] Exemplary Embodiment No. 68.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein X 1s halogen.

[0917] Exemplary Embediment No. 61, The compound or conjugate of any one of the
preceding Fxemplary Embodiments, wherein X is -OR™.

[0918] Exemplary Embediment Ne. 62.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein X 15 -OH.

[0919] Exemplary Embediment MNe. 63.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein X s -0-{C1-Cs alkyl).

[0920] Exemplary Embediment Ne. 64.  The compound or conjugate of any one of the

240
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preceding Exemplary Embodiments, wherein X 15 ~0-{C1-Cs alkyl}-0-{Ci-Co alkyh).

(09217 Exemplary Embediment Neo. 68.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein X 15 -O-{C1-Cs alkyl}-{Ts-Cro aryt) optionally
substituted with one or more R™

[0922] Exemplary Embodiment No. 66,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein X is -0-(Ci-Cs alkyl}-{Ce-Cio aryi).

(09231 Exemplary Embodiment No, 67, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R™ is H.

[0924]1 Exemplary Embodiment No. 68, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R™ is C1-Cs alkyl optionally substituted with one or
more halogen or -0-{Ci-Co alkyl) optionally substituted with one or more halogen.

(092571 Exemplary Embediment Mo, 69,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R™ is -{C1-Cs alky)-{Cs-Cio aryl) optionally
substituted with one or more halogen, C:-Cs alkyl, or -0-(Ci-Co alkyl), wherein the C1-Ce alkyl
or -0~{C1-Cs alkyl) is optionally substituted with one or more halogen.

(09261 Exemplary Embeodiment No. 76.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein RY 15 «(C1-Cs alkyl)-{Ce-Cio aryl).

(09271 Exemplary Embediment No. 71, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R and R together form C1-Cs alkylene.

(0928} Esemplary Embodiment No. 72, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wheremn Y 1s H.

[0929] Exemplary Embodiment No. 73, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein Y 1s (1-Cs alkyl optionally substituted with one or
more halogen.

[0930] Exemplary Embeodiment No. 74, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein Y 15 -P(RV )2, -PIORVYNR )2}, -PEOHORVHRY, -
PESHORVIRY, -PEOHSRYRY, -PESHERORY, -PEONOR Y, -P=SYORY )y, -P(=0)SR )y,
or -P(=S)}SR" .

[0931] Exemplary Embediment Ne. 78,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein Y s a hydroxy protecting group.

[0932] Exemplary Embediment Ne. 76.  The compound or conjugate of any one of the

241
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preceding Exemplary Embodiments, wherein Y s silyl

(09331 Exemplary Embediment No. 77.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein Y s triphenylmethy! (Tt} or 4,4'-dimethoxytriiyl
{DMTr}.

[0934] Exemplary Embodiment No. 78, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein Y 1s optionally substituted acy! or benzyl.

(09351 Exemplary Embodiment No. 79, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RY is H.

[0936] Exemplary Embodiment No. 80, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RY is C1-Cs alky! optionally substituted
with one or more halogen or cyano.

{09371 Exemplary Embediment Mo. 81,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one RY is H, and at least one RY is C1-Cs
alkyl optionally substituted with one or more halogen or cyano.

[0938] Exemplary Embodiment No. 82.  The compound or conjugate of any one of the
preceding BExemplary Embodiments, wherein when X is -OH, then Y 13 not H or a hydroxy
protecting group.

{00391 Exemplary Embediment No. 83,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein when X 15 -OH, then Y 15 Ci~Cs alkyl optionally
substituted with one or more halogen, -P(RY )2, -PORV(N(R 1z}, -P(=O}ORMRY, -
PESHORVIRY, -PEOHSRORY, -PESHERRY, -P(=0XOR ), -P=RHORY ), -PE0)SR ),
or -P(=S)SR" ).

[0940] Exemplary Embodiment No. 84, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein when Y is H or a hydroxy protecting group, then X
is not -OH.

(0941} Esemplary Embodiment No, 85, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein when Y 13 H or a hydroxy protecting group, then X
is H, halogen, or -OR” and R™ is C1-Cs alkyl or «{(C1-Cs alkyl)-{Cs-Cro aryl), wherein the Ci-Ce
alkyl or -{C1-Ce alkyD)-(Ce-Cro aryl) is optionally substituted with one or more R™.

(09421 Exemplary Embodiment No, 86,  The compound or conjugate of any one of the

preceding Exemplary Embodiments, wherein Z is H.

242

242



WO 2024/229397 PCT/US2024/027763

{09437 Exemplary Embodiment No. 87,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein Z is Ci-Cs alkyl! optionally substituted with one or
more halogen.

[0944] Exemplary Embodiment No. 88. The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein Z is -P(R%), -P{ORZ){(N(R?)2), -P(=0)OR*IR?, -
P=SYORDRY, -P(=O)SRHYR?, -P(=S)SRYR?, -P(=0)OR 2, -P(=8)}OR ), -P(=0O)SR%), or
PESHSR

{09457 Exemplary Embeodiment Mo. 8%,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein Z is a hydroxy protecting group.

(09461 Exemplary Embediment Mo, 96,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein Z is silyl

{09471 Exemplary Embediment Mo, 91.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein £ 1s triphenyimethyl (Tr) or 4,4"-dimethoxytrityl
(DMTT).

[0948] Exemplary Embodiment No. 92.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein £ s substituted acyl or benzyl

[0949] Exemplary Embodiment No. 93, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R is H.

(09501 Exemplary Embodiment No. 94,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R” 15 C1-Cs alky] optionally substituted
with one or more halogen or cyano.

[0951] Exemplary Embodiment No. 98, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R is H, and at least one R? 15 (1-Cs
alkyl optionally substituted with one or more halogen or cyvano.

[0952] Exemplary Embediment No. 96.  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein Y and 7 1n Formula (I} or (1), together form -
SHRY 1-0-SiRY -

(09531 Exemplary Embodiment No, 87,  The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein at least one R¥" 13 H.

(09541 Exemplary Embodiment No, 98,  The compound or conjugate of any one of the

preceding Exemplary Embodiments, wherein each R independently is C5-Cs alkyl
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(09551 Exemplary Embodiment No. 9%, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R is H.

[0956] Exemplary Embodiment No. 188, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R' is halogen.

[0957] Exemplary Embodiment No. 181, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R! is C1-Cs alkyl optionally substituted with one or
more halogen.

(09581 Exemplary Embediment Mo. 162. The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R* is H.

(09591 Exemplary Embediment Mo, 163, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R is halogen.

(09601 Exemplary Embediment Mo, 164, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R* is C1-Cs alkyl optionally substituted with one or
more halogen.

[0961] Exemplary Embodiment No, 185, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R* is H.

[0962] Exemplary Embodiment No. 1806, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R¥ is halogen.

(09631 Exemplary Embodiment No. 187, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R* is Ci-Ce alkyl optionally substituted with one or
more halogen.

[0964] Exemplary Embodiment No. 188, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R* i3 H.

[0965] Exemplary Embodiment No. 169, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wheretn R* 15 halogen.

(09661 Esemplary Embodiment No, 118, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R* i3 C1-Cs alkyl optionally substituted with one or
more halogen.

(09671 Exemplary Embediment Ne. 111, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R’ is H.

[0968] Exemplary Embediment Ne. 112. The compound or conjugate of any one of the
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preceding Exemplary Embodiments, wherein R° is halogen.

[0969] Exemplary Embediment Neo. 113, The compound or conjugate of any one of the
preceding Exemplary Embodiments, wherein R’ is Ci-Ce alkyl optionally substituted with one or
more halogen.

[0970] Exemplary Embodiment No. 1314, The compound of any one of the preceding
Exemplary Embodiments, wherein the compound 1s of Formula (I}, (1}, (), V™), (V'), or
(VI'):

Rs

ary,

(V); or Yooy

or ¢ pharmaceutically accepiable salt thereof.

[0971] Exemplary Embodiment No. 115, The compound of any one of the preceding
Exemplary Embodiments, wherein the compound 1s of Formula Formula (I-4), (11-A), (11-4),

(AV-A), (V-A), (VI-A), (VII-A), (VIT-A), (IC-A), (X-A), (XE-A), or (XIE-A):
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A (-A); Ty (-A);

e (V-A); Yo (A,

Y7 (VIL-A); oY (VITI-A);
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RY 5 RS .
0k gt 0t gL
Z Z
R4 R R4 R?
R® R® R3 R?
8 X X 0.
Y 3-A); or Y (XII-A);

or a pharmaceutically acceptable salt thereof

(09721 Exemplary Embodiment No. 116, The compound of any one of the preceding
Exemplary Emboduments, wheremn the compound is of Formula (U-A), (I77-A), (I1T-4), (IV™-A),
{(V>-A), (VI-A), (VIF-A), (VHP-A), (IX7-A), (X7-A), (XT'-A) or (XIT7-A)

Yr (-A): Y (T-A);

Lo /
mr-ay - (IV>-A);

Y- (V'-A): Yo Ay
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Y (VIU-A); Y (VIID-A);

Y° (XP-A): or Yo (xIr-A)
or g pharmaceutically acceptable salt thereof
(09731 Exemplary Embodiment No. 117, The compound of any one of the preceding
Exemplary Embodiments, wherein the compound s of Formula (I-B), (II-B), (III-B), (IV-B), (V-
B}, or (VI-B):
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R%s R R Ris Rre R
0 L O L
¥ \Y N~ Z’ \Y) N~
Z N H
A (1-B); oY (11-B);
o7 8
7 v
HN-CND Py
(HI-B); (V-B):
5 5.
R s R
ZIO*?;{QML Zi %QWL
v (V-B); o Y (B

or a pharmaceutically accepiable salt thereof.

[0974] Exemplary Embodiment No. 118, The compound of any one of the preceding
Exemplary Embodiments, wherein the compound is of Formula (I"-B}), (IU'-B), (II"-B), (IV’-B),
(V’-B), or (VI'-B):

. O,
v By, Y (ar-sy;
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Y° (V-BY; or (VI-B);
or a pharmaceutically acceptable salt thereof
[0975] Exemplary Embodiment No., 119, The compound of any one of the preceding
Exemplary Emboduments, wherein:

Y 13 a hydroxy protecting group, and Z is a hydroxy protecting group; or

Y and Z i Formula (1), (1, ), JI0), (V) (T-A), (JI-A), (V-A), (VII-A), (IX-A), (XI-
A), (D-A), (ID-A), (V7-A), (VIT-A), (1X7-A), (XT7-A), (I-B), (dII-B), (V-B), ('-B), (II"-B}, or
(V’-B) together form -Si{RY 1-0-Si{RE)o-, wherein each RN independently 18 H or C1-Cs alkyl.
[0976] Exemplary Embediment No. 128, The compound of any one of the preceding

Exemplary Embodiments, wherein the compound i

e o]
= ~ o ? Ze B
G > O- )
\wjﬁz_?,ﬂnt O QL = . |‘ G“Y QL S e
] J LN B By J
Y-t X X \JMY t:. E v X ) X NV

5

]
' > . Uj*\(
| j
1\N’L Ty

Ho,or H ,
or a pharmaceutically acceptable salt thereof, wherein:

Y is -P(RY ), -P(ORVMN(R )2}, -P(=0{ORIR", -P(=S}ORIRY, -P(=0)(SRIR", -
P(=S¥SRY)RY, -P(FOHOR g2, -P(=S){OR ), -P(=O)}SR "}, -P(=S)}SR" )2, or a hydroxy
protecting group {e.g., silvl {e.g,, trimethylsilyl, triethylalvl, tert-butyldimethylsilyl, tert-
butyldiphenvlsiyl, or trisopropylsilyly, ttiphenvimethyl (Tr), 4,4”-dimethoxytrity | (DMTr),
substituted acyl {e.g., optiovally substituted acetyl), or benzyl);

each RY independently 1s H or Ci-Cs alkyl optionally substituted with one or more
halogen or ¢yano;

7 is -P(R™ Y, -P(OR“YN(R )2}, -P(=0}OR”IR?, -P(=S)OR“IR”, -P(=O)}SRHR?, -
P(=SHSR"IR?, -P(=0)OR )2, -P(=S}OR"), -P(=OXSR )2, -P(=S}SR’)2, or a hydroxy
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protecting group {e.g., silyl {e.g , tnmethylsilyl, triethylsilyl, tert-butyldimethyisilyl, tert-
butyldiphenvisilyl, or triisopropylsilyl}, triphenylmethyl (T}, 4,4"-dimethoxytrityl {DMT7),
substituted acyl {e.g., optionally substituted acetyl}, or benzyly; and

each R” independently is H or C1-Cs alkyl optionally substituted with one or more
halogen or cyano.
(09771 Exemplary Embediment MNe. 121. The compound any one of the preceding Exemplary
Embodiments, wherein the compound is selected from the compounds described in Table L and
pharmaceutically acceptable salts thereof.
[0978]1 Exemplary Embodiment No, 122 The compound any one of the preceding Exemplary
Embodiments, wherein the compound is selected from the compounds described in Tables M and
P and pharmaceutically acceptable salts thereof.
109791 Exemplary Embediment Meo. 123. A compound being an isotopic derivative of the
compound of any one of the preceding Exemplary Embodiments.
(09807 Exemplary Embediment Mo. 124, The conjugate of any of the preceding Exemplary
Embodiments, wherein the conjugate comprises:

(Nucleie Acid Agent)-[{Lanker Unitho-i-(Lipid-Based Ligand Unitjlis; ot

{{Lipid-Based Ligand Unit)-(Lanker Unitho-1]i-3-{Nuclete Acid Agent)-[{Linker Unitho-i-(
Lipid-Based Ligand Unit)lis;
wherein:

each of the Linker Uit and Lipid-Based Ligand Unit, when attached to the Nucleic Acid
Agent {¢.g., sIRNA), independently 15 attached to a terminal position {e.g., a nucleotide at the 3°-
termunus or the 5™ ~terminus) or an internal posiion (e.g., a nucleotide that s not at the 37~
terminus or the 5’ -terminus} of the Nucleic Acid Agent {e.g., siRNA}Y, and

each Linker Unit 1s independent from another Linker Unit, and each Lipid-Based Ligand
Umt 1s independent from another Lipid-Based Ligand Unit.
(0981} Esemplary Embodiment No, 125, The conjugate of any one of the preceding

Exemplary Embodiments, wherein at least one Lipid-Based Ligand Unit in the conjugate is:
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HO-P-0 X
(f)‘.
o
#%-0
a-L
S
HO_P-O X

5

S

or a pharmaceutically acceptable salt thereof
[0982] Exemplary Embediment MNe. 126. The conjugate of any one of the preceding
Exemplary Embodiments, wherein at least one Lipid-Based Ligand Unit in the conjugate is
selected from the structures described in Table C.

[0983] Exemplary Embodiment No. 127, The conjugate of any one of the preceding
Exemplary Embodiments, wherein at least one Lipid-Based Ligand Uni in the conjugate s
selected from the structures described in Tables N and (3.

(098471 Exemplary Embediment Mo. 128. The conjugate of any one of the preceding
Exemplary Embodiments, wherein the Nucleic Acid Agent comprises an oligonuclectide.
(09851 Exemplary Embediment Mo. 129. The conjugate of any one of the preceding

Exemplary Embodiments, wherein the Nucleic Acid Agent comprises one or more phosphate
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groups of one or more analogs of a phosphate group.

[0986] Exemplary Embediment Neo. 136, The conjugate of any one of the preceding
Exemplary Embodiments, wherein the Linker Unit is attached to the Nucleic Acid Agentviaa
phosphate group, or an analog of a phosphate group, in the Nucleic Acid Agent.

[0987] Exemplary Embodiment No. 131, The conjugate of any one of the preceding
Exemplary Embodiments, wherein the Nucleic Acid Agent comprises an RNA.

(09881 Exemplary Embodiment No, 132, The 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.

109891 Exemplary Embediment Mo. 133, A pharmaceutical composition comprising the
compound or conjugate of the any one of the preceding Exemplary Embodiments.

(099071 Exemplary Embediment Mo. 134, 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.

109917 Exemplary Embodiment No. 135, A method of delivering a Nucleic Aaid Agenttoa
subject, comprising adminustering to the subject the conjugate of any one of the preceding
Exemplary Embodiments.

(0992} Esemplary Embodiment No. 136. A method of treating or preventing 8 disease in a
subject in need thereof, comprising admunistering to the subject a therapeutically effective
amount of the conjugate of any one of the preceding Exemplary Embodiments,

[0993] Exemplary Embodiment Ne. 137, The conjugate of any one of the precedmg
Exemplary Embodiments for modulating the expression of a target gene n a subject.

[0994] Exemplary Embodiment Ne. 138, The conjugate of any one of the precedmng
Exemplary Embodiments for delivering a Nucleie Acid Agent to a subject.

(099571 Exemplary Embediment Me. 139, The conjugate of any one of the preceding
Exemplary Embodiments for treating or preventing a disease in a subject in need thereof.
[0996] Exemplary Embediment Neo. 148, Use of the conjugate of any one of the preceding
Exemplary Embodiments 1n the manufacture of a medicament for modulating the expression of a

target gene in a subject.
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{09971 Exemplary Embodiment No. 141, 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.

[0998] Exemplary Embodiment No. 142. Use of the conjugatie of any one of the preceding
Exemplary Embodiments m the manufacture of a medicament for treating or preventing a
disease in a subject in need thereof.

(09991 Exemplary Embodiment No, 143, The method, conjugate, or use of any one of the

preceding Exemplary Embodiments, wherein the subject is a human.

EXAMPLES

Example 1. Synthesis of Lipid Amidites for Solid-phase Synthesis

1. Synthesis of Compound M-4, G1bT22

-4, 1. e}
1 . DMTrOemy 03 i
o AP N N T
DMTICI DNTi Oy O A v/ bR
SRS Y V’\?-J’]L<::21I-€43 : - R
TEA, DMAP, Py ) H CClL DCM J\ ? e
Step 3 HO OMe P SN
-4 . ,\

-4, G16C22

[1000] N-(3~({4aR 65,758,7aR)-2,2-di-tert-butyl-7-methoxytetrahydre-4H-fure{3,2-d}{1,3,2]
disxasilin-6-yl)propyl)docosanamide {1-2) To a stirred soluiion of 3-[{4aR 68,78,7aR}-2, 2-di-
tert-butyl-7-methoxy-tetrahy dro-4H-furof 3,2-d}{1,3,2]dioxastlin-6-yiipropan-1-aming (20 g, 57.9
mmol, 1 equiv }, docosanoic acid (19.68 g, 57.9 mmol, 1 equiv.), HOBt {9.38 g, 69.454 mmol,
1.2 equiv. ) and EDC-HCH(18.86 g, 98.39 mmol, 1.7 equiv.} in DCM (40 mL} was added 2,4,6-
trimethylpyridine (21.04 g, 173.6 mmol, 3 equiv.) dropwise at 0 °C under Ar atmosphere. The
resulting mixture was warmed to room temperature and stirred for 16 h. The reaction was
quenched with 60 mL water and the aqueous layer was re-extracted with DCM (60 mL x 3). The

combined organic layers were collected, washed with brine (60 mL), dried over anhydrous
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NazS04, and concentrated under vacuum to give a crude product. The crude product was then
purified by silica gel column chromatography, eluted with 5% MeOH in DCM to give N-{3-
({4aR, 68,75, 7aR}-2, 2-di-tert-buty l-7-methoxytetrahydro-4H-furof3,2-di{ 1,3, 2 }dioxasilin-6-
ylpropylidocosanamide (26 g, 67.3% yield) as a white solid. "H-NMR {400 MHz, Chloroform-
d} 0439438 (m, 1H)}, 428 -421 (m, 2H), 3.95-3.77 (m, 3H), 3.55 (s, 3H), 3.44 - 3.41 {m,
2H), 2.50 - 2.49 (m, 6H), 2.28 (s, 2 FI), 2.10 - 2.08 (m, 3H), 1.63 - 1.61 {m, 1H), 1.62 - 1.57 (m,
3H), 1.27 - 1.26 (m, 40H), 1.07 (s, 9FL), 1.04 (s, OH), 0.93 - 0.85 (m, 3H).

(10017 N-(3-((28,3R 4R SR)-4-hydroxy-S-(hyvdroxymethyl }-3-methovytetrahydrofuran-2-vi)
propyl}decesanamide {1-3) To a stirred solution of N-(3-((4aR,68,78,7aR}-2,2-di-tert-butyl-7-
methoxyietrabydro-4H-furo [3,2-d][1,3,2]dioxasitin-&-vpropylydocosananude {26 g, 38.95
mmol, 1 equiv.} in pyridine (100 mi) and DCM (100 mbL) was added HF-Pyridine (14.83 g,
97.38 mmol, 2.5 equiv., 63% wt) dropwise at 0 °C under nitrogen atmosphere. The resulting
mixture was stirred for 30 min at 0 °C under nitrogen atmosphere then concenirated under
reduced pressure. The residue was puritied by silica gel column chromatography and eluted with
DCM/ MeOH (12 : 1) to afford N-(3-({(28,3R 4R, SR)-4-hydroxy-3-(hydroxymethyl)-3-
methoxytetralydrofuran-2-ylpropylldocosanamide (18.2 g, 88.6% vield) as a white solid. 'H-
NMR (300 MHz, Chioroform-d) 5 4.10 (d, J = 5.4 Hz, 1H), 3.89 - 3.75 (m, 3H), 3.75 - 3.59 (m,
1H), 34545, 3H), 2,43 - 242 (m, 31), 217 (t, I =7.6 Hz, 2H), 1.26 - 1.25 (0, 43H), 0.93 - 0.83
{m, 3H).

(10027 R-(3~({28,3R 4R 5R)-5-{(bis(d-methoxyphenyi}{ phenyl jmethoxymethyl}-4-hydroxy-
3- methoxytetrahydrofuran-2-yhpropylidocosanamide (1-4} To a stirred solution of N-(3-
{((25,3R 4R, SR}-4-hydroxy-5-{hy droxymethyl}-3-methoxy tetrahydrofuran-2-
vihpropyhidocosanantide {18 g, 34.15 mmol, 1.0 equiv.), BMAP (0.42 g, 3 415 mmol, 0.1 equiv.)
and BN (711 mi, 51.23 mumol, 1.5 equiv.) in pyridine (200 wL) was added DMTr-C1{13.89 g,
40.98 mmol, 1.2 equav.) in portions at room temperature under argon atmosphere. The resulting
mixture was stirred at room temperature for 2 h under argon atmosphere. The reaction was
quenched with MeOH (5 mL} then concentrated under reduced pressure. The residue was
purified by reversed flash chromatography with the following conditions: Column: C18 silica
gel; Mobile phase: MeCUN in water, 50% to 100% gradient in 20 min, 100% hold 10 min;
Detector: UV 254 nm. The produci-containing fractions were pooled then concentrated under

reduced pressure to afford N-{3-((28,3R 4R, 5R}-5-{{us(4-
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methoxypheny !} phenyDmethoxyymethyl)-4-hydroxy-3- methoxytetrahydrofuran-2-
ylpropyhidocosanamide {(25.1 g, 88% yield) as a yellow otl. MS ESI (m/z) = 828.60 [M - HJ".
(10037 (2R, 3R 45,55)-2-{{bis{4-methoxyphenyl { phenyDmethoxy methyl}-5-(3-
docosanamide propyli-4-methoxytetrahydrofuran-3-vi (Z-cyanoethyl}
diisopropyiphosphoramidite (Compound M4, G1HC22) N-G-((25 3R 4R 5R)-5-({bis(4-
methoxypheny}{phenylimethoxy ymethyl}-4- hydroxy-3-methoxytetrahydrofuran-2-
vhpropyhdocosanamide (25 g, 30.156 mmol, 1 equiv.) was co-evaporated with dry MeCN (150
mb x 3} and then re-dissolved in DCM {150 mL}, marked as solution A which was protected
with argon before being used. 3-{[bis{duisapropylamino}phosphanyljoxy} propanenitrile {13.62
e, 45.23 mmol, 1.5 equiv.} was also co-evaporated with dry MeCN (100 mL x 3) then re-
dissolved m DCM (30 mL), marked as solution B. 1H-inudazole-4,5-dicarbonitrile (2.84 g, 24 12
mmol, 0.8 equiv.} was added into the solution B, followed by the addition of solution A at
ambient ternperature. The resulting mixture was charged with argon and stirred at room
temperature for 2 h. After completion, the mixture was quenched with cold saturated aq.
NaHCO: (500 mL) then extracted with DCM (800 mb x 3). The combined organic layers were
washed with brine (500 mL), dried over anhydrous NaxSOua. After filtration, the filtrate was
concentrated under reduced pressure. The residue was purified by reversed-phase flash
chromatography with the following conditions: Colurnn: C18 silica gel; Mobile phase: MeCN
water, S0% to 100% gradient 10 40 mn; Detector: UV 254 am. The product-containing fractions
were pooled then concentrated under reduced pressure to afford (2R,3R,48,583-2-((bis{(4-
methoxyphenyi}{phenyimethoxy ymethyly-5-(3-docosanamidopropyl}-4-
methoxytetrahydrofuran-3-y1 (2-cyanoethyl} dusopropyiphosphoramidite (21.1 g, 68% vield) as
a yellow otl. MS ESI (m/z) = 1130.85 {M + H]" TH-NMR (300 MHz, Acetonitrile-ds} 8 7.50 -
747 (m, 2H), 7.38 - 7.33 (m, TH), 6.91 - 6.87 {n, 4H), 6.36 - 6.34 {m, 1H), 434 - 417 {m, 1H),
411 -3.99 (m, 1H), 3.89 - 3.74 (m, 8F), 3.66 - 3.44 (m, 4H), 3.42 - 3.36 (m, 3H), 3.34 - 3.15 (m,
3H), 3.07 - 2.95 (m, 1H), 2.72 - 2.61 (m, 1H), 2.48 - 2.38 {m, 1), 2.17 - 2.16 (m, 2H), 1.73 -
1.47 (m, 6H), 1.33 - 1.32 (m, 37H), 1.20 - 1.11 (m, 8H), 1.05 - 0.97 (m, 3H), 0.96 - 0.85 (m, 3H).
2. Synthesis of Compounds M-1-M-3 and M-5-}-9
[1004] Compounds M-1-8-3 and M-5-M-9 were prepared using simtlar procedures as

described above or following literature examples.
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Example 2. Lipid Conjugated Oligonucieotides Prepared by Solid-phase Synthesis
O (S}

Conjugated Sense Strand Comprising N-7 HO-&’—O

O
A
prepared by solid-phase synthesis LLl 1?/&\/\\\ CoiHan
0 0.0.0.0.00.0.000.00000.00.004 e :
HOT OMe

annealing with Antisense Strand 1

000000

Antisense Strand 1

Conjugated Duplex Comprising N-7

1. Synthesis of Conjugated Duplex Comprising Lipid-based Ligand N-7
[1005] Lipid conjugated oligonucleotides were prepared by solid-phase synthesis according to
standard protocols. Briefly, oligo synthesis of Conjugated Sense Comprising Lipid-based
Ligand N-7 and Antisense 1 were conducted on a sohid support 1o mcorporate each nucleoside
and hipid phosphoramidites from 3 -terminus to $™-ternunus, ETT or BTT was used a3 an
activator for the coupling reaction. {odine 1 water/pyridine/THF was used to oxidize phosphite-
triester {P(HI)) to afford phosphate backbones and DDTT was vsed for the preparation of
phosphorothioate linkages. Aqueous ammonium was used to cleave oligos from solid support
and to remove protecting groups globally. The ohgonucleotide crude was then concentrated by
Genevae and purified by AEX-HPLC. The pure fractions were combined and concentrated, and
their purity was analyzed by LC-MS. The sligonucleotides were then dialyzed against water
using MidiTrap G-25 column, concentrated, and thetr OD amounts were measured.
[1006] To prepare Cenjugated Duplex Comprising Lipid-based Ligand N-7, Conjugated
Sense N-7 and Antisense 1 strands were annealed at 95 °C for 10 min, based on equal molar
amounts, and cooled down to room temperature. The duplex purity was determined by AEX-
HPLC, and the solotions were lvophilized to afford the desired Conjugated Duplex Comprising
Lipid-based Ligand N-7.
[1007] Conjugated Duplexes Comprising Lipid-based Ligand Units N-1-N-6, N-9-N-16, N~

21, and N-22 were prepared using similar procedures as described above.

Example 3. Lipid Synthesis for Post-synthetic Conjugation
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i. Synthesis of Modified Lipid Compound 5-C22 for Post-synthetic Conjugation
Tk o " o
HOJ\/ N N \g/\of\, \/’\'\l“’\t siHas

o
H
Hi}”l L\/O\/\O/\/ N\tl,(\o/\” O,
:
B4 Corpound §-C22

[1008] To a suspension of behenie acid {0.50 mmol) and N'-Tetramethyl-O~(N-
succinimidy D uronium tetrafluoroborate (TSTU, .56 mmol) i THF (20 mL) was added DIPEA
(2.5 mmol} and stirred for Zh till suspension dissolved completely. Removal of solvents gave
white solids. The resulting solids were suspended in MeOH (15 mL} and 17-amino-10-oxo-
3,6,12,15-tetraoxa-9-azaheptadecanocic acid (8-1, 0.50 mmol} and DIPEA (2.5 mmol) in MeOH
{5 mL) was added and stirred at rt for 2h. The resulting solution was concentrated and partitioned
i BCM/water (50 mL each}, DCM layer was washed with water, dried and concentrated to give
compound 3-C22 (0.23 g, 100%) as white solids. TH-NMR (CDC), 9.2 (br, 1H), 7.1 {br, 1H),
6.4 (br, TH), 4.16 (s, 2FL), 4.01 (s, 2H), 3.4-3.8 (m, 16H), 2.2 (t, 2HL J = 8), 1.6 (m, 2H), 1.2-1.3
{m, 36 H), 0.9 (1, 3H, I = 6) ppm. MS 6295 (M-H", found), 630.5 (Calc.).

(10091 Modified lipids affording N-23, N-24, N-27, and N-28 were prepared using similar

procedures described above or according to literature references.

Example 4. Post-synthetic Conjugation te Prepare Lipid Conjugated (Gligenucieotides

1. Preparation of Duplex Comprising Lipid-based Ligand Unit N-25

Hob_o

Bense Strand 1 —V“Y_)‘y’ﬁ\\//\whv
5 OOOOOC‘O()OOOOOOOC‘OOOC( 5

Dhte

o e

i H )j\
a
!I’ HO” v\"//\\C‘/\’V’ N NN L \v/\ﬁ Castigs
Compound 5.C22 o}
Qs

3 a

Conjugated Berse Strand Camprising N-25 B \" \;ﬂ\\/‘“‘m' NN m/\xo/\/ *\,/‘\ﬁ/ Coris

i
-

COOOOOOOCIOO0000000C : )

et Owe

arnesing | "}OOO(WOOC(;OOODOOCKCOO‘“O

\'1 Antisense Strand 1 ’) \:-) o

L 3R980558803008985¢ o ”

Conjudated Duplex Comprising N-25
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[1010] Semse Strand 1 and Antisense Strand 1 were prepared by oligonucleotide solid-phase
synthesis as described above.
[1011] Conjugated Sense Strand N-25 was synthesized via post-synthetic conjugation. Stock
sofutions of Sense Strand I and reagents were prepared as following. 7.3 mM stock solution of
Sense Strand 1 was prepared by dissolving 200 mg of Sense Strand 1 in 4. 00 mL RNase free
water. S0mM stock solution of Compeund 5-C22 was prepared by dissolving 12.6 mg of
Compound 5-22 in 400 ol DMA. 200 mM stock solution of HATU was prepared by
dissolving 30.3 mg of HATU n 398 ul. DMA. 200 mM stock solution of DIFEA was prepared
adding 174 uLL of DIPEA into 5.0 mL DMA.
[1012] Toa 100 uL HATU stock solution described above was added 400 ull of Compound 5-
€22 stock solution. The reaction mixture was vortexed and incubated for 15 min to afford a
stock solution of 40 mM activated acid.
[1013] Toa 200 ul stock solution of Sense Strand 1 (1400 nmol) was added 70 uL DIPEA
stock solution (10eq, 14000 nmol), 350 ub of activated actd stock solution (10 eq, 14000 nmol),
and diluted with 880 ul. DMA. The reaction mixture was vortexed at 40°C for 30 min. The
reaction mixture was then diduted with S mkL water and purified by prep-RP-HPLC (Xbridge
Prep C18 columm, 60-80% ACN/water with 100 mM TEAA). The product fractions were
combined, concentrated, and dialyzed with saline {(x2) and water {x2) to afford Conjugated
Sense Strand Comprising N-25 (700 ul., 181 OD/mL, 4.5 mg) with a 45% vield.
[1014] Conjugated Sense Sirand Comprising N-25 was annealed with Antisense Strand 1 a3
described above to afford Conjugated Duplex Comprising N-25.

2. Preparation of Conjugated Duplexes Comprising Lipid-based Ligand Units N-23,

N-24, and N-26-N-28.

[1015] Conjugated Duplexes Comprising Lipid-based Ligand Units N-23, N-24, and N-26-

N-28, were prepared using similar procedures as described above.

Example 8. Target mRNA knockdown activities of representative conjugated duplexes in
extrahepatic tissues via subcutaneous or iniravenous injection

[1016] Balb/c female mice were administrated through subcutaneous or intravenous routes with
Conjugated Duplexes Comprising Lipid-based Ligand Unit N-1 or N-7 {wherein the Lipid-

based Ligand Uniis are conjugated at the 37- or 5 -terminus of sense strands} at 3 mg/kg or 10
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mg/ke on Day C. A control group was dosed with PBS. Animals were sacrificed on Day 10 post-
treatment. Major organs including liver, heart, adipose, skeletal muscle and kidneys were
collected and flash frozen for target gene knockdown analysis by RT-qPCR.

[1017] Total mRNA was extracted from the samples by using the Promega kit (Cat#Z3505).
Total mRNA was reverse transcribed into cDNAs using High-Capacity ¢cDNA Reverse
transcription kits with RNase Inhibitors (Thermo, 4374967} TagMan multiplex gPCR assays
were used to determine target mRNA and normalizing Rpl23a mRNA levels in various tissues.
(10181 See, for example, FIGS. 1A-1E for results showing mRNA knockdown in multiple

tissues after admirustration of the lipid conjugates.

Example 6. Evaluation of target knockdown activities of lipid conjugated duplexes in
extrahepatic tissues via subcutaneous injection

[1019] Balb/c female mice were administrated subcutaneously with Conjugated Duplexes
Comprising Lipid-based Ligand Unit N-7, N-23, or N-25 (wherein the Lipid-based Ligand
Umits are conjugated at the 37- or 5" -terminus of sense strands) at 3 mg/kg and 10 mg/kg on Day
0. A control group was dosed with PBS. Anmals were sacrificed on Day 10 post-treatment.
Total RNA was 1solated from flash-frozen tissues using the Promega SV96 Total RNA Isolation
Systerm {Cat#Z3505), mRNA was reverse transcribed into ¢DNAs using High-Capacity ¢DNA
Reverse transeription kits with RNase Inlubitors {Thermo, 4374967}, TagMan multiplex ¢PCR
assays {Thermo, 4444557) were used to determine the refative Sodt and Rpl23 mRNA levels by
RT-gPCR.

[1020] See, for example, FIGS. 2A-2G for results on hipid conjugate activity shown by target
mRNA reduction in the liver and extrahepatic tissues, including white adipose, brown adipose,

adrenal gland, heart, quadriceps and kidney tissues.

Example 7. Evaluation of target knockdown activities of lipid conjugated dupleses in
extrahepatic tissues via subcutaneous mjection in mice

[1021] Balb/c female mice were administrated subcutanecusly with Conjugated Duplexes
Comprising Lipid-based Ligand Unit N-7, N-25, or N-29 (wherein the Lipid-based Ligand
Units are conjugated at the 37~ or 5’ -terminus of sense strands} at 1mg/kg, 2 me/kg and 4 mg/kg

ot Day ©. A control group was dosed with PBS. Amimals were sacrificed on Day 11 post-
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treatment. Total RNA was isolated from flash frozen tissues using the Promega SV 96 Total RNA
Isolation System (Cat#Z3505) mRNA was reverse transcribed into ¢DNAs using High-Capacity
cDNA Reverse transcription kits with RNase Inhibitors (Thermo, 4374967). TagMan multiplex
qPCR assays {Therme, 4444557 were used to determine the relative Sodl and Rpl23 mRNA
levels by RT-gPCR.

[1022] See, for example, FIGS. 4A-4F for resulis on lipid conjugate activity shown by target
mRNA reduction in the liver and extrahepatic tissues, including white adipose, brown adipose,
adrenal gland, heart, and quadriceps tissues on Day 11 post-dosing of 1 mg/kg, 2 mp/kg, and 4

mg/ke i mice.

Example 8. Evaluation of target knockdown activities of lipid conjugated duplexes in
extrahepatic tissues via subcutaneous injection in mice

[1023] Balb/c female mice were administrated subcutaneously with Conjugated Duplexes
Comprising Lipid-based Ligand Unit N-7, N-29, N-31, N-33, N-35, N-37, N-39, or N-57
{wherein the Lipid-based Ligand Units are conjugated at the 37~ or 3 ~terroinus of sense strands)
at 2 mg/kg on Day 0. A conirol group was dosed with PBS. Ammals were sacrificed on Day 10
post-treatment. Total RNA was 1solated from flash frozen tissues using the Promega SV96 Total
RNA Isolation Systern (Cat#Z35035). mRNA was reverse transcribed into ¢DNAs using High-
Capacity cDNA Reverse transcription kits with RNase Inhibttors (Thermo, 4374967). TagMan
multiplex gPCR assays (Thermo, 4444557} were used to determine the relative Sodl and Rpl23
mRNA levels by RT-qPCR.

[1024] See, for example, FIGS. SA-SF for results on hipid conjugate activity shown by target
mRNA reduction in the liver and extrahepatic tissues, including white adipose, brown adipose,

heart, and quadriceps on Bay 10 post-dosing of 2 mg/kg in mice.

Example 9. Evaluation of target knockdown activities of lipid conjugated dupleses in
extrahepatic tissues via subcutaneous mjection in mice

[1025] Balb/c female mice were administrated subcutanecusly with Conjugated Duplexes
Comprising Lipid-based Ligand Unit N-7, N-29, N-81, or N-53 {wherein the Lipid-based
Ligand Units are conjugated at the 37~ or 5'-terminus of sense strands) at 0.5 mg/kg and 2 mg/kg

ot Day ©. A control group was dosed with PBS. Amimals were sacrificed on Day 10 post-
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treatment. Total RNA was isolated from flash frozen tissues using the Promega SV 96 Total RNA
Isolation System (Cat#Z3505) mRNA was reverse transcribed into ¢DNAs using High-Capacity
cDNA Reverse transcription kits with RNase Inhibitors (Thermo, 4374967). TagMan multiplex
qPCR assays {Therme, 4444557 were used to determine the relative Sodl and Rpl23 mRNA
levels by RT-gPCR.

[1026] See, for example, FIGS. 6A-6E for results on lipid conjugate activity shown by target
mRNA reduction in the liver and extrahepatic tissues, including white adipose, brown adipose,

heart, and quadriceps on Day 10 post-dosing of 2 mg/kg 1n mice.

Example 10, Evaluation of target knockdown activities of lipid conjugated duplexes in
extrahepatic tissues via subcutaneous injection in mice

[1027] Balb/c female mice were admunistrated subcutaneously with Conjugated Duplexes
Comprising Lipid-based Ligand Unit N-7, N-8, N-29, N-38, N-25, or ¥-26 (wherein the
Lipid-based Ligand Units are conjugated at the 37- or §'-terminus of sense strands} at 2 mg/kg on
Day 0. A control group was dosed with PBS. Animals were sacrificed on Day 9 and Day 35
post-treatment. Total RNA was solated from flash frozen tissues using the Promega SV96 Total
RNA Tsolation System (Cat#£3505). mRNA was reverse transcribed into ¢DDNAs using High-
Capacity ¢cDNA Reverse transeription kits with RNase Intubitors (Thermo, 4374967), TagMan
multiplex gPCR assays (Thermo, 4444557y were used to determine the relative Sod! and Rpl23
mRNA levels by RT-qPCR.

[1028] See, for example, FIGS. 7A-7] for results on lipid conjugate activity shown by target
mRNA reduction in the liver and extrahepatic tissues, including white adipose, brown adipose,

heart, and quadriceps on Day 9 and Day 35 post-dosing of 2 mg/kg 1n mice.

Example 11. Synthesis of Lipid Amidites for Solid-phase Synthesis
1. Synthesis of Compound 1, GibCl6
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Compound 1, 315C16
(10291 N-{3-{(4aR,68,78,7ak})-2,2-di-fert-butyl-7T-methoxy-tetrahydro-4H-fure(3,2-4}{1,3,2}
dioxasilin-6-yl|propyi}hexadecanamide (1-2) 3-[(4aR 65,78, 7a8)-2 2-di-fert-butyl-7-methoxy-
tetrahydro-4H-furo [3,2-d11,3,2}dioxastlin-6-yijpropan-1-amine {1-1) was prepared as
previoushy reported. To a stirred solution of 1-1 (1.5 g, 435 mmol, 1 equiv.) in DCM (15 ml)
was added FN (0.86 mL, 6.52 mmol, 1.5 equiv.) and palmitoy! chloride (1,43 g, 5.21 mmol, 1.2
equiv.) at 0 °C under Ar atmosphere. The reaction mixture was warmed to room temperature and
stirred for 16 h. The resulting mixture was concentrated under reduced pressure. The residue was
purified by silica gel column chromatography, eluted with 0-30% EA n PE to afford N-{3-
[(4aR,68,75,7aR)-2 2-di-tert-butyl-T-methoxy-tetrahydro-4H-furof 3,2-41[ 1.3, 2] dioxasilin-6-
vilpropyl}hexadecanamide (2.2 g, 86.7% vield) as a white solid. 'H NMR (300 MHz, CDCL) §
$5.58 (5, 1H}, 4.43 - 432 (m, 1H}, 3.96 - 3.70 (1, 4H), 3.59 - 3.45 (o, 4H), 3.28 (s, 2H}, 2.17 -
212 ¢m, 2H), 1.69 - 1.49(m, 6H), 1.32 - 122 (m, 24H), 1.05 - 1.02 (o, 18H), 0.92 - 0.84 (m,
3H).
(10307 NV-{3-[(23,3R 4R, 5R)-4-hydroxy-S-(thydroxymethyl}-3-methoxyexolan-2-
viipropyithexadecanamide (1-3) To a stirred solotion of N-{3-[(4aR, 65,78, 7aR}-2,2-di~tert-
butyl-7-methoxy-tetrahydro -4H-furof3,2-41[ 1,3, 2]dioxasitin-6-ylipropyl} hexadecanamide (2.2
g, 3.76 mmol, 1 equiv.y in DCM (10 mL} was slowly added a solution of 65% HF-Pyridine (1.36
ml, 15.07 mmol, 4 equiv. ) in pyridine {10 mL) at 0 °C under Ar atmosphere. The resulting
mixture was stirred at room temperature for 1 h. After completion, the reaction mixiure was
concentrated under reduced pressure to give a crude product, which was further purified by silica
gel column chromatography, eluted with 0-15% MeOH mn DCM to give N-{3-[(28,38 4% 5R)-4-
hydroxy-5-(hvdroxymethyl}-3- methoxyoxolan-2-yilpropyl} hexadecanamide (1.5 g, 89.7%

yield) as a white solid. TH NMR (400 MHz, CDCl:) § 5.75 (s, 1H), 4.12 - 4.07 (m, 1H), 3.8 -
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3.79 (m, 3H), 3.69 - 3.63 (m, 1H), 3.45 (s, 3H), 3.41 - 3.38 (m, 1H), 3.28 - 3.17 (m, 1H), 2.40 (s,
ZHY, 218 - 2,14 (m, 2H), 1.78 - 1.49 (m, 6H}, 1.33 - 1.21 (m, 24H), 0.89 - 0.86 (m, 3H).

(10317 N-{3-](28,3R 4R SK)-5-{| bis{4-methoxyphenyi}{ phenyl)methoxyjmethyl}-4-hydroxy-
3- methoxyoxelan-2-vi|prepyithexadecanamide (1-4) N-{3-[{283R 4R SK)-4-hydroxy-5-
{(hydroxymethyi}-3-methoxyoxolan-2-yljpropyl} hexadecanamide (1.5 g, 3.3& mmol, T equiv.}
and DMAP (41.30 mg, 0.33 mmol, 0.1 equiv.} were co-evaporated with dry Pyridine (3 x 10 mL)
and then re-dissolved in Pyridine (10 mL) under Ar atmosphere. To the nuxture was added BN
{0.70 mL, 5.07 mmol, 1.5 equiv.) dropwise, followed by the addition of 1-[chloro{4-
methoxypheny libenzyl]-4-methoxybenzene (1.72 g, 507 mmol, 1.5 equiv.) in 8 mL pyridine.
The reaction mixture was stirred at room temperature overnight. The resulting mixture was
partitioned between EA (30 mL) / water (30 mL) and the aqueous layer was back-extracted with
EA 2 x 30 mL) The combined organic layers were collected, washed with brine (10 mL), dried
over anhydrous NaxS04, concentrated under vacuum to give a crude product. The crude was
purified by RP-flash chromatography, eluted with 0-93% MeCN in water to give N-{3-

({2338 4R 51)-5- {[bis{(4~-methoxypheny ) phenyhrethoxy imethyl} -4-hy droxy-3-
methoxyoxolan-2-ylipropylthexadecanamide (1.9 g, 75 3% vield) as a vellow solid. MS ESI
(mi/z) = 744.45 [M - HT

(10327 N-{3-[(25,35 4R, 5R)-5-{{ bis(d-methoxyphenyl}{phenylimethoxy]methyi}-4-{[(2-
eyano ethoxydiisopropylamino)phosphanyljoxy}-3-methoxyoxolan-2-
viipropyiihexadecanamide (Compound 1, GIbCI6) N-{3-[(ZS3RK 4R, 5R)-5- {[bis(4~
methoxyphenyl}{phenyimethoxy jmethyl}-4-hydroxy-3-methoxyoxolan-2-
vijpropyithexadecanamide (1.4 g, 1.87 mmol, 1 equiv.) was co-evaporated with drv MeCN G x
20 mi.) and then re-dissolved in BCM (10 mL) marked as solution A which was protected with
argon before being used. 3-{{bis{{ propan-2-yhamino]phosphanyl]oxypropanenitrile {848 mg,
231 mmol, 1.5 equiv.} was also co~evaporated with dry MeCUN (3 x 20 mL) and then re-
dissolved m DCM (10 mL} marked as solution B. 1 H-imidazole-4,5-dicarbonitrile {177.29 mg,
1.5 mmol, 0.8 equiv.} was added into the solution B, followed by the addition of solution A at
ambient temperature. The resulting mixture was charged with argon and stirred at room
temperature for 2 h. After completion of the reaction, the mixture was diluted with DCM (30
mbL}, washed with saturated ag. NaHCG: (30 mL X 3} and brine (30 mL}, respectively. The

combined organic layers were dried over anhydrous NaxS(k and filtered. The filtrate was
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concentrated in vacuo. The residue was purified by RP-flash chromatography, eluted with O-
100% MeCUN in water to give N-{3-[(25,38 4R 5/1-5-{[bis(4-
methoxyphenyl}{phenymethoxy{methyi}-4- {[{2-
cyanoethoxy){ditsopropylaminophosphanytioxy-3-methoxyvoxolan-2-
vilpropylihexadecanamide (1.2 g, 67.6% vield) as a white solid. M8 ESE (w/z) = 946.55 [M +
H]". 'H NMR (300 MHz, CD3CN) 6 7.54 - 7.42 (m, 2H), 7.39 - 7.26 (m, 6H), 7.24 - 7.16 {m,
1H), 6.94 - 6.71 (m, 4H), 6.35 - 6.33 {m, 1H), 4.28 - 4.16 (m, 1H), 4.05 - 3.96 {m, 1H), 3.89 -
3.72 (m, 8H), 3.63 - 3.44 (m, 3H), 3.39 - 3.37 {m, 3H), 3.29 - 3.09 (m, 3H), 3.04 - 2.95 (m, 1H),
2.66 - 2.58 (m, 1H), 2.05 - 2.00 {m, 2H), 1.96 (s, 1H), 1.77 - 1.42 (m, 6H), 1.34 - 1.18 (m, 25H),
1.19 - 1.07 (m, 8H), 0.99 - 0.97 (m, 4H), 0.92 - 0.78 (m, 3H).

2. Synthesis of Compound 2, GibC16-CP-15,16
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[1033] tert-butyl-15-hyvdroxypentadecanoate (2-2) To a stitved solution of 15-(terr-butoxy}-15-
oxopentadecanocic acid (20 g, 60.9 mmol, 1 equiv} in THF {200 mL) was added BH:-THF (I M
i THF, 60.88 mL, 60.884 mmol, 1.0 equiv.} dropwise at 6 °C under mitrogen atmosphere. The
resulting mixture was stired for 1 b at 0 °C under mitrogen atmosphere. The reaction was
quenched with 20 mL MeOH at 0 °C and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography, ehuted with PE/ EA (4 1 1) to afford rers-butyl-15-
hydroxypentadecanoate (16 g, 83.6% yield) as a colorless oil. 'H NMR (400 Mz, Chioroform-
d)63.64 (1 J=08Hz 2H}, 2.35- 215 (m, 3H), 1.63 - 1.53 (m, 4H), 1.44 (s, 9H), 1.38 - 1.19
{m, 20H}.

[1034] fers-butyl -15-oxopentadecanoate {2-3) To a stirred solution of reri-butyl-15-

hydroxypentadecanocate (16 g, 30.9 mmol, 1 equiv.} in ACN (200 mL} was added IBX {(42.74 g,
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152.619 mmol, 3.0 equiv.} at 0 °C under nitrogen atmosphere. The resulting mixture was stirred
for 4.5 h at 55 °C under nitrogen atmosphere. The resulting mixture was filtered and the filter
cake was washed with ACN (50 mL x 3}. The filirate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography, eluted with PE/EA (4 D to
afford tert-butyl -15-oxopentadecancate (14.2 g, 89.3% vield) as a coloriess oif. "H NMR (300
MHz, Chloroform-d) 5 9.77 (s, TH), 2.45 - 2.39 (m, 2F), 2.20 (¢, J = 7.5 Hz, 2F1), 1.69 - 1.54 (m,
4H), 1.44 (s, 9H), 1.38 - 1.18 (m, ISH).

[1035] fers-butyl hexadee-15-enoate (2-4) To a stirred solution of
methyliriphenylphosphaniumbromide (1920 g, $3.76 mmol, 1.2 equiv.} in THF (130 mL) was
added +-BuOK (1 M in THF, 5376 mL, $3.76 mmol, 1.2 equiv.} dropwise at 0 °C under nitrogen
atmosphere. The resulting mixture was stirred for 1 h at 0 °C under nitrogen atmosphere. To the
above mixture was added fert-butyl-15-oxopentadecanoate (14 g, 44.8 mumol, 1 equiv.} dropwise
over 10 min at room temperature. The resulting mixture was stirred for additional 12 h at room
temperature. The mixture was acidified to pH 7 with saturated ag. NH4ClH{150 mL}. The
resulting mixture was extracted with EA (100 ml x 3). The combined organic layers were
washed with brine (50 mL x 3), dried over anhydrous Na2SO4. After filtration, the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column
chromatography, eluted with PE / EA (3 1 1) to afford rerr-buty] hexadec-15-encate (12.4 g,
89.1% yield) as a colorless oil. 'H NMR (300 MHz, Chloroform-d) § 5.86 - 5.71 {m, 1H), 5.1 -
4.84 (m, 2H), 2.20 (t, J = 7.5 Hz, 2H), 2.04 - 1.99 (m, 2H), 1.63 - 1.55 (m, 2H), 1.44 (s, 9H),
1.38 - 1.18 {m, 20H).

[1036] ter-butyl 1S5-cyclopropyipentadecansate (2-8) To a stirred solution of teri-butyl
hexadec-15-enoate (12 g, 38.6 mmol, 1 equiv.) 10 DCM (200 mL} was added ZoEtz (1 M m
hexane, 232 mi, 232 mmol, 6.0 equuv.} dropwise at 0 °C under nitrogen atmosphere. The
resulting muxtore was stirred for 1 hat O °C under nitrogen atmosphere. To the above mixture
was added CHzl2 (124.2 g, 463.7 mmol, 12 equiv.} dropwise over 10 min at 0 °C. The resulting
mixture was stirred for additional 12 h at room temperature. The mixture was quenched with
saturated aq. NH«CH (200 mL). The resulting mixture was filtered and the filter cake was washed
with BCM (150 mL x 3). The combined organic layers were washed with brine (100 mL x 2},
dried over anhydrous NaxSOs. After filtration, the filtrate was concentrated under reduced

pressure. The restdue was purified by silica gel column chromatography, eluted with PE/EA (3
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1} to afford terr-butyl 15-cyclopropylpentadecanoate (6.1 g, 46.6% yield) as a colorless oil. 'H
NMR (300 Mz, Chloroform-d} 3 2.20 (t, J=7.5 Hz, 2H), 1.60 - 1.56 (m, 2H), 1.44 (s, OH),
1.31 - 118 {m, 20H), 0.88 - 0.84 (m, 2H), 0.65 - 0.61 {m, 1H), 0.44 - 0.33 {m, 2H), -0.01 ~-0.03
{m, 2H).

(1037} 14-cyclopropyltetradecan-1-of (2-6) To a stirred solution of fers-butyl 14-
cyclopropyltetradecanoate (6 g, 18.5 mmol, 1 equiv.} in THF (80 mL) was added LA (1 M in
THE, 18.5 mL, 18.487 mmol, 1 equiv.} dropwise at 0 °C under Nz atmosphere. The resulting
mixture was warmed to room temperature and stirred for another 2 h. 1 mL water was added to
the reaction nuxture at 0 °C, followed by the addition of 1 mL 15% ag. NaOH. The mixture was
filtered and the filter cake was washed with THF {50 mL x 3). The filtrate was concentrated
under reduced pressure. The residue was purified by silica gel column chromatography, eluted
with 50% PE in EA to afford 14-cyclopropyvltetradecan-1-ol (4.1 g, 87.2% vield) as a colorless
oil. "H NMR (300 MHz, DMSO-ds) § 430 (t, J =54 Hz, 1H), 337 (t, /J=6.0Hz, 2H), 1.44 -
1.19 (m, 26H), 0.64 - 0.62 {m, 1H), 0.39 - 0.37 {m, 2H), -0.01 ~ -0.05 {m, 2H).

[1038] 14-eyclopropylictradecanoic acid (2-73 A mixture of 14-cyclopropyltetradecan-1-ol
(4.1 g, 16.2 mmol, 1.00 equiv.} and Jones reagent {2 M, 16 mL, 2.00 equiv.} in acetone (30 mL)
was stirred for 12 b at room temperature. The reaction was quenched by the addition of 100 mL
of saturated aq. NaHCO; at 0 °C, then extracted with DCM (80 ml x 6). The combined organic
layers were washed with brine (50 mL), dried over anhydrous Nax80Oa. After filtration, the
filtrate was concentrated under reduced pressure. The residue was purified by sihica gel column
chromatography, eluted with 10% MeOH 1in DCM to afford H4-cyclopropyltetradecancic acid
(3.2 g, 74.0% yield) as a white solid 'H NMR (400 MHz, DMSO-ds) § 11.96 (br, s, 1H), 2.19 (¢,
J= 72 He, 2H}, 1.48(d, /=68 Hz, 2H), 1.39 - 1.21 {m, 20H), 1.19 - 1.13 {m, 2H), .71 - 0.57
{m, 1H}, 6.42 - 0.31 (m, 2H}, -0.01 ~ -0.05 {m, 2H).

[1039] N-{3-{(4aR,68,78,7af}-2,2-di-fert-butyl-T-methoxy-tefrahydro-4H-fure3,2-4}{1,3,2]
diosasilin-6-ylpropyl}-14-cyclopropyitetradecanamide (2-8) To a stirred solution of 14~
cyclopropyltetradecanoic acid {2.80 g, 10.4 mmol, 1.2 equiv.}, EDCL{2.83 g, 14.8 mumol, 1.7
equiv.}, HOBt (1.41 g, 10.4 mmol, 1.2 equiv.) and 2,4, 6-trimethyipyridine (3.16 g, 26.0 mmol, 3
equiv.} in DCM (30 mL} was added 3-[{4aR 65,75,7aR}-2,2-di-tert-butyl-7-methoxy-tetrahy dro-
4H-forof3,2-d{[1,3,2|dioxasilin-6-v1] propan-1-amine (1-1} (3 g, 8.68 mmol, 1.00 equiv.} at 0 °C

under mitrogen atmosphere. The resulting mixture was stirred for 6 h at room temperature. The
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mixture was diluted with 50 mL water and extracted with DCM (50 mb x 2}. The combined
organic layers were collected, washed with brine (30 mL), dried over anhydrous Naz80u,
concentrated under reduced pressure to give a crude product. The crude product was then
purified by silica gel column chromatography, eluted with 5% MeOH in DCM to afford N-{3-
[(4aR 65,78, 7aR)-2, 2-di-fert-butyl-7T-methoxy-tetrahydro-4H-furs[3,2-41{1,3,2] dioxasilin-6-
yllpropyli-14-cyclopropyltetradecanamide {4.05 g, 78.3% vield) as a yellow solid. 'H NMR
(300 MHz, Chloroform-d) § 5.55 (br, s, 1H), 4.43 - 432 (m, 15}, 3.94 - 3.75 (m, 4H), 3.58 - 3.48
(m, 4H), 3.35 - 3.18 {m, 2H), 2.20 - 2.08 (m, 2H), 1.68 - 1.49 (m, 6H), 1.36 - 1.21 (m, 22H), 1.04
- 1.01 (m, 18H), 0.73 - 0.57 (m, 1H), 0.43 - 0.32 (m, 2H), -0.01 ~-0.04 (m, 2H).

[1040] H4-cyclopropyl-N-{3-[(285,3R 4R SK)-4-hydroxy-S-(hydroxymethyl}-3-
methoxyoxelan- 2-vlipropyi}tetradecanamiden (2-9) To a stirred solution of N-{3-

[{4aR 68,75, 7aR)-2 2-di-tert-butyl-7-methoxy-tetrahydro-4H-furo [3,2-d]{ 1,3 2]}dioxasiiin-6-
viipropyvii-14-cyclopropylietradecanamide (4 g, 6.71 mmol, 1 equiv.) in DCM (25 mL)y/Pynidine
(25 mL) was slowly added pyvridine hydrofluoride complex (65% wi, 1.34 g, 13.4 mmol, 2.00
equiv.} at 0 °C under argon atmosphere. The resulting mixture was stirred at 0 °C for 1 h. The
resulting mixture was concentrated under reduced pressure to give a crude product, which was
further purified by sihica gel column chromatography, eluted with 10% MeOH in DCM to give
H-cyclopropyl-N-{3-[{28,3R 4R, 5R)-4-hydroxy-3-(hydroxymethyD}-3-methoxyoxolan-2-vl]
propylietradecanamide (2.7 g, 88.3% yield) as a white solid. MS ESI {m/z) = 456.20 [M + HY".
'H NMR (400 MHz, Chloroform-d} § 5.65 (br s, 1H), 413 - 4.07 (m, 1H), 3.88 - 3.80 {m, 3H},
3.74 - 3.59 {m, 1H}, 343 - 3.36 {m, SH), 3.27-3.18 (m, 1H), 220 - 2.09 (m, 2H), 1.74 - 1.50 (m,
6H}, 1.44 - 1.09 (m, 22H), 0.68 - 0.59 {m, 1H}, 0.43 - 0.30 {m, 2H), -0.01 ~ -0.04 (m, ZH}.
[1041] N-{3-{(28,3R,4R,SR)-5-{[bis{d-methoxypheny}{phenylimethoxylmethyl}-4-hydroxy-
3- methoxyoxolan-2-vlpropyi}-14-cyclopropylictradecanamide (210} A mixture of 14~
cyclopropy V- {3-{{28,3R 41 SK)-4-hydroxy-5-(hydroxymethyl - 3-methoxy oxolan-2-
vilpropylitetradecanamide (2.7 g, 5.93 mmol, T equav. ) and BDMAP (72.4 mg, 0.593 mmol, 0.1
equiv.} was co-evaporated with dry pyridine {35 mL x 3} and then re-dissolved in pyridine (25
mb} under Ar atmosphere. To the above mixture was added TEA (0.90 g, 889 mmol, 1.5 equiv.}
dropwise, followed by the addition of DMTr-Cl (2.73 ¢, 8.89 mmol, 1.5 equiv.} in portions. The
reaction mixture was stirred at room temperature overnight. The resulting mixture was quenched

with MeQH (5 mL) then concentrated under reduced pressure. The residue was partitioned

268

268



WO 2024/229397 PCT/US2024/027763

between EA {80 mL) / water (8¢ mL}. The aquecus layer was re-extracted with EA (30 mbL x 3},
The combined organic layers were collected, washed with brine (50 mL x 3}, dried over
anhydrous Naz8QO4, concentrated under reduced pressure to give a crude product. The crude was
purified by reversed phase flash chromatography with the foliowing conditions: Column: C18
silica gel; Mobile phase: ACN in water, 5% to 95% gradient in 35 min; Detector: UV 254 nm.
The product-containing fractions were pooled then concentrated under reduced pressure to afford
N-{3-[(28 3R AR 5R}-5-{[bis{4-methoxyphenyl Y phenvmethoxy]methyl} -4-hy droxy-3-
methoxyoxolan-2-vlipropyl) -14-cyclopropylietradecanamide (3.3 g, 73.5% vield) as a white
solid. MS ESI {m/z} = 756.40 [M - H]". 'H NMR (400 MHz, Acetonitrile-ds) § 7.51 - 7.44 {m,
2HY, 7.39-7.29 (m, 6H), 727 - 7.20 (m, 1H), 692 - 6.85 (m, 4H), 635 - 630 (m, 1H), 4.03 -
3.97 (m, 1H), 3.84 - 3.76 (m, 8H), 3.45 - 3.39 (m, 4H), 3.18 - 3.15 (m., 3H), 3.02 - 2.98 {m, 1H),
2.93 (d, J=6.4Hz, 1H), 2.05(t, /= 7.6 Hz, 2H), 1.69 - 1.49 (m, 6H), 1.34 - 1.17 (m, 22H), 0.73
-0.60 (m, 1H), 0.44 - 0.33 (m, 2H), -0.01 ~ -0.04 (m, 2H).

[1042] N-{3-[(25,38 4K, 5K}-5-{{bis(d-methoxyphenyl}{phenyl imethoxy]methyi}-4-{[{2-
eyancethoxy}{diisopropylamine)phosphanyljexy}-3-methoxyoxelan-2-yljprepyi}-14-
eyclopropylietradecanamide (Compound 2, G1hC16-CP-15,16) N-{3-[(253R 4R SR)-5-
{[bis{4~-methoxypheny}{phenylmethoxyimethvl} -4- bydroxy-3-methoxyoxolan-2-ylipropyii -
4-cyclopropylietradecanamide (3.3 g, 4.35 mmol, 1 equiv.) was co-evaporated with dry MeCN
(10 1ok x 3) and then re-dissolved m DCM (10 mL), marked as solution A which was protected
with argon before being used. 3-{{bis(diisopropylamine) phosphanytjoxypropanenitrie (1.97 g,
6.529 mmol, 1.5 equuiv.} was also co~evaporated with dry MeCN (10 mL x 3} then re-dissolved in
DCM (10 mlL), marked as solution B. 1/-imidazole-4, S-dicarbonitrile (0.41 g, 3.48 mmol, 0.8
equiv.) was added 1nto the solution B, followed by the addition of sohution A at ambient
temperature. The resulting mixture was charged with argon and stirred at room temperature for 2
h. After completion of the reaction, the mixture was quenched with cold saturated aq. NaHCO:
{50 mL}, extracted with DUM {50 ml x 2). The combined organic layers were washed with brine
{50 mL x 2}, dried over anhydrous Naz804 and filtered. The filtrate was concentrated in vacuo.
The residue was purified by reversed phase flash chromatography with the following conditions:
Column, C18 silica gel; Mobile phase: ACN in water, 25% to 95% gradient in 40 min; Detector:
UV 254 nm. The product-containing fractions were combined and rofo-evaporated in vacuo to

give N-{3-{{28,35 4R 5R}-5- {{bis{(4-methoxypheny!}{phenyhmethoxy] methyl}-4-{[(2-
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cyanoethoxy } ditsopropylamino jphosphanyljoxy | -3-methoxyoxolan-2-yljpropyi} - 14-
cyclopropyhietradecanamide {3.43 g, 82.2% yield} as a white foam. MS ESI (m/z) = 958 8 [M +
HI" "H NMR (300 MHz, Acetonitrile-ds) § 7.52 - 7.45 (m, 2H), 7.41 - 7.18 (m, 7H), 6.94 - 6.83
{m, 4H), 638 (t, /=S4 Hz 1H), 427-422 (m, 1H), 410-3.98 (m, 1H), 3.89-3.74 {m, &),
3.08-3.45 (m, 4H), 3.39-337 (m, 3H},3.32-3.14 (m, 3H), 3.02 - 2.98 (m, 1H), 2.68 - 2.61 {m,
1H), 2.43 (1, J = 6.0 Hz, 1H), 2.05 (t, J= 7.2 Hz, 2H), 1.77 - 1.47 {m, 6H), 1.42 - 1.11 (m, 32H),
1.01 (d, J = 6.6 Hz, 4H), 0.69 - 0.61 (m, 1H), 0.46 - 0.32 (m, ZH), 0.03 ~ -0.04 {m, 2H).

3. Synthesis of Compounds P-3 - P-7
(10431 Compounds P-3 — P-7 were prepared using similar procedures as described above or

following literature examples.

Example 12. Lipid Conjugated Gligonuclestides Prepared by Solid-phase Synthesis
HO o
W(OWAE/JK/\/W\M/'\
& ome
Omb—0H

Conjugated Sense Strand 1,

5" OOCOO0COOCCOOOOOOTO Fepared by soid-phase syrthesis
] annealing with Antisense Strand 1

D000 0000000090000 0 0000 1 L LY

HO

\/ f\/‘\N/L\A/A\//W\/\/A\

kmxm}C\OCM}O\_)O{:}@ Conjugated Sense Strand 1
Q&;%m‘}@(}{}o@@%@o Antisense Strand 1

Conjudated Dugplex 1

1. Synthesis of Conjugated Duplex 1
110447 Lipid conjugated oligonucleotides were prepared by solid-phase synthesis according to
standard protocols. Briefly, oligo synthesis of Conjugated Sense 1 and Antisense 1 were
conducted on a solid support to incorporate each nucleoside and lipid phosphoramidites from 37-
terminus to 57 -terminus. ETT or BTT was used as an activator for the coupling reaction. Todine
n water/pyridine/ THF was used to oxidize phosplute-triester (P(I11}) to afford phosphate

backbones and DDTT was used for the preparation of phosphorothucate hinkages. Aqueous
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ammonium was used to cleave oligos from solid support and to remove protecting groups
clobally. The oligonucleotide crude was then concentrated by Genevac and purified by AEX-
HPLC. The pure fractions were combined and concentrated, and their purity was analyzed by
LC-MS. The oligonucleotides were then dialyzed against water using MidiTrap G-25 column,
concentrated, and their OD amounts were measured.
(10457 To prepare Conjugated Duplex 1, Conjugated Sense 1 and Antisense ! strands were
annealed at 95 °C for 10 min, based on equal molar amounts, and slowly cosled down to room
temperature. The duplex purity was determined by AEX-HPLC, and the sclutions were
Iyophilized to afford the desired Conjugated Duplex 1.

2. Synthesis of Conjugated Duplexes 2-7 Using Amidite Compounds $-2 - P-7,

respectively.

(1046} Conjugated Duplexes 2-7 were prepared using similar procedures as described above.

Example 13, Lipid Synthesis for Post-synthetic Conjugation

1. Synthesis of modified lipid Compound 13

KOH{4 eq)
o] .
(40eq) ¢
Br i 3
AN TN TN L OH
T OH 80-100 °C. 16 hrs e VT \/\/\/\/J‘L\( o
131 Compound 13

(1047} To a solution of KOH (2.01 g, 35.9 mmol, 4 eq) in octanol (46.70 g, 358.6 mmol, 56.67
mL, 40 eq} was added Compound 13-1 (2 ¢, 8.96 mmol, 1 eq) at 80 °C. The mixture was stired
at 100 °C for 16 hrs. TLC (Petroleum ether: Ethyi acetate= 5/1, Product (Rf) = 0.39) showed no
starting material. The reaction mixture was diluted with H20O (17mlb), acidified with 1 M H2804
(17 mL}, and extracted with chloroform {40 miL x3}, then the combined organic layers were
dried over anhydrous Na280s, filtered and concentrated under reduced pressure {0 give a residue.
The residue was purified by column chromatography (810, dichloromethane/Methano! =50/1t0
10/1}. Compound 13 (1.3 g, 4.77 mmol, 53.3% vield} was obtained as a white solid. MS ESI
(m/zy=273.3 [M+H] " 'H NMR {400 MHz DMSO-de)
§3.35-3.31 (m, 4H), 2.19 (s, ZH ), 1.49-1 46 (m, 6H), 1.27 (m, 16H), 0.89-0.85 {m, 3H).

2. Synthesis of medified lipid Compound 15
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n-Buli (2.2 eq),
PV P Y

o -2 (1 1eq) 0
o - s |
”S\/V\/‘\/U\OH . . ‘\/"\//\\/'\\/“\/’\\/v\\/J\QH
THE/HMPA (wiv=711),
154 0~20°C 16 tws Compound 15

{10487 To a solution of HMPA (0.27 mL} in THF (1.8% mL) was added Compound 15-1 (0.361
¢, 2.05 mmol, 1 eq) at 25 °C, then was added n-Buli1{2.5 M, 1.80 mL, 2.2 eq) at 0 °C for 30
min, then was added Compound 15-2 {(435.05 mg, 2.25 mmol, 391 .94 ul, 1.1 eg)at 0 °C. The
mixture was stirred at 25 °C for 20 hrs. TLC (Petroleum ether : Ethyi acetate= 5/1, Product (Rf)
={.27) showed no starting material. The reaction mixture was quenched with H20 {(17mL),
acidified with 3 M HCH (17 ml}, and extracted with hexanes (40 mL x3), then the cormbined
organic lavers were dried over anhydrous Naz280s, filtered and concentrated under reduced
pressure to give a residue. The residue was purified by columu chromatography (8102,
Dichloromethane/Methano! =50/1 to 10/1). Compound 15 (1 18 g) was obtamned as a white
solid. MS ESI (m/z) = 289 3 [M+H] " 'H NMR (400 MHz, CDCh) § 8.623 (5, 1H), 2.52-2.48
(m, 4FT), 2.36-2.33 (m, 2H), 1.58-1.43 {m, 6H), 1.38-1.26 {m, 16H}, 0.93-0.86 (m, 3H).

3. Synthesis of modified lipid Compound 16

[e]
Ii
Q\,/ TN TN T TN TN

OR

PGE (1,78 8q), POC SO, (mim=11)
O\\v" N TN TN TN N TN N N0 - @ P 2 (mim=1:1)

At DCH (10 V)

451
15 16-2

BAST (1.7 e}

F

o

ﬁ/\/"\/’\v”\/\/"\/f\./’\,/]\ F

OR
Cormpound 16

{10491 To a solution of Compound 16-1{(4 g, 13 3 mmol, 1 eq) in DCM (24 mL) was added
PCC (5.02 g, 233 mmol, 1.75 eq). The mixture was stirred at 28 °C for 2 h under nitrogen.
After the reaction was completed indicated by TLC, 5.02 ¢ silica gel was added into the reaction
muxture and stirred for 20 min at 25 °C. MTBE (209 mL) was then added into the reaction
mixture and stirred for 20 min at 23 °C. The mixture was filtered through celite and silica gel
under reduced and give a brown solution. The filtrate was concentrated to give Compound 16-2
{3.97 g, crude) as a brown oil, which was used for the next step without further purification.
(10507 To a solution of DCM (1.1 rol.) was added Compound 16-2 (2.98 g, 9.98 mmol, 1 eg)

and BAST (3.76 g, 17.0 mmol, 3.72 rul,, 1.7 eq). The mixture was stirred at 25 °C for 16 hrs

under nttrogen. The mixture was diluted with DCM (200 ml), washed with ag. NaHCO: (200
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mb} and brine (200 mL}, dried with anhydrous Na2SQOq, filtered, and concentrated in vacuum.
The residue was purified by column chromatography (petroleum ether/ethyl acetate=20/1t01/1}.
Compound 16 (1.0 g, 3.12 mmol} was obtained as a yeliow oil with 32% yield . MS ESI (m/2) =
32115 [M+H]" 'H NMR (400 MHz, ds-DMDO) § 11.945 (5, 1H), 6.18-589 (m, 1H ), 2.19-
2.15 (m, ZH), 1.49-1 .45 (m, 4H), 1.36-1.23 (m, 26H).

4. Synthesis of modified lipid Compound 17

N

o
-

18-crown-@ ether (0.2 eq)

/‘O\I/ N NN Nz=—K{3 e

H’\]/ N N e
&

ACHK(B V), 90 °C, 40 hrs

171 17-3

THF4.5 V), 20 03, 2 trs

LIOH(16 eq),

N
BN N N VZ’

. N
- P
P N N N
\:K THE(Z V), MeOH(3 V) I:

175 Compourd 17

(10517 To a solution of Compound 17-1 (4 g, 12.5 mmol, T eq) in THF (18 mL) as added
MeOH (6 mL} and Compound 17-2 (2 M, 13.7 mL, 2.2 eq}. The nuxture was stirred at 25 °C for
2 hrs. TLC {(Petroleum ether : Ethyl acetate= 10/1, Product (Rf} = §.70) showed no starting
material. The reaction mixture was concenirated under reduced pressure to remove MeQOH and
THF. The residue was diluted with NaCl (100 mL} and extracted with chloroform (100 mL x 3},
dried over {Prying NaxSQO4|, filtered and concentrated under reduced pressure to give crude
compound 17-3 (4.17 g, 12.5 mmol) as colorless oil, which was used for the next step without
further purification.

{10521 To a solution of Compound 17-3 (417 ¢, 12.4 mmol, 1 eq} in ACN (24 mL) was added
KCN{2.539 g, 39 8 mmol, 1.70 mL, 3 20 eq} and 18-crown-6 ether (637 mg, 2.49 mmol, 0.2 eq).
The nuxture was stirred at 90°C for 40 hrs. TLC (Dichloromethane/Methanol = 20/1, Product
{(Rf) = 0.35) showed no starting material. The reaction mixture was concentrated under reduced
pressure to remove ACN. The residue was diluted with NaCl (100mL) and extracted with
MTRE (100 mk x 3), dried over NazS0y4, filtered and concentrated under reduced pressure to
give a residue. The residue was purified by column chromatography {petroleum ether/ethyl
acetate=20/1). Compound 17-8 (2.7 g, 9.59 mmol, 77.1% yield) was obtained as a colorless oil.
TH NMR (400 MHz, CDCl:) 8 3.674 (5, 3H), 2.36-2.29 (m, 4H }, 1. 68-1.62 {m, 4H), 1.43-1.26
{m, 20H}.To a solution of Compound 17-5 (1.35 g, 480 mmol, | eg) in THF (42 mL)and
MeOH (42 mL) was added LiOH (2.12 g, 50.4 munol, 16 eg) at 25 °C for 3 hrs. The solvent was
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removed, and the residue was dissolved in water {20 mi) and extracted with MTBE. The
aqueous fayer was acidified to pH 1 and extracted with MTBE. The solution was dried over
NazS804, the solvent was evaporated. The residue was purified by column chromatography
{dichloromethane/methano! =50/1t0 10/1). Compound 17 (1.1 g, 4.11 mmol, 44 0% vield) was
obtained as a white solid. MS ESI (m/2) = 26832, [M+H]" 'H NMR (400 MHz CDCL) §
2.37-2.32 (m, 4H), 1.68-1.62 (m, 2H), 1.47-1.26 (m, 22H).

5. Synthesis of meodified lipid compounds
(10531 Modified lipids 812, 14, and 18-33 (1.e., modified lipids (HO-L) that correspond to L
exemplified 10 P-8 — P-12, P-14, and P-18 - P-33, respectively} were prepared using similar

procedures described above or according to literature references.

Example 14, Post-synthetic Conjugation to Prepare Lipid Conjugated Oligonucleotides

Preparation of Conjugated Duplex 25 Comprising Lipid-Based Ligand Unit (3-25

HO
fo!
\f,d’\\ RN NH,
I OMe

O

OB -OH

A
5 OOCOCOCOOOOOOOOOOCOC sswse strand 15
cenjugation

o
conditions J N N N Ny

HO
O

e}
Hj’k,/\/ N N N NP

2

g TMe
OmP—OH

&
\OQO(Z)OO(}O(:,OOOC}OOO%QC) Conjugated Sense Strand 25
snmeaing l DOOBOOOCOCOVOTOOCCOVO0

[s] Antisense Strand 28

HO
\\(VW\{T{/ U\/’\/"\/'\/O\./\\/\\/”\/’

_____

g OMe

b H
O
YOO ” Y ) Conjugated Sense Strand 25
OQM%}@O )\“){ 1) Antisense Strand 28
Conjudated Duplex 25
[1054] Semnse Strand 25 and Antisense Strand 28 were prepared by ohgonucleotide solid-
phase synthesis as described above.

[1055] Conjugated Sense Strand 28 was synthesized via post-synthetic conjugation. Stock
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solutions of Sense Strand 25 and reagents were prepared as following. 7.3 mM stock solution
of Sense Strand 13 was prepared by dissolving 200 mg of Sense Strand 13 in 4.00 mL RNase
free water. 100 mM stock solution of 8-{ociyloxyloctanocic acid {Compound 13) was prepared
by dissolving 10.7 mg of Compound 13 10 393 ul. DMA. 200 mM stock solution of HATU was
prepared by dissolving 30.3 mg of HATU in 398 ul. DMA. 200 mM stock solution of DIPEA
was prepared adding 174 ulL of DIPEA into 5.0 mL DMA.

(10561 Toa 100 ul HATU stock solution described above was added 200 ul of Compound 13
stock solution. The reaction mixture was vortexed and incubated for 15 min to afford a stock
solution of 67 mM activated acid.

(10571 Toa 220 ul stock solution of Sense Strand 25 (1600 nmol) was added 48 uL. DIPEA
stock solution (6eq, 9600 nmol), 145 ul of activated acid stock solution (6 eg, 9600 nmol), and
diluted with 880 ul. DMA. The reaction mixture was vortexed for 30 min. Additional 72 uL
activated acid stock solution (3eq, 4800 nmol) and 64 ul. DIPEA stock solution (8 eq. 12.8
umol} were added, and the mixture was vortexed for 30 min. The reaction mixture was then
diluted with 5 mL water and purnified by prep-RP-HPLC (Xbridge Prep C18 column, 30-50%
ACN/water with 100 mM TEAA). The product fractions were combined, concentrated, and
dialyzed with saline (x2) and water (x2) to afford Conjugated Sense Strand 25 (780 oL, 302
OD/ml., 7.7 mg) with a 70% yield.

(10581 Conjugated Semse Strand 25 was annealed with Antisense Strand 25 as described
above to afford Conjugated Duplex 25

Conjugated Duplex Comprising Lipid-Based Ligand Units (3-18 — (3-24 and @-26 — 3-66

were prepared using similar procedures as described above.

Example 15, mRNA kanockdown activities of representative conjugated duplexes in CNS
and PNS via L1, injection

[1059] CS7BL/6 female mice were admumistrated intrathecally with lipid conjugated siRNA at
150 ug 1 10ul. of artificial cerebrospinal fluid {aCSF} on day 0. A control group was dosed with
10 pL of aritficial cerebrospinal fhind (aCSF). Antmals were sacrificed on day 7 post-treatment.
Flash-frozen spinal cord sections and Hver were collected. Brain hemispheres were stabilized in
RNALater (Invitrogen, AM7021) for 24 hrs before taking punches from tissues of interests and

specific tissues of mnterests were collected.
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(10601 See, for example, FIGS. 8A-8(, 9A-90, and 10A-10D for results regarding mRNA

knockdown activities of lipid conjugates in CNS and PNS via 1.1 injection.

Example 16. mRNA knockdown activities of representative conjugated duplexes in CNS
and PNS via L.o.v injection

[1061] BALB/c female mice were administrated intracerebroventricularly with lipid conjugated
siRNA at 100 ug in 10pL of aCSF on day 0. A control group was dosed with 10uL of artificial
cerebrospinal flurd (aCSF). Animals were sacriticed on day 7 post-dosing, and specific tissues of
interests were collected. Flash-frozen spinal cord sections and liver samples were collected.
Brain hemispheres were stabilized in RNALater (Invitrogen, AM7021) for 24 hrs befare taling
punches from tissues of interests.

(10621 See, for example, FIGS. 11A-1T1G, 12A-12G, and 13A-13D for results regarding mRNA

knockdown activities of lipid conjugates in CNS and PNS via 1.¢.v. injection.

Example 17. mRNA knockdown activities of representative conjugaied duplexes in CNS
and PNS via wv.t. injection

(10631 C57bl/6 female mice were use in the 1.v.t. experiments to test the compound potency in
silencing target mRNA in desired ocular tissues. Lipid conjugated-siRNA duplexes were dosed
at 40 ug/eve in 1ul. of PBS on day 0. A control group was dosed with 1ul. of PBS. Animals
were sacrificed on day 7 post-dosing, and the whole eve were stored in RNALater for 24hrs
before tissue dissection and mRNA extraction.

[1064] See, for example, FIGS. 14A-148B for results regardmg mRNA knockdown activities of

hipid conjugates m retina and sclera/RPE via 1.v.t mjection.

Example 18, mRNA extraction and RT-qPCR analysis.

(10651 mRNA samples were prepared with RNeasy Plus mint kit (Qragen, 74134} mRNAs
were reverse transeribed mto ¢DNAs using High-Capacity ¢cEDNA Reverse transcription kits with
RMNase Inhibitors (Thermo, 4374967). TagMan multiplex gPCR assays (Thermo, 4444557} were

performed to determine the relative HSD17B13 mRNA levels over time.
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Example 19, mRNA kneckdown activities of representative conjugated duplexes in rat
N5 and PNS via i.t. injection

[1066] SD female rats were administrated intrathecally with lipid conjugated siRNA at 900 ug
i 40uL of artificial cerebrospinal fluid (aCSF}Y on day 0. A control group was dosed with 40uL
of artificial cerebrospinal fluid (aCSF). Animals were sacrificed on day 15 post-treatment. Flash-
frozen spinal cord sections and liver were collected. Brain hemispheres were stabilized in
RMNALater (Invitrogen, AM7021) for 24 hrs before taking punches from tissues of interests and
specific tissues of interests were collected.

[10671 See, for example, FIGS. 17A-17M for results regarding mRNA knockdown activities of
fipid conjugates in spinal-cerebellar tract, deeper brain area, and peripheral tissues via i.t.

mjection.

Example 20, mRNA knockdown activities and duration of representative conjugated
duplexes in mice NS and PNS via Lc.v injection on Day 28,

[1068] BALB/c female mice were administrated intracerebroventrnicularly with lipid conjugated
sitRNA at 100 ug in 10pL of aCSF on day 0. A control group was dosed with 10ul. of artificial
cerebrospinal fluid (aCSF). Anumals were sacrificed on day 28 post-dosing, and specific tissues
of interests were collected. Flash-frozen spinal cord sections and liver samples were collected.
Brain henuspheres were stabilized in RNALater (Tnvitrogen, AM7021) for 24 hrs before taking
punches from tissues of interests.

[1069] See, for example, FIGS. 18A-18H for results regarding mRNA knockdown activities of
fipid conjugates in spinal-cerebellar tract, deeper bran area, and peripheral tissues via 1.c.v.

mjection on day 28 post-dosing.

Example 21. Biodistribution of representative conjugated duplexes in mice NS via Lev
injection.

[1070] BALB/c female mice were administrated intracerebroventricularly with lipid conjugated
siRNA at 100 ug in 10pL of aCSF on day 0. A control group was dosed with 10uL of astificial
cerebrospinal fluid (aCSF). Animals were sacrificed on day 28 post-dosing, and brain
hemispheres were fixed in neutral-buffered formalin for 24 h and paraffin-embedded. In situ

hybridization assay was performed on 5 pm paraffin sections using a custom probe against the
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stRNA and visualized by miRNAscope HD Reagent Kit-RED (Biotechne, 324500}, The stained
stides were scanned with an Olympus V8200 slide scanner.
[1071] See, for example, FIGS. 19A-198B for results regarding biodistribution of lipid

conjugates in brain via i.c.v. mjection.

BEQUIVALENTS
{10721 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 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 1o the art to which this disclosure
belongs. All patents and publications cited n this specification are incorporated by reference.
(10731 The foregoing description has been preseunted only for the purposes of illustration and 13
not mtended to lumat the disclosure to the precise form disclosed, but by the claims appended

hereto.
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CLAIMS

1. A compound of Formula {I), (I1), (1), or V)
RY .
L s
R H
RZ
v (m:

{avy,
or a pharmaceutically acceptable salt thereof, wherein:
L is a bipid modety;
Bis H, (5-Cs alkyl, or a nucleobase moiety;
Vis -0-, -NRV-, or -C(RV}2-;
each R" independently is H or C1-Cs alky! optionally substituted with one or more

halogen;
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G 1s -(CR*RM)-NH-* 1in which * denotes attachment to L; or @ 1s {Us-Cro arylene or 5- to
10-membered hetercarylene, wherein the Co-Cio arylene or 5- to 10-membered hetercarylene is
optionally substituted with one or more RS

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

X is H, halogen, or -ORX;

R* is H, C1-Co allkyl, or -(Ci-Cs alkyD-(Cs-Cro aryl), wherein the C1-Cs alkyl or -{Ci-Cs
alky1}-{Ce-Cio aryl) is optionally substituted with one or more R™; or R® and R* together form
C1-Cs atkylene;

each R™ independently is halogen, C1-Cs alkyl, or ~0-{C:-Cs alky!}, wherein the C1-Cs
alkyl or -0-(C1-Co alkyl) s optionally substituted with one or more halogen;

Y is H, C1-Cs alky! optionally substituted with one or more halogen, -P(R"}, -
PORVUN(R ). -B(=0}OR"IRY, -P(=SKORRY, -P(=0}SR"IRY, -P(=S)(SR"R", -
P(=0YOR ), -P(=S}{OR" ), -P(=0)}SR" )2, -P(=S)}(SR*)2, or a hydroxy protecting group;

each RY independently 1s H or Ci-Cs alky! optionally substituted with one or more
halogen or cyano;

Z is H, C1-Cs alky! optionally substituted with one or more halogen, -P(R%), -
P{ORZHN(R?)), -P(=0XORAIR?, -P(=S}ORHIR?, -P(=0)SR?)R?, -P(=S)}SRHRZ, -
P(=0}OR Y, -P(=SYOR%)z, -P(=0)}SR% ), -P(=8)(SR%), or a hydroxy protecting group;

each RZ independently is H or Ci-Ce alky! optionally substituted with one or more
halogen or cyano;

or Y and Z in Formula (1) or (1), together form -Si{RY )2-0-Sy{RY )2-, wherein each RY
mdependently 15 H or Ci-Cs alkyl;

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

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

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

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

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

and R” together form C1-Cs alkylene;

280

280



WO 2024/229397 PCT/US2024/027763

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

n 1s an integer ranging from about 0 to about 10,

2. A conjugate or a pharmaceutically acceptable salt thereof, comprising:
{1} one or more Nucleic Acid Agent; and
(i1) one or more Lipid-Based Ligand Unit, wherein each Lipid-Based Ligand Unit

mdependently is:

ng@ REE@

whereis:

variables L, B, V, @, X, R*. n, RY, R? R, R% R®, R*, and R’ are described in claim 1; and
when the Lipid-Based Ligand Unit is at the 3 -terminus of the Nucleic Acid Agent,

# 1s an attachment to the rest of the conjugate; and

##is H, -P(R )2, -PORVYN{R  )2), -P(=ONORMRY, -PESHORMRY, -P(=0HSRHRY, -
P=SHERYIRY, -P=0NOR , -PESYORY ), -P(=0)SRY )2, -P(=S)}SR" )2, or a hydroxy
protecting group; or

when the Lipid-Based Ligand Unit is at the 5 -terminus of the Nucleic Acid Agent,
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#is H, -P(R% )2, -P(ORHIN(R ), -P(=O)ORHIR?, -P(=S}ORHR?, -P(=0O)SRHRY, -
P=SHSRAORY, -P(=0)OR™ ), -P(=S)OR )y, -PEONSR Yy, -P(=SHSR Y, or a hydroxy
protecting group,; and

## i3 an attachment to the rest of the conjugate; or

each of # and ## independently 1s an attachment to the rest of the conjugate.

3. The compound or conjugate of any one of the preceding claims, wherein L is -C(=0)R"
or -C(=8)R", wherein:

R*is C2-Caoo hydrocarbon chain or 2- to 200-membered hetero-hydrocarbon chain,
wherein the C2-Caoe hydrocarbon chain or 2- to 200-membered hetero-hydrocarbon chain is
optionally substituted with one or more R}

each R" independently is oxo, dihalocarbene, cyano, halogen, -OH, -O{(C-Cyz alkyl), -
O{Cs-Cro arvl), -COOH, ~-COG{Ci-Crz alkyhy, -CO(C1-Cao alkyly, -NHCO(C:-Cao alkyl), -
CONH,, -CONH(C-Cr2 alkyl), ~-CON(C:-Crn alkyly, -C{OINHOH, -SOsH, -SOs5(Cr-Can alkyl),
~NHz, ~-NH{C1-Ci2 alkyD), -N{C1-Ciz alkyl)e, ~S(Ci-Ciz alkyl), -8(Cs-Cro aryl), -P(Ca-Cro arviyp, -
OPEO0ONO0-{Ci-Ciz alkylene)-NMes ", C1-Ciz alkyl, C2-Ciz alkenyl, Co-Cio alkynyl, C5-Cs
cycloally], 3- to 8-membered heterocycloalkyl, Cs-Cro aryl, or 5- to 10-membered heteroaryl,
wheretn the -O(Ci-Ciz alkyl), ~-O(Cs-Cio aryly, -COO(C:i-Ciz alkyl), -CO(Ci-Cao alkyl), -
NHCO(C1-Cao alkyl), ~-CONH{C1-Ciz alkyl), ~-CON(Ci-Ciz alkylh, ~SG{(Ci-Ciz alkyl), -NH({C:-
Ciz alkyi), ~N{C1-Caz alkyl)z, -S(C1-Ciz allkyl), ~S(Ce-Cro arvl}, ~-P{Cs-Cio aryl)s, -OP(=0}}0-
{Ci-Co2 alkylene}-NMes", Ci-Ciz alkyl, Co-Cio alkenyl, C2-Ci2 alkynyl, C3-Cs ¢ycloalkyl, 3- to 8-
membered heterocycloalkyl, Cs-Cio aryl, or 5~ to 10-membered hetercaryl is optionally
substituted with one or more R¥, or

two RY, together with the one or more intervening atoms, form Cs-Cs eycloaliyl, 3- to 8-
membered heterocycloalkyl, Ce-Cis aryl, or 5- to 15-membered heteroaryl, wherein the (5-Cs
cycloalkyl, 3- to B-membered heterocycloalkyl, Ce-Cis aryl, or 5- to 15-membered heteroaryl s
optionally substituted with one or more R™; and

each R™ independently is oxo, halogen, -OH, -0(C1-Ciz2 alkyl), -SH, -8(Ci1-Ci2 alkyl), -
NHz, -NH(C1-Ciz atkyly, -N{C1-Cr2 alkyl), Ci-Cro alkyl, C2-Crz alkenyl, Co-Ciz alkynyl, C:-Ce
cycloalkyl, 3- to 8-membered heterocycloalkyl optionally substituted with one or more C1-Criz

alkvl, Ce-Cio aryl, or 5- to 10-membered hetercaryl; or

282

282



WO 2024/229397 PCT/US2024/027763

two RM, together with the one or more intervening atoms, form C3-Ck eycloalkyl, 3- to 8-

membered heterocycloalkyl, Ce-Cio aryl, or 5- to 10-membered hetercaryl.

4, The compound or conjugate of any one of the preceding claims, wherein R is C2-Cas

hydrocarbon chain optionally substituted with one or more R

5. The compound or conjugate of any one of the preceding claims, wherein R 15 2- to 35-

mentibered hetero-hydrocarbon chain optionally substituted with one or more R™.

6. The compound or conjugate of any one of the preceding claims, wherein at least one R
18 OXO,
7. The compound or conjugate of any one of the preceding claims, wherein at least one R™

is dihalocarbene.

8. The compound or conjugate of any one of the preceding claims, wherein at least one RY

18 cyano.

9. The compound or conjugate of any one of the preceding claims, wherein at least one RY

is halogen.

10. The compound or conjugate of any one of the preceding claims, wherein at least one RY
153 -OH, -O{Ci-Cuo alkvl}, or -O{Cos~Cro aryl), wherein the -O{Ci-Ciz alkyly or -O{(Ts-Cro arvi) is

optionally substituted with one or more R™.

11 The compound or conjugate of any one of the preceding claims, wherein at least one RY
is ~COOH, -COO(C1-Crz alky), -CO{C1-Cae alieyl), -CONHy, -CONH(C-Ci2 alkyl), -CON{Cs-
Ciz alkyly, or -C{ONHOH,, wherein the ~-COO{(C1-Ciz alkyly, -CO(Ci-Cao alkyl), -CONH{C-

Ci2 alkyl), or -CON(Ci-Ciz alkyi), is optionally substituted with one or more R™.

12, The compound or conjugate of any one of the preceding claims, wherein at least one RY
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is -NHCO(C:-Cao alkyl) optionally substituted with one or more R\,

13. The compound or conjugate of any one of the preceding claims, wherein at least one R

is -SOsH or -S0:(C-Ciz alkyl) optionally substituted with one or more R

14, The compound or conjugate of any one of the preceding claims, wherein at least one RY
15 -NHz, -NH{C:1-Ciz alkyl}, or -N{Ci-Ciz alkyl)z, wherein the -NH(Ci-Ciz alkyl) or -N{C1-Cr2

alkyi}) is optionally substituted with one or more R

15, The compound or conjugate of any one of the preceding claims, wherein at least one R
18 -8{Ci-Crz alkyl} or ~S{(Ce-Cro aryl), wherein the -8(Ci-Ciz alkyl) or -S{Cs-Crc aryl) s

optionally substituted with one or more R™*.

16, The compound or conjugate of any one of the preceding claims, wherein at least one RY
is -P{Cs-Cro arylys or -OP(=0)Q)0-(Ci-Ciz alkylene)-NMes ', wherein the -P(Cs-Cio aryl)s or -
OP(=0X0)0-(C:i-Ciz alkylene)-NMes " is optionally substituted with one or more R™,

7. The compound or conjugate of any one of the preceding claims, wherein at least one RY

15 C1-C1z alky! optionally substituted with one or more RY,

18 The compound or conjugate of any one of the preceding claims, wherein at least one RV

is C2-Ci2 alkenyl optionally substituted with one or more RM.

19, The compound or conjogate of any one of the preceding claims, wherein at least one RY

15 C2-Ci2 alkynyl optionally substituted with one or more R

20 The compound or conjugate of any one of the preceding claims, wherein at least one RY

is {3-Cs cycloalkyl optionally substituted with one or more RY

21 The compound or conjugate of any one of the preceding claims, wherein at least one Y

is 3- to B-membered heterocycloalkyl optionally substituted with one or more R™®.
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~y

22 The compound or conjugate of any one of the preceding claims, wherein at least one RY

is Cs-Cro aryl optionally substituted with one or more RV

23 The compound or conjugate of any one of the preceding claims, wherein at least one R

is 5- to 10-membered heteroaryl optionally substituted with one or more R'

24 The compound or conjugate of any one of the preceding claims, wherein two RV,
together with the one or more intervening atoms, form C3-Cs cycloalkyl optionally substituted

with one or more R

2s. The compound or conjugate of any one of the preceding claims, wherein two RY
together with the one or more intervening atoms, form 3- to 8-membered heterocycloalkyl

optionally substituted with one or more R™.

26. The compound or conjugate of any one of the preceding clairs, wherein two RY
together with the one or more ntervening atoms, form Ce-Cis arv] optionally substituted with

one or more R,

27. The compound or conjugate of any one of the preceding claims, wherein two RY
together with the one or more intervening atoms, form 5- to 15-membered heteroary! optionally

substituted with one or more RM.

Z8. The compound or conjugate of any one of the preceding claims, wherein L 15 selected

from the structures described in Tables X and Y.

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

Uy, (40, (), AV L (V) or (VI'):
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e @y Y ary;

Yr {Kv”\), or &‘Yr {‘VP\L

or a pharmaceutically acceptable salt thereof.

30. The compound of any one of the preceding claims, wherein the compound is of Formula
Formula (I-A), (T1-A), (IM-A), (IV-A), (V-A), (VI-A), (VII-A), (VIIT-A), (IX-4), (C-A), (XI-A),
or {XII-A)
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A (-A); Ty (-A);

e (V-A); Yo (A,

Y7 (VIL-A); oY (VITI-A);
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RY 5 RS .
0k gt 0t gL
Z Z
R4 R R4 R?
R® R® R3 R?
8 X X 0.
Y 3-A); or Y (XII-A);

or a pharmaceutically acceptable salt thereof

3L

The compound of any one of the preceding claims, wherein the compound 15 of Formula

(I7-Ay, (IU-A), I -A), GV7-A), (V7-A), (VIT-A) (VIT-A) (VHI-A), (IXC-A), (X7-A), (XT-A)
or {(XII’-A):

v (T-A); Y (Ir-A);

Y’ (V'-A): Y (vyreAy
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(VIT-A); Y (VIID-A);

{(XI"-A); or Y
or g pharmaceutically acceptable salt thereof

32 The compound of any one of the preceding clawns, wherein the corapound 5 of Formula
(I-B), (II-B), (H-B), qV-B), (V-B), or (VI-B):
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R%s RS R* Ris R R
O \Y
7 n
Y- (I-B): (11-B);
’O B
Z
HN
/e e
(L1-B): (IV-B);
0 SRS
Zj ‘?{Qm E{
Y- (V-B); or (VI-B);
or a pharmaceutically accepiable salt thereof.
33. The compound of any one of the preceding claims, wherein the compound s of Formula

(U-B), (IV-B), (1I'-B), (IV"-B), (V'-B), or (VI'-B}):

{I'-B); {I1r"-B);

C}‘f[ NH

b, YR (V> -B):
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Y’ (V'-BY; or (VI'-B);

or a pharmaceutically acceptable salt thereof

34. The compound of any one of the preceding claims, wherein:

Y 13 a hydroxy protecting group, and Z is a hydroxy protecting group; or

Y and Z i Formula (1), (1, ), JI0), (V) (T-A), (JI-A), (V-A), (VII-A), (IX-A), (XI-
A), (D-A), (ID-A), (V7-A), (VIT-A), (1X7-A), (XT7-A), (I-B), (dII-B), (V-B), ('-B), (II"-B}, or

(V’-B) together form -Si{RY 1-0-Si{RE)o-, wherein each RN independently 18 H or C1-Cs alkyl.

35 The compound of any one of the preceding claims, wherein the compound 1s:

e o]
= ~ o ? Ze B
G > O- )
\wjﬁz_?,ﬂnt O QL = . |‘ G“Y QL S e
] J LN B By J
Y-t X X \JMY t:. E v X ) X NV

5

]
' > . Uj*\(
| j
1\N’L Ty

Ho,or H ,
or a pharmaceutically acceptable salt thereof, wherein:

Y is -P(RY ), -P(ORVMN(R )2}, -P(=0{ORIR", -P(=S}ORIRY, -P(=0)(SRIR", -
P(=S¥SRY)RY, -P(FOHOR g2, -P(=S){OR ), -P(=O)}SR "}, -P(=S)}SR" )2, or a hydroxy
protecting group {e.g., silvl {e.g,, trimethylsilyl, triethylalvl, tert-butyldimethylsilyl, tert-
butyldiphenvlsiyl, or trisopropylsilyly, ttiphenvimethyl (Tr), 4,4”-dimethoxytrity | (DMTr),
substituted acyl {e.g., optionally substituted acetyl}, or benzyl);

each RY independently 1s H or Ci-Cs alkyl optionally substituted with one or more
halogen or ¢yano;

7 is -P(R™ Y, -P(OR“YN(R )2}, -P(=0}OR”IR?, -P(=S)OR“IR”, -P(=O)}SRHR?, -
P(=SHSR"IR?, -P(=0)OR )2, -P(=S}OR"), -P(=OXSR )2, -P(=S}SR’)2, or a hydroxy
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protecting group {£.g., silyl {e.g., trimethylsilyl, triethylsilyl, tert-butyldimethylsilyl, tert-
butyldiphenvisilyl, or triisopropylsilyl}, triphenylmethyl (T}, 4,4"-dimethoxytrityl {DMT7),
substituted acyl {e.g., optionally substituted acetyl}, or benzyly; and

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

halogen or cyano.

36. The compound any one of the preceding claims, wherein the compound is selected from

the compounds described in Table L and pharmaceutically acceptable salts thereof.

37. The compound any oune of the preceding claims, wherein the compound is selected from

the compounds described in Tables M and P and pharmaceutically acceptable salts thereof

38. A compound being an 1sctopic dertvative of the compound of any one of the preceding
claims.
39, The conjugate of any of the preceding claims, wherein the conjugate comprises:

{Nucleic Acid Agent)}-[{Linker Untt)or~(Liprd-Based Lagand Unutifis; or

{(Lipid-Based Lagand Uunit)-(Linker Unithoa ha-{Nucleic Acid Agent)-[{Linker Unitloa-{
Lipid-Based Ligand Unit)]is;
wherein:

each of the Linker Unit and Lipid-Based Ligand Uwmit, when attached to the Nucleic Acid
Agent {e. g, siRNA}, independently is attached to a terminal position (e.g., a nucleotide at the 3°-
terminus or the 5 -terminus) or an internal position {e.g., a nucleotide that is not at the 3°-
termumus of the 5'-terminus) of the Nucleic Acid Agent {e.g., siRNA); and

each Linker Unit 15 mdependent from another Linker Unit, and each Lipid-Based Ligand

Unit 1s mdependent from another Lipid-Based Ligand Unit.

40, The conjugate of any one of the preceding claims, wherein at least one Lipid-Based

Ligand Unit in the conjugate 1s:
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HO-P-0 X
(f)‘.
o
#%-0
a-L
S
HO_P-O X

5

S

or a pharmaceutically acceptable salt thereof
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41, The conjugate of any one of the preceding claims, wherein at least one Lipid-Based

Ligand Unit in the conjugate 1s selected from the structures described in Table C.

42, The conjugate of any one of the preceding claums, wherein at least one Lipid-Based

Ligand Untt in the conjugate is selected from the structures described m Tables N and (.

43 The conjugate of any one of the preceding claims, wherein the Nucleic Acid Agent

comprises an oligonucleotide.
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44, The conjugate of any one of the preceding claims, wherein the Nucleic Acid Agent

comprises one or more phosphate groups or one or more analogs of a phosphate group.

45, The conjugate of any one of the preceding claims, wherein the Linker Unit 1s attached to
the Nucleic Acid Agent via a phosphate group, or an analog of a phosphate group, in the Nucleic

Acid Agent.

46, The conjugate of any one of the preceding claims, wherein the Nucleic Acid Agent

comprises an RNA

47 The conjugate of any one of the preceding claims, wherein the oligonucleotide is an
siRNA, microRNA, antimicroRNA, microRNA mimics, antiniR, antagonur, dsRNA, ssRNA,
aptamer, immune stunulatory oligonucleotide, decoy oligonucleotide, splice altering

oligonucleotide, triplex forming oligonucleotide, G-guadruplexe, or antisense oligonucleotide.

43 A pharmaceutical composition comprising the compound or conjugate of the any one of

the preceding claims.

49, A method of modulating the expression of a target gene i a subject, comprising

admmistering to the subject the conjugate of any one of the preceding claims.

50. A method of delivering a Nucleic Acid Agent to a subject, comprising administering to

the subject the compugate of any one of the preceding claims.

51 A method of treating or preventing a disease in a subject in need thereof, comprising
admimistering to the subject a therapeutically effective arnount of the conjugate of any one of the

preceding claims.

52. The conjugate of any one of the preceding claims for modulating the expression of a

target gene in a subject.
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The conjugate of any one of the preceding claims for delivering a Nucleic Acid Agent to

53.

a subject.
The conjugate of any one of the preceding claims for treating or preventing a disease ina

54
subject in need thereof.

Use of the conjugate of any one of the preceding claims in the manufacture of a

55.
medicament for modulating the expression of a target gene in a subject.

$6.  Use of the conjugate of any one of the preceding claims in the manufacture of a
medicament for delivering a Nucleic Acid Agent to a subject.
Use of the conjugate of any one of the preceding claims in the manufacture of a

57,
medicament for treating or preventing a disease in a subject in need thereof.

The method, conjugate, or use of any one of the preceding claims, wherein the subject is

5B.

a human.
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