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TARGETED CONJUGATES COMPRISING MODIFIED SIRNA

CROSS-REFERENCE TO RELATED APPLICATION(S
This patent application claims the benefit of priority of U.S. application serial No.

63/110,837, filed November 6, 2020, which application is herein incorporated by reference.

BACKGROUND

Nucleic acids, including siRNA., are useful ag therapeutic agents. Currently there is a
need for compositions and methods that can be used to deliver {e. 2., target) siRNA, in living
subjects.

BRIEF SUMMARY
The mnvertion provides conjugate of Formula (1)
RULL-R?
B

or a salt thereof, wherein:

R!is atargeting ligand that comprises one or more saccharide groups;

L is an optional linker; and

R? is an siRNA molecule that comprises at Jeast one unlocked nucleic acid {UNA) of

the following formula:

wherein B is a nucleobase.

The invention also provides synthetic mtermediates and methods disclosed herein that
are useful {o prepare compounds of formula L

Other objects, features, and advantages of the present invention will be apparent to one
of gkili in the art from the following detailed description and figures.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1: shows data described in Example 2.

Figure 2: shows data described in Example 3.

Figure 3: shows data described in Example 4.

Figure 4: shows data described in Example 5.

Figure 5: shows data described in Example 6.
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DETAILED BDESCRIPTION

As used herein, the following terms have the meanings ascribed to them unless
specified otherwise.

The term “conjugate” as used herein includes compounds of formula (1) that comprise
an siRNA molecule that comprises at least one unlocked nucleic acid (UNA) linkedto a
targeting ligand. Thus, the terms compound and conjugate may be used herein interchangeably .

The term “small-interfering RNA” or “siRNA” as used herein refers to double stranded
RNA (i.e, duplex RNA} that is capable of reducing or inhibiting the expression of a target
gene or sequence {e.g., by mediating the degradation ot inhibiting the transiation of mRNAs
which are complementary to the siRNA sequence) when the siRNA is in the same cell as the
target gene or sequence. The siRNA may have substantial or complete identity to the target
gene or sequence, or may comprise 4 region of mismatch {f.e., a mismatch wotif). In certain
embodiments, the siRNAs may be about 19-25 {duplex) nucleotides in length, and is preferably
about 20-24, 21-22, or 21-23 {duplex) nuclectides in length. siRNA duplexes may comprise 3°
overhangs of about 1 to about 4 nucleotides or about 2 to about 3 nucleotides and 5° phosphate
termini. Examples of siRNA include, without limitation, a double-stranded polynucleotide
molecule assembled from two separate stranded molecules, wherein one strand is the sense
strand and the other is the complementary antisense strand. The siRNA used herein include at
least one UNA.

In certain embodiments, the 3" and/or 3' overhang on one or both strands of the siRNA
comprises 1-4{e.g.. 1. 2. 3, or 4} modified and/or unmodified deoxythymidine {t or dT}
nucleotides, 1-4 {e.g., 1, 2, 3, or 4) modified {¢.g.. 2'OMe} and/or unmodified uridine (U}
ribonucieotides, and/or 1-4 {e.g., 1, 2, 3, or 4) modified {e.g, 2'OMe} and/or urmmodified
ribonuclieotides or deoxyribonucleotides having complementarity 1o the target sequence {e.g.,
3'overhang in the antisense strand) or the complementary strand thereof {e.g., 3' overhang in
the sense strand).

Preferably, siRNA are chenucally synthesized. siRNA can also be generated by
cleavage of longer dsRNA {e.g., dsRNA greater than about 25 nucleotides in length) with the
F. coli RNase [T or Dicer. These enzymes process the dsRNA mto biologieally active siRNA
{see, e.g., Yang er al., Proc. Natl. Acad Sci. USA, 99:9942-9947 (2002); Calegan ef al., Proc.
Natl. Acad. Sci. USA, 99:14236 (2002); Byrom ef al., Ambion TechNotes, 10(1):.4-6 {2003);
Kawasaki er al., Nucieic Acids Res., 31:981-987 (2003); Knight ef al., Science, 293:2269-2271
{2001); and Robertson ef al., J. Biol. Chem., 243:82 (1968)). Preferably, dsRNA are at least 50
nucleotides to about 100, 200, 300, 400, or 500 nucleotides in fength. A dsSRNA may be as long
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as 1000, 1500, 2000, 5000 nucleotides in length, or longer. The dsRINA ¢an encode for an
entire gene transcript or a partial gene transcript. In certain instances, siRNA may be encoded
by a plasroid (e.g., transcribed as sequences that automatically fold mto duplexes with haurpin
{oops).

The phrase “mhibiting expression of a target gene” refers {o the ability of a siIRNA of
the invention fo silence, reduce, or inhibit expression of a target gene. To examine the extent
of gene silencing, a test sample {e.g., a biological sample from an organism of interest
expressing the target gene or a sample of cells in culture expressing the target gene} 1s
contacted with a siRNA that silences, reduces, or inhibits expression of the target gene,
Expression of the target gene in the test sample is compared to expression of the target gene in
a control sample {e.g., a biological sample from an organism of interest expressing the target
gene or a sample of cells in culture expressing the target gene) that is not contacted with the
stRNA. Countrol samples (e.g , saraples expressing the target gene) may be assigoned a value of
100%. In particular embodiments, silencing, inhubition, or reduction of expression of a target
gene is achieved when the value of the test sample relative io the conirol sample {e. g, buffer
only, an siRNA sequence that targeis a different gene, a scrambled siRNA sequence, efc.) i3
about 100%, 99%, 98%, 97%, 96%, 95%, 94%. 93%, 92%, 91%, 20%, 89%, 88%, 87%, 86%%,
85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, T7%, T6%, 75%, 70%, 65%, 60%. 55%, 50%,
45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%, or 0%. Suitable assavs include, withouot
limitation, exanination of protein or mRNA levels using technigues known to those of skill in
the art, such as. e.g., dot blots, Northern blots, in sifu hvbridization, ELISA,
immunoprecipitation, enzyme function, as well as phenotypic assays known to those of skill in
the art.

The term “synthetic activating group” refers to a group that can be attached to an atom
to activate that atom to allow it to form a covalent bond with another reactive group. It is
understood that the nature of the synthetic activating group may depend on the atom that it is
activating. For example, when the svnthetic activating group is attached to an oxygen atom,
the synthetic activating group is a group that will activate that oxygen atom to form a bond
{e.g. an ester, carbamate, or ether bond) with another reactive group. Such svnthetic aclivating
groups are known. Examples of syuthetic activating groups that can be attached to an oxvgen
atom include, but are not limited to, acetate, succinate, iriflate, and mesylate. When the
svathetic activating group is attached to an oxygen atom of a carboxylic acid, the synthetic
activating group can be a group that is derivable from a known couphing reagent (e.g. a known

amde coupling reagent). Such coupling reagents are known. Examples of such coupling
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reagents inchude, but are not limited to, N, N -Dicyclohexvicarbodimide (BCC),
hydroxybenzotriazole (HOB1), N-G-Dimethylaminopropyl}-N -ethylcarbonate (EDC,
(Benzotnazol-1-vioxyins{(dimethylanunojphosphonium hexafluorophosphate (BOP),
benzotriazol-1-yi-oxytrpyrrolidinophosphonium hexafluorophosphate (PyBOP) or O-
benzotriazol-1-vI-N,N,N° N ~tetramethyluronmtum hexafluorophosphate (HBTU).

An “effective amount” or “therapeuticatly effective amount”™ of a therapeutic nucleic
acid such as sitRNA is an amount sufficient to produce the desired effect, e.g., an mhihition of
expression of a target sequence in comparison to the normal expression level detected in the
absence of a siRNA. fn particular embodirsents, inhibition of expression of a target gene or
target sequence 18 achieved when the value obtained with a iRNA relative to the control {e.g,
buffer only, an siRNA sequence that targets a different gene, a scrambled siRNA saquence,
efe.) is about 100%, 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, §9%, 88%,
87%, 8G%, 85%, 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, T6%, 75%, 70%, 65%, 60%,

35%, 50%, 45%, 40%, 35%, 30%, 253%, 20%, 15%, 10%, 5%. or 0%. Suitable assays for

.

i

S
measuring the expression of a target gene or target sequence include, but are not limited {o,
exammnation of protein or mRNA levels using techniques known to those of skill in the art,
such as, e g, dot blots, Northern blots, in sify hybnidization, ELISA, immunoprecipiiation,
enzyme function, as well as phenotypic assays known to those of skill in the art.

The term “nucleic acid” as used herein refers {0 a polymer containing at least two
nucleotides (i.e., deoxyribonucleotides or ribonucleotides) in either single- or double-stranded
form and includes DNA and RNA. “Nucleotides™ contain a sugar deoxvribose (BNA) or ribose
(RNA), a base, and a phosphate group. Nucleotides are linked together through the phosphate
groups. “Bases” include purioes and pyninudines, which further include natural compounds
adenine, thymine, guanine, cytosine, uractl, inosine, and natural analogs, and svnthetic
derivatives of purines and pyrimidines, which include, but are not limited to, modifications
which place new reactive groups such as, but not hmited to, amines, alcohols, thiols,
carboxvlates, and alkvihalides. Nucleic acids include nucleic acids containing known
nucleotide analogs or modified backbone residues or hinkages, which are synthetic, naturally
occurring, and non-naturally occurring, and which have similar binding properties as the
reference nucleic acid. Examples of such analogs and/or modified residues include, without
limitation, phosphorothicates, phosphoranudates, methyl phosphonates, chiral-methyl
phosphonates, 2°-O-methyl ribonuclectides, and peptide-nucleic acids (PNAs). Additionally,

nuweleic acids can include one or more UNA moteties.
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The term “nucleic acid” includes any oligonucleotide or polynucleotide, with fragments
containing up to 60 nucleotides generally termed oligonucleotides, and longer fragments
termed polynucleotides. A deoxyribooligonucieotide consists of a S-carbon sugar called
deoxyribose joined covalently to phosphate at the 5° and 3 carbons of this sugar to form an
alternating, unbranched polymer. BDNA may be in the form of, e g., antisense molecules,
plasrmid DNA, pre-condensed BNA, a PCR product, veclors, expression cassettes, chimeric
sequences, chromosomal DNA, or derivatives and combinations of these groups. A
ribooligonucleotide consists of a similar repeating structure where the 5-carbon sugar is ribose.
RNA roay be in the forro, for examople, of small interfering RNA (siRNA), Dicer-substrate
dsRNA, small hairpin RNA (shRNA), asvmmetrical interfering RNA (ailRNA), microRNA
{(miRNA), mRNA, tRNA, rRNA, tRNA, viral RNA (vRNA), and combinations thereof.
Accordingly, in the context of this invention, the terms “polynucleotide” and “oligonuciectide”
refer to a polymer or oligomer of nucleotide or nucleoside monomers consisting of naturally
occurring bases, sugars and intersugar {backbone) linkages. The terms “polynuclectide” and
“pligonucieotide” also include polymers or cligomers comprising non-naturally oceurring
monomers, or portions thereof, which function simularly. Such modified or substituted
oligonucleotides are often preferred over native forms because of properties such as, for
example, enhanced celiular uptake, reduced immunogenicity, and increased stability in the
presence of nucleases.

Unless otherwise mdicated, a particular nucleic acid sequence also imoplicitly
encompasses conservatively modified varianis thereof (e.g., degenerate codon substitutions),
alleles, orthologs, SNPs, and complementary sequences as well as the sequence explicitly
indicated. Specifically, degenerate codon substitutions may be achieved by generating
sequences irr which the third position of one or more selected {(or all) codons is substituted with
mixed-base and/or deoxyinosine residues (Batzer ef al., Nucleic Acid Res., 19:5081 (1991},
Ohtsuka eraf | 7. Biol Chem., 260:2605-2608 (1985); Rossolini ef al, Mol Cell Probes, §91-
98 (1994)).

The term “gene” refers to a nucleic acid (e.g., DNA or RNA) sequence that comprises
partiad length or entire length coding sequences necessary for the production of a polypeptide
or precursor polypephide.

“Gene product,” as used herein, refers to a product of a gene such as an RNA transcript
or a polypeptide.

As used herein, the term "alkyl", by itself or as part of another substituent, means,

unless otherwise stated, a straight or branched chain hydrocarbon radical, having the number of
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carbon atoms designated (1., Ci~s means one to eight carbons}. Examples of alkv] groups
include methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, iso-butyl, sec-butyl, n-pentyl, n-
hexyl, n-heptyl, n-octyl, and the like. The term "alkenyl” refers to an unsaturated alkyl radical
having one or more double bonds. Simularly, the term "alkynyl” refers to an unsaturated alkyl
radical having one or more triple bonds. Exarnples of such unsaturated alkyl groups inclade
vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadieny!), 2.4-pentadienyl, 3-(1,4-pentadienvl),
ethyvnyl, I- and 3-propyny], 3-butynyl, and the higher homologs and isomers.

The term "alkylene” by itself or as part of another substituent means a divalent radical
derived from ao alkane (including straight and branched alkanes), as exemphified
by ~CH2CHCHyCH- and -CH(CHR)YCHCH,-

The term "cycloalkyl” "carbocyclic,” or "carbocyele” refers to hydrocarbon ringsystem
having 3 {0 20 overall number of ring atoms (e.g., 3-20 membered cycloalkyl is a cyvcloalkyl
with 3 to 20 ring atoms, or Caao cycloalky] is a cveloalkyl with 3-20 carbon ring atoms) and
for a 3-5 membered cycloalkyl being fully saturated or having no more than one double bond
between ring vertices and for a 6 membered cycloalkyl or larger being fully saturated or having
no more than two double bonds between ring vertices. As used herein, "cycloalkyl”
“carbocyelic,” or "carbocycle” 1s also meant to refer to bicyclic, polvevelic and spirocyclic
hydrocarbon ring system, such as, for example, bicyclo{2.2.1}heptane, pinane,
bicyclof2.2.2joctane, adamantane, norborene, spirocyclic Cs.yz alkane, elc. As used herein, the

i

terms, "alkenyl," "alkynyl," "cycloatkvl,", "carbocycle.” and "carbocyclic,” are meant to

include mono and polyhalogenated variants thereof

The term "heterocycloalkyl” "heteroeyclic,” or "heterocycle” refers to a saturated or
partially unsaturated ring system radical having the overall baving from 3-20 ring atoms {e.g..
3-20 membered heterocycloalkvl is a heterocycloalkyl radical with 3-20 ring atoms, a Cooro
heterocvcloalkyl is a heterocycloalkyl having 3-10 ring atoms with between 2-19 ring atoms
being carbon} that contain from one (o ten heteroatoms selected from N, G, and §, wherein the
nitrogen and sulfur atoms are optionally oxidized, nitrogen atom(s) are optionally guatemized,
as ring atoms. Unless otherwise stated, a "heterocycloalkyl,” "heterocyclic,” or "heterocvele”
ring can be a monocyvclic, a bicyelic, spirocyclic or a polveylic ning system. Non Limiting
examples of "heterocycloalkyl,” "heterocychie,” or "heterocycle” rings include pyrrolidine,
piperidine, N-methvipiperidine, imidazolidine, pyrarolidine, butvrolactam, valerolactam,
imidazolidinone, hyvdantoin, dioxolane, phthalimide, piperidine, pyrimidine-2 4(1H 3H)}-dione,
|.4-dioxane, morpholine, thiomorpholine, thiorsorpholine-S-oxide, thiomorpholine-S,8-oxide,

piperazine, pyran, pyridone, 3-pyrroline, thiopyran, pyvrone. tetrahydrofuran,
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tetrhvdrothiophene, quinuchidine, tropane, 2-araspiro} 3.3 theptane, (1R, 58)-3-
azabicyclof3.2 Hoctane, (13,4s)-2-azabicyclo]2.2. 2}octane, (1R 4R)-2-0xa-5~
azabicyclof2.2 2joctane and the hike A "heterocvcloalkyl,” "heterocyclic,” or "heterocycle®
group can be attached to the remainder of the molecule through one or more ring carbons or
heteroatoms. A "heterocyeloatkyl” "heterocyelic,” or "heterocycle” can include mono- and
poly-halogenated variants thereof.

The terms "alkoxy." and “alkyvlthio”, are used in their conventional sense, and refer to
those alkyl groups attached to the remainder of the molecule via an oxygen atom (“oxy™) or
thio grou, and further include mono- and poly-halogenated variants thereof

The terms "halo" or "halogen.” by themselves or as part of another substituent, mean,
uniess otherwise stated, a fluorine, chlorine, bromine, or iodine atom. The term “(halojalkyl” is
meant to include both a “alkyl” and “haloalkyl” substituent. Additionally, the termo "haloalkyl,"
18 toeant to include monohaloatkyl and polvhaloalkyl. For exarople, the term "Cig baloalkyl”
is mean to include trifluoromethyvl, 2,2 2-trifluoroethyi, 4-chlorobutyl, 3-bromopropyi
difluoromethvl, and the like.

The term "aryl” means a carbocyclic aromatic group having 6-14 carbon atoms,
whether or not fused to one or more groups. Examples of aryl groups include phenyl, naphthvl,
biphenyl and the like unless otherwise stated.

The term "hetercarvl” refers to arvl ring(s) that contain from one to five hetercatoms
selected from N, O, and 8, wherein the nitrogen and sulfur ators are optionally oxidized, and
the nitrogen atoms) are optionally quaternized. A hetercarvl group can be attached to the
remainder of the molecule throngh a heteroatom. Examples of heteroarv] groups inchude
pynidvl, pynidaznyl, pyrazimyl, pyrimandinyl, triaziovl, quimolinyl, quinoxalinvl, quinazolinyl,
cinnolinyl, phthalaziniyl, benzotriazinyl, purinyl, benzimidazolyl, benzopvrazolyl,
benzotriazolyl, benzisoxazolvl, isobenzofuryl, isomdolyl, indolizinyi, benzotriazinyl

thisnopyridinyl, thienopyrimidinyl, pyrazolopyrimudinyi, imudazopyridines, benzothiaxolyi,
benzofuranyl, benzothienvl, mdolvi, quinolyl, 1soquinolyl, isothiazolyl, pyrazolyl, indazolyl,
pteridinvl, imidazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiadiazolyl, pyrrolyl,
thiarolyl, finvl, thienyl and the hike.

The term saccharide includes monosaccharides, disaccharides and trisaccharides. The
term includes glucose, sucrose fructose, galactose and ribose, as well as deoxy sugars such as
deoxyribose and amino sugar such as galactosamine. Saccharide derivatives can conveniently
be prepared as described jo International Patent Applications Publication Numbers WO

96/34005 and 97/03995. A saccharide can conveniently be linked to the remainder of a

~
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compound of formula I through an ether bond, a thioether bond (2. an S-glycoside), an amine
nitrogen {e.g., an N-glvcoside }, or a carbon-carbon bond {e.g. a C-glvcoside). In one
embodiment the saccharide can conveniently be binked to the rernainder of a compound of
formula | through an ether bond. In one embodiment the term saccharide includes a group of

the formuda:

wherein:

X is NR®, and Y is selected from (C=0)R*, -SO:R°, and {C=0WNRR": or X
is «{C=0}- and Y is NR'R?;

R? is hydrogen or (Ci-Cadalkyl;

R* R® R® R7, R® and R’ are each independently selected from the group consisting of
hydrogen, {Ci-Cslalkyl, (Ci-Ceihaloalkyl, (Ci-Usalkoxy and (Us-CUs)evcloalkyl that is
optionally substituted with one or more groups independently selected from the group
consisting of halo, {C1-Calalkyl, (Ci-Cathaloalkyl, {Ci-Caalkoxy and {C1-Cothaloalkoxy;

R is -OH, -NR*R? or - F; and

R'is -OH, -NR3R®, -F or 5 membered heterocycle that is optionally substituted with
one or more groups independently selected from the group consisting of halo, hydroxyl,
carboxyl, amano, {Ci-Calalkyl, (Ci-Cohaloalkyl, (Ci-Coatkoxy and (Ci-Cobaloalkoxy. In

another embodiment the saccharide can be selected from the group consisting of’

OH  4-OH HO —OH HO —OH HO OH
OH O HO o HO o HO o
o) N Q 2 o FoO0

N \ ~ 3 H ~ it ~

-NH O-f N o-d - S—NH o4 Frd8-tH 03

H it
FiC o} F o
HO (OH HOM{)H H(%}_(OH Hﬁq(}ﬁ
Ho{{o HO 0 HO o and Ho--< /0
Q PO Y Q N { 5 Q < { 5%
}»NH o—% N 0% }*—NH o HN- o4
A HaN O

In another embodiment the sacchande can be:
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HO OH
HO O
&) R
>*NH ot
GalPro.

The term “animal” includes mammalian species, such as a human, mouse, rat, dog, cat,

hamster, guinea pig, rabbit, livestock, and the like.

5 In one embodiment, the unlocked nucleic acid (UNA) has the following formula:

Yo B

°

\

W

7

OH

wherein B is a nucleobase. In one embodiment, B is an unnatural nuclechase. In one

embodiment, B is a natural nucleobase. In one embodiment, B is a nucleobase that comprises

a purine or a pynmidine. In one embodurnent, B is a nucleobase selected from:

i0
0 % NHR?
| Ji o
HNT ONH o j@\H R\[if"‘“m
'\.N. Xb \N» \Xb \N/K\xb
H H H
0 on &
Rf%fim o I Re L
|
\‘N/k}(h LN’K\\\Xb \N/*\ B
H H H
qu R":b
//;.\5\ ‘/\\\_,T <’N\U/ \\QL
AN -
\ﬁ"’ \N’,// \.Rgb ﬁ'/ \‘N"// RSb
R RP RE R
V] up
N(/ /J%J\ N/f’\ ‘l/ i\j\
P N A
\ﬁ,a— e *RSb ﬁ* \N:/ Rgb
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o ?
R n M BpHRe®
T \\L’ NHR? Ny
A e
R25 Sy \\th ’ R0 \N/X
H and H
wherein:

R is selected from the group consisting of H, Me, F, C1, Br, I, OH, NH, SH, OMe,
NQ2, NHOH, NHOMe, NHNH,, C=0NH,, C-Cz alkyl, and 5- or 6-membered heteroarvl;

R™ is selected from the group consisting of H, OH, OMe, NHz, NHMe, C=0ONH;. C;-
Cy alkyl, and 5~ or 6-membered heteroarvi;

R is selected from the group consisting of H, ¥, CL Br. L, OH, §, NH2. SH, OMe,
NGy, NHOH, NHOMe, NHNH;, C=0NH;, 1-Cs alkyl, and 5- or 6-membered heteroarvi;

R* is selected from the group consisting of H, NH; and C1-Cs alkvi; and

X is NR™, Qor 8.

In one embodiment, B 1s selected from adenine {A), cvtosine (€}, guanine {G) and
uraci} (U).

The term “ealts” inchudes any antonic and cationic complex, such as the complex
formed between a cationic hipid and one or more anions, Non-limiting examples of anions
mnclude inorganic and organic antons, e.g., hydride, flucride, chloride. bronude, iodide, oxalate
{e.g., hemioxalate), phosphate, phosphonate, hydrogen phosphate, dihydrogen phosphate,
oxide, carbonate, bicarbonate, nitrate, nitrite, nitride, bisulfite, sulfide, sulfite, bisulfaie, sulfate,
thiosulfate, hydrogen sulfate, borate, formate, acetate, benzoate, citrate, tartrate, lactate,
acrvlate, polyacrviate, fumarate, maleate, itaconate, glvcolate, gluconate, malate, mandelate,
tiglate, ascorbate, salicylate, polymethacryiate, perchlorate, chlorate, chlorite, hypochlorite,
bromate, hypobronute, odate, an atkvisulfonate, an arvisulfonate, arsenate, arsenite, chromate,
dichromate, cyanide, cyanaie, thiocyanate, hydroxide, peroxide, permanganate, and mixtures
thereof. In particular embodiments, the salts of the cationic lipids disclosed herein are
crystalline salts.

The term “acvl” includes any alkyl, alkenyl, or alkynyl wherein the carbon at the point
of attachment is substituted with an oxo group, as defined below. The following are non-
limiting examples of acyl groups: ~C{=0alkyl, -C(=0jalkenyl, and ~-C{=0}alkyuyl.

The term “fusogenic” refers to the ability of a lipid particle, such as a SNALP, to fuse
with the membranes of a cell. The membranes can be either the plasma membrane or

membranes surrounding organelles, e. g, endosome, nucleus, efc.
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As used herein, the term “agueous sohution” refers to a composition comprising in
whole, or in past, water.

As used herein, the term “organic hipid solution” refers to a compostiion comprising m
whole, or in part, an organic solvent having a lipid.

“Diistal site,” as used herein, refers {0 a physically separated site, which is not limated to
an adjacent capillary bed, but includes sites broadly disinbuted throughout an organism,

“Serum-stable” in relation to nucleic acid-lipad particles such as SNALP means that the
particle is not significantly degraded after exposure 1o a serum or nuclease assay that would
significantly degrade free DNA or RNA. Suitable assays include, {or exarople, a standard
serurn assay, a DNAse assay, or an RNAse assay.

“Systemic delivery,” as used herein, refers to delivery of lipid particies that leads o a
broad biodistribution of an active agent such as an siRNA within an organism. Some
techniques of adrmunistration can lead to the systenuc delivery of certain agents, but not others.
Svstemic delivery means that a useful. preferably therapeutic, amount of an agent is exposed to
maost paris of the body. To obtain broad bicdistribution generally requires a blood lifetime
such that the agent is not rapidly degraded or cleared (such as by first pase organs (liver, hung,
erc.) or by rapid, nonspecific cell binding) before reaching a disease site distal to the site of
administration. Systemic delivery of lipid particles can be by any means known in the art
including, for example, intravenous, subcutaneous, and intraperitoneal. In a preferred
embodiment, systemic delivery of lipid particles is by infravenous delivery.

“Local delivery,” as used herein, refers to delivery of an active agent such as an siRNA
directly to a target site within an organism. For exampple, an agent can be locally delivered by
direct mjection nio a disease site, other target site, or a farget organ such as the hver, heart,
pancreas, kidney, and the like.

When used herein to describe the ratio of lipid:siRNA, the term “lipid” refers to the
total liptd in the particle.

It will be appreciated by those skilled in the art that compounds of the invention having
a chiral center may exist in and be isolated in optically active and racemic forms. Some
compounds may exhibit polymorphism. It is to be understood that the present invention
enconpasses any racernic, optically-active, polymorphic, or sterecisomeric form, or maxiures
thereof, of a compound of the invention, which possess the useful properties described herein,
it being well known in the art how to prepare optically active forms (for example, by resolution
of the racenic form by recrystallization techriques, by syuthesis from optically-active starting

materials, by chiral synthesis, or by chromatographic separation using a chiral stationary phase.
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When a bond in a compound formula herein is drawn in a non-stereochemical manner
{e.g. flat}, the atom to which the bond is attached tncludes all stercochemical possibilities.
Unless otherwise specifically noted, when a bond 10 a compound formula herein is drawn i a
defined stereochemical manner {e.g. bold, bold-wedge, dashed or dashed-wedge), it 15 1o be
understood that the atom io which the stereochemical bond is attached is enriched in the
absolute stereoisomer depicted. In one embodiment, the compound may be at least 5195 the
absolute stereoisomer depicted. In another embodiment, the compound may be at least 60%
the absolute stereotsomer depicted. In another embodiment, the compound may be at least
80% the absolute sterecisomer depicted. Tn another ernbodiment, the compound may be at
least 90% the absolute stereoisomer depicted. In another embodiment, the compound may be
at least 95 the absolute steregisomer depicted. In another embodiment, the compound may be
at least 99% the absolhute stereoisomer depicted.

Unless stated otherwise herein, the term “gbout”, when used in connection with a value
or range of values, means plus or minus 3% of the stated value or range of values.

Generating siRNA Molecudes

siRNA can be provided in several forms including, e.g., as one or more isolated small-
interfering RNA {(siRNA) duplexes, as longer double-stranded RNA {dsRNA}, or as siRNA or
dsRINA transcribed from a transcriptional cassette in a PNA plasmid. In some embodiments,
stRNA may be produced enzymatically or by partial/total organic synthesis, and modified
rihonucleotides can be introduced by i vifro ensymatic or organic synthesis. In certain
instances, each strand is prepared chemically. Methods of synthesizing RNA molecules are
known in the art, e. g, the chemical synthesis methods as described in Verma and Eckstein
(1998) or as described herein. siRNA, including siRNA with at least one UNA, and corgugates
thereof, can be prepared, e g., using methods described in International Publication Numbers
WO 2017/177326 and WO 2018/191278.

Methods for isolating RNA, synthesizing RNA, hybridizing nucleic acids, making and
screening cDNA libraries, and performing PCR are well known in the art {see, e.g., Gubler and
Hoffman, Gene, 25:263-269 {1983}, Sambrook er ai., supra; Ausubel ef al., supra}. as are PCR
methods (see, U.S. Patent Nos. 4,683,195 and 4,683,202, PCR Protfocols: A Guide to Methods
and Applications (Innis ef af ., eds, 1990}). Expression libraries are also well known {o those of
skill in the art. Additional basic texis disclosing the general methods of use in this invention
include Sambrook ef al., Molecuiar Cloning, 4 Laboratory Manua! (2nd ed. 1989); Kriegler,

Gene Transfer and Expression: A Laboratory Marual (1990); and Current Protfocols in
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Molecular Biology (Ausubel ef &/ | eds., 1994}, The disclosures of these references are herein
incorporated by reference in their entirety for all purposes.

Typically, siRNA are chemically synthesized. The ohigonucieotides that comprise the
stRNA molecules of the invention can be synthesized using anv of a variety of techmuiques
known in the art, such as those described in Usman ef al., J A Chem. Soc., 1097843 (1987},
Scaringe ef al., Nucl Acids Res., 18:3433 (1990}, Wincott ef al, Nucl Acids Res., 23:2677-
2684 (1993); and Wincott ef al., Methods Mol Rio., 74:59 (1997). The synthesis of
oligonuclectides makes use of common nucleic acid protecting and coupling groups, such as
dimethoxyinty] at the 5 -end and phosphoramidites at the 3"-end. As a von-lirniting exarople,
small scale syntheses can be conducted on an Applied Biosvstems synthesizer using a 0.2 pmol
scale protocol. Alternatively, syntheses at the 0.2 umol scale can be performed on a 96-well
plate synthesizer from Protogene (Palo Alto, CA). However, alarger or smaller scale of
synthests is also within the scope of this invention. Suitable reagents for oligonucleotide
synthesis, methods for RNA deprotection, and methods for RNA punfication are known to
those of skill 1n the art.

siRNA molecules can be assembled from two distinct oligonucleotides, wherein one
oligonucleotide comprises the sense strand and the other comprises the anfisense strand of the
sitRNA. For example, each sirand can be svnthesized separately and joined together by
hybridization or ligation following synthesis and/or deprotection.

Embodiments of the Invention

One aspect of the mvention 1s a compound of formula | as set forth about 1n the
Summary of the Invention, or a salt thereof.

In one embodiment R' is ~C(H)a.p(L-saccharide),, wherein each L7 is independently a
limking group: pis 1, 2, or 3; and saccharide s a monosaccharide or disaccharide.

In one embodiment the saccharide is:

wherein:

¥ is NRY, and Y is selected from (C=0)R*, -SO2R5, and (C=0)NR°R; or X
is «(C=0)- and Y is NR®R”;

R* is hydrogen or (Ci-Cadalkyl:

i3
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R* R® R R’, R® and R’ are each independently selected from the group consisting of
hydrogen, {C-Cslalkyl, (Ci-Cahaloalkyl, (Ci-Cylalkoxy and (Cs-Celovcloalkyl that is
optionally substituted with one or more groups independently selected from the group
consisting of halo, (Ci-Cylalkyl, (Ci-Cophaloalkyl, (Ci-Cayalkoxy and (C1-Casthaloalkoxy;

R* is -OH, -NR*R’ or - F, and

R is -0OH, -NR*R?, -F or 5 membered heterocycle that is optionally substituted with
one or more groups independently selected from the group consisting of halo, hydroxyi,
carboxyl, amino, {C1-Calalkyl, (C-Cyhaloalkyl, (Ci-Cajatkoxy and (Ci-Cahaloalkoxy;

ot a salt thereof.

In one embodiment the saccharide is selected from the group consisting of

OH OH HO OH HO QH HO>—_{‘OH

OH o HO o HO o HO o
o o \ F \
SN 0~ BN o-d - %-—-NH Ot Fy %«-—-NH o4
<{ FoC & £ 4
HO OH HO% - OIH HQ, { —OH

HO o H
g %
}*N\H o4 N 0 Pk o

and salts thereof,

In one embodiment the saccharide is:

HO OH
o >
}NH o5

N-Acetylgalactosamine (GalNAc) GalPro

In one embodiment each L’ is independently a divalent, branched or unbranched,
saturated or unsaturated, hvdrocarbon chain, having from 0 to 50 carbon atoms, wherein one or
more{e.g 1, 2, 3, ot 4) of the carbon ators in the hydrocarbon chain s optionally replaced by
~0O-, -NR¥- -NR*-C(=0)-, -C(=0}-NR*- or -§-, and wherein R* is hydrogen or (C;-Celalkyl,
and wherein the hydrocarbon chain, is optionally substituted with one or more{e.g. 1,2, 3, or
4} substituenis selected from (Ci-Colalkoxy, (Cs-Cs)evcloalkyl, (Ci-Celalkanoyl, (T~
Cealkanovloxy, (Cr-Celalkoxycarbonyl, {Ci-Cslalkyithio, azido, cvano, nitro, halo, hvdroxy,

oxo {(=0), carboxy, arvl, arvloxy, heteroaryl, and heteroaryloxy.

14
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In one embodiment each L’ is independently a divalent, branched or wnbranched,
saturated or unsaturated, hydrocarbon chain, having from 1 to 20 carbon atoms, wherein one or
more{e.g 1,2, 3, or 4) of the carbon atoms 1 the hvdrocarbon chain is optionally replaced by
0, NRE NREC(=0)-, -C(=0)-NR¥- or -8-, and wherein B¥ is hydrogen or {C-Csdalkyl,

S and wherein the hydrocarbon chain, is optionally substituted with one or more {(e.g. 1, 2,3, or
4} substituents selected from (C-Celatkoxy, (C-Csevcloalkyl, {Ci-Colalkanovl, {Cr-
Csyalkanoyloxy, (Ci-Celalkoxycarbonyl, (Ci-Ceiatkylthio, azido, cvano, nitro, halo, hydroxy,
oxo (=0}, carboxy, aryl, aryloxy, heteroarvi, and heteroarvioxy.

In one embodiment L is:

. H
f\\/\ OA\/G\/\O/\VN\”/\/%
10 o
or a salt thereof,

In one embodiment R is;

or a salt thereof.

In one embodiment R is;

R
(v

wherein G i3 ~NH- or -G~

5
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R is hydrogen, {{'1-Cglalkyl, (C-Cadhaloalkyl, (C1-Cydatkoxy, (C-Cealkanoyl, (Cs-
Condeyeloalkyl, {Cs-Costheteroeycle, arvl, hetercaryl, monosaccharide, disaccharide or
trisacchande; and wherein the cycloalkyl, heterocyle, ary, hetercaryl and saccharide are
optionally substituted with one or more groups independently selected from the group
consisting of halo, carboxyl, hvdroxyl, amino, (Ci-Cyalkyl, (Ci-Cohaloalkyi, (C5-Caalkoxy
and (Cy~-Cyihaloalkoxy;

or a salt thereof.

In one embodiment R” is:

HO\iO
R
HO oHo
\i o]
OHOS
OH

OH .

In one embodiment R is;

In one embodiment RC is:

In one embodiment G is -NH-.

In one embodiment R is;
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ORP

or

rAQ™

RD \"L/ iy RD
O o O

wherein each R” is independently selected from the group consisting of hydrogen, {Cy-
5 Coalkyl, {Co-Conyalkyisilyl, (RVp8i-, (C-Coalkenyl, tetrahydropyranyl, (Ci-Cedalkanoyl,
benzovl, arvli{Ci-Csadalkyl, TMTr (Trimethoxyinty]), DMTr (Dimethoxvintyl), MMTr
(Monomethoxyirityl}, and Tr (Trityl); and
each RY is independently selected from the group consisting of (Ci-Cajalkyl and aryi.
In one embodiment linking groups L'and L7 are independently a divalent, branched or
10 unbranched, saturated or unsaturated, hydrocarbon chain, having from 1 to 30 carbon atoms,
wherein one or more {e.g. 1, 2, 3, or 4) of the carbon atoms in the hvdrocarbon chain is
optionally replaced by —0-, -NR*- .NRX.C(=0})-, -C(=0)}-NR™ or -S-, and wherein R¥is
hydrogen or {C~Ceyatkyl, and wherein the hvdrocarbon chain, 1s optionally substituted with

one or more {e.g. 1. 2. 3, or 4) substituents selected from (C1-Celalkoxy, (Us-Celeveloalkyl,

R
W

{Ci-Csatkanovl, (Ci-Celalkanoyloxy, (Ci-Celalkoxycarbonyl, (Ci-Ceyalkyithio, azido, cyano,
nitro, halo, hydroxy, oxo (=0), carboxy, arvi, arvioxy, heteroarvl, and heteroarvioxy.

In one embodiment L' and L? are independently a divalent, branched or unbranched,
saturated or unsaturated, hvdrocarbon chain, having from 1 to 20 carbon atoms, wherein one or

more {e.g. 1, 2, 3, or 4} of the carbon atoms in the hydrocarbon chain is optionally replaced by

17
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-, -NR-, NRY-C(=0)-, -C(=0)-NR™- or -§-, and whaerein R¥is hydrogen or (Ci-Cedatkyl,
and wherein the hydrocarbon chain, is optionally substituted with one or more{e.g. 1,2, 3, or
4y substituents selected from (Ci-Colalkoxy, (Cs-Cejeveloalkyl, (Ci-Colalkanoyl, (Ci-
Cepalkanoyloxy, (Ci-Cshalkoxycarbonyl, {Ci-Csalkyithio, azido, cyano, nitro, halo, hydroxy,
oxo (=0), carboxy, arvl, arvioxy, hetercarvl, and hetercaryloxy.

In one embodiment L and L? are independently, a divalent, branched or unbranched,
saturated or unsaturated, hydrocarbon chan, having from 1 to 14 carbon atoms, wherein one or
more{e.g. 1, 2, 3, or 4) of the carbon atoms in the hydrocarbon chain is optionally replaced
O-, -NR - -NRE-C(=0)-, -C(=0)-NR*- or -8-, and wherein R¥is hydrogen or (C:-Celalkyl,
and wherein the hydrocarbon chain, is optionally substituted with one or more{e.g. 1,2, 3, or
43 substituents selected from (U -Cepalkoxy, (Cs-Ceieycloalkyl, {Ci-Coialkanoyl, (Ci-
Coyalkanoyloxy, (Ci-Cslalkoxycarbonyl, (Ci-Celalkylthio, azido, cvano, niiro, halo, hydroxy,
oxo (=0}, carboxy, arvl, arvioxy, heteroarvl, and heteroaryloxy.

In one embodiment L’ is connected to R* through -NH-, -O-, -§-, {C=0}-, {C=0)-NH-
. NHAC=0-, (C=0)-0-, -NH-A{=0)-NH-, or ~-NH-(SO2)-.

In one embodiment L? is connected to R? through -0-.

In one embodiment L' is selected from the group consisting of’

S H .0 o
& N /k/ y \ﬂ//\v"\\f/‘\/’\\/\\/e ~F & N ‘J‘!\” N \f/\v/\\/\//\»)J\f
H & b Q ¢
£ I H % 0 y
~ H N H H

O
s H Qo Q
sS‘\ fk/‘\\i ,N and é‘s J\/ﬁ ,u\
N M/\ﬁ‘ *\;»g ~ /\\/\W e
H & N ?::/\/ NV

In one embodiment L} is selected from the eroup consisting of
& =

18
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O

0 0
)\/ﬁ . R ANGE PN »)\/ﬁ

% ;{\/\/ sy W\A/Lkg
o a ¢

EKH\/N\g/v \/\f\/\/kﬁ EAAEJKNW\E}L

O
and &%: ,u\/\\/»\//\//\r,}z
O

and salts thereof
In one embodiment L2 is ~CH,-0- or -CH,-CH3-0-.

Inn one embodiment a compound of formula U has the following formula (Iia}:

W

wherein:
RA
|
or a salt thereof.

10 In one embodiment a compound of formula (Ha) 1s selected from the group consisting

19
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Qo

a'o
N RN Ui U
L% wornyoot s ySoe sy
Y H N { Ci’)!\%N / N/
feolel

2 r Y
!

Z

N
Z

OQ

¢ z Q%0
\N,E QIO Ay 00 \Ni
wherein:

(s hvdrogen and Q% is R% or Q' is R” and 7 is hydrogen:

Zis-LLRY

Q*O”I”‘\\r’z
/ ' N’;i\

ot

5 and salts thereof

In one embodiment a compound of fornmula | has the following formula (Hib):

DD,
ml D)(X@ﬁ};m
/t}
RI—L L2l
(Ifby
wherein:

RA

I
10 each D is independently selected from the group consisting of —C™ and -N=;

each m is independently 1 or 2; or a salt thereof.

In one embodiment a compound of formula b 15 selected from the group consisting of’

0@2 QQ2 Q‘iO
N/ N L:/N /\/f o )
ato. b M o ) B end D8
T TN G'o S N D A
\z \z ] ﬁ"'z

[
(v 4

wherein:

Qs hydrogen and Q% s R or @' is R® and Q7 is hydrogen;
7 is —LLRY

and salts thereof.

In one embodiment a compound of formula 1 has the following formula (I}
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(R,
\E;‘*\"‘ ________ _—
LN
2
I
(ile)

wherein E 15 —~0- or -CHz-~;

n 1s selected from the group consisting of 0, 1, 2, 3, and 4; and

or a salt thereof

nl and n2 are each independently selected from the group consisting of 0, 1, 2, and 3;

In certain embodiments a compound of formula (T} 15 selected from the group

consisting of:

L
N

RO
HO, O RZ-0—,
Thor w LD 70
O-R j
i 2

O-R2

In one embodiment the -A-L*-R* moiety is:

O-RE
E
£
e
2.
R0y
i
Z
10
wherein Z is ~LLRY;
and salts thereof
15 wherein:

2
./“OQ .
0e?
;\NJ" Iq or ‘“‘N/>“ oa
L\ﬁ/(}(f Q10\\~“L\\.
g

3} is hydrogen and Q% is R or Q' is R” and * is hydrogen; and

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

or a salt thereof.

In one embodument a compound of formula (1) 15 selected from the group counsisting of
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Ho OH o
Q O .
NH HN}
Q== =3
Mo, OH " % ) {QH

HO fo]y]
HO-
ot
Ho O :ﬁ o OH
H(;\/‘\\\/Q ~g7 \/OV/\O/\VN ] ane P N
o L_or?
Ho OH
'\/-G
HO
o= d
ar
HO fﬁj o
Q0 fo) .
HQ\ /‘\l/ o ™~ \v'/\‘()/\\/ _\>
HN\“
o= ¥=0
Ho §H N . ( o o
/

Nt

o~

—Q

’PL/OV’\Q'WQV”\O/\\V’N\E‘/\ """ xﬂ\/ \F/’\/\\/”\/’\/’\\/J\ ~OH
NH i ij o Q

7

O
HO ?if HN
3‘/ \,/\0/‘\/0\,/\\6_/\)
OL\
and
G O H
/IL\N/\/\N)K’W\JWN S OH
H H H 4 | P
O™
o " i i RZO/
]
N

and salts thereof
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In one embodiment R' is selected from the group consisting of’

H
s WQ
o o RS /u\/O N\f'/ ij H 14/“’
/J‘L £ E - O
T LTV e e
RS \}) '\,If ~gs
o - /NH
RS
/
TNH =0
~ ;
S O RS/ Y\“«\_._._g
Q
HN\RS
Q
HN
\Rs
RS
\
s
and 0=
H
o N
g\/’u\ g \RS
N o}
O
o=(
N
RS

HG ‘ii
HOX ’E&/G‘{/\ow =

. . G5
wherein R% is "\

nis 2, 3, or4;
xistor2
In one embodiment L! is salected from the group consisting of:

O

’s !

o o o o >y

o © o 0 H H L

H M . H ‘ . N AN o
SN SR %%N\f’\g'j R A

PN
N R TN ) i oo
I N YN EOH Ve o 8 ) HN
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M g ¢ " H o i j\ o fi o

1 it i K
<N N VY N }‘é "N‘N/\N/LM N ; and I~ JL’V%J /\{\,\)1\\_(5
¢ I/ ﬁ’l\(\‘im ﬁ/\/ T * i \hm ¥ M YR

H 10 H
Q 0

In one embodiment L' s selected from the group consisting oft

o 0 o O (S Qo 0
N TN G WP ' U
C\\nf ~r g:g"f, éé '1535 X s * ‘?’z ho Xl
O
o 0 o O [ IS H
éé\/\Nf“\(\,Yj\ég éé\n,/\N/lL(\,ﬁ/U\g é‘j\m/\N { /)J’LN/'\/N %,
il i \ & A i
(”) H 0 & #H 8 o H 10 M &
; N . §
F\ii/f\ﬁf\tvi:\ﬁf\/ \i/a ﬁf ﬁ [/ ﬁ \"10 E ‘16 M w0 * .
o o ©

In one embodiment A is absent, phenvl, pyvrrolidinyd, or eyclopentyl
5 In one embodiment L7 is €4 alkylene-O- that is optionally substituted with hydroxy.
In one embodiment L7 is ~CH,0-, -CHCHLO-, or ~-CH(OHCH,O-.
In one embodiment each R* is independently hydroxy or {5 atky! that is optionally
substituted with hydroxyl
In one embodiment each R# is independently selected from the group consisting of
10 hydroxy, methyl and ~CHOH.

In one embodiment a compound of formula I has the following formula (Ilg):

(R,
[
B/
L
E
R’E
{iig)

wherein B is —N- or -CH-;
13 L1 s absent or —NH-;
L? is Ciu alkyiene-O- that is optionally substituted with hydroxyt or halo;
nis G, 1, or2;
or a salt thereof.

In one embodiment a compound of formula 1 has the following fornuda (Tlg):
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wherein B 15 ~N- or -CH-;
L1is absent or —=NH-;
5 L% 1s Ci alkylene-O- that is optionally substituted with hydroxvl or halo;
nis0,1,2.3,4,5,6,0r7,
or a salt thereof.

In one embodiment a compound of formula I has the following formula (fg):
(R,

10 (g
wherein B is -N- or -CH-;
L' is absent or —=NFH-;
L2 is Ci alkylene-O- that is optionally substituted with hydroxyl or halo;

nisO, 1,2, 3, or4,;

[ory
W

or a salt thereof.
in one embodiment a compound of formula (Mg} ts selected from the group

consisting of:

RE—Q
Y O-R?
o By R - ~
KN e e s
L)y OR ) OH p1 HO s
N N R
R Fl@
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£ HG
F
HQ HG\C/\O"RE and
/ F ,L\ HN-— G~R2
\ 2 NH /

/ R?
R’:

wherein R is Cro alkyl, Co alkenyl or Coo alkynyl; wherein the Cis alkyl, Cos alkenyl

or {os atkvnvl are optionally substituted with hale or hydroxyl:

and salts thereof

5 In one embodiment a compound of formula 1 is selected from the group consisting of:
Q
O i H
OH © PN N
; _ ~R2 2. NNt
. ; /\\/O"Rz A r\(mN.f\/O R ® G/\T E R
N U gy H OH
NH HO g
R‘I/ R
Ho, [ty 1,2,3.4
O HO 2
HO o~ B LR 6 O-R
ng N Qg2 E?E
e 1
RZ"“’O hii R
R‘i
HO R’
® N
and A\
P @2
¥ o A7 0w
R OH -

and salts thereof.
10 Inn one embodiment the compound of foromla | or the salt thereof is selected from the

group consisting of:

] @R
o Q/\Tr,NHR /0 R
NHR"J\/‘O 3 F o ’ o 0 f?
o Xy N\_,f'\ﬁf /%J\ﬁ \/)‘\\/QH

Hm/zt'\‘f\/‘:>\*-”O\/\o’\/a\/\O"\}¢
R = |

HO” ™Y A
oH 142

393
O
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HO,«,':/fy\F/D\’b/\Q,;z \\F,N\%f:_\ ; CH
RN ; Oh0 , oM
" AcHN P L S
HO” C {0 n ACHNV’\/ j:,
HOo. Hé O
&7 228, n=3,x=1
HE %
~—~OH - and
oH
HO, WNHAC ACHN, /[V.OH
QAO/\QV D\/\ N(]\N/\K/ \,y’\g fJ\Q/\%’1
OH
NH
O Nm( \
L 2° e
ﬁW“ §
oH © G
HO,, A oNHAC H;{;
’j’: E’\ WO 231, n=3
“ { P N
Ny O/\{\/Q\")/\N /\\\Y \“

i

c.i);-e moH I' AcHN,,
N’“‘i\/o‘v}’\a

In one embodiment the compound of formula 1 or the salt thereof is selected from the

5 group congisting of:
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N
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OO O™ P

HO™ N “NHAG
OH
- o ﬁj\
O Q N ,lly\/y -
L\j/ {\,/\ ﬁ*\\/ \H//\J/\N B~ ?:J OH
A o s L :
HO E/ ‘NHAC [ racemic {els)
-3 éwﬁﬁ
- HO
OH o 0 D O-R?
PN
7 tV’\o*\f \F/\" RN
HQO “NHAc 1
OH g
t‘_\s\ ~sBH
lﬁ g
Hh‘\/\a R
OH ’ 0 0 HO OH
N PN 7
L\)/ '\/ﬁ{\/"\a’}’\\/ NJ i\w’ Tr/\{\ﬂjg L s \\“ ?;‘I \;,——z—ix
D T Liow
HO “NHAG g RO
on 3
w OH
e\ﬁ/\/i\‘ A
H 0 OR?
Co )Lv Lk
o) P N %JL AN S
Oy ‘”’“O’T\ \“’A{\ o N \M;o?i oRe
AgO “RFAe / racemic (cis)
GAc
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~ i AL
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r + 07 A AV
2N i\( X g By N O
O \-_/ » ‘}/ n YO .»\i/
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- O~)( {
He HO }‘” AGHN”K:/"’GH
( & n=3xe HO
Rt ne=d x=1
HO R
NHAC H
o Mooy o
Ho L/ Q P - racemic (ois}
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™~ d ~
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o \_,o O/\VNH o A }«*0\‘“!
vo” AcHN (p\j( n MHN&'{
s oM
HO: O n=2 x=1 HO o
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™~ DN 4
o NH i Wé\g R
NHAe )f B0 T
HG, Ty QA N
YL Y M,

NP NH o] -0 5 O
HO' ™y \Of‘l\,/ n Y 7:‘
o AcHN o 7 n AcHN,(\‘/Z

HO \; H5‘ Ok
R n=3x=1
HO ;\OH n=d =1
NHAC "
Ho,,.,i/ E Q\k\ﬂ/\:}fw\ﬁo o
Ho 0 d NJ\
L UL R
OH g b W@W j:/\
NHAC N HNT O © O-R?
= HO
w0, o) YNy
n TN OH
HO® !\\",0 /‘“‘VNH ':Ky‘i\’ - af
AcHN SRl ™
- O- ACHN™N
HO: \< OH
G n=3,x=1 HO
s :
o)

NHAG OH

H i
HO,, E//‘\\E/Q\(‘/\O/\}E,N Mol o | a F%mmic {cis)

NHAc HNT o
HO, O~ O A N
Y o MY A
RO " NHCD oo o O
HOY Y AN O/ﬂ*‘” n - 7_.\\-’1
HO” G \M(/O\}{\ i ACHNW\( i,
H(‘}:..\ ‘O n=38 %=1 Ae:(j DAe
R g nEd, x=
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OH

O J/O\ X\O/\)\/N G ji AGHN,I\
HO “NrHAC = A‘i\’ \/)’\0' o
OH N

1
Qg NH racamic {cis}

L
\OH Oﬁxfx H M /\ﬁéj\ O-R2

L racemic {cis)

HO, Q 2 ) N

&/ «f/’\ci v L}’\Tr 01,){/ OZH

Ho' 0 ,Axr,f Oy o, .
~~

.n

ALHNW\/

“OH
HO

[o7I%

L\«’/ n=3 x=
:and

oH oH

HO., A NHAG achn, _L_on

E N’A\(\/O\J’/\Q/ O i
n /\EDH

O

N
INM Jlifrs’msr {cis}
NJ‘(\)"\H/N\/

e e
HG, A .NHAC o HN
(X i
DA 10 e A T N\;(’ OH
i Py
OH i’ O AcHN,, OH
I T e e
H n OH

or pharmaceutically acceptable salts thereof.

In one embodiment the compound of formula 1 is:
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OH

| racemic (sis}
D<ow

S OH
HO
or a pharmaceutically acceptable salt thereof
In one embodiment the compound of formula 1 is:
NHAC H
HO/,, ,D\P\O/r\}ﬁ/f\i%() o0 O
o oy

racemio {(cis)

0 AT
B ¢} N ( N O-R?
~on py UMY

NHAC J HN (> © H @
HG,, 9} G { N
Ao NN
A0 n NH o) 07y -0 o OH
T e Y NN
oo %(ONX\ " AcHN=A ]
" 3 OH
HO: O n=2,x=1 HO
A
HO

~OH

S ora pharmaceutically acceptable salt thereof

In one embodiment the compound of formula 1 is:

35



WO 2022/098990 PCT/US2021/058232

NHAC H
HQ/,‘ /Q N /N f{) GH
é MO g »
HOv : O {:;\ﬁ y f racemic {cis)
Oane’ N~ O-R?
~on Y
_NH O o]
NHAc J HN™ ~C M
HQ,, O 3 { AN
n X e} ]
o NH TR0, PH

S Q
HO' H W 1] - \.) Wt
~ ! '
wo” AN o XTO AcHN’zJ,
HO“’@) n

HO %
O

n=2 x=1 HO

or a pharmaceutically acceptable salt thereof.
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In one embodiment the compound of formmila I is:
NHAC
HO O Jé/\ o OH

racemic {cis}

O-R?
OH
NHAC
HO O\P/\
&
n OH
HO \ir‘C\[J
oo AN ACHN"‘,\//.&
OH
HO 0 = HO
"t
~{H
or a pharmaceutically acceptable salt.
In one embodiment the compound of formula 1 is:
NHAc
HOi:,érO\’(/\O/ﬁ\/N\/O
o™ O
H X
“oH \ﬂ/\(\/)"\f D'\
NHAG J/ . HO
HO, 0{\/’\ W N/
-Cv/\c[)/ ;\f( Q/>L_,0 OH
HOY ™ /'“\g-" -0, W
oA o O e
HO ‘(/ AcHN . J',,
HO Hé OH
N n=3 x=
HO . OH

or a pharmaceutically acceptable salt thereof.
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In one embodiment the compound of formmila I is:

NHAG H
HO,, N

OH
racemic {cis)
6]
O R s w s e
. ___RZ
E o ¥ H | & H 7L
“oH ~
HNT

oz
NHAC /’J/ NH O H
HO, Oy~ OW N/
Ao, NG
. o NH O O CAc
\‘ - O /
HO H f‘%’/ ] 7/ o
o AGHN “(OJ(‘Q n AcHN 7
HOn ;‘:} n:S,X~1 ACC; (@Y
HO  :
0Ok
or a pharmaceutically acceptable salt thereof.
In one embodiment the compound of fornmda I is:
NHAG H | OH
HO, o) N0 ' ic (ci
O.,, J\W/ \fé./\o/\}\/ % o o racemic (cis)
o) v g A A O-R?
. 7
HO™ ™ N : NJ\VWN
3 Ot 1 o " T3
“oH =
NH
NHAC /J/ HNT SO H
HG,, O 3 / N
+ o) W\{f AN
" x o ).-0 OAG
wh O NH o o
T ao oY " Ny
aor oK n ACHN™N_/,
HO» o n=d,x=1 Ach he
HO %
—QOH

or a pharmaceutically acceptable salt thereof.
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In one embodiment the compound of formmila I is:

OH OH

OO by f\}\/w\&o AcHN,, OH

HO “NHAG @L N \)‘/\0 0

O P o OH

o NHO fh(/ racemic (cis)

R2

o
ﬁ%ﬁ“\)@

O O
MH
/ n=2
N AcHN,
O g i
1
HO “NHAG © ”’/’“‘N”‘{\/O\/}’\o
OH
or a pharmaceutically acceptable salt thereof
In one embodiment the compound of formula Lis:
OH H OH
OJ/O\*\O"“}\/N\{/”O 0 AcHN,, OH
2, n E i { \ /L,
HO™ ™y NHAe ﬁ”’vc‘vﬁ\o 07
OH o OH
O NH | 4 racemic (cis)
7 - R
ﬁ’M"N ©
O 7 G
n=3

OH /j OH
i O O\/,/\O/\;\/ i AcHM,, OH
/\{\/4

o o N
HO NHAG ~F ™o o
O n OH

or a pharmaceutically acceptable sall thereof.
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In one embodiment the compound of formmila I is:
NHAC
Q\’%/\C}/{\}\/ j
. &
HO'
z "‘\ H
Son ° < F : NWJL ’“P)\
Y 10 ‘L% N 2
NHA NH HN R
o C() J/ racemic {cis)
e C}H
ol )’\‘g/ \r\
O n ")Lo oH
HO Y o }_MI'
> AcHN n
HO™ %ONXM N AcHNW‘\/,{l’
MO, \ ' Hé OH
HO
~(H
or a pharmaceutically acceptable salt thereof,
In one embodiment the compound of formula Lis:
OH

HO,. E/\ENHAC ACHN,, OH
. . j 0 .
3 o o Py ﬁ’“{\/ o o
OH noH OH
OH

S

racemic {cis}

or a pharmaceutically acceptable salt thereof.
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In one embodiment the compound of formmila I is:

OH
HQ/,‘/N NHAC . Q ACHNI!':
: § i { ,O
R \*\N /Tkﬁ/\?v ~ oo
{.}H N
ANy
Q%f’NH 5 i racemic {cis}
P 8o o
i i N ¢ Rz
N~ N
H ' 7 |
oH 0 0

HQ,, (VNHAC s
n=
e/\(\/o\'}/\z\s /\r
AcHN,, i
O/ N/,\VO\‘}/\ /[

or a pharmaceutically accepiable salt thereof.

In one embodiment the compound of formula 1 is:

OH OH
HOvjNHAc o ., OH
o o Oy 0

OH H OH

oS o

HO NHAC o Hi
, H /] n=3
O/\((\/G\/}/\N e N\H/ OH
OH "HOU 8 A OH

o L
oS T S T
H " Or

or a pharmaceutically acceptable salt thereof.
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In one embodiment the invention provides a compound of fornuda:

OH
HO,,, A:INHAG
o o~y
OH 2 H

OH

or a salt thereof.
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In one embodiment the invention provides a compound of formula:

OH QH
HO,,, ]\/'INHAG o AcHN,, [ v{}H
- { )}
i“ O G’/\&\/’Q\/fé\N S i /*/0\9/\ - /\Qj
OH H N OH

N H
Y RA)“

QI 3 e

OH
HO,, A NHA

. E\, < o . Hj\i

e g T e R OH

O AcHN, A _,0H

o ﬁ’\{\/ S0 o
2 OH
or a salt thereof.
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In one embodiment the invention provides a compound of formula:

OH OH
AcHN,,

(V:Hif@xm w /‘{\/0\/3”\0”1\)\/‘;

NH
,Né\if
N = E

or ©
HQ/,‘(V
l\\“ Df"\ OH
OH AcHN,, OM
/\{\/0 3 AN o
N ~ oo
2 OH
wherein:
Lis absent or a linking group;
5 L% 1s absent or a linking group;

R? is an siRNA molecule that comprises at least one unlocked nucleic acid (UNA} of

the following formula:

g
o B
°y
»
o) 0H
H
wherein B is a nucleobase;
10 ring E s divalent and is selected {rom the group consisting of:
; w =0 OH ””3” F g
Ho RU R gog= J/ HO )
T 1) oAy B ~
p MO e~ N CA_o
N, N OH o R LA
A { * W}JV&
T
O/‘z.
HO OoH O
HO - :{\ *(/U\N/\/OFS“S - - E L\N/\\/O;**
HN H H
WE:’iH* ) J\ %{,NH HO . :;NH
i ! N
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wherein

each R’ is independently Cro alkyl, Croalkenyl or Croalkynvl; wheren the Croalkyl

S Chgalkenyl or Caw alkynyl are optionally substituted with halo or hvdroxyl;

the valence marked with * is attached to L' or is attached to R f L' is absent; and

the valence marked with ** is attached to L? or is attached to R if L* is absent;

or a salt thereof.

In one embodiment L' and 1.7 are independently a divalent, branched or unbranched,

10 saturated or unsaturated, hydrocarbon chain, having from 1 to 50 carbon atoms, wherein one or

more {e.g. 1, 2, 3, or 4} of the carbon atoms in the hydrocarbon chain is optionally replaced by
(-, NRX- NRX-C(=0)-, -C(=0}-NR™ or -S-, and whaerein R¥ is hydrogen or (C1-C6)alkyl,
and wherein the hydrocarbon chain, is optionally substituted with one or more substituents

selected from (C1-Célalkoxy, (C3-Chjcycloalkyl, (C1-Coyalkanovl, (Ci-Uhjalkanoyloxy, (C1-

13 Célalkoxyearbonyl, {(C1-Coralkylthio, azido, cyano, nitro, halo, hydroxy, oxeo (=0}, carboxy,
aryl, aryloxy, heteroaryl, and heteroaryloxy.
In one embodiment L' is selected from the group consisting of:
o o o 0 o o
or a salt thereof,
20 In one embodiment L' is connected to B! through a linkage selzcted from the group
consisting of -0, -8+, (=03, (C=0)-NH-, -NH-A{C=0), {(C=0)-0-, -NHAC=0)}-NH-, or -
NH-(80:)-.

In one embodiment L' is selected from the group consisting of:
& t=d
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o o o o o o
N Y SR A e
H 4 d i
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‘ 5 8 9 7 9
f\n/\ﬁfu\(\,ﬁflké ‘ésjg/\ﬁ/uﬁ’);m\f ;\?;Ag/x(\)’fe\ﬁ/\v
o]

Y ,10H

o 0 o] O
o | o A i
é\y\ﬁ,i(\/};ﬁ\ﬁ/\/mg,% eT\NJ\(\ J\N/\H)K and_ JL{\/\ N/\f"\ﬂ\;‘s n

In one embodiment L? is connected to R? through -0O-.
n one embodiment L2 is Crs alkylene-0O- that is optionally substituted with hydroxy.
3 In one embodiment 1.2 is absent.
In one embodiment the invention provides a compound,
OH

oH

HO,, (\/CNHAG ALHN,/E OH
0/\{%0\/)”\4 N /\PO\/)’\ o

\\[/ OH

or a salt thereof wherein R” is a nucleic acid,
One aspect of this invention is pharmaceutical composition comprising a compound of
10 formula I, and a pharmaceutically acceptable carner.

Another aspect of this invention is a method to deliver a double stranded siRNA to the
liver of an anirmal comprising administering a compound of formula I or a pharmaceutically
accepiable salt thereof, to the aumal.

Another aspect of this invention is 3 method to treat a disease or disorder {e.g., a liver

15 disease or a viral infection, such as a hepatitis B viral infection} in an animal comprising
admuanistering a corapound of forroula 1 or a pharmaceutically acceptable salt thereof, to the

animal.
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Certain embodiments of the invention provide a compound of formula (B ora
pharmaceutically acceptable salt thereof for use in medical therapy.

Certain embodiments of the invention provide a compound of formuta (B ora
pharmaceutically acceptable salt thereof for the prophylactic or therapeutic treatment of a

S disease or disorder {e.g., a liver disease or a viral infection, such as a hepatitis B virus

infection) in an animal.

Certain embodiments of the invention provide the use of a compound of formula (1) or
a pharmaceutically acceptable salt thereof to prepare a medicament for treating a disease or
disorder (e.g., a hver disease or a viral infection, such as a hepatitis B virus infection) in an

10 animal

In certain embodiments, the animal is a mammal, such as a human (e.g., an HBVY

infecied patient}.

In one embodiment a compound of formula 1 has the following formula (Id):

18

wherein:

R {5 selected from:

/

o=

NH fe)
HOT“J”V\Q/‘\/O\/’\Q/\/ _>
L™}
HG/(!:}H HNF
=0
Ho O
%0 t "
HO ,/V:k/o\/ \O/‘V'Q\,/’\Q/‘V’N Nng
o= o
P
Ho OH HN\)
SN
HO '\\‘\Qx/{)\‘/’\@' - O\/\O_/
O
and
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=
NH o
HOZ\\-L"'/'?'\\Q/ \/o‘v/\g/\\//
70
HO 6H
O
HQ&Q H H
HO Q\-X/Q\/’\O/\/O\Jf’*\@/\/ : N-3-
MNH -
0=§
Ho OH
%\/O N S P _/>
NH
o
X% is Cr-10 alkvlene;
ndisQorl;
5 R% g an siRNA molecule that comprises at least one unlocked nucleic acid (UNA} of

the following formula;

?{fﬁ;

]|
‘}L? OH

wherein B is a nucleobase, sslected from the double stranded siRNA of Table 1; and

R s H, a protecting group, a covalent bond to a solid support, or a bond to a linking

10 group that is bound 1o a solid support.

In one embodiment R includes a linking group that joins the remainder of the
compound of formuda Id to a solid support. The nature of the linking group is not critical
provided the compound is a suitable intermediate for preparing a corapound of formula id

wherein R* is an siRNA that comprises at least one unlocked nucleic acid (UNA) of the

[y
W

following formula:

¥

O

N

o ot

%

wherein B 1¢ a nuclecbase.
in one embodiment the linker in R* has a molecular weight of from about 20 daltons to

about 1,000 daltons.
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In one embodiment the linker in R* has a molecular weight of from about 20 daltons to
about 500 daltons.

n one embodiment the linker in B39 separates the solid support from the remainder of
the compound of fornwla { by about 3 angsiroms to about 40 angstroms, inclusive, in length.

) In one embodiment the linker in R is a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having fromn 2 to 13 carbou atoms, wherein one or oore {(e.g.
1. 2.3, or 4} of the carbon atoms 1s optionally replaced by (-0~} or (-N(H)-). and wherein the
chain is optionally substituted on carbon with one or more {e.g. 1, 2, 3, or 4) substituents
selected from (Cr-Cojalkoxy, {Cs-Celeyeloalkyl, (Ci-Colalkanovl, (Ci-Celalkanovioxy, (Cs-
10 Cealkoxvearbonyl, (Cr~-Celalkylthio, azido, cyano, nitro, halo, hvdroxy, oxo (=0), carboxy,

aryl, aryloxy, heteroarvl, and hetercaryioxy.

In one embodiment the linker in R is a divalent, branched or unbranched, saturated or
unsaturated, hydrocarbon chain, having frorms 2 to 10 carbou atoms, wherein one or oore {(e.g.

i. 2, 3, or 4} of the carbon atoms is optionally replaced by (-0} or (-N(H)-). and wherein the

15 chain is optionally subsiituted on carbon with one or more {e.g. 1, 2, 3, or 4) substituents
selected from {Cr-Celalkoxy, (Cs-Coloycloalkyl, (C-Colatkanovl, (Ci-Colalkanovloxy, (T~
Usyalkoxycarbonyl, (C1-Cepalkylthio, azido, cyvano, nitro, halo, hydroxy, oxo (=0), carboxy,
aryl, aryloxy, heteroaryl, and heteroaryloxy.

In one embodiment the linker in R is ~CEO)CHCHCEOINED-

20 n one embodiment R is:

o:{
NH

HG”“\W\Q/’\\/O\/’\Q‘NO’S
/L HN

O
i G

‘ H
S0
HOA \\.x/O\/\Q‘/\ /G\V/\O,AVN,TI/\_W A
NH 4

o:(\ 0
Q
Hg/‘vawAQNOWG _____
N+

=

In one embodiment R is:

49



W

WO 2022/098990 PCT/US2021/058232

0=
NH O
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4 ¢ HN
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Ho OH T 8
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H{'}Ex,—mkfa\/\gf’\vf‘:}\vf\o/‘\/ N T/\" /ﬁ

NH 8 h
° \
Ho QH HN
(- o )
HOA A g \/"\O_/
NH
Ox{\

In one embodiment X9 is Caalkylene.

It one embodiment n is 0.

In one embodiment R™ is H.

In another embodiment a compound of (1d} or the salt thereof is selected from the

group consisting of!

Ho O
%/-0 N N o
HQ- /\\X’Q @
N by
o:(\ =0
Ho OH

§ .

(o]
el i i Y
HE \V/E\\/Q\ Vf\o/\/()\ JAO/\/N\?(/\M“\/__{%/&\\/\,/\,/\/W,N\E%‘Y’\OH
NH s i
o] N

OR?

"~

! &
=
o=

Ho OR H
< o o
HOB»,/TQ‘/ N ey N NN

R

0:::<
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HO QH
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o= ey HO Ny Ny oR?
HO OH “\ o a Nss
HOA e Ny g NN \i}/\\//\\//\/\ N
NH & H & H
o={
\ o
Ho QH o HIN
e
HOA /TA/'Q‘\/\O/\\/O\/\OW)
NH
Qz{\
ang
Hs\ﬁ/e o
Ho&/ﬁﬁ’\vﬁ\’“ﬂ/\/ _>
NH HN HO
o x(\ ):o
o OH - N 9 o
Ao t ) ALK 1
HO- T\_\/O\/’\O/\\/a\\/’\o/\v \[rA\""S“N /N\Y/\’A\IWAN/ N )
NH H i H L
0 & OR?
Oi ¢
=0
Ho OH HN

-0 o hY
HOM A N NN S
NH

and saits thereof.
Another aspect of this invention is 8 method to treat a disease or disorder {e.g., a viral
nfection, such as a hepatitis B viral infection} in an animal comprising administering a
5 compound of formula (§d) or a pharmaceutically acceptable salt thereof, to the arumal.
Certain embodiments of the invention provide a compound of formuia (Id) or a
pharmaceutically acceptable salt thereof for use in medical therapy.
Certain embodiments of the invention provide a compound of formula (Id) or a
pharmaceutically acceptable salt thereof for the prophylactic or therapeutic treatment of a
10 disease or disorder {e.g., a viral infection, such as a hepatitis B virus infection) in an animal.
Certain embodiments of the invention provide the use of a compound of formula (1d) or
a pharmaceutically accepiable salt thereof to prepare a medicament for treating a disease or
disorder (e.g., a viral infection, such as a hepatitis B virus infection} in an animal.
In certain embodiments, the animal s a mammal, such as a human (e.g., an HBV
13 infected patient).
The invention also provides synthetic intermediates and methods disclosed herein that
are useful {0 prepare compounds of formmda (Id}). For example, the invention includes an

wtermediate coropound of forroula e
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Oupg
R x }i‘j o)
N G
O O
(le}
or a salt thereof, wherein:
R g selected fromy:
ol
NH o
HE /\a”\vcw/\o’”\/ _\>
HO On © HN
=
Ho OH o u
S N H
H{#&/— Y A/O\J/\Q/’\\/G\V/\QA\/ N“%‘
NH C}
o-—-;(\
=0
HO ﬁj/ HN
O
H &4\\/0\’/\9/\\/0\”\0_)
NH
0:/\
and
o
I o o
HO ,Z’;\\i"f\g/\./ N 3
o]
HO c’)H N
Ho GH "
N-E-

H
H (\)X&//‘(g\/@v’\\gf\/g\f/\{yﬁv N ‘7]/\
NH
o / O

HO ifj HN
Hc}l/r-k/a\/\c/‘v Q\/\Q_)
N
e

._(\
X415 (-5 alkylene;
nfisQorl;
Pg! is H or a suitable protecting group; and
R* is H, a protecting group, a covalent bond to a solid support, or a bond to a linking

group that is bound to a solid support.
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In one embodiment Pg' is TMTr (Trimethoxytrityl}, DMTr (Dimethoxyiritvl), MMTr
(Monomethoxytrityl), or Tr {Trityl).
The mvention also provides a method to prepare a compound of formala (Id) as

described herein comprising subjecting a corresponding compound of formula (Ie):

O‘F’g‘
Ri¢ x ﬁ O
Yy M R
g O

(e}

wherein:

X4 1ig Comg alkylene;

ndistorl;

Pglis H; and

R s a covalent bond to a solid support or a bond to a linking group that is bound to a
solid support, to solid phase nucleic acid synthesis conditions to provide a corresponding
compound of formula Id wherein R? is an siRNA molacule that comprises at least one

unlocked nucleic acid (UNA} of the following formula

8
B
"OQ;

wherein B 1s a nuclecbase.
In one embodiment the method further comprises removing the compound from the
solid support to provide the corresponding compound of formula Id wherein R* is H.
In one embodiment the compound is vot a compound forroula 1d:
S

G.

\ﬂ/ nd R

or a salt thereof, wherein:

R {5 selected from:
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ol
NH O
HO7 L7 g O™ g™ x
0 HI
HO on o
HO OH y
X H
HOE/ T\X/O\/’\O/‘\/O\/’\O/\\/ m/ N“%’
7
[oF
:—:& %20
Ho OH HN
o o o )
HOA g N/
NH
G:Q
and
o
NH
HO '“4—"/'\ /’\\/Q\/'\G/\/ _\)
HN
HO OH o
Li ¥ 9y
E/r\ O\/\ONQ\fA "'\\/ \W N‘lj\/N%"
= H
O
")
Ho OH #HN

\i’{\\/o\/’ \Q/\/Q\/"\ J
z::}mQ
X4 15 Co-10 alkylene;
3 NYisGori;
R™ is an siRNA molecule that comprises at least one unlocked nucleic acid of the

following formula:

Yo B
o
i
o OH
s
wherein B is a nucleobase; and
10 R s H. a protecting group, a covalent bond to a solid support, or a bond to a linking

group that is bound to a solid support.

In one embodiment the compound i3 not a compound formula le:
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Pg'
R x }i‘j o)
Y M R
o 0O

{Ie)
or a salt thereof, wherein:

R'%is selected from:

o~

HE /\\;/7\0/\\/(}\,/\0/\\/ m\/\
HJ OH =0

HO OH
e L
HO ,‘.\A‘/Q\,/\O,»\/O\//\.O/\\/ N'—g-
O O
M\\ .
He O HN
HC;\—/“\\-\/ 0\/\@’”\/0\/’\0 /

:(\

and

0=J\1
HO N“ /\Q/'\/O\/’\O/\\/ .—>
70 HN

HO O p=e

Ho OF

AN

a0 i
HO \/—r\\/g\«”\a’\/a\/\ﬁ/\’ﬁﬁ A
o]
o'
HO OH
H{)E/ W\L g 0\/\0 v
0%
X%is Cz-g alkylene;
ndistorl:
Pglis H or a suitabie proteciing group; and

R s H, a protecting group, a covalent bond to a solid support, or a bond to a linking

group thai is bound 1o a solid support.

In one embodiment R is H.
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In one embodiment R™ is a covalent bond to a solid support.

In one embodiment R is a bond to a linking group that is bound to a solid support,
wherein the linking group 15 a divalent, branched or unbranched, saturated or unsaturated,
hydrocarbon chain, having from 2 to 15 carbon atoms, wherein one or more{e.g. 1,2, 3, or 4)
of the carbon atoms is optionally replaced by (-O-} or (-N{(H}~), and wherein the chain i3
optionally substituted on carbon with one or more {e.g. 1, 2, 3, or 4) substituents selected from
{Ci-Cayatkoxy, (Cs-Us)eveloalkvl, (Ci-Uslaltkanoyl, (Ci-CUgalkanovioxy, (Ci-
Ceralkoxycarbonvi, {{-Celalkylthio, azido, cyano, nitro, halo, hydroxy, oxo (=0}, carboxy,
aryl, arvloxy, hetercaryl, and beteroaryioxy

In one embodiment R is a bond to a linking group that is bound to a solid support,
wherein the linking group is a divalent, branched or unbranched, saturated or unsaturated,
hydrocarbon chain, having from 2 1o 10 carbon atoms, wherein one ormore{e.g. 1,2, 3, or 4)
of the carbon atoms is optionally replaced by (-0-} or (-N{H}-}, and wherein the chain is
optionally substituted on carbon with one or more {e.g. 1, 2, 3, or 4} substituents selected from
{(Ci-Cgatkoxy, (Cs-Cs)eycloalkyl, (Ci-Uejalkanoyl, (Ci-Cejalkanoyloxy, {C1-
Colalkoxycarbonyl, (Ci-Cepalkylthio, azido, cyano, nitro, halo, hydroxy, oxo (=0}, carboxy,
aryl, aryloxy, heteroaryl, and heteroarvioxy.

In one embodiment R is a bond to a linking group that is bound to a solid support,
wheretn the linking group is ~C{=0CH;CH,CEOINH)-.

In one embodiment the invention provides a compound of formula (I);

wherein:
R!is H or a synthetic activating group,
L'1s absent or a linking group;
L? is absent or a linking group;
R? is an siRNA molecule that comprises at least one unlocked nucleic acid of the

following formula:
{) B
,07

00

I

U
"
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wherein B 15 a nuclechase;
the ring A is absent, a 3-20 membered cycloalkyl, a 5-20 membered aryl, a 5-20
membered heteroarvl, or a 3-20 membered heterocveloalkyl;
each R* is independently selected from the group consisting of hydrogen, hydroxy, UN,
F, ClL Br, L -Crz alky1-ORE, 0 alkyvl Crao alkenyl, and Cauo alkynvl; wherein the Croo alkyl
Corae alkenyl, and Caao alkynyl are optionally substituied with one or more groups
independently selected from halo, hydroxy, and €12 alkoxy;
R¥ is hyvdrogen, a protecting group, a covalent bond 1o a solid support, ora bond to a
linking group that 1s bound to a solid support; and
nis0. 1,23, 4,56 7.8.9, or 10:
or a salt thereof.
In one embodiment the invention provides a compound of formuda {81}
{(R™)n
e
RI—L— A LA—R?
{an
wherein:
R' ais targeting ligand;
L'is absent or a linking group;
L7 is absent or a linking group;
R? is H or a synthetic activating group;
the ring A is absent, a 3-20 membered eycloalkvl, a 5-20 membered aryl, a 5-20
membered heteroaryl, or a 3-20 membered heterocycloatkyl;
gach R* is independently selected from the group consisting of hydrogen, hydroxy. CN,
F, Cl, Br, I, -C 12 alkvi-OR®, Crg alkyl Caoupalkenyl, and Cooo alkynyl; wherein the C .0 alkyl
Coroalkenyl, and Capalkynyl are optionally substituted with one or more groups
independently selected from halo, hydroxy, and Ci; alkoxy;
RPis hydrogen, a protecting group, a covalent bond to a solid support, or a bond to a
linking group that is bound to a solid support; and
nis$, 1, 2,3,4, 56,7, 8 9, or 10
or a salt thereof.

In one embodiment the invention provides a compound of formula (1ig):
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{Hg)
wherein:
Bis ~N- or ~CH-;
L% 1s Cis alkyiene-O- that is optionally substituted with hydroxy} or halo; and
nis0,1,2.3,4,5,6,0or7;
or a salt thereof.
In one embodiment the invention provides a compound selected from the group

consisting of

RE—Q G-R?
Ho Ry R ) Q{
o-rz2 M7 RE—0"" NT o Ho” NH
r}j OH Q Q
Q

wherein:

Qis-LLRY and

R’ s Cioalkyl, Cosalkenyl or Coo alkynvl; wherein the Croo alkyl, Cro alkeny] or Coo
alkvnyl are optionally substituted with halo or hydroxyl;

and salts thereof.

In one embodiment the invention provides a compound selected from the group

consisting of:
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o HO ) 1,2,34
HO\/’\O_..% ..... /’\ﬁ/a O—-R?
A N
RZ(y Q

HG\\’/‘/T}—\ e
| and
NN o-R? dl:z/\ﬁ g2
! { .-‘\\
Q (o4 ;

wheretn: Q is -L'-R': and salts thereof.
In one embodiment the invention provides a compound of formula (Hg):

",

W

wheregin:

Bis -N- or ~CH-;
L'1is absent or a linking group;

10 L? is Cy4 alkyiene-O- that is optionally substituted with hydroxvi or halo;
nisG, 1,23, 4,5 6, 0r7;
Rlis H or a synthetic activating group; and
R” is H or a synthetic activating group;
or a salt thereof.

15 In one embodiment the invention provides a compound selected from the group

RE—Q )
O-R
? L} I’
HO R\ R o ,\l ]
N - HO RI—3
[\ To-r2 N NH
/ /\) O-R ] HO
‘\N Ok a é
| *\s
Q Q



WO 2022/098990 PCT/US2021/058232

F HO

HO F Sy 2
F H0‘<\}/ O R and
i HN O-RE
0“'R2 NH ;’
N / Q
i Q
Q

wherein @ s -L-RE
L’ is absent or a linking group;
R’ is Cioaltkyvl Cosalkenyl or Co alkynvl; wherein the Cio alkyl, Cosalkenyl or Cow
5 alkyny! are optionally substituted with halo or hvdroxyl;
R!is H or a synthetic activaling group; and
R?is H or a synthetic activating group;
or a salt thereof.
In one embodiment the invention provides a compound selected from the group

10 consisting of:

OH O

o
Rz--—O/—/
HO % N,Q
\k/ TN O-R on Ai“z\/\o_Rz
Q oH -
wherein:
15 Qis—LI-RY

L’ is absent or a linking group;
R is H or a synthetic activating group; and
R? is H or a synthetic activaling group:
or a salt thereof.
20 In one embodiment R’ is H or a synthetic activating group derivable from DCC, HOBt,
EDC, BOP, PyBOP or HBTU.

In one embodiment R? is H, acetate, triflate, mesylate or succinate.

60
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In one embodiment R is a synthetic activating group derivable from DCC, HOBt,
EDC, BOP, PvBOP or HBTUL

In one embodiment R? is acetate, triflate, mesylate or succinate.

In one embodiment L' is a divalent, branched or unbranched, saturated or unsaturated,
hydrocarbon chain, having from § {0 20 carbon atoms, wherein one or more {e.g. 1, 2, 3, or 4)
of the carbon atoms in the hydrocarbon chain is optionally replaced —O-, -NH-, -NH-C(=0)-, -
C(=0)-NH- or -8-.

In one embodiment the invention provides a compound of formula (1)

wheretn:
Rlis atargeting ligand that comprises one or more saccharide groups;
L’ is absent or a linking group;
L? is absent or a linking group;
R? is an siRNA molecule that comprises at least one unfocked nucleic acid of the

following formula:

?OQB
};7

O

I

wherein B is a nucleobase;
ring E is divalent and is selected from the group consisting of:

w
-\r

w -0 OH
R R LS s
HO\_____Z____.ﬁ____xQ g il }\ /Q<f
N N /\r * HO
2
Q’;ﬁ‘
HO GH ©
T 1 — ’/H)J\NA\/OH‘: - J/\( N Oéyf*a
e
f E x

61



WO 2022/098990 PCT/US2021/058232

- ¢ H o : WO o-f
\0/\(1\1\5/\, N P
! *
o A . S ?;;)
s I

s

.
2

v FF HO ”""“} 1,234 HO O ot N
5 N, U e B,
s ; o o aN
;}g/\‘\/&j‘ o Sl T OH
wherein
each R 1s independently Croalkyl, Croalkenvl or Coroalkynyl wherein the Croalkyl,
S Chvalkenyl or Cowe alkynyl are optionally substituted with halo or hvdroxyl;
the valence marked with * is attached to L or is attached to R f L' is absent; and
the valence marked with ** is attached to L or is attached to R if L” is absent;
or a salt thereof.
In one embodiment R! comprises 2-8 saccharides.
10 In one embodiment B' comprises 2-6 saccharides.
In one embodiment R! comprises 2-4 saccharides.
In one embodiment R! comprises 3-8 saccharides.
In one embodiment R! comprises 3-6 saccharides.

In one embodiment R' comprises 3-4 saccharides.

[Ry
W

in one embodiment R! comprises 3 saccharides.

In one embodiment R! comprises 4 saccharides.

In one embodiment B’ has the following formula:
saccharide\Ta

PR~ g 2
saccharide—T4-—B

; T
—~— -~
saccharide g5

saccharide
wherein:
20 B'is a trivalent group comprising about 1 to about 20 atoms and is covalently bonded

to LY, T, and T2
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B? is a trivalent group comprising about 1 to about 20 atoms and is covalently bonded
o TL T, and T
B’ is a trivalent group comprising about 1 to about 20 atoms and is covalently bonded
to T2, T, and T%;
) T!is absent or a linking group;
T? is absent or a linking group:
T is absent or a linking group;
T* is absent or a linking group;
T% 1s absent or a linking group; and
10 T is absent or a linking group

In one embodiment each saccharide is independently selected from:

R’EQ R'H
R0 o
/
S 3
X o
Y

wherein:
X is NR?, and Y is selected from -(C=0)R?, -80:R°, and {{C=0)NR*R"; or X
15 is -(C=0)- and Y is NR¥R;

R? is hydrogen or (C1-Cadalkyl;

R* R R® R’, R® and R’ are each independently selected from the group consisting of
hydrogen, (Ci-Csyalkyl, (Ci-Ceihaloalkyl, (Ci-Celalkoxy and (Cs-Csieveloalkyl that is
optionally substituted with one or more groups independently selected from the group

20 consisting of halo, (C-Cayalkyl, (Ci-Coihaloalkvl, {Ci-Calaltkoxy and {C-Cathaloalkoxy,;

R s -OH, -NR*R® or - F, and

RY s -OH, -NRR?, -F or 5 membered heterocycle that is optionally substituted with
one or more groups independently selected from the group consisting of halo, hydroxyl,
carboxyl, amino, {Ti-Caalkyl, (Ci-Cohaloalkyl, (Ci-Calalkoxy and (Ci-Cohaloatkoxy.

25 In one embodiment sach saccharide is independently selected from the group consisting
of:
OH -0 HG -k HO —OH HG -4

\ o N o\
-NH O ‘}\----N‘H o S-NH Ot F-—-z} ----- S-nH O
e & £ &
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HO}‘A{AQH HO Z{“"QH HC%_ {“‘QH
HO 0 HO = O and  HO O
AN, N 4

o )
NH D3 HN—Y O
N\ © % Hgi\}— ’ _1\\\0 ~§

1

45

In one embodiment each saccharide is independently:

In one embodiment one of T' and T2 is absent.

n one embodiment both T' and T7 are absent.

In one embodiment each of T4 T2 T°, 7%, T, and T° is independently absent ora
branched or unbranched, saturaied or unsaturated, hydrocarbon chain, having from 1 1o 50
carbon atoms, wherein one or more {e.g. 1, 2, 3, or 4) of the carbon atoms n the hydrocarbon
chain is optionally replaced by —O-, -NR™-, -NR*-C(=0}-, -C{=0)-NR*- or -8-, and wherein
R™ is hydrogen or (C1-U6)alkyl, and wherein the hydrocarbon chain, is optionally substituted
with one or more (e.g. 1, 2, 3, or 4) substituents selected from (C1-Célalkoxy, {C3-
Coyeveloalkyl, (C1-Cojalkavovl, (C1-Colalkanovioxy, (C1-Cojalkoxyearbonyl, (C1-
{6xalkylthio, azido, cyano, nitro, halo, hvdroxy, oxo (=0), carboxy, arvl, arvioxy, heteroaryi,
and heteroaryioxy.

In one embodiment each of TH, T2, T°, T4, T3, and T is independently absent or a
branched or unbranched, saturated or unsaturated, hydrocarbon chain, having from 1 to 20
carbon atoms, wherein ong or more {&.g. 1, 2, 3, or 4) of the carbon atoms in the hvdrocarbon
chain is optionally replaced by —Q-, NRX., NRX-L(=0)-, -C=0-NRY- or -S-, and wherein
R* is hydrogen or {C1-C6alkyl, and wherein the hydrocarbon chain, is optionally substituted
with one or more {e.g. 1, 2, 3, or 4) substituents selected from {C1-Célatkoxy, (C3-
Coyevcloalkyl, (Cl-Céyalkanoyl, (C1-Co)alkanovioxy, (C1-Coalkoxyearbonyl, (C1-
Coyalkvlthio, azido, cyvano, mitro, haloe, hvdroxy, oxo (=0), carboxy, aryl, arvioxy, heteroarvi,
and heteroarvioxy.

in one embodiment each of TH, T% T2, T4, T°, and T is independentily absent or a
branched or unbranched, saturated or umsaturated, hyvdrocarbon chain, having from 1 o 50
carbon atoms, or a salt thereof, wherein one or more {e.g. 1, 2, 3, or 4} of the carbon atoms in

the hydrocarbon chain is optionafly replaced by ~O- or -NRY-, and wherain RY is hydrogen or
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{Ci-Csatkyl, and wherein the hydrocarbon chain, is optionally substituted with one or more
{eg. 1, 2,3, or 4) substituents selecied from halo, hydroxy, and oxo (=0).

In one embodiment each of TL T2 T3, T4 175, and 1% is independently absentora
branched or unbranched, saturated or unsaturated, hydrocarbon chain, having from 1 1o 20
carbon atoms, wherein one or more {e.g. 1, 2, 3, or 4) of the carbon atoms in the hydrocarbon
chain ts optionally replaced by —O- and wherein the hydrocarbon chain, s optionally
substituted with one or more {e.g. 1. 2, 3, or 4) substituents selected from halo, hyvdroxy, and
ox0 {={}}.

In one embodiment each of TH T2 T, T, T°, and T° is independently absent or a
branched or unbranched, saturated or unsaturated, hyvdrocarbon chain, having from 1 to 20
carbon atoms, wherein one or more {e.g. 1, 2, 3, or 4) of the carbon atoms in the hydrocarbon
chain 1s optionally replaced by ~0-~ and wherein the hyvdrocarbon chain, is optionally
substituted with one or more {e.g. 1, 2, 3, or 4) substituents selected from halo, hydroxy, and
oxo (=0},

Inn one embodiment at least one of T2, T, T°, and T° is:
b
R SeT N
y :

wherein;
n=123
In one embodiment each of T3, T, T3, and T° is independently selected from the group

consisting of:
o N
,{\/. ,{\//\0,}/{;\/ .‘?_q

wherein:

In one embodiment at least one of T and T?is glycine

In one embodiment each of T' and T% is glycine.

In one embodiment B is a trivalent group comprising 1 to 15 atoms and is covalenily
bondedto LY, T' and T2

In one embodiment B! is a trivalent group comprising 1 to 10 atoms and is covalently
bonded to L', T', and T°.

In one embodiment B! comprises a (Ci-Coalkyl.

In one embodiment B! comprises a Ca.s cycloalkyl,

In one embodiment B’ comprises a silyl group.
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In one embodiment B' comprises a D- or L-amino acid.

In one embodiment B! comprises a saccharide.

In one embodiment B’ comprises a phosphate group.

In one embodiment B’ comprises a phosphonate group.
&

In one embodiment B! comprises an aryl.

In one embodiment B! comprises a phenyl ring.

In one embodiment B! is a phenyl ring.

In one embodiment B! is CH.

In one embodiment B! comprises a heteroaryl.

In one embodiment B! is selected from the group consisting of:

M S i e

HN._s HN
o N ¥ ¥

In one embodiment B is a trivalent group comprising 1 to 15 atoms and is covalently
bonded to LY, TL and T2,

In one embodiment B is a trivalent group comprising 1 to 10 atoms and is covalently
bondedto LY. TY, and T

In one embodiment B* comprises a {C1-Csalkyl

in one embodiment B* comprises a Cs-z cycloalkyl.

In one embodiment B? comprises a silyl group.

In one embodiment B? comprises a D- or L-amino acid.

n one embodiment B? comprises a saccharide.

In one embodiment B? comprises a phosphate group.

In one embodiment B® comprises a phosphonate group.

In one embodiment B conprises an aryl.

In one embodiment B? comprises a phenyl ring.

In one embodiment B is a phenyl ring.

In one embodiment B” is CH.
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In one embodiment B? comprises a heteroaryl.

In one embodiment B is selected from the sroup consisting of;
g £
o A
1{”\/\ g 0 9
ﬁ P ‘?}:’).\\(\/}{\\Ss and - _\{Ji\ i,/\\,f"’"\.(/x"i,

o] [¢]

,»\:)i\;g
0

* B

MM HN s o
3 A HNj N ks
i

In one embodiment B is selected from the group consisting of:

3
or a salt thereof.
In one embodiment B is a trivalent group comprising 1 to 15 atoms and is
covalently bonded to LY, TH and T2
In one embodiment B’ is a trivalent group comprising 1 to 10 atoms and is covalently
10 bondedito LY, T. and T2

In one embodiment B conprises a {Ci-Colalkyl,

in one enitbodiment B’
In one embodiment B’
In one embodiment B’
13 In one embodiment B
In one embodiment B
In one embodiment B
In one embodiment B
In one embodiment B
20 In one embodiment B’
In one embodiment B>

In one embodiment B

In one embodiment B is selected from the group consisting of:

comprises a Ci.g cycloalkyvl
comprises a silyl group.
comprises a - or L-amino acid.
comprises a saccharide.
comprises a phosphate group.
comprises a phosphonate group.
comprises an aryl

comprises a phenyl ring.

is a phenyl ring.

is CH.

comprises a beteroaryl.
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Tn one embodiment B° is selected from the group consisting of;

O
O
o) O
§ 42 I
Ij/// HN}_‘.: HNF’? o

HN
or a salt thereof.
5 In one embodiment L' and L? are independently a divalent, branched or unbranched,

saturated or unsaturated, hydrocarbon chain, having from 1 to 50 carbon atoms, wherein one or
more {e.g. 1, 2, 3, or 4) of the carbon atoms in the hydrocarbon chain is optionally replaced by
—-0-, -NR*- NRXA-C(=0)-, -C(=0)}-NR*- or —8-, and wherein R is hydrogen or (C1-C6lalkyl,
and wherein the hydrocarbon chain, is optionally substitited with one or more {e.g. 1. 2, 3, or
10 4) substituents selected from (C1-C6)alkoxy, (C3-CoYeycloalkyl, (C1-Cohlatkanovi, (C1-
Coyalkanoyioxy, (C1-Caalkoxycarbonyl, (C1-Céalkylthio, azido, cyano, nitro, halo, hydroxy,
oxo (=0}, carboxy, arvl, arvlioxy, heteroarvl, and hetercarvioxy.
In one embodiment L' is selected from the group consisting oft

o 0 2 % . o o
W /\J%; )IM ; and A~ W
1/‘!\‘:\ [ ke ¥ g/ ﬁ 0

3

[ory
W

or a salt thereof.

In one embodiment L' is conmected to B through a linkage selected from the group
consisting of -O-, -8-, {C=0}-, (C=0)-NH-, -NH-(C=0), (C=0}-0-, -NH-(C=0)-NH-, or—
NH-(802)-.

In one embodiment L! is selected from the group consisting of:
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In one embodiment L* is connected to R? through -0-.

In one embodiment L7 is €14 alkylene-0- that is optionally substituted with hydroxy.
In one embodiment L7 is commected to B? through -O-.

In one embodiment L” is absent.

In one embodiment the invention provides a compound or salt selected from the group

consisting of

H
HO,, )\ra\(/\o/\%,t\aj//@ o
n
iy BN
’ b

NHAC HN’ \o
HO, ’H, /\mj ?’“V\rr N\/
0

o \:,,0 ’)K« o_ "
F o AcHN o~
Ho X A{‘,HN’J\./J,'IGH
HOw 4 188, n=2,5=1 HO
o' ~ 188, n =4, x=
~OH
NHAG ”
HO, i\v,a\J(,»\O/%,NTO on

A0 NH o OTX0 o OH
il J{“‘“O‘f v A
(et ]
Ho” v P AcHNv’\:/ij
WO <\/\g 191, n=2, x5 1 HO
HG\; s 198, n=3 x=1
. 197, n=4,x=1
O 200, n=3,x=2
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and pharmaceutically acceptable salts thereof, wherein R” is an siRNA that comprises
at feast one unlocked nucleic acid of the following formula
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wherein B is a nucleobase.

In one embodiment the invention provides a compound of formula:
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5 orasalt thereof wherein R? is a nucleic acid.
In one embodiment the invention provides a compound of formula:
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or a salt thereof wherein R” is a nucleic acid.
In one embodiment, the nucleic acid molecule {g.z., siRNA) is attached {o the reminder
10 of the compound through the oxygen of a phosphate at the 37-end of the sense strand.

In one embodiment the compound or salt s administered subcutaneously.
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When a compound comprises a group of the following formuia:

there are four stereoisomers possible on the ring, two cis and two frans. Unless otherwise
noted, the compounds of the invention include all four stereoisomers about such a ring. In one
embodimert, the two R’ groups are in a cis conformation. In one embodiment, the two R’
groups are in a frans conformation.

In certain embodiments, an additional therapeutic agent useful, e.g., to treat hepatitis B
can be adroirustered o combination with the conjugate described herein. Certain additional
therapeutic agents are described hereinbelow. For example, the methods can comprise further
administering to the subject at least one anti-HBY agent selecied from the group consisting of;
an RNA destabilizer; a capsid inhibiior; a reverse transcriptase mhibitor; an immunostimulator;
a cccDINA formation imhibitor; and an oligomeric nucleotide targeted to the Hepatitis B
genome.

Reverse Transcripiase Inhibitors

In certain embodiments, the reverse transcriptase inhibitor 1s a nucleoside analog.

In certain embodiments, the reverse transcriptase inhibitor is a nucleoside analog
reverse-transcriptase inhibitor (NARTT or NRTI).

In certain embodiments, the reverse transeriptase inhibitor is a nucleoside analog
inhibitor of HBY polymerase.

In certain embodiments, the reverse transcriptase inhibitor is a nuclectide analog
reverse-transcriptase inhibitor (NLARTI or NtRTT).

In certain embodiments, the reverse transcriptase 1nhibitor is a nucleotide analog
inhibitor of HBVY polymerase.

The term reverse transcriptase inhibitor includes, but is not linuted to: entecavir (ETV),
clevudine, telbivuding, lamivudine, adefovir, tenofovir, tenofovir disoproxil, tenofovir
alafenamide (TAF), tenofovir disoproxil fumarate {TDF), adefovir dipovoxil, (1R ZR 3R SR}-
3-{(6-amino-9H-9-purtny1}-2-fluoro-5-(hy droxymethyl -4-methylenecvclopentan-1-ol
{described in U.S. Patent No. 8,816,074), emtricitabine, abacavir, elvucitabine, ganciclovir,

lobucavir, famciclovir, penciclovir, and amdoxovir,
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The term reverse transcriptase inhibitor includes, but 18 not limited to: the reverse
transeriptase inhibitor is entecavir (ETV), tenofovir disoproxil fumarate (TDF) or tenofovir
alafenamide (TAF).

The term reverse transcriptase inhibitor includes. but is not linmted to, entecavir,
lamivudine, and (1R, 2R, 3R, SR)-3-(6-amino-9H-O-parinyl}-2-fluoro-5-(hy droxvmethyl}-4-
methvienecyclopentan-1-ol.

The term reverse transcriptase inhibitor includes, but 1s not limited to a covalently
bound phosphoramidate or phosphonamidate moiety of the above-mentioned reverse
transcriptase inhibitors, or as described iy, for example, U.S. Patent No. 8,816,074, US
201 1/0245484 A1, and US 2008/0286230A1.

The term reverse {ranscriptase inhibitor includes, but is not limited to, nucleotide
analogs that comprise a phosphoramidate motety, such as, methyl (TR, 3R 4R 3R)-3-(6-
amno-SH-purin-Y-yi}-4-fluoro-5-hydroxy-2-
methylenecy clopentylimethoxy }{phenoxy jphosphoryl}-(D or L}-alarnate and methyl
({({(1R 2R 3R 4R}-3-fluoro-Z-hvdroxy-5-methylene-d-(6-ox0-1,6-dihy dro-9H-punn-9-
yhey clopentylymethoxy Y phenoxy yphosphoryl}-(D or L)-alaninate. Also included are the
individual diastereomers thereof, which includes, for example, methyl (R3-(((1R,3R 4R 5R)-3-
(6-amino-9H-purin-9-y1}-4-fluoro-5-hy droxy-2-
methylenecy clopentyDmethoxy Xphenoxy JphosphoryD-(D or L)-alaninate and methyi ((S3-
({{IR3R4R,3R)-3-{b-amino-9H-purin-9-y D-4-fluoro-S-hydroxy-2-
methylenecy clopentylimethoxy }phenoxy jphosphorvD-(D or L)-alanunate.

The term reverse transcriptase inhibitor includes, but 18 not imited to a
phosphonamidate motety, such as, tevofovir alafevanude, as well as those described i US
2008/0286230 Al. Methods for preparing stereoselective phosphoramidate or
phosphonamidate containing actives are described i, for example, U.S. Patent No. 8,816,074,
as well as US 2011/0245484 Al and US 2008/0286230 Al

Capsid Inhibitors

As described herein the term “capsid inkhubitor” includes compounds that are capable
of inhibiting the expression and/or function of a capsid protein either directly or indirectly.
For example, a capsid inhibitor may include, but is not limited (o, any compound that inhibits
capsid assembly, induces formation of non-capsid polymers, promotes excess capsid
assembly or misdirected capsid assembly, affects capsid stabilization, and/or inhibits

encapsidation of RNA. Capsid inhibitors also inclade any compound that inhibits capsid
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function in a downstream event{s) within the replication process {e.g., viral DNA synthesis,
transport of relaxed circular DNA {r¢DNA)Y info the nucleus, covalently closed circular DNA
{cceDNA) formoation, virus maturation, budding and/or release, and the like). For example, in
certain embodiments, the inhibitor detectably inhibits the expression level or biclogical

S activity of the capsid protein as measured, e.g., using an assay described herein. In certain
embodiments, the inhibitor inhibits the level of re¢BNA and downstream products of viral life
cyvele by at least 5%, at least 10%, at least 20%, at least S0%, at least 75%, or at least 90%.

The term capsid inhibitor includes compounds described in WO 2018/172852, which
patent document 1s specifically incorporated by reference in ifs entirety.
10 The term capsid uhibitor also ncludes compounds described in International Patent

Applications Publication Numbers W(2013006394, W02014106019, and W{2014089296,

including the following compounds:

T8 0w LS
A N'WS\N and F)\/// N'WQ
Hol H Hoo

F

[y
95

The term capsid inhibitor also includes the compounds Bay-41-4109 (see International
Patent Application Publication Mumber W(/2013/144129), AT-61 (see Intemational Patent
Application Publication Number WO/1998/33501; and King, RW, et al,, Antimicrob Agents
Chemother , 1998, 42, 12, 3179-3186), DVYR-01 and DVR-23 (see International Patent
Application Publication Number WO 2013/006394; and Campagna, MR, et al, I of Virology,

20 2013, 87, 12, 6931, and pharmaceutically acceptable salts thereof
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The tetm capsid inhibitor also includes the compound:
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3 .
X E D
Hoo| |
N F :
and pharmaceutically acceptable salts thereof (see WO 2018/172852).
In certain embodiments, a capsid inhibitor is a compound of the following formula, ora

salt thereof

wherein the following definttions apply:

R! is selected from the group consisting of optionally substituted phenvl, optionafly
substituted benzyl, optionally substituted heteroarvl, and -{(CH» Y optionally substituted
heteroarvi});

each occurrence of R? is independently selected from the group consisting of H and €1-Ce
alkyl;

R is selected frovm the group consisting of N(RHCEGIORS, H, -OH, -0ORS, NH,, -NHRS,
SNROR®, -OCEOORS, -OCE0INRAIR®, -NRTCEOINERMRN. -NERACEORS, -NRIS(=0).
SRS optionally substituted aryl, optionally substituted hetercaryl, -CHRC(=0)OH, -
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CHC{=OINRORS, NRAHC=OWCH 1 RS, NRISE=ORNRYHRY, and -
NRICEOCEOINERYR,
R*is H or C1-Ce alkyl, or
R? and R* combine to form =0 or -C{=OINR%-C(=0)-NR"-;

R is selected from the group consisting of FL, halo, C1-Cs alkyl, Ci-Cs alkoxy, C1-Cs
amnoalkyl, Ci-Ce haloalkoxy, and C1-Ce haloalkvl:

R is selected fron the group consisting of H, halo, C1-Cs alkyl, Ci-Cs alkoxy. C1-Cs
aminoalkyl, {'-Ce haloalkoxy, and C-Cs haloalkyl;

R is independently selected from the group consisting of H, halo, C1-Cs alkyl, C1-Cs
alkoxy, Ci-Cs aminoalkyl, Ci-Cs haloalkoxy, and Ci-Ce haloatkyl;

each occurrence of RY is independently selected from the group consisting of optionally
substituted Ci~Cs alkyl, optionally substituted Ca-Ca cyeloalkyl, optionally substituted phenyl,
and optionally substituted hetereoarvl;

each occurrence of R* is independently selected from the group consisting of H. optionally
substituted C1-Cs alkyl, optionally substitited C5-Cs cycloalkyl, optionally substituted phenyi,
and optionally substituted hetereoaryl;

each occurrence of R is independently selected from the group consisting of H and
optionally substituted C1-Ce alkyl;

or, if R® and R7 are bound to the same N atom, R® and R optionally combing with
the N atom to which both are bound to form optionally substituted 3-7 membered
heterocvelyl: and

RS is selected from the group consisting of H and C-Cs alkvl.

fu certain embodiments, each occurrence of R® or R% is independently selected from the
group consisting of -(CHb)ia~(optionally substituted heteroaryl), ~(CH}ia-(optionally
substituted heterocvelyl), and -{CH»)a-(optionally substituted arvi}).

In certain embodiments, each occurrence of optionally substituled alkyl, optionally
substituted heterocvelyl, or optionally substituted cycloalkyl is independently optionally
substituted with at least one substituent selected from the group consisting of €1-Cs alkyl, halo,
-OR?, optionally substituted phenyl, optionally substituted heteroaryl, optionally substituted
heterocyclvl, -NRDHCEOIR? -CEOINRIR?, and -NRHRY), wheremn each occurrence of R s
independently H, optionally substituted C1-Ce alkyl, optionally substituted Ca-Cs cycloalkyl,
optionally substituted arvl, or optionally substituted heteroarvl, or two R® groups combine with

the N to which they are bound to form g heterocycle.
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In certain embodiments, each occurrence of optionally substituted aryl or optionally
substituled hetercaryl is independently optionally substituted with at least one substituent
selected from the group consisting of C1-Cs alkvl, C1-Cs haloatkyl, Ci-Cs haloalkoxy, halo, -
N, -OR" -NRMRY), -NOs, -S=0RNRHRY), acyl, and C1-Cq alkoxycarbonyl, wherein each
occurrence of RY is independently H, C1-Ce alkyl, or C5-Cs cycloalivl.

In certain embodiments, each occurrence of optionally substituted arvl or optionally
substituted hetercarvl is independently optionally substituted with at least one substituent
selected from the group consisting of C1-Ce alkyl, C1-Cs haloallyl, Ci-Ce haloalkoxy, halo, -
CN, ~OR", -N{RYRE), and C1-Cs alkoxycarbonvl, wherein each occurrence of R™ 15
independently H, C-Cs alkyl, or C:-Cx cycloalkyl

In certain embodiments, R is selected from the group consisting of optionally substituted
phenyl, optionally substituted benzvi, and ~(CHo){optionally substituted heteroarvl), wherein
the pheoyl, benzyl, or hetercaryl 15 optionally substituted with at least one selected from the
group consisting of Ci-Ce alkyl, halo, C1-Cs: haloalkyl, and -CN.

In cerlain embodiments, R! is selected from the group consisting of 3,4-difluorophenyl,

3 3-difluorophenyl, 2,4, S-triflucrophenyi, 3,4 5-tnfluorophenyl, 3 4-dichloropheny!, 3-chloro-
4-fluorophenvl, 4-chloro-3-fluorophenyl, 4-chloro-3-methyiphenyi, 3-chloro-d4-methyiphenyi,
4-fluoro-3-methyvlphenyl, 3-fluoro-4-methyiphenvi, 4-chloro-3-methoxyphenyl, 3-chlorg-4-
methoxy phenyl, 4-fluoro-3-methoxyphenyl, 3-Huoro-4-methoxyphenvi, phenyi, 3-
chlorophenyl, 4-chlorophenyl, 3-fluorophenyl, 4-fluorophenyl, 3-trifluoromethylphenyl, 4-
triflucromethylphenyl, 3-triflucromethyl-4-fluorophenyl, 4-triflucromethyl-3-fluorophenyl, 3-
cvanophenyl, 4-cvanophenyl, 3-cyano-4-fluorophenyl, 4-cyano-3-fluorophenyl, 3-
difluorompethyvl-4-fluorophenyi, 4~-diffuoromethyl-3-fluorophenyl, benzoldif 1,3}dioxol-5-y1,
2,3-dihydrobenzofbl[ 1. 4idioxin-6-yi, benzyvl, 3-fluorobenzyl, 4-fluorobenzyl, 3-chlorobenzyl,
4-chlorobenzyl, 2-pyridyl, 4-methyl-2-pyridyl, S-methyl-2-pyridyl, 6-methyl-2-pyridyl, 3-
pyridyl, 2~-methyl-3-pyridyl, 3-methyl-3-pyridyl, 4-pyridvl, 2-methyl-4-pyridvl, and 6-methyl-
4-pyridyl.

in certain embodiments, each occurrence of R? is independently selected from the group
consisting of H and methyl.

in certain embodiments, R¥ is selected from the group consisting oft -NHz: -OH; -
NH{pyridinvl); -NH{(pyrmidinyl); ~NH{piridinyl-pyrimidinyl); -NH{pvrrolo[2,3-
dipyrimidinyl); -NHSEO (O 1-Cs alkyl), -NHS{E00(03-Ce cycloalkyl); -NHS{=01(CH: ).
spyridinyl; -NHS(E=O(benayly; -NHSEOp{pyrazolvl); -NHS{=0h{morpholinyl); -
NHS(=ORNH(C-Cs alkyl), -NHS(E0RNH{C-Co cycloalkyl), -NHS(=0ORNH(CH: 0.
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spyridinyl; NHSG=ORNH(benzyl), -NHSEQORNH(pyvrarolyly, -NHS{EOGRNH(morpholinyly: -
NHC(=0YC-Cs alkyly, -NHCEOHC-Cr oyeloalkyly, -NHCEOYC-Co haloalkyl); -
NHC(=0)pyrazolvly, -NHC(=0)thazoly ), -NHC(=0)oxazolyl), -NHC{=O)pvudioyl); -
NHCEOHCH ) (pyndinyl);, -NHC(EOXCH has(pyraziny ), -NHCEOHCHL ya(pyrimidiny ),
NHCECKCH ) a(guinolingly, ~NHC=0XCH has(isoxazolyl), -NHC(EOHCH: i a{oxazolyl);
NHCEOKCH ) s{oxadiazolvly, -NHC(=0XCH hstinazolyl), -NBC{=0OCH ha(thazolyl);
NHCEOKCH ha(imidazolyly, -NHCEOXCH his{pyrazolyl), -NHCEO HCH -
s{piperidinyly; -NHC{=0HCH hs(oxopiperidinyly;, ~NHCEOHCH ) (pvrrolidingl), -
NHC{(=0}CHps{oxopyrrolidinyl); ~-NHC(=0CH ) s(tetrabvdrofuryly, -NHC(=0)CHo -
s{tetrahydropyranyly, ~-NHC(=0XCH pa(2~oxooxazohdinyl);, -NHCEOKCH -
s{morpholinyl); NHCEOXTH ) a(thiomorpholinyly, -NHUGEOHCH: ha{1-oxido-
thiomorpholinyly, -NHCEOWCH (L, -dioxido-thiomorpholinyl); -NHCEOY CH).
s{oxoaretdinyl); -NHCEOYCH ) alnudarol 1 2-alpyridin-2-y 1), NBCE=E0HCH 1 CED)-
(pyrrohidin-1-y1}; ~-NHCEOW0(C-Cs alkyl); -NHCEOY0(C5-Cs cycloalkyl), -NHCEOM0(C-
Cs haloalivl); -NHCE=OYO(CH ) (pyridinyl);, -NHCEOYO(CH ) (pyvrasinyly; -
NHC=0{CH s (pyrimidingl); -NHCECYO(CH ) a(quinolingl), -NHC(=O{CH ).
s{isoxazolyly, -NHCEOHO(CH: hs{oxazoly ), -NHC(E=OYO(CH»)a{oxadiazolyl); -
NHCEGYO(CH hia(tnazoly 1), -NHCEOY O CH: )a(thiazoly D, -NHCEGYO(CH: ).
s{imidazolyl), WNHCEOMW(CHna{pyrazolvl), -NHCECGH(CH) a(pipenidinyl); -
NHCEOQ(CH s{oxsopipenidinyl); -NHCEQOCH a(pyrolidinyly;, -NHC(=00(CH -
s{oxopyrrolidingly ~NHO=0O(CH s{tetrahy drofuryly, -NHC{E0O(CH -
s{tetrabydropyranyl}); ~-NHCEOHO{CH ) 2(2~oxooxazolidinyl), -WNHC{=0)O(CHz .
s{morpholinyly; -NHC(E=0)Y0(CH a{thiomorpholing D), -NHCE=EOO(CH a1 -oxado-
thiomorpholinyl}; -NHCE0(CH (1, 1-dioxado-thiomorpholinyl), -NHCE=GO(CH ).
s{oxoazetidiny!); -NHCECYHUH 1s(imidarof 1,2-a]pyvridin-2-y1}; -NHC=GM0(CH ).
SC(=0-pyrrolidin-1-y 1), “NHCE=EOWNH(C-Cq alkyl), -NHCEGINE(C-Ce cyvcloalkyl); -
NHCEEOINHC -Cs haloaliyly, -NHCEOINHCHR i s{pyridiny ), -NHC(=0INH{CH -
s{pyrazinyly;, -NHCEOINH(CH ) a(pvrimidiny 1), -NHCEOINHCH i s{quinoliny i), -
NHCG=OIWNHCH Y asoxazolyl), -NEC{(=0)NH{CH ) a{oxazolyly, -NHC(=0INH{CH:):.
s{oxadiazolvl), -NHCEONHCH ha{inazolyl), -NHCEOWWB{CH his{thuazolvly; -
NHCEGNH(CH hs{inudazoly hy, -NHC(EOWH(CHz ) a(pyrazolyvl), -NHC(EOWH(CH: ).
s{piperidinyl)y; ~-NHC(ECINH{CH: j1.a{oxopiperidinyl); ~-NHCEOINH(CH, i s{pyrrolidinyi); -
NHCEOINHCH hstoxopyrrolidiny ), -NHC(=0)NH(CH ia(tetrahy drofurvt); -~
NHCEOINH{CHy hs(tetrahy dropyranyly:, -NHC(=0NH{(CH 15(2-oxooxazolidinyl); -
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MNHC(=ONH(CH ) 2(morpholing 1y, -NHC{=0)NH{CH )1 s(thiomorpholinyl); -
NHC=OINH(CH ) a{(L-oxido-thiomorpholinyl); ~-NHCEGINH(CH2 )51, 1 -dioxido-
thiomorpholinyl); ~NHCEOINH(CH Jia{oxsoazetidinyl); -NHC=0)NH(CH: )i s(inudazo[1,2-
alpyridin-2-yH); -NHCEOINB(CH 1 -C(=0-(pyrolidin- L-y1); ~-CEOINHC{=0INH-; -
C{=ON{C-Cs alkyIDCEOINH-, -CEOINGCH ) apyidiny DCONH-, wherein the alkyl,
cycloalkyl, heteroaryl, heterocyclyl, arvl, or benzyl group is optionally independently
substituted with at least one group selected from the group consisting of C1-Cq alkyl; C:i-Cs
alkoxy; C-C haloalkyl; C1-Cs haloallroxy; -NH;, -NH{C1-Cs allv 1}, -N{C1-Cs alleyl¥ Ci-Cs
alkyl), halogen, ~-OH; -CN; phenoxy, -NHC(=0H, -NHC(=0)Cx-Cs alkyl, -C(=0)NH;, -
CEOINHC-Cs alkyl, -CEOINCC-Ce alkv(C~-Co alkyl), tetrahy dropyvranyvl, morpholinyl, -
C(=0CHs, -CEOYCHYOH, -CEOINHCH:, -CEOYCHOMe, or an N-oxide thereof,

In certain embodiments, Ry is H or CHs.

In certain embodiments, R R™®, and R* are independently selected from the group
consisting of H, F, and CL

In certain embodiments, one of R™ R™, and R¥ is F, and the two remaining are H.

In certain embodiments, the compound is selected from the group consisting of

and

and
In certain embodiments, the compound is selected from the group consisting of:

G-methyl, N-($}-(4-((3,4-difluorophenyl jcarbamoy)-2,3-dihydro-1H-inden-1-v1)
carbamate;

(8)-N-(3.4-difluorophenvi}-1-(3-methylureido}-2,3-dihvdro-1H-indene-4-carboxanude;

G-pyridin-2-vimethyl, N-(S}-(4-{(3,4-difluorophenylicarbamovi)-2 3-dihydro-1H-inden-1-
v1} carbamaie;

O-((R)-5~oxopyrrolidin-2-vDmethyl, N-((S)-4~((3~chloro-4-fluorophenyl}carbamoyl}-7-

fluore-2,3-dihydro-1H-inden-1-yi) carbamate;
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O-fert-butyl, N-{5}-(4-((3~chloro-4-flucrophenyijcarbamoyl}-7-fluoro-2,3-dihv dro-1H-
inden~1-y1} carbamate;

O-roethyl, N-(5)-(7-fluoro-4-({4-fluoro-3-methyiphenylcarbamovi)-2, 3-dihy dro- L H-inden-
I-yl) carbamate;

{(S)3-7-fluoro-N-{4-ffuoro-3-methyviphenyi - 1-(G-methvlureido)-2 3-dihydro~ 1 H-indene-4-
carboxamide:;

{8)-1-amino-N-(3-chloro-4-fluorophenvl)-7-fluore-2, 3-dihy dro- 1H-imdene-4-carboxamide;

O-2-2-oxopyrrolidin-1-vhethyl, N-{5)-{4-((3-chloro-4-fluorophenylicarbamoyl}-7-Hluoro-
2.3-dthvdro-1H-inden-1-y1} carbaroate;

O-pvridin-2-vimethyl, N-{S)-{(4-((3~chloro-4-fluorophenylcarbamoyvl}-2, 3-dihydro-1H-
inden-1-yi} carbamate;

O~{{5)-5~oxopyrrolidin-2-ymethyl, N-{{5}-4~((3-chloro-4-fluorophenylicarbamoyl}-7-
fluoro-2,3-dihydro-1H-~nden-1 -y} carbamate;

O-methyl, N-{(8}-{4-((3-chloro-d-fluorophenyilcarbamoyly-7-fluoro-2,3-dihvdro-1H-inden-
1y} carbamate;

(S-N-(3-chloro-4-fluorophenyl}-7-fluore-1-(G-methylareido}-2, 3~-dihv dro- 1 H-indene-4-
carboxamide;

O-{{R)-5-oxopyrrolidin-2-vHmethyl, N-({($}-4-((3-chloro-4-fluorophenylycarbamoyi)-2,3-
dihydro~1H-inden-1-y1} carbamate;

O~({5)-5-oxopvrrolidin-2-yDimethyl, N-{{5}-4-((3-chioro-4-fluorophenyicarbamoy)-2,3-
dihydro-1H-inden-1-vl) carbamate;

Oe-pyridin-2-vimethyl, N-{S)-(4-({4-fluoro-3-methylphenyl jcarbamoyi}-2, 3-dihydro-1 H-
inden~i~-yl) carbamate;

O-({Ry-5-oxopyrrolidin-2-vhmethyl, N-((5-4-((4-fluoro-3-methyiphenyljcarbamoyl}-2,3-
dihydro-1H-inden-1-yiicarbamate;

O~{{5)-5-oxopyrrolidin-2-ymethyl, N-{{5}-4-{{(4-fluoro-3~-methyiphenvijcarbamoyi}-2,3~
dihydro~-1H-inden-1-vl) carbamate;

O-2-oxg-2-(pyrrolidin-1-vBethyl, N-{5}-{4-((3-chloro-4-fluorophenvlcarbamoyl}-7-fluoro-
2,3-dihydro-1H-inden-1-y1) carbamate;

O-pyridin-2-vimethy], N-(S}-(4-((3-chloro-4-fluorophenycarbamoyly-7-fluoro-2.3-
dihwydro-1H-inden-1-v1} carbamate;

O-({5)-1-methvi-5-oxopyrrolidin-2-yimethvl, N-{{&)-4-{{(3-chloro-4-

fluorophenycarbamovi}-7-fluore-2,3-dihydro-1H-inden-1-y1) carbamate;
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O-pyridin-2-vimethyl, N-{S)-(7-fluoro-4-{(4-flucro-3-methyiphenyl}carbamoyl-2,3-
dihydro-1H-inden-1-v1) carbamate;

O-1midazof 1. 2-alpyridin-2-vimethyl, N-(5)-(4-((3-chloro-4-fluorophenvijcarbarmoy}-7-
fluore-2,3-dihydro-1H-inden-1 -y} carbamate;

O-{6-morpholinopyridin-2-yDmethyl, N-{8)-(4-{(3-chloro-4-fluorophenylicarbamoy)-7-
fluoro-2.3-dihydro-1H-inden-1 -y} carbamate;

O-((R)-1-methyl-5-oxopyrrolidin-2-yDimethy i, N-{({8)-4-{((3-chloro-4-
fluorophenyljcarbamoyi}-7-fluoro-2,3-dihydro-1H-inden-1-y1} carbamate;

O-{6-methoxvpyridin-2-yhimethyl, N-(8)}-{(4-((3-chloro-4-fluorophenyhearbamoyh)-7-
fluoro-2,3~dihydro-1H-inden-1-v1} carbamate;

{5}-N-{3-chloro-4-fluorophenvi}-7-flucro-1-{py rimidin-2-ylamno}-2 3-dihydro-1H-indene-
4-carboxamids;

O-{6-(dimethylamino) pyridin-2-yDmethyl, N-{S)-{(4-((3-chloro-4-fluorophenvhcarbamoyi}-
7-fluore-2,3-dihydro-1H-inden-1-v1} carbamate;

(8)-N-(3-chloro-4-fluorophenyli-7-fluoro-1-((S-methoxy py rinmuidin-2-yamino )-2,3-
dihydro-1H-indene-4-carboxamde;

{5)-N-(3-chloro-d-fluorophenvD)-7-fluoro-1 -({(4-(pyridin-2-y Dpyrimidin-2-yDanuno -2, 3-
dihydro-1H-indene-4-carboxamide;

fert-butyvt 2-({{({{5)-4~((3~chloro-4-fluorophenyvbcarbamoyl)-7-fluoro-2,3-dihy dro- IH-inden-
I-yhcarbamoyoxy yroethyl)-4,4-difluoropyirolidine-1 -carboxylate;

O-(4 4-diftuoropy rrolidin-2-yhimethvl, N-{({8)-4-{{(3-chloro-4-fluorophenyl}carbamoyli}-7-
fluoro-2,3-dihvdro-1H-inden-1-y1} carbamate;

O-(1-acetyl-4 4-difluoropyrrolidin-2-yDrethyl, N-((5)-4-((3-chloro-4-
fluorophenyhcarbamoyl}-7-fluore-2, 3-dibydro-14-inden- 1 -vi) carbamate;

O-(1-(2,2 2-riflusroethy Dpipenidin-4-yHmethyvl, N-{5}-{4-((3-chloro-4-
fluorophenyhcarbamoyl}-7-fluoro-2, 3-dihydro-1H-~inden-1-v1) carbamate;

{(8)-2-{{{4-((3~chloro-4-fluorophenylcarbamovi}-7-fluoro-2, 3-dihydro-1H-inden- 1~
vijcarbamoyhoxy ymethypvridine 1-oxide;

O-(Sy-1-(pyridin-2-vhethyl, N-(($}-4-({3-chloro-4-fluorophenylcarbamovi)-7-fluore-2,3-
dihydro-1H-inden-1-y1) carbamate;

O-(S)-pyrrolidin-2-vimethyl, N-{({8)-4-{{3-chloro-4-fluorophenyl)carbamoy)-7-fluore-2,3-

dihiydro-1H-inden-1-y1} carbamate;
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(5-3,3,3-triftuoropropyl, N-(8)-(4-{(3-chloro-4-flucrophenyljcarbamoyl}-7-fucro-2,3-
dihydro-1H-inden-1-v1) carbamate;

O-(L-methyi-1H-pyrazol-3-yUmethyl, N-(8)-(4-((3~chloro~-4-fluorophenyhcarbamoyty-7-
fluore-2,3-dihydro-1H-inden-1 -y} carbamate;

O-{3-S-oxopyrrolidin-3-vi, N-({(8)-4-{(3-chloro-4-flucrophenyearbamoyl)-7-fhuoro-2,3-
dibydro~1H-inden-~1-vl) carbamate;

O-(6-methyipyridin-2-yhmethyl, N-(5)-(4~{(3-chloro-4-fluorophenyljcarbamoyl)-7-fluoro-
2,3-dihydro-1H-inden-1-y1) carbamate;

N-{$)-4-({3-chloro~-4~-fhuorophenyDecarbamovh~-7~fuore-2,3-dihvdro-1 H-nden- 1 -v1, O-
{pyvridin-2-vimethyvl) carbamate;

{53-N-(3-chloro-4-fluorophenvi)-7-fluoro-1-(2-methoxyacetamido -2, 3-dihvdro- 1 H-indene-
4-carboxamids;

{§)-N-3-chloro-4-fluorophenvi}-7-fluoro-1-(3-fuoropropanamido)-2,3-dihvdro-1 H-ndene-
4-carboxamide;

8)-1-acetamido-N-(G-chloro-4-flucrophenyly-7-fluoro-2,3-dihv dro- 1 H-indene-4-
carboxamide;

O-pvrazin-2-vimethyl, N-(S)-(4-{(3-chloro-4-fluorophenylicarbamovi)-7-fluore-2. 3~
diliydro-1H-inden-1-y1} carbamate;

O-pyrimidin-2-vimethyl, N-{8)}-(4-{(3-chloro-4-fluorophenylycarbamoyi)-7-fluoro-2,3~
dibydro~1H-inden-~1~vl) carbamate;

O-(d-chloropyridin-2-vymethyl, N-(8)-{4-{{3-chioro-4-fluorophenyhcarbamovi)-7-fluoro-
2,3-dihydro-1H-inden-1-y1) carbamate;

{S)-N-(3-chloro-4-fluorophenyl)-7-fluoro-1-hy droxy-2.3-dihydro-1H-indene-4-
carboxamide;

(-1soxazol-3-vimethyl, WN-(83-{(4-((3-chioro-4-flucrophenycarbamovh)-7-flucro-2,3-
dihydro-1H-inden~1-v1} carbamate;

O-2-{pyridin-2-yDethvl, N-(8)-(4-((3-chloro-4-fluorophenyljcarbamoyl)-7-fluore-2,3-
dihydro-1H-inden-1-vl) carbamate;

-2 2-difluoroethyl, N-(S}-(4-((3-chloro-4~fuorophenyl icarbamoy}-7-fuoro-2,3-dihvdro-
[H-inden-1-v1) carbamate;

O-pvrinudin-4-yimethyl, N-{8)-(4-((3-chioro-4-fluorophenvhcarbamoyi}-7-fluore-2,3-

dihiydro-1H-inden-1-y1} carbamate;
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0-3-(Z-oxopyrrolidin-1-vhpropyl, N-(S3-(4-({3-chloro-4-fluosrophenycarbamov)-7-fluoro-
2,3-dihydro-1H-inden-1-y1) carbamate;

O-(8-methviimidazo[ 1, 2~-alpyndin-2-vhmethyl, N-(8)-(4-((3~chloro-4-
fluorophenvhcarbamovi}-7-fluore-2,3-dihydro~-1H-inden-1-y}) carbamate;

3-2,2 2-triffuoroethyl, N-(8)-(4-{{3-chloro-4-fluorophenyhcarbamov}-7-fluoro-2,3~
dibydro~1H-inden-~1-vl) carbamate;

O-(8)-4-({3-chloro-4-fluorophenylycarbamoyi)-7-fluore-2,3-dihy dro- 1H-inden-1-vl, N-
methylcarbamate;

N-{$)-4-({3-chloro~4~-fhuorophenyDecarbamovhy~-7~fuore-2,3-dihvdro-1 H-inden- 1 -v1, O-
{pyvridin-2-vimethyl) carbonate;

O-thiarol-5-yimethyl, N-{5)-{4-{(3-chioro-4-fluorophenyl}carbamoyl}-7-fluoro-2,3-dihvdro-
TH-inden~1-y1} carbamate;

O-~thiazol-2-vimethvl, N-{5)-(4-{(3-chloro-4-fluorophenycarbamoyl)-7-fluore-2, 3~-dihy dro-
IH-inden-1-y1} carbamate;

O-oxazol-d-yimethvl, N-(8)-{4-{{3-chloro-4-fluorophenviicarbamoyi}-7-fluoro-2,3-dihy dro-
{H-inden-1-v1} carbamate;

O-oxazol-2-yimethvl, N-(8¥-(4-((3-chloro-4-fluorophenylicarbamoyi)-7-fluoro-2. 3-dihy dro-
1H-inden-1-y1) carbamate;

O~oxazol-S-yimethyl, N-(S3-(4<((3~chloro-4-fluorophenybicarbamoy)-7-luore-2, 3-dihydro-
IH-inden-1-y1} carbamate;

O-2-(1H-imidarol-1-ylethyl, N-{S}-(4-((3-chloro-4-flucrophenyl}carbamovl}-7-flucro-2,3-
dihydro-1H-inden-1-vi}) carbamate;

(8)-N-(3-chloro-d-fluorophenyD-7-fluore-1 -(pyndin-2-viamino)-2 3~-dihy dro~- I H-indene-4-
carboxamide;

{S3-N-{4-{(3-chloro-4-fluorophenyiicarbamoyl}-7-fluoro-2, 3-dihvdro- 1 H-inden-1-vi}-1-
methyi-1H-pyrazole-3-carboxamde;

(-2-phenoxyethvl, N-(53-(4-({3~chloro-4-fluorophenyljcarbamov)-7-fluore-2,3-dihy dro-
IH-inden-1-v1} carbamate;

{(8)-N-{4-{(3-chloro~4-flucropheny Dearbamovi)-7-uore-2, 3-dihvdro-1H-inden-1-y1 -1~
methvl-1H-pyrazole-5S-carboxamide;

{5)-N-(3-chloro-4-fluorophenyi)-7-fluoro-1-((1-methyl-1 H-pyrazole)-3-sulfonamido)-2,3-

dihydro-1H-indene-4-carboxamide;
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O-(1-methyi-1H-1,2 4-triazol-3-vDmethyl, N-($)-(4-((3~chloro-4-fluorophenylicarbamovi)-
7~-fuore-2 3-dihydro-1H-inden~1-v1} carbamaie;

O-(L-methyi-1H-pyrazol-S-yUmethyl, N-(8)-(4-((3~chloro~-4-fluorophenyhcarbamoyty-7-
fluore-2,3-dihydro-1H-inden-1 -y} carbamate;

{S3-2-((4-((3~chloro~-4-fluoropheny carbamoy 1}~ 7-fluoro-2, 3-dihydro-1 H-inden-~ 1 ~
yhaminojpyrimidine-4-carboxanude;

O-2-{(4~-methylthiazol-3-vhethyl, N-(5)-(4-((3-chloro-4-fluorophenylicarbamovl}-7-fluoro-
2,3-dihydro-1H-inden-1-y1) carbamate;

O-{ L -isopropvi-1H-pyrazol-3-vmethyl, N-(5)-(4-((3~chloro-4-fluorophenyearbamoy}-7-
fluoro-2,3~dihydro-1H-inden-1-v1} carbamate;

- 5-methoxypvridin-2-vimethyl, N-(8)-(4-{(3-chloro-4-flucrophenyDearbamovl)-7-
fluoro~-2,3-dihydro-1H-inden-1-y1) carbamate;

O~((5)-1-(2,2, 2-trifluoroethy Dpyrrolidin-2-yDnethyl, N-({5)-4-((3-chloro-4-
fluorophenyljcarbamoyl}-7-fluore-2,3-dihydro-1H-inden-1-y1} carbamate;

O-(S-fluoropyndin-2-y Dmethyl, N-(S3-(4-((3-chloro-4-fluorophenyicarbamoy)-7-fluoro-
2,3-dihydro-1H-inden-1-y1) carbamate;

O-2-(1H-pyrazol-d-yhethyl, N-{8)-(4-((3-chioro~-d-fluorophenyiicarbamovly-7-fluoro-2.3-
diliydro-1H-inden-1-y1} carbamate;

O-2-methoxyethyl, N-(S)-{(4-{¢{3-chloro-4-fluorophenyi}carbamoy)-7-fluoro-2,3-dihy dro-
IH-inden-1-y1} carbamate;

O-((R)-tetrahvdrofuran-2-vmethy |, N-((8}-4-({3-chloro-4-flucrophenyDcarbamovt}-7-
fluoro-2,3-dihvdro-1H-inden-1-y1} carbamate;

O-tetrahvdro-2H-pyran-4-vl, N-{(S3-{(4-((3-chloro-4-fluorophenyDecarbamoy])-7-fluoro-2 3-
dihydro-1H-inden-1-y1} carbamate;

3-3-methoxypropyl, N-{&)-{4-{(3-chloro-4-fluorophenyicarbamoyl}-7-fluoro-2 3-dihydro-
TH-inden~1-y1} carbamate;

{(8)-N-(4-{(3-chloro-4-fluorophenyljcarbamovh)-7-fluoro-2,3-dihydro-1 H-inden-1-
vi}picolinamide;

{(8)-N-(4-{(3-chloro~4-tuoropheny Dearbamoyvt)-7-fluoro-2,3-dihvdro-1 H-inden-1-
viythiazole-5-carboxamide;

{5)-N-(3-chloro-d4-fluorophenv)-7-fluoro-1-(methylsulfonamido}-2.3-dihy dro- 1 H-indene-4-

carboxamide;
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(8)-N-(3-chloro-4-fluorophenyl3-7-fluoro-1-(Z-morpholinoacetamido)-2, 3-dihy dro-1H-
indene-4-carboxamide;

{(S8)-N-{4-{(3~chioro~4~-fluorophenyDcarbamovl}~-7-fluoro-2,3-dihydro-1 H-inden~1 -
yhnicotinamide;

{S}-N-{4-{(3-chloro-d-fluorophenylcarbamoy)-7-fluore-2,3~dihydro- 1 H-inden-1-
vijsonicotinanude;

{8)-4-{(3-chloro-4-fluorophenylycarbamoy!)-7-fluoro-2, 3-dihyvdro- 1 H-inden-1-y1 methyl
carbonate;

O-thiazol-4-vimethyl, N-{(S)-(4-{((3~chloro-4-fluorophenycarbamovi}-7-fluoro-2,3~dihv dro-
[H-inden-1-v1) carbamate;

3-3-{ 1H-imidazol-1-vDpropyl, WN-(8}-(4-({3-chioro-4-fluorophenyljcarbamovh)-7-flucro-
2,3-dihy dro~-1H-inden-1-v1} carbamate;

O-pyridin-2-vimethyl, N-{(5)-(4-{(3-cyano-4-fluorophenyljcarbamoy)-7-fluore-2,3~dihy dro-
IH-inden-1-y1} carbamate;

(8)-N-{4-{(3-chloro-4-flucropheny Dearbamovi)-7-fluoro-2 3-dihydro-1 H-inden-1-
yiythiazole-2-carboxamide;

{5)-N-(3-chloro-d-fluorophenvi}-1-{cyclopropanesulfonamido)-7-fluore-2,3~dihvdro- 1 H-
indene-4-carboxamide;

{S}-N-{4-{(3-chloro-4-fluorophenylcarbamoyl)-7-fluore-2, 3~dihydro-1 H-inden-1-
vioxarole-S-carboxanude;

O-cyclopentyl, N-{8)-{4-{{3-chloro-4-fluorophenvijcarbamoyi}-7-fluoro-2, 3-dihy dro-1H-
inden-I-ylicarbamate;

O-(2-oxo~oxazolidin-5-yDmethvl, N-({8)-4-((3-chloro-d-fluorophenylcarbamoyh)-7-fluoro-
2 3-dihvdro-1H-inden-1-y1} carbamate;

(3-2-{1H-pyrazol-1-yhethyl, N-{5)}-{4-((3~chloro-4-flucrophenyiicarbamoyl-7-flucro-2,3-
dihydro-1H-inden~1-v1} carbamate;

O-(1-methyi-1H-imudazol-2-yDmethyl, N-{(8)-{4-((3-chloro-4-fluorophenvicarbamovi}-7-
fluoro-2,3-dihvdro-1H-inden-1-y1} carbamate;

O-(3-fluoropyndin-2-vDmethyl, N-(S3-(4-((3~chloro-4-fuorophenycarbamoy-7-fuoro-
2.3-dihydro-1H-inden-1-y1} carbaroate;

O-({#y-morpholin-3-ylimethyi, N-{(5}-4-((3-chloro-4-fluorophenylcarbamoyly-7-fluoro-

2,3-dihydro-1H-inden-1-y1} carbamate;
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O-(d-methoxypyridin-2-yUmethyl, N-{5)-(4-((3-chloro-4-fluorophenylicarbamoyl}-7-

fluoro-2 3-dihydro-1H-inden-1-v1} carbamale;
-2-hydroxyvethyl, N-{8)-{4~((3-chloro-4-fluorophenviicarbamoyD-7-fluoroe-2,3~dihy dro-

IH-inden-1-vl) carbamate;

O~({S)-tetraby droforan-2-yDmethyi, N-({8)-4-({3-chloro-4-fluorophenyicarbamoyl}-7-
fluoro-2.3-dihydro-1H-inden-1 -yhcarbamate;

{(8)-N-(3-chloro-4-fluorophenyly-7-fluoro-1-(2-hydroxyacetamido}-2, 3~-dihydro-1 H-indene-
4-carboxamide;

{S)-N-(3-chloro-4~-fluorophenyl)-7-Auore-1-(3-(pyridin-3-yDureido)}-2 3~dihvdro- 1H-
indene-4-carboxamide:

{53-N-(3-chloro-4-fluorophenvi}-7-fluoro-1-3-{pyridin-4-y hweido)}-2,3-dihy dro-1H-
indene-4-carboxamde;

{(§)-N-3-chloro-4-fluorophenvi}-7-fluoro- 1 -(thiazol-2-vlamino}-2, 3-dihydro- 1 H-indene-4-
carboxamide;

O-2-(pipertdin-1-vhethyl, N-{5}-{4-((3-chloro-4-fluorophenyicarbamoyl}-7-Huoro-2.3-
dihydro-1H-inden-t-vi) carbamate;

O-pyvridin-2-vimethyl, N-{S)-(4-(3-(diftuoromethyl}-4-fluorophenyhcarbamovyi}-7-fluoro-
2.3-dihvdro-1H-inden-1-vl} carbamate;

{S3-N-3-chloro-4-fluorophenvly-7-fluoro-1-3-{pyridin-2-yImethyljureido -2, 3-dihy dro- 1 H-
indene-4-carboxamude;

O-(6-cyanopvridin-2-viimethyl, N-(8)-(4-{(3-chloro-4-flucrophenyjcarbamov!}-7-fluoro-
2,3-dihydro-1H-inden-1-y1) carbamate;

O-guinolin-2-yhoethyl, N-(5)-{4~((3-chloro-4-fluorophenyearbamovi)-7-fluore-2,3-
dihydro-1H-inden-1-y1} carbamate;

O-(5-methyipyrazin-2-yDmethyl, N-(S}-(4-((3-chloro-4-fluorophenyljcarbamoy!}-7-fluoro-
2,3~-dihy dro~-1H-inden-1-v1} carbamate;

O-2-morpholinoethyl-N-{($)-(4-{(3~-chloro-4-fluorophenylicarbamovi}-7-fluoro-2, 3-dihy dro-
IH-inden-1-v1} carbamate;

O-[cis~4-hy droxveyclohexy H-N-((8)-4-((3~chloro-4-flucrophenvi}earbamovl)-7-fhuocro-2,3-
dihydro-1H-inden-1-vljcarbamate;

O-3-hydroxypropyl, N-{S)-{4-((3~-chloro-d-fluorophenycarbamovi}-7-fluoro-2 3-dihydro-

1H-inden-1-y1) carbamate;
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O-{frans-d-hydroxyeyclohexyl{-N-{{5)-4-((3-chloro-4-fluorophenylicarbamoy-7-flucro-

2,3-dihydro-1H-inden-1-y1) carbamate;
-2-acetarnidoethyl, N-(S)-(4-((3-chloro~4~-fluorophenylcarbamovi)y-7-fluoro-2,3-dihydro-

IH-inden-1-vl) carbamate;

{(S3-N-(3-chloro-4-fluorophenvi}-7-fluoro-1 -propionamido-2, 3-dihy dro- 1 H-indene-4-
carboxamide:;

{(8)-N-(3-chloro-4-fluorophenyli-7-fluoro- 1 -({(4-methoxy pvrinudin-2-yHamino }-2 3~
dihydro-1H-indene-4-carboxamide;

{S)-N-(3-chloro-4-fluorophenyl}-7-fuoro-1-{{(d-methyilpy nmidin-2-yDamino)-2,3-dihy dro-
[H-indene-~4~carboxamide;

{53-N-(3-chloro-4-fluorophenvi}-7-fluoro-1-({2-methoxy pyvrimidin-4-yHamino}-2, 3~
dihydro-1H-indene-4-carboxamide;

{§)-N-3-chloro-4-fluorophenvi}-7-fluoro- 1 -{(5-methylpyrimidin-2-vamino -2, 3~dihv dro-
1H-indene-4-carboxanude;

{8)-N-(3-chloro-4-fluoropheny3-7-fluoro-1-((6-methoxy py rimuidin-4-yi jaming 32,3+
dihydro-1H-indene-4-carboxamde;

{5)-N-(3-chloro-4-fluorophenyh-1-({4 6-dimethylpyvrimidin-2-yhamine)-7-fluoro-2,3-
dihydro-1H-indene-4-carboxamide;

O-(5)-S-oxopyrrolidin-3-y}, N-({(S)-4-((3~chloro-4-fluorophenylcarbamoy}-7-fluoro-2,3-
dihydro-1H-inden-1-v1) carbamate;

(8)-N-(3-chloro-4-flucrophenyli-7-Huoro-1-{2-(pvridin-2-y Dethyl}sulfonamido)-2, 3-
dihydro-1H-indene-4-carboxamide;

O-(6-(trifluoromethy Dpyridin-2-yDmethy b, N-(5)-(4-((3-chloro-4-fluorophenvljcarbarnovi)-
7-ftuoro-2,3-dihydro-1H~inden-~1-vl} carbamate;

O-(5-(trifluoromethyl) pyridin-2-ylimethvl, N-{5)-{4-{{3-chloro-d-fluorophenvi)carbamoyl}-
7-fluore-2, 3~dihydro-1H-inden-1-v1) carbamate;

O~-(Ry-tetrahy drofuran-3-vi, N-{{8)-4-((3~chloro-4~fluorophenyhcarbamovi}-7-fluore-2,3-
dihydro-1H-inden-1-vl) carbamate;

(8)-N-(G-chloro-4-fluoropheny - 7-fluore-1-(3-(T-methyl- 1 H-pyrazol-3-yDpropanamido}-
2.3~dihvdro-1H-indene-4-carboxamide;

O-(S-cyanopvridin-2-yDimethyl, N-{5)-(4-{(3-chloro-4-fluorophenylicarbamoyl}-7-fluoro-

2,3-dihydro-1H-inden-1-y1} carbamate;
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O-G-methyipyrazin-2-ymethyl, N-(8)-{4-{{3-chloro-4-fluorophenvljcarbamoyi}-7-fluoro-
2,3-dihydro-1H-inden-1-y1) carbamate;

O-(L-acetylpipenidin-4-y Dmethyl, N-{8)-(4~((3-chioro~-4~flucrophenycarbamovi}~7-fluoro-
2 3-dihvdro-1H-inden-1-y1} carbamate;

O-{1~(2-hydroxyvacety Dpipenidin-d-yDmethyl, N-{S}-(4-({3-chloro-4-
fluorophenyl)carbamovly-7-fluore-2,3-dihydro-1H-inden-1-v1) carbamate;

O-(1-(methyicarbamovhipipenidin-d-yhmethvl, N-(S3-{(4-((3-chloro-4-
fluorophenyiicarbamoyl}-7-fluoro-2,3-dihvdro-1H-inden-1-v1} carbamate;

O-(1,1~-dioxadothiomorpholin-3-yUmethv-N-((8}-4~((3~-chloro-4-fluorophenvijcarbamoyl)-
7-fluoro-2 3-dihydro-1H-inden-1-v1) carbamate;

{53-N-(3-chloro-4-fluorophenvi}-1-{cyclopropanecarboxamida)-7-{fluoro-2, 3-dihydro-1H-
indene-4-carboxamde;

O~({(S)-morpholin-3~yymethyl, N-((5)-4~{(3-chloro-4-fluorophenyljcarbamoy1}-7-fluoro-
2,3~dihvdro-1H-inden-1-y1} carbamate;

O-(S)-tetrahy drofuran-3-y1, N-((S}-4-{(3-chloro-4-fluorophenyljcarbamovi}-7-fluoro-2,3-
dihydro-1H-inden-1-v1) carbamate;

{5)-N-(3-chloro-4-fluoropheny}-7-fluoro-1-((2-methoxyethyl) sulfonamido)-2,3~dihydro-
1 H-indene-4-carboxamide;

{(S3-N-(3-chloro-4-fluorophenvi}-7-flucro-1 - phenvisulfonamido)-2 3-dihydro~-1H-indene-4-
carboxamide:;

(8)-N-(3-chloro-4-flucrophenyli-7-Huoro-1-(pyridine-2-sulfonamido)-2, 3-dihy dro-1H-
indene-4-carboxamide;

O-(1-(2-methoxvacetyl) pipenidin-d-vhmethyl, N-(S)-(4-{{3-chloro-4-
fluorophenvhcarbamoyl}-7-fluore-2,3-dihydro~-1 H-inden- 1 -v}) carbamate;

{53-N-(3-chloro-4-fluorophenvi}-7-flugro-1-((5-hy droxy pvrimidin-2-yamino}-2, 3-dihydro-
IH-indene-4-carboxamide

O-(1H-pyrazol-3-yhimethyi, N-{($)-{4-((3-chloro-4~-flucrophenvlcarbamovi}-7-fluoro-2,3-
dihydro-1H-inden-1-vl) carbamate;

(S)N-(3-chlpro-d-fluorophenyly-7-Auoro-1-(3-(( -methyi- 1 H-pyrazol-3-yDmethyDureido)-
2.3~dihvdro-1H-indene-4-carboxamide;

O-(1H-1,2 4-triazol-3-yDmethyl, N-{$)}-(4-((3~chloro-4-fluorophenylcarbamoyi)-7-fluoro-

2,3-dihydro-1H-inden-1-y1} carbamate;
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(8)-N-(3-chloro-4-fluorophenyl-7-Huoro-1-(pyvrimidin-4-yiamino)-2 3-dihy dro-1H-indene-
4-carboxamide;

(8)-N-(3-chloro-d-tfluorophenyD-7-fluore-1-{(7-(4d-methoxybenzy)-TH-pvrrolof 2,3~
dipyrimidin-2-yhamino}-2 3-dihydro-1 H-indene-4-carboxamide;

O~-({Ry-6-oxopiperidin-2-yDmethyi, N-((5)-4-({3-chloro-4-fluorophenyicarbamoyt}-7-
fluoro-2.3-dihydro-1H-inden-1 -y} carbamate;

O-(Ry-6-oxopiperidin-3-y1, N-((8)-4-{({3-chloro-4-fluorophenylicarbamoyh)-7-fluore-2,3-
dihydro-1H-inden-1-vi}) carbamate;

O-(S)-6-oxopiperidin-3-vl, N-{{8§)-4-((3-chloro-4-fluorophenylycarbamoy)-7-fluoro-2,3-
dihydro-1H-inden-1-v1) carbamate;

{5}-N-(3-chloro-4-fiuorophenvi)-1-(3-cyelopropylureido}-7-fiuoro-2, 3-dihy dro-1H-indene-
4-carboxamids;

O~{{(S)-G-oxopipendin-2-yhmethyl, N-({$)-4-((3~chloro-4-Tuorophenylcarbamoyi)-7-
fluoro-2.3-dihydro-1H-inden-1-y1} carbamate;

O-(d-oxoaretidin-2-yDmethyl, N-({(83-4-((3-chloro-4-fluorophenyljcarbamoy}-7-fluors-2,3-
dihydro-1H-inden-t-vi) carbamate;

O-methyl, N-{(4-((3-chloro-4-fluorophenylcarbamoyi}-7-fluoro-1-methyi-2 3-dihvdro-1H-
inden-1-vi) carbamate;

MN-(3~chloro-4-flusrophenv}-7-{luoro- L -methyl-1-G-methviureido)-2, 3-dihy dro- I H-indene-
4-carboxamide;

(8)-N-(3-chloro-4-fluorophenyli-1-{cyclopropanesulfonamido)-2 3-dihydro-1H-indene-4-
carboxamide;

O-pyrdin-2-vimethyl, N-(4-((3-chloro~-4~-Tuoropheny Dearbamoyi}-7-fuoro-1-methyl-2.3-
dihydro-1H-inden-1-y1} carbamate;

{5}-N-(3-chloro-4-fiuorophenvi)-1-{{cyclopropyvimethy hisulfonamido)-7-fluoro-2,3-dihy dro-
H-indene-4-carboxamde;

{(8)-N-(3-chloro-4-flucrophenyl}-7-fluoro-1 -{{phenvimethyDsulfonamido)-2 3-dihyvdro-1H-
indene-4-carboxamide;

O-cyclopropyl, N-{S}-(4-((3-chloro-4-Huorophenylicarbamoyl)-7-fluoro-2,3-dihy dro-1H-
inden-1-yljcarbamate;

{5)-N-(3-chloro-d4-fluorophenyi}-7-fluoro-1-{(N-methyisulfarmovamino)-2 . 3-dihvdro-1H-

indene-4-carboxamide;
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(8)-N-(3-chloro-4-flucrophenyli-7-Huoro-1-(morpholine-4-sulfonamido)-2, 3-dihy dro- 1H-
indene-4-carboxamide;

O-cvelopropyl, N-{S8)-{4-((3-chloro-4-fluorophenyhcarbamoyi}-2, 3-dihydro-1 H-inden-1-v1)
carbamate;

{S3-N-3-chloro-4-fluorophenv - 1-{{(N-methylsulfamoy Daming 3-2, 3-dihydro-1 H-indene-4-
carboxamide:;

0-(1,3 4-oxadiazol-2-vhimethyl, N-($)-{4-((3-chloro-d-fluorophenyl}carbamovli}-7-fluoro-
2,3-dihydro-1H-inden-1-y1) carbamate;

{(8)-N-(3-chloro-d-tluorophenyli-1-(ethyisulfonamido)-7-fluoro-2 3-dihvdro- I H-indene-4-
carboxamude;

{53-N-(3-chloro-4-fluorophenvi}-7-flucro-1-{propylsulfonamido)-2, 3-dithy dro-1H-indene-4-
carhoxamide;

{§)-N-~{4-cbloro-3-fluoropheny)-7-fluoro-1 {(Z2~methylpropyvhsulfovanudo)-2,3-dihydro-
1H-indene-4-carboxanude;

{(8)-N-(3-chloro-4-flucrophenyli-7-Huoro-1-((N-isopropvisulfamoyljamino}-2, 3-dihydro-
iH-indens-4-carboxamide;

{5)-N-(3-chloro-d4-fluoropheny)-7-fluoro-1-({1-methylethyDsulfonamido}-2, 3-dihy dro- 1H-
indene-4-carboxamide;

{S3-N-3-chloro-4-fluorophenvi}-1-{cvclopentanesulfonamido)-7-fluoro-2,3-dihy dro~1H-
indene-4-carboxamude;

(8)-N-(3-chlorp-4-flucrophenyli-1-(cyclohexanesulfonamido)-7-fluore-2, 3-dihy dro- 1H-
indene-4-carboxamide;

{(S)-N-(3-chloro-4~fluorophenvl)-1-({N-cyelopropylsulfamoyvDarine -2, 3-diby dro- 1 H-
indene-4-carboxamide;

{53-N-{3-chloro-4-fluorophenvi}-1-({N-cyclopropyvisulfamoy Bamino)}-7-{fluoro-2 3-dihydro-
H-indene-4-carboxamde;

O-(1-(tetrahydro-2H-pyran-2-v1}-1H-1,2 4-triazol-3-y Dmethvl, N-{{8)-4-{(3-chloro-4-
fluorophenyljcarbamoyl}-7-fluoro-2,3-dihydro-1H-inden-1-y1} carbamate;

N-(3-Chloro-4-fluorophenvi}-7-flucro-1-oxo-2,3-dihy dro- 1 H-indene-4-carboxamde;

{{(1-{methyl-d2)-1H-1,2 d~triazol-3~-yDmethyl-ds (8)-(4-{(3-chloro-4-
fluorophenyhcarbamoyl}-7-fluore-2,3-dihydro~-1 H-inden- I -ylcarbamate;

{S3-3-({({4((3~chloro-4-fluorophenyljcarbamovi}-7-fluoro-2 3-dibywdro-1H-inden-1-

yhcarbamovhoxy ymethyl)-14-1,2 4-iniazol-1-yDimethyl phosphoric acid;
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{(8)-(3-{{{{4-((3~chloro-d-fluorophenyl}carbamoyl}-7-fluoro-2,3-dihy dro-1 4 -inden-1-
yicarbamoyloxy ymethyi- LH-pyrazol-1-vIymethyvl phosphoric acid;

O-(S)-2-cyvanoethyl, N~-4~(3~chloro~-4-fluorophenyicarbamoyl)-7-fluoro-2,3-dihydro~-15-
inden- -y carbamate;

O-(5)-3-cyanopropyl, N-4-(3-chloro~4-fluorophenylcarbamoyi}-7-fuore-2,3-dihydro-1 #-
inden-1-vi carbamate;

N-(3-chioro-4-fluorophenyi}-7'-fluoro-2.5-dioxe-2' 3'-dihvdrospirofinudazolidine-4,1'-
indene-4'-carboxamide;

N-(3~chloro-4-fuorophenyD-7'-fluoro-2 3~-dioxo- I-(pyndin-2-virsethyl}-2',3'-
dihydrospiro]imidarolidine-4.1 -indene]-4'-carboxanude;

N-(3-chioro-4-fluoro-phenyl}-7-fluore-1-methyl-2,S-dioxo-spiro|imidazolidine-4,1'-
indane]-4'-carboxamide;

{(§)-1-{((S)-rert-butylsultinyDanuno}-N-(3~chlore-4-fluorophenvl)-7-fluoro-2 3-dihvdro-1 H-
indene-4-carboxanude;

(S)-1-{{{R-fert-butylsutfinyljaming }-N-(3-chloro-4-flucropheny}-7-fluors-2 . 3-dihydro-1 4~
indene-4-carboxamide;

or a salt thereof.

In certain embodiments, a capsid inhibitor is a compound of the following formula, ora
salt thereof’

9] xﬁ—-XZ

]! Ya-R?
\fﬁ / i \R“’

wheretn the following defuitions apply:

-X!-X2- is selected from the group consisting of -CH2CH,-*, -CHRCH(CH;)-*, -
CHyC{CHs pp-*, -CH{CH5)CH-*, -C{CHspCHy-*, -CHCHF-*, -CHLCF-*, -OCH:-*, -SCH-
* CCHoNR®* | and -CHCH(OR®-* wherein the single bond marked as “*” is between -X -
X%~ and X7

X is C, or X° combines with R and R* to form -S(=0}-;

X4 s Nor C(R™),

s Noor CR™),

X615 N or C(R™),

wherein 0-1 of X*, X°, and X% is N;
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R is selected from the group consisting of optionally substituted phenyl, optionally
substituied benzyl, optionally substituied hetercaryl, and «(CHzXoptionally substituted
heteroarvl),

each occurrence of R? is independently selected from the group consisting of H and £1-Css
alkyl;

RY s selected from the group consisting of -N{RHC(=0)ORS, H, -OH, -OR®, -NH,, -NHR?,
NRRC -OC{=0)0R®, -OCEOIN(RIRS, -NRICEOINR HR), -NRHCEOR®, -NRPS(=0):-
3R®, optionally substituted arvl, optionally substituted heteroarvl, -CH.C{=0)0H, -
CHoCEOWRIRS, NRACE=OWCH ) 2RE, NRISEORNERYSRN, and -
NRICEOWCEOINR MR,

R*is H or €4-Ce alkyl,

or R and R? combine to form =0 or -C(=0NR®.C{=0)-NR®.;

R {5 selected from the group consisting of H, halo, C1-Cs alkyl, C1-Cs alkoxy, C1-Cs
aminoalkyl, C-Cs haloatkoxy, and Ci-Cs haloalkyl;

R™® is selected from the group consisting of H, halo, C-Ce alkyl, Ci-Cs alkoxy, C1-Cs
aminoalkyl, C-Ce haloalkoxy, and C-Cs haloalkyl;

R is independently selected from the group consisting of H, halo, C1-Cs alkyl, C1-Cs
alkoxy, C-Cs aminoalkyl, Ci-Cs haloalkoxy, and C-Cs haloatkyl:

each occurrence of R is independently selected from the group consisting of optionally
substituted C1-Cs alkyl, optionally substituted C2-Ca cvcloalkyl, optionally substituted phenyl,
and optionally substituted heterevaryl;

each occurrence of R® is independently selected from the group consisting of H, optionally
substituted C1-Cs alkyl, optionally substituted Cs-Cs eycloatkyl, optionally substituted pheoyl,
and optionally substituted heterecaryl;

each occurrence of R’ is independently selected from the group consisting of H and
optionally substituted C1-Cs alkyl;

or, if R® and R7 are bound to the same N atom, R® and R optionally combine
with the N atom to which both are bound fo form an optionally substituted 3-7
membered heterocycle;

R is selected from the group consisting of H and C-Cs alkyl.

In certain embodiments, a capsid inhibitor is a compound of the following formula, or a

salt thereof:
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wherein the following definitions apply:

-X1X2- s selected from the group consisting of -CHyCHu-*, -CH2CR{CH:)-*, -
CHLC(CH: -, -CHCH)CH-* | -CCH pCH-*, -CHCHE-* -CHLCF -, -OCH,-*, -SCH)-
* and -CHLCH{OR?-*, wherein the single bond marked as “*” is between -X!-X% and -
CRIR:

R'is selected from the group consisting of optionally substituted phenvl, optionally
substituted benzyl, optionally substituted hetercaryl, and -(CH: }optionally substituted
heteroaryl},

gach occurrence of R? is independently selected from the group consisting of H and €1-Cs
alkyl;

R is selected from the group consisting of H, -OH, -OR®, -NH,, -NHR® -NRR? -
QCEOCIORS, -OCEOINRIRS, -NRIHCEOIOR® -NRICEOINRHYR), -NERICEOIRS, -
NRS{(=0%R®, optionally substituted aryl, optionally substituted heteroaryl, -CHC(=0)OH, -
CHCEOINROR®, -NRDC=0HCH2)eoRE, NRS(=01LNROHR), and -
NRICEOWCEOMNERORY,

R*is H or €i-Ce alkyl, or R and R* conbine to form =0;

R is selected from the group consisting of H. halo, C1-Cq alkyl. €1-Ce alkoxy, C1-Cq
aminoalkyl, Ci1-Ce haloalkoxy, and C1-Cs haloalkyl;

R is selected from the group consisting of H, halo, C1-Ce alkyl, Ci-Cs alkoxy, C1-Ce
aminoalkyl, C1-Ce haloalkoxy, and C;-Cs haloalkvl;

R is selected from the group consisting of H, haio, C-Cs alkyl, C1-Cs alkoxy, C-Cs
aminoalkyvl, C-Ce haloalkoxy, and C-Cs haloalkyl,

each occurrence of R® is independently selected from the group consisting of optionally
substituted C1-Us alkyi, optionally substituted C3-Cs cycloalkyl, optionally substituted phenyl,
and optionally substituted hetereoaryl,

each occurrence of R is independently selected from the group consisting of H and

optionally substituted {'1-Cs alkyl;
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or, if R® and R7 are bound to the same N atony, R® and R optionally combine
with the N atom to which both are bound to form an optionally substituted 3-7
membered heterocycle;

R is selected from the group consisting of H and C;-Cs alkyl.

In certain embodiments, at least one of R® R and R¥is H.

In certain embodiments, 1s a compound is:

O

In certain embodiments, the compound is at least partially deuterated.

In certain embodiments, the compound is a prodrug,

In certain embodiments, the compound comprises a -{CRR}-O-P(=CHOR}: group, or a
salt thereof, which is attached to a heteroatom, wherein each occurrence of R is independently
H and C1-Cs alkyl.

In certain embodimends, the corapound 1s selected from the group consisting of

O-methyl, N-(8)-(4-((3.4-difluorophenylcarbamovi}-2 3-dihvdro-1H-inden-1-v1} carbamate;

{(8)-N-(3.4-difluorophenyi}-1-(3-methylureido}-2, 3-dihvdro-1H-indene-4-carboxanude:

O-pyridin-2-vimethyl, N-(S)-(4-((3,4-diluorophenyDearbamovi)-2,3-dihy dro- 1 H-inden-1 -y 1}
carbamate;

O-methyl, N-(7-((3,4-difluorophenylicarbamoy}-2, 3-dihydrobenzofuran-3-v1} carbamate;

N-(3,4-diftuorophenyi)-3-(3-methy huretdo }-2, 3-dihy drobenzofuran-7 -carboxamide;

O~({(R}-5-~oxopvrrolidin-2-vDmethyl, N-({8)-4-((3-chloro-4-fluorophenvlcarbarmov)-7-
fluoro-2.3-dihvdro-1H-inden-1-y1} carbamate;

O-fert-butyl, N-{5}-(4-((3-chloro-4-fluorophenyijcarbamoyl}-7-fluoro-2,3-dihvdro- 1 H-inden-

I-v1} carbamate;
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O-methyl, N-{5)-{7-fluoro-4-{{4-flucro-3-methylphenyljcarbamoyi}-2,3-dihy dro-1 H-inden- 1-
v1} carbamate;

{(8)-7-fuoro-N-{4-fluore-3-methyiphenvh)-1-(3~-methylureido)-2,3-dthydro-1H-indene-4-
carboxamide;

{S3-1-amino-N-(G-chloro-4-fluorophenyl-7-Huore-2, 3-dihv dro- 1H-indene~4~carboxamide;

0-2-{Z-oxopyrrolidin- [ -vDethyl, N-(8)-{(4-((3~chloro-4-fluorophenyllcarbamovi)-7-fluoro-~
2,3-dihvdro-1H-inden-1-y1) carbamate;

Oe-pyridin-2-vimethyl, N-(7-((3,4-difluorophenyljcarbamoyl)-2, 3-dihydrobenzofuran-3-v1}
carbamate;

O-pvridin-2-vimethyl, N-{S)-{(4-((3~chloro-4-fluorophenylcarbamoyvl}-2, 3-dihydro-1H-
inden-1-yi} carbamate;

O~{{5)-5~oxopyrrolidin-2-ymethyl, N-{{5}-4~((3-chloro-4-fluorophenylicarbamoyl}-7-
fluoro-2,3-dihydro-1H-~nden-1 -y} carbamate;

O-methyl, N-{(8)}-{4-((3~-chloro-4-fluorophenylicarbamoyl}y-7-fluore-2 . 3-dihydro-1 H-inden- 1 -
vi} carbamate;

{(8)-N-(3-chlgro-4-fluorophenyli-7-fluore-1-(G-methylureido}-2, 3~dihy dro- 1 H-indene-4-
carboxamide;

O-{{R)-5-oxopyrrolidin-2-vHmethyl, N-({($}-4-((3-chloro-4-fluorophenylycarbamoyi)-2,3-
dihydro~1H-inden-1-y1} carbamate;

O~({5)-5-oxopvrrolidin-2-yDimethyl, N-{{5}-4-((3-chioro-4-fluorophenyicarbamoy)-2,3-
dihydro-1H-inden-1-vl) carbamate;

Oe-pyridin-2-vimethyl, N-{S)-(4-({4-fluoro-3-methylphenyl jcarbamoyi}-2, 3-dihydro-1 H-
inden-1-y1j carbamate;

O-({Ry-5-oxopyrrolidin-2-vhmethyl, N-((5-4-((4-fluoro-3-methyiphenyljcarbamoyl}-2,3-
dihydro-1H-inden-1-yljcarbamate;

O~{{5)-5-oxopyrrolidin-2-ymethyl, N-{{5}-4-{{(4-fluoro-3~-methyiphenvijcarbamoyi}-2,3~
dihydro~-1H-inden-1-vl) carbamate;

O-2-oxg-2-(pyrrolidin-1-vBethyl, N-{5}-{4-((3-chloro-4-fluorophenvlcarbamoyl}-7-fluoro-
2,3-dihydro-1H-inden-1-y1) carbamate;

O-pyridin-2-vimethy], N-(7-((3.4-difluorophenyhecarbamoy -2, 3-dihvdrobenzofblthiophen-
3-yl) carbamate;

O-pyridin-2-yImethyl, N-{7-{(3~chloro-4-fluorophenvijcarbamoyi}-2,3-

dihydrobenzof blthiophen-3-v1) carbamate;
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O-methyl, N-{7-{{3-chloro-4-fluorophenvijcarbamoyl)-2.3-dihydrobenzofbithiophen-3-yi)
carbamale;

O-roethyl, N-(7-((3,4-diffuorophenvijcarbarmoyi}-2,3~diltydrobenzofbithiophen-3-yH
carbamate;

O-~pyridin-2-yImethyl, N-{5)-{4-{((3-chloro-4-fluorophenyljcarbamoyl)-7-fluore-2,3~dihy dro-
IH-inden-1-y1} carbamate;

O-methyl, N-{7-((3-chloro-4-fluorophenylcarbamoy!)-2.3-dihvdrobenzofbithiophen-3-y1)
carbamaie;

O-((S)- l-methyl-S-oxopyrrolidin-2-vhmethvl, N-({8)-4-((3-chloro~4-
fluorophenvlcarbamoyl}-7-fluoro-2,3-dibydro-1H-inden- 1 -v1) carbamate;

G-pyridin-2-yimethyl, N-{5)-(7-fluoro-4-{{4-flucro-3-methylphenyearbamoyi)-2,3-dihy dro-
TH-inden~1-y1} carbamate;

O~imudazof 1,2-alpyndin-2-yimethyl, N~{(S)-(4-((3-chloro-d-tfluorophenyhicarbamoyi)-7-
fluoro-2.3-dihydro-1H-inden-1-y1} carbamate;

O-(6-morpholinopyridin-2-y Dimethyl, N-{S3-(4-((3-chlorg-4-fluorophenylicarbamoy)-7-
fluoro-2 3-dihydro-1H-inden-1-v1} carbamale;

O-({#y-1-methyl-3-oxopyrrolidin-2-yDmethy i, N-{(($}-4-((3-chloro-4-
fluorophenybcarbamoyl}-7-fluore-2,3-dihydro-1H-inden-1-vl) carbamate;

O~(6~-methoxypyridin-2-vhmethyl, N-(8)-(4-((3~chloro-4-fluorophenvhcarbamovi)-7-fhuoro-
2,3~-dihv dro- 1 H-inden-1-y1) carbamate;

(8)-N-(3-chloro-4-fluorophenyli-7-Huoro-1-(pvrnimidin-2-yiamino)-2 3-dihy dro-1H-indene-
4-carboxamide;

O-roethyl, N-{(1R,2R)-4-((3~chloro~4~-fluorophenyDcarbamoyh)-2-hy droxy -2, 3~dihy dro- T H-
inden- -y} carbamate;

N-{3-chloro-4-flucrophenyi}-2-hydroxy-1-(3-methylureido)-2 3-dihy dro-1H-indene-4-
carboxamide;

O-{6-(dimethylamino) pyvridin-2-yDimethyl, N-(8)-(4-((3-chloro-4-fluorophenvicarbamoyi}-
7-fluoro-2,3-dihydro-1H-inden-1-v1} carbamate;

(8)-N-(G-chlgro-4-fluoropheny - 7-fluoro-1-((S-methoxy py rimidin-2-yJamine }-2, 3~-dihydro-
I H-indene-~4-carboxamide;

{5)-N-(3-chloro-d-fluorophenvD)-7-fluoro-1 -({4-(pyridin-2-y Dpyrimidin-2-yDanuno -2, 3-

dihydro-1H-indene-4-carboxamide;
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O-pyridin-2-vimethyl, N-{(1 R, 2R)-4-{(3-chloro-4-fluorophenvi}carbamovl}-2-hvdroxy-2,3-
dihydro-1H-inden-1-v1) carbamate;

O-roethyl, N-{4-((3,4-difluorophenvijcarbarmoy}-2-hydroxy-2,3-dthydro- H-inden~-1-y1)
carbamate;

MN-(3,4-difluoropheny}-2-hydroxy - 1-(3-methyloreido)-2,3-diby dro- I Handene-4-
carboxamide:;

tert-buty 2-({{({{(5)-4-((3-chloro-4-fluorophenviicarbamoyi}-7-fluore-2,3-dihydro-1H-inden-
-viicarbamoytioxy imethyl}-4. 4-difluoropyrrolidine-1-carboxylate;

O-raethyl, N-(7-((3,4-difluorophenvljcarbamoyi}-4-fluoro-2,3-dthydrobenzo{bithiophen-3-
vl) carbamale,

O-(4 4-diftuoropyrrolidin-2-yDmethyl, N-((S)-4-((3-chloro-4-flucrophenyijcarbamoyvi)-7-
fluoro~-2,3-dihydro-1H-inden-1-y1) carbamate;

O-methyl, N-(7-{(3-chloro-4~-fluoropheny hearbamoyi}-4-fluoro-2,3-
dihydrobenzof bjthiophen-3-y1) carbamate;

O-pyridin-2-vimethyl, N-{(1 R, 2R)-4-((3.4-difluorophenvicarbamoyi}-2-hy droxy-2,3-
dihydro-1H-inden-1-v1) carbamate;

O-(1-acetyl-4 4-difluoropyrrolidin-2-y Dimethyl, N-((8)-4-{{3-chloro-4-
fluorophenybcarbamoyl}-7-fluore-2,3-dihydro-1 H-inden-1-vl) carbamate,;

O-(1+2,2 2-trifluoroethy Dpiperidin-4-vmethyl, N-(5)-{4-((3-chloro-4-
fluorophenyl)carbamovly-7-fluore-2,3-dihydro-1H-inden-1-v1) carbamate;

O-pyridin-2-vimethyl, N-{7-((3.4-difluorophenyljcarbamoy}-4-fluors-2 3-dihvdrobenzofb]
thiophen-3-vi} carbamate;

O-pvndin-2-vimethyl, N-(7-((3-chloro-4-fluoropheny Dearbamoviy-4-fhuoro-2,3-
dihydrobenzofbjthiophen-3-y1} carbamate;

{53-2-{({(3-((3~chloro-4-fuorophenylycarbamoy)-7-8uore-2, 3-dihydro-1H-inden- 1~
yhcarbamovboxy methyvDpyridine 1-oxide;

O-(83-1~(pynidin-2-yhethyl, N-({(8)-4-({3-chloro-4-fluorophenyljcarbamovi)-7-fluore-2 3~
dihydro-1H-inden-1-vl) carbamate;

O-(Sy-pyrrolidin-2-yimethyl, N-{{8}-4-((3-chloro-4-fluorophenvijcarbamoyl)-7-laoro-2 3~
dihydro-1H-inden-1-y1) carbamate;

-3,3.3-trifluoropropyl, N-{(8)-(4~-((3~chloro-4-fluorophenylicarbamovi}-7-fluoro-2.3-

dihiydro-1H-inden-1-y1} carbamate;
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O-(1-methyl-1H-pyrazol-3-vDmethyl, N-{(8)-{(4-{(3-chloro-4-flucrophenyljcarbamoyi)-7-
fluoro-2 3-dihydro-1H-~inden~1-v1} carbamale;

O-(B)-5-oxopyrrolidin-3~-vl, N-{{8}-4-((3-chloro-d-flucrophenyhcarbamoy)-7-fluoro-2,3-
difydro-1H-inden-1-y1} carbamate;

O~(6~-methyipyridin-2-yhimethyl, N-(8)-{4-((3-chloro-4-fluorophenyljcarbamoyvl}-7-fluoro-
2,3~-dihvdro- 1 H-inden-1-y1) carbamate;

N-{83-4-((3-chloro-d-flucrophenyljcarbamoyl)-7-fluore-2,3-dihy dro- 1 H-inden-1-vi, G-
(pyndin-2-ylmethyl} carbamate;

{(8}-N-(3-chloro-d-tfluorophenyD-7-fluore-1-(2-methoxvacetamido}-2,3-dihydro- 1 H-indene-
4-carboxamide;

{53-N-(3-chloro-4-fluorophenvi}-7-flugro-1-(3-fuoropropanamido)-2 3-dihydro-1H-indene-
4-carboxamids;

{§)-1-acetarmdo-N-(3~chloro-4-fluorophenvl}-7-fluoro-2,3-dthvdro- 1 H-indene-4-
carboxamide;

O-pyvrazin-2-vimethyl, N-(8)-{4-{(3-chloro-4-fluorophenvijcarbamoyl}-7-fluoro-2,3-dihy dro-
{H-inden-1-v1} carbamate;

O-pvrinudin-2-yimethyl, N-{8)-(4-{(3-chloro-4-fluorophenylcarbamovi)-7-fluore-2,3-
dihydro-1H-inden-1-y1} carbamate;

O-~(4-chloropyridin-2-yDimethyl, N-{S}-(4-((3-chloro-4-fluorophenyhicarbamoyy-7-fluoro-
2,3~-dihv dro- 1 H-inden-1-y1) carbamate;

(8)-N-(3-chloro-4-fluorophenyli-7-Huoro-1-hvdroxy-2,3-dihy dro-1 H-indene-4-carboxamide;

O-isoxazol-3-yimethvi, N-{5}-{4-((3-chloro-4-fluorophenylicarbamoyl}-7-fluoro-2,3~
ditydro-1H-inden-1-v1) carbamate;

O-2-(pyridin-2-yDethvl, N-{8)-(4-({(3-chloro-4-fluorophenyhcarbamovi}-7-fluoro-2,3-
dihydro-1H-inden-1-y1} carbamate;

(-2, 2-difluoroethyt, N-($)-{4-{{3-chloro-4-fluorophenvlcarbamovi}-7-fluore-2,3-dihy dro-
1H-inden-1-v1} carbamate;

O-pyrimidin-4-vimethyl, N-(S}-(4-({3-chloro-4-fluorophenyl jcarbamoyi)-7-fluoro-2,3-
dihydro-1H-inden-1-vl) carbamate;

-3-(2-oxopvrrohdin-1-vhpropyl, N-($)-(4~((3~chloro-4-fluorophenyllcarbamovi)-7-fluoro-~
2.3-dihvdro-1H-inden-1-y1) carbamate;

O-(8-methyiimidazo|1,2-alpyridin-2-yhmethyl, N-{5)-{(4-((3-chlorg-4-

fluorophenycarbamovi}-7-fluore-2,3-dihydro-1H-inden-1-y1) carbamate;
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-2.2 2-tsiftuoroethyl, N-{S}-(4-({(3-chloro-4-fluorophenyiicarbamoyi}-7-fluoro-2,3-dihvdro-
{H-inden-1-v1} carbamate;

O-(S)-4-((3~chloro-4-fuorophenyDearbamovi)-7-fluore-2,3-dihy dro~-1H-inden-~ 1 -y, N-
methvicarbamate;

MN-{5)-4~{(3-chloro-4-fluorophenylcarbamoyly-7-fluoro-2,3~dihy dro- HH-inden-1-vi, O-
(pyndin-2-vimethyl} carbonate;

O-thiazol-5-vimethyl, N-{(S)-(4-{(3-chloro-4-fluorophenylcarbamovi)-7-fluoro-2, 3-dihy dro-
iH-inden-1-yi} carbamate;

O-thiazol-2-vimethyl, N-{(S)-(4-((3~chloro-4-fluorophenycarbamovi}-7-fluoro-2,3~dihv dro-
[H-inden-1-v1) carbamate;

(-oxazol-4-yimethyl, N-(S3-(4-((3-chloro-4-fluorophenylicarbamoyi)-7-fluore-2 3-dihy dro-
TH-inden~1-y1} carbamate;

O-~oxazol-2-vimethyl, N~(8}-(4-((3-chloro-4-Huorophenyhcarbamoy)-7-fluoro-2,3-dihydro-
IH-inden-1-y1} carbamate;

O-oxazol-3-yimethvl, N-(8)-{4-{{3-chloro-4-fluorophenviicarbamoyi}-7-fluoro-2,3-dihy dro-
{H-inden-1-v1} carbamate;

O-2-(1H-~inudazol-1-vhethyi, N-{$}-(4-((3~chloro-4-fluorophenylicarbamovl-7-fluoro-2,3-
diliydro-1H-inden-1-y1} carbamate;

{(S3-N-(3-chloro-4-fluorophenvi}-7-fluoro-1-(pyridin-2-ylamino}-2,3-dihy dro- 1 H-indene-4-
carboxamide:;

(8)-N-{4-{(3-chloro-4-flucrophenyjcarbamovi)-7-fluore-2, 3-dihvdro- 1 H-inden-1-y1 -1~
methyl-1H-pyrazole-3-carboxamide;

-2-phenoxyethyl, N-{8)-{4-((3-chioro-4-fluorophenyDearbamovi)-7-fluore-2,3-dihydro-1H-

inden- -y} carbamate;

{S3-N-{4-{(3-chloro-4-fluorophenyiicarbamoyl}-7-fluoro-2, 3-dihvdro- 1 H-inden-1-vi}-1-
methyi-1H-pyrazole-3-carboxamde;

{(8)-N-3-chloro-4-fluorophenyli-7-fluoro-1-{(1-methyl-1 H-pyrazole)-3-sulfonanudo)-2, 3~
dihydro-1H-indene-4-carboxamide;

O-(1-methyi-1H-1,2 4-triazol-3-vDmethyl, N-(8)-(4-((3~chloro-4-fluorophenyDearbamovi)-
7-fluore-2 3-dihvdro-1H-inden-1-v1) carbamate;

O-(1-methyi-1H-pyrazol-5-yhimethyl, N-(8)}-(4-((3-chloro-4-fluorophenyiicarbamoyl}-7-

fluore-2,3-dihydro-1H-inden-1-yi) carbamate;
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{8)-2-¢{4-{{3-chloro-4-fluorophenvl)carbamoyi}-7-fluore-2, 3-dihy dro-1 H-inden- 1 -
ylaminojpyrimidine-4~-carboxamide;

O-2-(4-methylthiazol-S-vhethyl, N~{(8)}-{4-((3-chloro-4-fluorophenycarbamovl)-7-fluoro-
2 3-dihvdro-1H-inden-1-y1} carbamate;

O-¢ L-isopropyvi-1H-pyrazol-3-yDmethyl, N-(S)-(4-((3-chloro-4-fluorophenyljcarbamoyl}-7-
fluoro-2.3-dihydro-1H-inden-1 -y} carbamate;

O-(S-methoxypyridin-2-vhmethyl, N-(5)-(4-((3-chloro-4-flucrophenylicarbamovl-7-fluoro-
2,3-dihydro-1H-inden-1-y1) carbamate;

O-((8)-1-(2,2 2-nfluoroethy Dpyrrolidin-2-vDimethyl, N-{{S)-4-((3~chioro-4-~
fluorophenvlcarbamoyl}-7-fluoro-2,3-dibydro-1H-inden- 1 -v1) carbamate;

O-(5-fluoropynidin-2-ylimethvl, N-(8)-{4-((3-chloro-4-fluorophenyl)carbamoyl}-7-fluoro-
2,3-dihy dro~-1H-inden-1-v1} carbamate;

O-2-{1H-pyrazol-d-yhethyl, N-(53-{4-((3-chloro-4-fluorophenylicarbamovi)-7-fluoro-2,3-
dihydro-1H-inden-1-v}) carbamate;

O-Z-methoxyethyl, N-{5)-{(4-((3-chloro-4-fluorophenylicarbamoyl}-7-fluoro-2,3-dihvdro-TH-
inden~1-y1} carbamate;

O-({#y-tetrahydrofuran-2-vDmethyl, N-{(5)-4-((3-chloro-4-fluorophenylicarbamoyl}-7-
fluore-2,3-dihydro-1H-inden-1-yi) carbamate;

O-tetrahydro-2H-pyran-4-yl, N-(8)-¢4-{(3-chloro-4-fluorophenvcarbamoyl}-7-fluoro-2,3-
dibydro~1H-inden-~1~vl) carbamate;

O-3-methoxypropyl, N-{S}-{(4-((3-chloro-4-flucrophenyljcarbamovi)-7-fluoro-2 3-dihydro-
1H-inden-1-v1} carbamate;

{(8)-N-{4-{(3~chloro~4~-fluorophenyDcarbamovl}-7-fluoro-2,3-dihvdro-1 H-inden~1 -
yvhpicolinamide,

{$3-N-{4-{(3~-chloro-d-fluorophenylicarbamoyl}-7-fluore-2, 3-dihydro-1 H-inden-1-
yhthiazole-S-carboxamide;

{(8)-N-(3-chloro-4-fluorophenvl}-7-fluoro- 1 -(methyisulfonamide)-2, 3~-dihv dro- 1 H-indene-4-
carboxamide;

(8)-N-(G-chloro-4-fluoropheny - 7-fluoro-1-(Z-morphohinoacetamido)-2, 3-dihy dro- 1H-
ndene-d-carboxamide;

{5)-N-{4-{(3~chloro-4-fluorophenyicarbamovl}-7-fluoro-2 3-dihydro-1 H-inden-~1-

yhnicotinamide;
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(8)-N-(4-{(3-chloro-4-flucropheny carbamovl)-7-fluoro-2 3-dihydro-1 H-inden-1-
yiysonicotinamide;

O-roethyl, N-(4-((3-chloro-4-fluorophenylicarbarnoy}-7-fluore~2, 2-dimethyi-2, 3-dihvdro-
[H-inden-1-y1 Yearbamate;

{53-4-((3-chloro-d-fluorophenylycarbamoyly-7-Huoro-2, 3-dibyvdro- I Handen- 1-v] methyl
carbonate;

O-thiazol-4-vimethyl, N-{(S5)-(4-{(3-chloro-4-fluorophenyljcarbamovi)-7-fluoro-2, 3-dihy dro-
iH-inden-1-yi} carbamate;

O-3-(1H~midazol-1-vhpropyl, N-(53-(4~{(3-chioro-4-fluorophenyljcarbamoyvl)-7-fluore-2,3-
dihydro-1H-inden-1-v1) carbamate;

O-pyridin-2-yImethyl, N-{5}-(4-((3-cyano-4-fluorophenylicarbamoyl}-7-fuoro-2, 3-dihvdro-
TH-inden~1-y1} carbamate;

{§)-N-{4~{(3-chloro-4-fluorophenyDearbamoyl)-7 -fluore-2 3 ~-dihvdro- H-nden- 1-
yijthiazole-2~carboxamide;

(8)-N-(3-chloro-4-fluorophenyli-1-{cyclopropanesulfonamido)-7-fluore-2 3-dihvdro-1H-
indene-4-carboxamide;

{5)-N-{4-{(3~chloro-4-fluorophenylcarbamovl}-7-fluoro-2 3-dihydro-1 H-inden~ 1 -voxazole-
S-carboxamide;

O-~-methyl, N-((1R8,28)-4~{{3-chloro-4-fluorophenyDcarbamoy}-7-fluoro-2-methoxy -2 3-
dihydro-1H-inden-1-v1) carbamate;

O-cyclopentyl, N-{8)-{4-{{3-chloro-4-fluorophenvijcarbamoyi}-7-fluoro-2, 3-dihy dro-1H-
inden-I-ylicarbamate;

O-(2-oxo~oxazolidin-5-yDmethvl, N-({8)-4-((3-chloro-d-fluorophenylcarbamoyh)-7-fluoro-
2 3-dihvdro-1H-inden-1-y1} carbamate;

(3-2-{1H-pyrazol-1-yhethyl, N-{5)}-{4-((3~chloro-4-flucrophenyiicarbamoyl-7-flucro-2,3-
dihydro-1H-inden~1-v1} carbamate;

O-pyridin-2-vimethyl, N-{4-{(3-chloro-4-fluorophenyljcarbamoyi)-7-fluoro-2, 2-dimethyl-
2,3-dihydro-1H-inden-1-y1y carbamate;

O-(-methyl-1H-imidazol-2-yDimethy i, N-(8)-{4-({3-chloro-4-fluorophenvijcarbamoyi}-7-
fluoro-2,3~dihydro~-1H-inden-1-v1} carbamate;

O-3-flucropyndin-2-ymethvl, N-{8)-(4-((3-chloro-4-fluorophenyhcarbamoyi}-7-fluoro-

2,3-dihydro-1H-inden-1-y1} carbamate;
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O-((Ry-morpholin-3-vlmethy i, N-({(8)-4-{{3-chloro-4-fluorophenviicarbamovl}-7-fluore-2,3-
dihydro-1H-inden-1-v1) carbamate;

O-(4-methoxypyridin-2-yhmethvl, N-{8)-{(4-(3-chloro-4-fluorophenyhcarbamoy)-7-fluoro-
2 3-dihvdro-1H-inden-1-y1} carbamate;

O-2-hydroxyethyl, N-(S$)-{(4~((3-chloro~-4-flucropheny}earbamoy)-7-fluoro-2,3-dihy dro-1H-
inden-1-v1) carbamate;

O-((S)-tetrahy drofuran-2-y Dmethyl, N-((8)-4-((3-chloro-4-fluorophenvijcarbamoyl}-7-
fluoro-2,3-dihvdro-1H-inden-1-ylicarbamate;

{(8)-N-(3-chloro-d-fluorophenyh-7-fluore-1-(2-hydroxyacetanido)-2, 3-dithvdro-1 H-indene-4-
carboxamude;

{53-N-(3-chloro-4-fluorophenvh}-7-flucro-1-3-{pyridin-3-yHureido)-2,3-dihy dro- 1H-imdene-
4-carboxamids;

{§)-N-3-chloro-4-fluorophenvy-7-fluoro-1 -(3-(pyridin~-4-yDureido}-2,3-dihydro~-1H-indene-
4-carboxamide;

(8)-N-(3-chloro-4-flucrophenyli-7-Huoro-1-(thiazol-2-viamino}-2, 3-dihvdro- 1 H-indene-4-
carboxamide;

O-2-(pipendin-1-vhethyl, N-(8)-(4~((3-chloro-4-flucrophenyiycarbamov!)-7-flucre-2,3-
diliydro-1H-inden-1-y1} carbamate;

O-~pyridin-2-yimethyl, N-{5)-{4-(3-(diffuoromethyl}-4-fluorophenylcarbamoyl}-7-fluoroe-
2,3~-dihv dro- 1 H-inden-1-y1) carbamate;

(8)-N-(3-chlogro-4-flucrophenyly-7-Huoro-1-(3-(pyridin-2-yImethyDureido)-2, 3-dihy dro- 1 H-
indene-4-carboxamide;

O-{6-cyvanopyvridin-2-vlmethyl, N-(8)}-(4~-((3~chloro-4-fluorophenycarbamoy}-7-fluoro-
2 3-dihvdro-1H-inden-1-y1} carbamate;

(-quinolin-2-vimethyl, WN-(83-{(4-((3-chioro-4-flucrophenyDcarbamov)-7-flucro-2,3-
dihydro-1H-inden~1-v1} carbamate;

O-(5-methylpyrazin-2-y Dmethyl, N-{8)-{4-((3-chloro-4-fluorophenvhcarbamoyi)-7-fluoro-
2,3-dihydro-1H-inden-1-y1y carbamate;

(-2-morpholinoethyl-N-{53-(4-((G-chloro-4-flaorophenylicarbamoyi)-7-fluoro-2,3-dibydro~
[H-inden-1-v1) carbamate;

O-{cis-d-hy droxycyclohexy-N-{(8)}-4-((3~chloro-4-fluorophenylicarbamovl-7-fluoro-2.3-

dihydro-1H-inden-1-yljcarbamate;
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O-3-hvdroxy propyl, N-(S)-(4-{(3-chloro-4-flucrophenyijcarbamovi)-7-flucro-2 3-dihydro-
{H-inden-1-v1} carbamate;

O-lrrans-4-hy droxveyclohexyl-N-{({5)-4-((3-chloro-4-fluorophenylycarbamovi)-7-fluoroe-
2 3-dihvdro-1H-inden-1-y1} carbamate;

O-2-acetamidoethyvl, N-(S)-{4-{((3-chloro-4-fluorophenyvijcarbamoyl}-7-fluoro-2,3-dihy dro-
IH-inden-1-y1} carbamate;

{(8)-N-(3-chloro-4-fluorophenyli-7-fluoro-1-propionanudo-2, 3-dithy dro-1H-indene-4-
carboxamide;

{(8)-N-(3-chloro-d-fluorophenyD-7-fluore-1-({(d-methoxypyrimidin-2~-yhamino}-2,3-dihydro-
[H-indene-~4~carboxamide;

{53-N-(3-chloro-4-fluorophenvi}-7-fluoro-1-({4-methylpyrimidin-2-vamino -2, 3-dihy dro-
H-indene-4-carboxamde;

{§)-N-(3-chloro-4-fluorophenvl}-7-fluoro- 1 - Z~methoxypyrinudin-4-yDamino)-2,3-dihy dro-
1H-indene-4-carboxanude;

{(8)-N-(3-chloro-4-flucrophenyli-7-Huoro-1-{(5-methylpyrimidin-2-y Jamine)-2, 3-dihy dro-
iH-indens-4-carboxamide;

{5)-N-(3-chloro-d4-fluorophenv)-7-fluoro-1-({6-methoxy pyrimidin~-4-yhamino)}-2, 3 ~dihydro-
1 H-indene-4-carboxamide;

{(S3-N-(3-chloro-4-fluorophenvi)-1-{{4,6-dimethylpyrimidin-2-yHamino}- 7-fluoro-2.3-
dibydro~1H-indene-4-carboxamide;

(1R 2R)-N-{3-chloro-4-fluorophenyi)-2-methoxy-1-(3-methylureido}-2 3-dihy dro- 1H-
indene-4-carboxamide;

O-(8)-5-oxopyrrohdin-3-vi, N-({(5)-4~{(3~chloro-4-fluorophenyicarbarooyi)-7-fluoro-2,3-
dihydro-1H-inden-1-y1} carbamate;

{53-N-(3-chloro-4-fluorophenvi)-7-fluoro-1-((2-{pyridin-2-y DethvDsulfonamido)-2,3-
dihydro-1H-indene-4-carboxamide;

O-{6-(tnfluoromethy Dpyridin-2-yDimethvl, N-(8)-(4-((3-chloro-4-fluorophenyljcarbamoyi}-
7-fluoro-2,3-dihydro-1H-inden-1-v1} carbamate;

O-(S-(trifluoromethy ) pyridin-2-yDmethyl, N-(S)-(4-((3-chloro-4-fluorophenyljcarbamovi}~
7-fluore-2 3-dihvdro-1H-inden-1-v1) carbamate;

O-(Ry-tetrahydrofuran-3-vi, N-({(5)-4-{(3-chloro-4-fluorophenyljcarbamoy}-7-fluore-2 .3~

dihiydro-1H-inden-1-y1} carbamate;
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(8)-N-(3-chloro-4-flucropheny3-7-fHuoro-1-(3-(1-methyi-1 H-pyrazol-3-yl}propanamido}-
2,3~dthy dro-1H-indene-4-carboxamide;

O-(S-cyanopyridin-2-ymethyl, N-(S)-(4-{(3~chloro-4-fluorophenylcarbamoyl}-7-fluoro-~
2 3-dihvdro-1H-inden-1-y1} carbamate;

O~(3-methyipyrazin-2-y Dmethyl, N-(S}-(4-((3-chloro-4-fuorophenyljcarbamoy}-7-Huoro-
2,3~-dihvdro- 1 H-inden-1-y1) carbamate;

O-(1-acetylpiperidin-d~-yDmethyl, N-{33-{4-((3-chioro-4-flucrophenyljcarbamov)-7-flucro-
2,3-dihydro-1H-inden-1-y1) carbamate;

O-(1-(2-bydroxyacetyUpipenidin~d-yhroethyl, N-{5)-(4-((3~chloro-4-
fluorophenvlcarbamoyl}-7-fluoro-2,3-dibydro-1H-inden- 1 -v1) carbamate;

G- 1-{methylearbamovDpipendin-4-ylimethvl, N-(8)-{4-{({(3-chloro-4-
fluorophenyicarbamoyl}-7-fluoro-2, 3~-dihydro-1H-~inden-1-v1) carbamate;

O-~(1, I-dioxidothiomorpholin-3-yDmethy I-N-{({S)-4-{(3-chloro-d-fluorophenyhcarbamoy)-7-
fluoro-2.3-dihydro-1H-inden-1-y1} carbamate;

O-pyridin-2-vimethyl, N-{(1 R 2R”)-4-((3-chloro-4-fluorophenyvl}carbamoyl}-2-methoxy-2,3-
dihydro-1H-inden-t-vi) carbamate;

{5)-N-(3-chloro-4-fluorophenvi}-1-{cyclopropanecarboxamido)-7-fluoro-2, 3-dihy dro-1H-
indene-4-carboxamide;

O~({S)-morpholin-3-yDmethyi, N-({5)-4-{(3-chloro-4-fluorophenvlcarbamovi}-7-fluore-2, 3~
dihydro-1H-inden-1-v1) carbamate;

O-(S)-tetrahy drofuran-3-y1, N-((S}-4-{(3-chloro-4-fluorophenyljcarbamovi}-7-fluoro-2,3-
dihydro-1H-inden-1-vi}) carbamate;

{S)-N-(3-chloro-4-fluorophenyl}-7-fuoro-1-{(2-methoxyethyl) sulfonamido)-2,3-dihydro-
IH-indene-4-carboxamide;

{5}-N-(3-chloro-4-fluorophenvi}-7-fluoro-1-(phenvisulfonamido)-2 3-dihydro-1H-indene-4-
carboxamide;

{(8)-N-(3-chloro-4-flucrophenyl}-7-fluoro-1 -(pyridine-2-sulfonamido}-2, 3-dihy dro- 1H-
indene-4-carboxamide;

O-(1-(2-methoxyacetyl) piperidin-4-vhmethy], N-(S)}-(4-{{(3-chloro-4-
fluorophenvhcarbamoyl}-7-fluoro-2, 3-dibydro-1H-inden-1-v1) carbamate;

{5)-N-(3-chloro-4-fluorophenyh-7-fluoro-1-{{5-hy droxy pyrimidin-2-yi amino)-2 3~dithydro-

1H-indene-d-carboxamide



WO 2022/098990 PCT/US2021/058232

G-methyl, N-{7-{{3-chloro-4-fluorophenvcarbamoyi}-4-fluore-2,3-dihy drobenzofuran-3-y1}
carbamale;

N-(3-chloro-4-flucrophenyii-4-fluore-3-3-methylureido)-2, 3~-dihydrobenzofuran-7-
carboxamide;

O-pyridin-2-yImethyl, N«{7-((3-chloro-4-fluorophenyicarbamoyi}-4-fluoro-2,3-
dibydrobenzofuran-3-vl) carbamate;

O-(1H-pyrazol-3-yhimethvi, N-($)-{4-((3-chloro-4-fluorophenvl)carbamovi}-7-fluoro-2. 3~
dihydro-1H-inden-1-vi}) carbamate;

{8)-N-(3-chloro-4-fluorophenyl}-7-fuoro-1-(3-({ 1 -methyi-1H-pyrazol-3-yDmethyDureido)-
2.3~dihvdro-1H-indene-4-carboxamude;

O-(1H-1,2 4-triazol-3-yDmethyl, N-{S}-(4-((3-chloro-4-fluorophenylicarbamoyl)-7-flucro-
2,3-dihy dro~-1H-inden-1-v1} carbamate;

{§)-N-(3-chloro-4-fluorophenvl}-7-fluoro- 1 -(pyrirvidin-4-vlamino)-2,3-dihy dro-1 H-indene-
4-carboxamide;

(8)-N-(G-chloro-4-fluorophenyli-7-fluoro-1-{(7-{(4-methoxybenzyl)-7H-pvrrolof 2,3~
dipyrimidin-2-vljamine}-2,3-dihydro-1H-indene-4-carboxamide;

O-({(#y-6-oxopiperidin-2-yDmethyl, N-({(8)-4-((3-chloro-4-fluorophenvicarbamoy}-7-fluoro-
2,3-dihydro-1H-inden-1-y1} carbamate;

O-{Ry-6-oxopiperidin-3-yl, N-{{5)-4~{(3-chloro-4-fluorophenyljcarbamoyi-7-fluoro-2,3~
dibydro~1H-inden-~1~vl) carbamate;

O-(Sy-6-oxopiperidin-3-vi, N-{{5}-4-((3-chloro-4-flucrophenylicarbamoyl-7-fuoro-2,.3-
dihydro-1H-inden-1-vi}) carbamate;

O-roethyl, N-(4~-fuoro-7-((4-fluoro-3-methviphenvhcarbamoy])-2.3-dihvdrobenzofuran-3-y1)
carbamate;

4-fluoro-N-{4-fluoro-3-methylphenyi}-3-(3-methylureido}-2 3-dihvdrobenzofiwan-7-
carboxamide;

O-pyridin-2-yvimethyl, N-{4-fluoro-7-{{4-fluoro-3-methyiphenyi)carbamovi}-2.3-
dihydrobenzofuran-3-yl} carbamate;

N-(3-chioro-4-flucropheny!)-3-(cyclopropanesul fonamido-4-fluore-2,3-dihy drobenrofuran-
7-carboxamide;

{5)-N-(3-chloro-d4-fluorophenyh-1-(3-cyclopropylureido)-7-fluoro-2,3~-dihy dro~- 1 H-indene-4-

carboxamide;
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O-methyl, N-{4-{{3-chloro-4-fluorophenvyljcarbamoy1)-2.2, 7-trifluoro-2, 3-dihy dro- 1 H-inden-
1-v1} carbamate;

N-(3-chloro-d-fluorophenyi)-2,2, 7-triffuoro-~-1-3~methylureido)-2, 3-dihy dro-1H-indene-4~
carboxamide;

O~({5)-G-oxopipendin-2-yDmethyl, N-((S)-4-((3-chloro-4-fluorophenylicarbamoy}-7-fluoro-
2,3~-dihvdro- 1 H-inden-1-y1) carbamate;

O-(d-oxoazetidin-2-yhmethyl, N-((53-4-((3-chloro-4-fluorophenyljcarbamoy}-7-fluore-2,3-
dihydro-1H-inden-1-vi}) carbamate;

O-roethyl, N-(4~{(3-chloro-4-fluoropheny Dcarbarooy)-7-fluoro~1~methyl-2,3-dthv dro-1H-
inden~i~-vl} carbamate;

N-(3-chloro-4-flugrophenyi)-7-fluoro-1-methyl-1-(3-methylureido}-2 3-dihvdro- 1 H-indene-
4-carboxamids;

{8§)-N-3-chloro-4-fluorophenvi}~1-{cvclopropanesulfonamido}-2,3-dihv dro- ItH-1ndene~-4-~
carboxamide;

G-pyridin-2-vimethyl, N-(4-((3-chloro-4-fluorophenyicarbamoyi)-7-fluoro-1-methyl-2 3-
dihydro-1H-inden-1-v1) carbamate;

O-pyvridin-2-yimethyl, N-{4-((3-chloro-4~-fluorophenyi)carbamoyi}-2.2, 7-trifluoro-2,3-
diliydro-1H-inden-1-y1} carbamate;

{(S3-N-(3-chloro-4-fluorophenviy-1-{{cyclopropylmethy Dsulfonamido)-7-fluoro-2,3-dihyv dro-
1H-indene-d-carboxanude;

(8)-N-(3-chloro-4-flucrophenyli-7-Huoro-1-{{phenylmethy Dsulfonamido)-2, 3-dihydro-1H-
indene-4-carboxamide;

O-cvelopropyl, N-{8)3-(4-((3-chloro-4-fluorophenylicarbamoyD-7-fluoro-2,3-diby dro~ 1 H-
inden- I-yljcarbamate;

{53-N-(3-chloro-4-fluorophenvi}-7-flugro-1-{(N-methy Isulfamov Hamino}-2. 3-dihvdro-1H-
indene-4-carboxamde;

{(8)-N-(3-chloro-4-fluorophenvl}-7-fluoro- 1 -(morpholine-4-sulfonamido)-2, 3-dihydro-1H-
indene-4-carboxamide;

O-cyclopropyl, N-{S}-(4-((3-chloro-4-Huorophenylcarbamoyl)-2,3-dihy dro~1H-inden-1-y1)
carbamate;

{5)-N-(3-chloro-4-fluoropheny - 1-{{N-methylsulfamoyl}anuno)-2, 3-dihy dro-1H-indene-4-

carboxamide;
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0-(1.3,4-oxadiarol-2-yDimethvl, N-{5}-{4-((3-chloro-4-fluorophenyl}carbamoyl}-7-fuoro-
2,3-dihydro-1H-inden-1-y1) carbamate;

{(8)-N-(3-chloro-d-tfluorophenyi-1-(ethyisulfonamido)-7-fHluore-2 3-dihvdro- I H-indene-4-
carboxamide;

{(S3-N-(3-chloro-4-fhuorophenvi}-7-flucro-1-(propylsulfonamido)-2, 3-dihy dro- 1 H-indene-4-
carboxamide:;

{(8)-N-{4-chloro-3-flucrophenyli-7-fluoro-1-{(Z-methyipropyhsulfonanudo}-2,3-dihy dro- 1H-
indene-4-carboxamide;

N-(3-chloro-4-flucrophenyl)-7-fluoro-2-ruethoxy - 1-(3-methylureido)-2,3-dihydro-1H-
indene-4-carboxamide:

O-methyl, N-(4-{(3-chioro-4-fluorophenylicarbamoy!)-7-fluoro-Z-methoxy-2,3-dihy dro-1H-
inden-t-yhcarbamate;

{§)-N-(3-chloro-4-fluorophenyvl}-7-fluoro-1 -{(N-1sopropylsulfamoy Darsino)-2,3-dibydro-1H-
indene-4-carboxanude;

(8)-N-(3-chlorp-4-flucrophenyli-7-Huoro-1-((1 -methylethy isulfonamido}-2, 3-dihy dro-1H-
indene-4-carboxsamide;

{5)-N-(3-chloro-d4-fluorophenvi}-1-{cyclopentanesulfonamido)-7-fluore-2,3-dihy dro-1H-
indene-4-carboxamide;

{53-N-(3-chloro-4-fluorophenvi}-1-{cveiohexanesulfonamido-7-Huore-2, 3-dihyv dro- 1H-
indene-d-carboxanude,;

N-(3-chioro-4-fluorophenyi}-7-fluoro-3, 3-dimethvi-1-(3-methviureido)-2, 3-dihy dro-1H-
indene-4-carboxamide;

{(S)-N-(3-chloro-4~fluorophenvl)-1-({N-cyelopropylsulfamoyvDarine -2, 3-diby dro- 1 H-
indene-4-carboxamide;

{53-N-(3-chloro-4-fluorophenvh-1-{(N-cvclopropvisutfamoyijamino}-7-flucre-2, 3-dihydro-
H-indene-4-carboxamde;

O-methyl, N-{4-((3.4-difluorophenyhcarbamov )-7-fluoro-2-methoxy-2, 3-dihydro-1H-inden-
1-y1} carbamate;

N-(3,4-difluorophenyl}-7-fhioro-2-methoxy - 1-(3-methyhureido - 2 3-dihy dro- I H-indene-4-
carboxamude;

O-pyridin-2-vimethyl, N-{4-((3 4-difluorophenycarbamoyi)-7-flucro-2-methoxy-2,3-

dihydro-1H-inden-1-yljcarbamate

108



WO 2022/098990 PCT/US2021/058232

G-pyridin-2-vimethyl, N-(4-((3-chloro-4-fluorophenylicarbamoyi)-7-fluoro-2-methoxy -2, 3~
dihydro-1H-inden-t-vi)carbamate;

O-(1-(tetrahy dro-2H-pyran-2-yD-1H- 1,2 4-triazol-3-v Dmethvl, N-{{($)-4-{(3-chloro-4-
fluorophenvhcarbamovl}-7-fluore-2,3-dihydro~-1H-inden-1-y}) carbamate;

MN-(3~chloro-4-flucrophenv}-7-{luoro-2, 2-dimethyl-1-(G-methylureido -2, 3-dihv dro~ 1 H-
indene-4-carboxanude;

N-(3-Chioro-4-fluorophenv!)-7-flucro-1-ox0-2 3-dihy dro-1H-indene-4-carboxamide;

{(1-{methyl-da)-14-1,2 4-triazob-3-ylmethyl-ds (8)-(4-{(3-chloro-4-
fluorophenyhcarbamoy}-7-fuoro-2.3-dibydro-1A-inden- 1 -vcarbamate;

{(SY-(3-({{{(4-{(3-chloro-4-fluorophenyl}carbamovl}-7-fluore-2, 3-dihvdro- i H-inden-1-
yhcarbamovoxy ymethyvi)-1H-1,2 4-triazol-1-yDmethy] phosphoric acid;

{S1-(3-({({({4«((3~chloro~4-fluorophenyl)carbamovi}-7-fluore-2, 3-dihy dro-1 H-inden-1 -
vhearbamoyboxy puethy -1 A-pyrazol-1-yDmethyl phosphoric acid;

O-(S)-2-cyanoethyl, N-4-(3-chloro-4-flucrophenyicarbamovl)-7-fluore-2, 3-dihydro- 1H-
inden-1-yi carbamate;

G-(Sy-3-cyanopropyl, N-4-(3-chloro-4-fluorophenyicarbamovi}-7-fluore-2,3-dihy dro- 1 -
inden-~i-yl carbamate;

N-(3-chloro-d-fluorophenyl}-7'-fluoro-2,5-dioxo-2', 3'-dihydrospiro{imidazolidine-4, 1"
indene]-4'-carboxamide;

N-(3-chioro-4-fluoropheny}-7'-fluoro-2,S-dioxo-1-{pyndin-2-vimethy)-2'.3'-
dihydrospiro{imidazolidine-4, 1'-indene}-4'-carboxamide;

N-(3-chioro-4-fluorg-phenyl}-7-fluoro-1-methyl-2, 5-dioxo-spiro{imidazolidine-4, 1'-indane}-
4'~carboxamide;

N-(3-chloro~-d-fluoropheny)-7-(3-methyiureido)-6,7-dihydro-5H-cyclopental & pyridine-4-
carboxamide;

O~-methyl, N-(4-((G~chloro-4-Huorophenylicarbamoy!)-6,7-dihy dro-SH-cyclopental bipyridin-
7-vijcarbamate;

Gepyridin-2-vimethyl, N-(4-((3-chloro-4-fluorophenylicarbamoyi)-6,7-dihydro-SH-
cyclopentalblpyridin-7-v1) carbamate;

N-{3~chloro-4-fluorophenyl)-7-{cy clopropanesulfonanido)-6,7-dihy dro-5 H-
cyclopentalcipyridine-4-carboxamide;

O-(pyridin-2-yimethy}-N-[{4-((3-chloro-4-fluorophenylicarbamoyl-6,7-dihvdro- 5 H-

cyclopentalclpyndin-7-v1)} carbamate;
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N-(3-chiopro-4-flucrophenyl}-7-fluore-2,3-dihvdrobenzo{bjthiophene-4-carboxamide 1,1~
dioxide;

N-(3-chloro~-4~fluorophenyl)-2 3-dihvdrobenzo| b lthiophene-4-carboxamide 1, 1-dioxide;

2-{tert-buty}-N-(3-chloro-4-fluorophenyi}-2.3-dihy drobenzofdlisothiazole-4-carboxamide
I, 1-dioxide;

N-(3~chloro-4-fluorophenyl}-2,3-dibw drobenzofdlisothiazole-4-carboxamide-1, 1-dioxide;

N-(3-chloro-4-fluoropheny}-2-(2-hydroxyethyl}-2, 3-dihydrobenzof#|isothiazole-4-
carboxamude 1,1-dioxide;

N-{3~chloro-4-flucrophenyl)-2-methy]-2 3~dibydrobenrzoidlisothiarole-4-carboxanude 1.1~
dioxide;

N-(3-chloro-4-fluorophenvi)-2-isopropyl-2,3-dihy drobenroldlisothiarole-4-carboxamide 1,1-
dioxide’

N-(3-chloro-4-fluorophenyl}-2-cyclopropyl-2,3~-dity drobenzofdisothiazole-4-carboxamide
1,1-dioxide;

(S)-1-¢{{S)-tert-butvisulfinyDamino 3-N-(3-chloro-4-fluoropheny3-7-fluoro-2, 3-dihv dro- 1 H-
indene-4-carboxamide;

{(S)-1-{(((R)-tert-butylsulfinyhamino)-N-(3~chloro-4-fluorophenyl}-7-fluoro-2 3-dihydro-1 4~
indene-4-carboxamide;

O-~-methyl, N-(4-((3-chloro-4-fluorophenylicarbamoy)-7-flnore-3,3-dimethyi-2,3-dibydro-
IH-inden-1-y1} carbamate;

or a salt thereof.

cecDNA Formation Inhibitors

Covalently closed circular DNA {cceDINA) 15 generated in the cell nucleus from viral
reDNA and serves as the transcription template for viral mRNAs.  As described herein, the
term “ceeDNA formation inhibitor” includes compounds that are capable of inhibiting the
formation and/or stability of cccDNA either directly or indirectly. For exarople, a cccDNA
formation inhibitor may include, but ts not limited to, any compound that inhibits capsid
disassembly, rcDNA entrv into the nucleus, and/or the conversion of rcDINA inio cccDNA.
For example, in certain embodiments, the inhibitor detectably inhibits the formation and/or
stability of the cecDNA as roeasured, e.g., using ao assay described herein. In certain
embodiments, the inhibitor inhibits the formation and/or stability of cccDNA by at least 5%,

at least 109%, at least 20%, at least S0%, at least 739, or at least $0%.
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The term cccDNA formation mhibitor includes compounds deseribed in International
Patent Application Publication Number WO2013130703, including the following compound:

G,
S

Y VUL
b N

The term cccDNA formation inhibitor includes, but is not limited to, those generally

W

and specifically described in United States Patent Application Publication Number US
2015/0038515 Al The term ceeDBNA formation mhibtior includes, but 18 not hoited 1o, 1-
{phenylsulfonyl}-N-(pyridin-4-ylmethyvl}- 1 H-indole-2-carboxamide; 1-Benzenesulfonyl-
pyrrolidine-2-carboxylic acid (pyridin-4-vimethyly-amide; 2-(2-chioro-N-{2-chloro-5-
{triftucromethyDpheny-4-(tnfluoromethy Dphenvisulfonamido}-N-(pyridin-4-

10 yvimethyDacetamide, 2~-{4-chloro-N~-(2~-chloro-5-(friflucromethyiphenvhphenyisulfonanudo)-
N-{pyridin-4-ylmethyliacetanude; 2-(N-(2-chloro-5-{trifluoromethyjphenyl}-4-
(triflucromethyiphenyisulfonamido)-N-(pyridin-4-y Imethyi}acetamide; 2-(N-{2-chloro-5-
(rifhuoromethylphenyl-4-methoxyphenvisidfonamido}-N-(pyvridin-d-vimethy Dacetamide; 2-

(N~-(2-chloro-S-(triflucromethyDphenyDpbenylsulfonamido}-N-({1 -moethylpipenidin-4-

[

yhmethvhacetamide; 2-{N-(2-chloro-5-{trifluoromethylphenyiiphenylsulfonamido)-N-
{piperidin-4-vlimethylacetamide; 2-{N-(2-chloro-3-
{trifluoromethvDphenvbphenvisulfonamido)-N-{pvndin-d-vimethy Dpropananude; 2-{N-{2-
chioro-5-(tnifluoromethylphenylphenylsulfonamido - N-{pyridin-3-ylmethy}acetamide; 2-(N-
(2-chloro-3-(triffuoromethyl)pheny Dphenylsulfonamido}-N-{py rimidin-3-ylmethyilacetamide;
20 2-(N-(2-chloro-S-(trifluoromethy Dpheny Dphenylsulfonamido)}-N-{pyrimidin-4-
vimethvhacetamide; 2-(N-{5-chloro-2-fluoropheny)phenyisulfonanudo}-N-{pyridin-4-
vimethyhacetamide; 2-{{2-chloro-S-triflucromethyl-phenyli-{(4d-flucro-benzenesulfony}-
amino]-N-pyridin-4-yimethyl-acetamde; 2-{(2-chioro-S-triftuoromethyl-phenyi)-(toluene-4-
sutfonvh-amuno}-N-pyridin-4-vlmethyl-acetanude; 2-[benzenesulfonyl-(2-bromo-35-
triflucromethyl-phenyly-amine]-N-pyridin-4-yimethvi-acetamide; 2-fbenzenesulfonyl-{2-
chioro-S-trifluoromethyl-phanyli-amino |-N-(2-methyl-benzothiazol-5-vi}-acetamde; 2-
[benzenesulfonyl-(2-chioro-3-tnfluoromethyl-phenyli-amino |-N-[{4-(d-methy-piperazin- 1 -y 1)-
benzyli-acetamide; 2-{benzenesulfonyl-(2-chlioro-S-trifluoromethyi-phenyi}-amino}-N-[3-(4-
methyl-piperazin-1-vi}-benzyl]-acetamide; 2-{benzenesuifonyi-(2-chloro-5-trifluoromethyl-

30 phenyvi-amino}-N-beneyl-acetamide; 2-{benzenesulfonyvi-(2-chloro-S-trifluoromethyl-phenyl}-
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amino}-N-pyridin-4-vimethyl-acetamide; 2-{benzenesulfonyl-(2-chloro-S-trifluoromethyi-
phenyl}-amino -N-pyridin-d-yimethy l-propionanude; 2-[benzenesutfonyl-(2-fluoro-S-
rifluoromethyl-phenyD-amino}-N-pyvrdin~-4-vhuethvl-acetanude; 4 (N-(Z-chioro-5-
(trifluoromethyhphenyDphenylsulfonamido)-N-(pyridin-4-vi- methy}butanamide; 4-({2-(N-{2-
chloro-5-(irifluoromethvhphenyDphenylsulfonamido}-acetamidoymethyi)-1,1-
dimethylpiperidin-1-tum chloride; 4-(benzyl-methyl-sulfamovh-N-{Z-chloro-§-
triffuoromethyl-phenvii-benramide; 4-(benzyl-methyl-sulfamoyl}-N-(2-methyi-1 H-indol-5-y1}-
benzamide; 4-(benzyl-methyvi-sulfamoyl-N-(2-methvi-1H-indol-5-y1}-benzamide; 4-(benzy}-
roethy-sulfamsovD-N-(Z-roethyl-benzothiazol-5-yI)-benzanude; 4-(benzyl-methyl-sulfamoyl)-
N-(Z2~oethyl-benzothiazol-6-vl)-benzanude; 4-(benzyl-roethyl-sulfamoy)-N-(2-methyl-
benzothiazol-6-y1i-benzamide; 4-(benzyi-methvi-sulfamoyl)-N-pyridin-d-vimethyl-benramide;
N-(Z-amunoethyi}-2-(N-{2~chloro-S-(trifluoromethyDpheny Dphenylsutfonamido-acetamide;
N-(2-chloro-3-(trifluoromsethy Dpheny-N-(2-(3,4-dihy dro-2,6-napbthy ridin-2(1 H)-y1)-2-
oxoethyljbenzenesulfonamide; N-benzothiazol-6-y1-4-(benzyl-methyi-sulfamoyi}-benzamide;
M-benzothiazol-6-y1l-4-{benzyl-methyi-sulfamovii-benzamide; tert-butvl (2-(2-(N-(2-chlorg-5-
(trifluoromethyliphenyliphenyvisul fonamido)acetamido)~ethyijcarbamate; and tert-butyl 4-((2-
{(N-(2-chloro-5-(irifluoromethy DphenyDphenyisulfonamido)- acetamido)-methyDpmperidine-1-
carboxylate, and optionally, combinations thereof.

sAg Secretion Inhibitors/RNA Destabilizers

As described herein the term “sAg secretion inhibitor” meludes compounds that are
capable of inhibiting, either directly or indirectly, the secretion of sAg (S, M and/or L surface
antigens) bearing subviral particles and/or DNA containing viral particles from HBV -infected
celis. As used herein, “sAg secretion inhibitors” are also known as “RNA destabilizers”, and
these terms are used interchangeably. For exarople, in certain embodiments, the inlubitor
detectably inhibits the secretion of sAg as measured, e.g., using assays known in the art or
described herein, e.g., ELISA assay or by Western Blot. In certain ernbodiments, the
inhibtior inbibits the secretion of sAg by at least 5%, at feast 10%, at least 20%, at least 50%,
at feast 759, or at least 90%. In certain embodiments, the inhibitor reduces serum levels of
sAg in a patient by at least 5%, at least 10%, at least 20%, at least S0%, at least 75%, or at
least 90%.

The terot RNA destabilizer includes compounds described in WO 2018/085619,

which patent document is specifically incorporated by reference in s entirety.
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The term sAg secretion inhibitor inchudes compounds described in United States
Patent Number 8,921,381, as well as compounds described in United States Patent
Apphication Publication Numbers 2015/0087659 and 2013/0303552. For exarple, the term
includes the compounds PBHBV-001 and PBHBVY-2-15, and pharmaceutically acceptable

salts thereof:

PEHBY-001 FPBHBV-2-15

The term sAg secretion inhibitor/RN A destabilizer also includes the compound:

e
i/IYLGH
\O/\\/’\QL Ju,/r/
i .

and pharmaceutically acceptable salts thereof (see WO 2018/085619).
Int certain embodiments, a sAg secretion inhibitor/RNA destabilizer is a compound of

the following formula, or a salt thereof:

RZ
R? * R'E
o U
?ﬁzlﬂx o
K& oA ARE
X Ry

wherein the following definitions apply:

R!is selected from the group consisting of H; halo; -OR% -C(ROYRMIORY, -C{(=OR%: -
C(=0OR?, -C(=0)NH-OR¥, -C{(=0NHNHR?: -C(=0)NHNHC(=0RY; -C(=0NHS(=0}R*
~CHC(=0)OR?, -CN; -NHy; -NR¥)CEOH; NRHCEORY; NERBHCEOORY; -
NRHCEOINHRS, -NROSEORRY, -PEOYOR ) -B(OR®): 2, 5-dioxo-pyrrolidin-1-yvl; 2H-
tetrazol-5-v1; 3-hydroxy-isoxazol-3-y1; 1, 4-dihydro-3-oxo-SH-tetrazol-1-vl; pynidin-2-vi
optionally substituted with C1-Cs alkyl; pyrimidin-2-v1 optionally substituted with C1-Cs alkyl,

(pyridin-2-yDmethyl; {pyrimidin-2-vImethyl; {pyrimidin-2-ylaminoe; bis-(pyrnimidin-2-y1}-
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amino; S-R3-13.4,-thiadiazol-2-vi; 5-thioxo-4,5-dihydro-1H-1,2 d-triazol-3-vi; 1H-1,2.4-
triazol-S-vi; 1.3.4-oxadiazol-2-y1, 1.2, 4-oxadiazol-5-91, and 3-R'%-1,2 4-oxadiazol-S-vi;
R? is selected from the group consisting of =0, =NR’, =N(OR’}, and =N(NR"R);
or R! and R? combine to form =N-O-C(=0})- or =N-N{R*)}-C(=0)-, wherein the

X' is selected from the group consisting of CR™ and N, X is selected from the group
consisting of CR* and N, X is selected from the group consisting of CR* and N, X*is
selected from the group consisting of CR®Y and N, or either X° and X*, or X! and X%, combine
to form -8-;

wherein 1-2 substituents selected from the group consisting of X', X2, X° and

X* are N; each of which, if present, is optionally alkvlated with C-Cs alkyl if the

adjacent carbon atom in the ring is substituied with -OH;

RO RO RO gnd ROY are independently selected from the group consisting of H, halo,
-CN, pyrrolidinyl, optionally substituted C1-Cs alkyl, optionally substituted €1-Cs alkenyl,
optionally substituted {s-Cs cycloalkyl, optionally substitited heterocyelvl, -OR, €1-Cs
haloalkoxy, -N{R}HR}, -NGo, -S{=0pRN{R}R}, acyl, and Ci~Cs alkoxycarbonyi,

wherein each occurrence of R is independently selected from the group
consisting of H, C1-Cs alkyl, R™-substituted C1-Cs alkyl, C1-Ce hydroxyaltkyl, optionally
substituted (C1-Cq alkoxy)-Ci-Cs alkyl, and optionally substituted Cs-Cs cycloalkyi,

wherein each occurrence of R s independently selected from the group
consisting of -NHs, -NH{C1-Cs alkyl), -N{C1-Cs alkyI}{(C1-Cs alkyl}), -NHCE=00'ByY, -

N(C1-C alkyDCEOYO By, or a 5- or 6-membered heterocyclic group, which is

optionally N-linked;

or X7 is CRO 3¢ is CR™ and R®Y and R®Y combine to form a divalent group
selected from the group consisting of -O{CHF)YO-, -O(CF10-, -OCRRM)0-, -

O(CHYCH)O- and -O(CHYCRVRMHCH)O-;

R’ is selected from the group consisting of H, OH, halo, C1-Cs alkoxy, and optionally
substituted C1-Cs alkyl

R® is selected from the group consisting of H, optionally substituted C1-Cs alkyl, and
optionally substituted Cs-Cs cycloalkyl;

each occurrence of R” is independently selected from the group consisting of H and Ci-
(s alkyl;

RY is selected from the group consisting of optionally substituted C:-Cs alkyl and

optionally substituted phenvl; and,
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gach oceurrence of R is independenily selected from the group consisting of H, OH,
C1-Cs alkyl, C1-Cs atkoxy, alkoxy-Ci-Cy alkyl and alkoxy-Cy-Cs alkoxy, wherein two R
groups bound to the same carbon atom are not simulianeously OH; or two R groups combine
with the carbon atom to which they are bound to form a moiety selected from the group
consisting of C=0, C=CH, and oxetane-3,3-divl

In certain embodiments, each occurrence of alkyl or evcloalkyl is independently
optionally substituted with at least one substituent selected from the group consisting of C1-Ce
alkyl, halo, -OR™", phenyl and -N(R"HR’ "}, wherein each occuurence of R is independently
R, C1-Cs alkyl or $5-Cs eycloalkyl.

In certain embodiments,each occurrence of aryl or heteroaryl is independently
optionally substituted with at least one substituent selected from the group consisting of U1-Cs
alkvl, €1-Cs halgatkyl, C1-Cs haloalkoxy, halo, -CN, -OR, -N(R ¥R}, -NO», -
S(=0)NRHRY, acyl, and Ci-Ce alkoxycarbonyl, wherein each occurrence of R™ 1s
independently H. C1-Ce alkyl or C:-Cs cycloalkyl

In certain embodiments, the compound is selected from the group consisting of’

R2
i R“. R? “ R'E
' g6t |
" N
/k ' RS
R L
(1), REV O am,

N
Rﬁii--<’
5

{THo), and
In certain embodiments R! is selected from the group consisting of optionally
substituted triazolvi, optionally substituted oxadiazolyl, ~-C(=0)0OH, -C{=0)0OMe, -C(=0)OH!,

~C(=00nPr, ~-CE=0Y0-1Pr, -C(=0)0-cyclopentyl, and ~C(=0)0-cyclohexyl
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In certain embodiments, R? is selected from the group consisting of O, N(OH), N{Me),
N{OMe), and N{NH;}.

In certain embodiments,R* and R are each independently selected from the group
consisting of H, methyl, ethyl, n-propyl, isopropvl, n-butyl, isobuiyl, sec-butyl, t-butyl,
hydroxymethyl, 2-hydroxy-ethyl, 2-methoxy-ethyl, methoxyimethyl, and 2-methyl-1-methoxy-
prop-2-y1.

in certain embodiments. at least one applies: R is H, RY is isopropyl; R¥ is H, RY is
tert-butyl; R7 is methyl, R is isopropyvi; R¥ is methyl, R” is tert-butvl; R” is methyl, RV is
methyl R s methyl, RY is ethvl; and R¥ is ethyl, R® is ethyl. \

In certain embodiments, R* and R arenot H.

In certain embodiments, R* / R combine to form a divalent group selected from the
group consisting of C1-Ce atkanediv], (CHLO(CH e, (CHONRHCH e, {(CH2S(CH)em.
~{CHWSEOHTCH -, and ~{CHSE0R(CH -, wherein each occurrence of nis
independently selected from the group consisting of 1 and 2 and wherein each divalent group is
optionally substituted with at least one 1-Cs alkvl or halo.

In certain embodiments,, when present, R RO RO and ROV gre independently
selected from the group consisting of H, F, Cl, Br, I, CN, amino, methylamino, dimethylamino,
methoxyethylaming, pyrrolidinyl, methoxy, ethoxy, n-propoxy, isopropoxyl, n-butoxy, sec-
buloxy, 1sobutoxy, t-buloxy, Z-methoxy-ethoxy, 2-hydroxy-ethoxy, 3-methoxy-prop-1-vl, 3-
hydroxy-prop-1-vl, 3~-methoxy-prop-1-~oxy, 3-hydroxy-prop-1-oxy, 4-roethoxy-but-1-v1, 4-
hydroxy-tg-1-vi, 4-methoxy-but-1-oxy, 4-hydroxy-but-1-oxy, 2-hydroxy-ethoxy, 3-hydroxy-
prop-1-vi, 4-hydroxy-bw-1-yl, 3-hydroxy-2,2-dimethyl-prop-1-oxy, cyclopropylmethoxy,

2,2 2-trifluoroethoxy, 2-{2-haloethoxy}-ethoxy, Z-(N-morpholino}-ethyl, 2-(N-morpholino}-
ethoxy, 3-(N-morpholino}-prop-i-vl, 3-(N-morpholino}-prop-1-oxy, 4-(N-morpholino)-but-1-
v, 4-(N-morpholino)-butl -oxy, Z-amino-ethyl, 2-(NHC(=0)0'Bu)-ethyl, 2-amino-ethoxy, 2-
(NHCEOYOBu)-ethoxy, 3~aminoe-prop-1-yl, 3-(NHC(=0)Y0Ba)-prop-1-yl, 3-amimo-prop-1-
oxy, 3-{(NHC(E0)Y Bul-prop-1-oxy, 4-aminc-bui-1-yl, 4-(NHC(=0)O'Bu)-but-1-vi, 4-amino-
but-1-oxy, and 4-(NHC{=00Bu)-but-1-oxy.

In certain embodiments, X' is CH or N.

In certain embodiments, X' 15 CH.

In certain embodiments, X? is CR™, R iz not H, 3 1s CR*", and R is not H.

In certain embodiments, X' is N, X% is CR® X7 is CRY and X* is CH, and one of the
following applies: R*!is methoxy, R is 3-methoxy-propoxy; R®%is chioro, R is 3-

methoxy-propoxy; R is cyclopropyl, R®™ is 3-methoxy-propoxy; R is methoxy, R is
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methoxy: R® is chloro, R®M is methoxy; and R®Y is cyclopropyl, R is methoxy.

In certain embodiments, X7 is CR® X2 is CR®™ and R and R*™ combine to form a
divalent group selecied from the group consisting of -Q(CHFIO-, -O(CF)O-, -O(CRRHO-, -
O(CH2XCH2)0-. and ~O(CH)CRRUYCHL)O,

In certain embodiments, R’ is selected from the group consisting of H, methyl, ethyl,
and fluoro.

In certain embodiments, a sAg secretion indubitor/RINA destabilizer is a compound of

the following formula, or a salt thereof:

wherein the following definitions apply:

Y is selected from the group consisting of CHR? and O;

each occurrence of R” is independently selected from the group consisting of H,
optionally substituted Ci-Cs alkyl, and optionally substituted Cs-Cy cycloalkyl;

Rlis selected from the group consisting of H; halo; -OR® -C(RYRMIORY, -C(=O)R?®: -
CEOORE, -C=OINH-ORY, -C(=OINHNHRS; -C(=0)NHNHC(=0)R?; -C(=0)NHS(=01R*;
SCHC(EOXORE, -CN; N, -NRBCEOH, -NEROHCEGR Y, NERBCEOORY, -
NRHCEOINHRE, NRS(=ORR Y -PEONORY): -BOR ), 2.5-dioxo-pyrrolidin-1-yl; 2H-
tetrazol-3-v1; 3-hydroxy-isoxazol-3-yi; 1, 4-dihydro-3-oxo-SH-tetrazol-1vl, pyndin-2-vi
optionally substituted with C1-Cs alkyl; pyrimidin-2-v1 optionally substituted with C1-Cs alkyl;
(pyridin-2-yDmethyl; {pyrimidin-2-yImethyl; {pyrimudin-2-yHamine; bis-(pyrimidin-2-yi}-
antno; 5-R%-1.3 4 -thiadiazol-2-v1; S-thioxo-4,5-dibydro-1H-1,2 4-triazol-3-v1; 1H-1,2.4-
triazol-5-vi; 1,3.4-oxadiazol-2-v1; 1.2.4-oxadiazol-5-v1, and 3-R'-1,2.4-oxadiazol-5-v1;

R? is selected from: the group consisting of =0, =NR’, =N(OR"}, and =N(NRR’);

or R' and R? combine to form =N-0-C(=0)- or =N-N(R")-C{=0}-, wherein the
=N group 1s bound to the ring carbon atom marked =7,

R’ B R® and R* are each independently selected from the group consisting of H,
alkvi-substitited oxetanyl, optionally substituted C1-Cs alkyl and optionally substituted {s5-Cs

cycloatkvl;
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or one pair selected from the group consisting of R¥/ R¥, R*/R* and R7/R*
combine (o form a divalent group selected from the group consisting of C1-Cs
alkanedivl, {(CH2O(CH -, {CHONR (CH2 um, ~(CH2)S(CH e, -

{CH)WS(EOXCH Y-, and ~(CHZ S (=0 p{CH2ju-, wherein each occurrence of n is

independently selected from the group consisting of 1 and 2 and each divalent group is

optionally substituted with at Teast one C1-Ce alkyl or halo;

X' is selected from the group consisting of CR™ and N, X7 is selected from the group
consisting of CR® and N, X is selected from the group consisting of CR* and N, X*is
selected from the group consisting of CR®Y and N, or either X° and X*, or X! and X%, combine
to form -8-;

wherein 0-2 substituents selected from the group consisting of X!, X2, X7 and

X* are N, each of which, if present, is optionally alkylated with C1-Co alkyl if the

adjacent carbon atorn in the ring s substitiied with -OH;

R RO R and R®Y are independently selected from the group consisting of H, halo,
-CN, pyrrolidinyl, optionally substituted C1-Cs alkyl, optionally substituted €1-Cs alkenyl,
optionally substituted C3-Cs cycloalkyl, optionally substitited heterocyelvl, ~OR, €1-Cs
haloalkoxy, ~-N{RMR), -NO;z, -SEORNRYR), acyl, and Ci-Cs alkoxyearbonvl,

wherein each occurrence of R is independently selected from the group
consisting of H, C:-Cs alkyl, R7-substituted C1-Cs alkyl, C1-Ce hvdroxyalkyl, optionally
substituted (C:-Cs alkoxy)-C1-Ce alkyl, and optionally substituted Cs:-Cg cveloalkyi,

wherein each occurrence of R’ is independently selected from the group
consisting of -NHa, -WNH{{-Cs alkyl), -N{C1-Cs alky{C1-Cy alkyl), -NHC(=0OBuy, -

N(C1-Cs alkyDCEOYO B, or a $- or 6-membered heterocyclic group, which is

optionally N-linked;

or X% is CR™ 3 is CR™ and R and R combine to form a divalent group
selected from the group consisting of -G{CHF)O-, -O(CTF10-, -O(CR’RM)0-, -

O(CH2HCHO- and -O(CH2 HCRURYHCH)O-;

R7 is selected from the group consisting of H, OH, halo, C:-Ce alkoxy, and optionally
substituied Ci-Cs alkyl

R? is selected from the group consisting of H, optionally substituted C1-Cs atkyl, and
optionally substituted Cs-Cx cveloalkyl;

each occurrence of R” is independently selected from the group consisting of H and C-

Ce alkyl;
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R is selected from the group consisting of optionally substituted {;-Cs alkyl and
optionally substituted phenvl; and,

gach occurrence of R is independently selected from the group counsisting of H, OH,
Ci-Cs atkyi, C1-Cs alkoxy, alkoxy-Ci-Cs alkyl and alkoxy-Ci-Ce alkoxy, wherein two R
groups bound to the sarse carbon atom are not simultaneousty OH; or two R groups combine
with the carbon atorn to which they are bound to form a motety selected {rom the group
consisting of C=0, C=(H> and oxetane-3,3~divl

In certain embodiments, each occurrence of alkyl or cycloalkyl is independently
optionally substituted with at feast one substituent selected from the group consisting of C1-Cs
alkyl, halo, -OR”’, pheny! and -N(R>’}R"}, wherein each occurrence of R is independently
H, Ci-Cs alkyl or C3-Cs cycloalkyl.

In certain embodiments, sach occurrence of aryl or hetercarvi is independently
optionally substituted with at least one substituent selected fror the group conswsting of C5-Cs
alkyl, €1-Cs haloalkvl, Ci1-Cs haloalkoxy, halo, -CN, -OR, -N{R YR "}, -NG», -
S{E=0RNRTHR )Y, acvl, and C1-Cs alkoxycarbonyl, wherein each occurrence of R77 s

independently H, C1-Cs alkyl or C3-Cy cveloalkyl

In certain embodiments, the compound is selected from the group consisting of:

, R? R?
RsnR /R R
A Ron, I
B N g NG
R(Si!i’&\’/ii(\ RR3 e \I R
RESEV/ Ot eV O—feps
R (im), R
R2 2
7
7 Ri SiR i ,R1
RO 1] C I
=N = i
- N e
g Mg
ke Rty
R {Ip}. R
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R (). R (), R (h). and

R* ().

In certain embodiments, R is selected from the group consisting of optionaily
substituted triazolyvi, optionally substituted oxadiazolyl, ~C(=0)0H, -C(=0)0OMe, -C(=0)0FE!,
~C(=0)Y0-nPr, -C{=0)0-1Pr, -C(=0)0-cyclopentyl, and -C(=0)3-cyclohexvl

In certain embodiments, R is selected from the group consisting of O, N{OH), N(Me),
N{OMe), and N(ONH»).

In certain embodiments, R* and RY, and R* and R*, are cach independently selecied
from the group consisting of H, methyl, ethvl, n-propvl, isopropyl, n-buivi, isobutyl, sec-butyl,
t-butyl, hydroxyvmethyl, 2-hydroxy-ethyl, 2-methoxy-ethyl, methoxymethyl, and 2-methyi-1-
methoxy-prop-2-v1.

in certain embodiments, at least one applies: R’ is H, R is isopropyl; RV is H, R is
tert-butyl; R? is methyl, R is isopropvl; R is methyi, RY is tert-butyl; R* is methyl, R is
methyl: R is methyl, RY is ethvl; and R¥ is ethyl, R® is ethyl.

In certain embodiments, R and B are not H.

In certain embodiments, R* and R* are HL

In certain embodiments, R®/ R® combine to form a divalent group selected from the

group consisting of C1-Ce atkanediv], (CH2O(CH D, {(CHWNR(CH e, {CH2WS(CH e,
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S{CH RSO CH -, and ~(CHRSEOR{CH )y, wherein each occurrence of nis
independently selected from the group consisting of 1 and 2 and wherein each divalent group is
optionally substituted with at feast one C1-Cs alkyl or halo.

In certain embodiments, R*, R R and R%"Y, when present, are independently
selected from the group consisting of H, F, Cl, By, §, CN, amino, methylamino, dimethylamino,
methoxyethylamino, pyvrrolidiny], methoxy, ethoxy, n-propoxy, isopropoxyi, n-butoxy, sec-
butoxy, isobutoxy, t-butoxy, 2-methoxy-~ethoxy, 2-hydroxv-ethoxy, 3~-methoxy-prop-1-yl, 3-
hydroxy-prop-1-yl, 3-methoxy-prop-1-oxy, 3-hydroxy-prop-1i-oxy, 4-methoxy-but-1-y1, 4-
hydroxy-bui-1-yi, 4-methoxy-but-1-oxy, 4-hydroxy-bui-1-oxy, 2-hvdroxy-ethoxy, 3-hydroxy-
prop-1-yl, 4-hydroxy-but-1-yl, 3-hvdroxy-2,2~direethyl-prop-1-oxy, eyclopropylmethoxy,

2,2 2-influoroethoxy, 2-(2-halosthoxy y-gthoxy, 2-{N-morpholino}-ethyl, 2-(N-morpholino}-
ethoxy, 3~(N-morpholino-prop-1-vl, 3-(N-morpholino}-prop~1-oxy, 4-(N-morpholino)}-bui-1-
vi, 4-(N-morpholino}-butl-oxy, 2-amino-ethyl, 2-(NHCEOO Buy-ethyl, 2-amino-ethoxy, 2-
(NHC{(=0)0Bu}-ethoxy, 3-amino-prop-1-y1, 3-{NHC(=0)'Buj-prop-1-yl, 3-amino-prop-i-
oxy, 3-(NHCEOO Buy-prop-1-oxy, 4-amino-bui-1-yl, 4-{NHCF=0)YOBu)-but-1-vl, 4-amino-
but-1-oxy, and 4-(NHC{=0)O'Bu)-but-1-oxy.

In certain embodiments, X' is CH or N.

In certain embodiments, X* is CH.

In certain embodiments, X2 is CR®E R js not H, X is CR®Y, and R is not HL

In certain embodiments, X! is CH, X7 is CR, X7 15 CR™ and X* is CH, and one of

[QH

the following applies: R is methoxy, R® is 3-methoxy-propoxy; R°!is chloro, R is 3-
methoxy-propoxy; R is isopropyl, R is 3-methoxy-propoxy: R is methoxy, R ig
methoxy; R is chloro, R*M is methoxy: and R*is cyclopropyl, RO is methoxy.

In certain embodiments, X' is N, X% is CR® X is CR®™, and X* is CH, and one of the
following applies: R®" is methoxy, R®" is 3-methoxy-propoxy; R is chloro, R is 3-
methoxy-propoxy: R is evclopropyl, R is S-methoxy-proposy; R¥ is methoxy, R s
methoxy; R®" is chioro, R is methoxy; and R is cyclopropyvl, R® is methoxy.

In certain embodiments, X7 is CR® 30 is CR™ and R and R combine to form a
divalent group selected from the group consisting of -Q(CHFIO-, -O(CF)0-, -O(CRTRNHO- -
O(CH)(CH:)0-. and -O(CH)(CRRM(CH)O.

In certain embodiments, R is selected from the group consisting of H, methyl, ethyl,

and fluoro.

In certain embodiments, a sAg secretion inhibitor/RNA destabilizer is elected from the
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group consisting of compounds of formula (I}, (IF), and (I), or a salt thereof, wherein for the
compounds of formulas (1), (I1}, and (3I1) the following definitions apply:

R} is selected from the group consisting of H; halo; -OR®:; -C(RMHRNORY, -C(=0)R?; -
CEOORS: -C(=0)NH-OR?; -C(=0)NHNHR?; -C(=ONHNHC(=0)RY; -C(=OWNHS(=0)hRY,
-CHLC(=0CYORY; -ON; NI, -NRHCEOH: -NRYCEORY, NRHCEOORY, -
NERHC(=0NHRS, NRISE0RRY: -P(=0CYOR); -B(OR*); 2,5-dioxo-pyrrolidin-1-y1; 2H-
tetrazol-5-v1; 3-hydroxy-isoxazol-3-yl; 1 4-dihydro-5-oxo-5H-tetrazol-1-vl, pyvridin-2-vi
optionally substituted with C-Cs alkyl;, pyrimudin-2-v1 optionally substituted with Ci-Cs alkyl;
(pyndin-2-vhmethyl; (pyrmedin-2-yHmethyl; (pyvoudin-2-vharoine; bis-(pynoudin-2-yi)}-
amino; 5-R¥1,3,4. -thiadiazol-2-vl; 5-thioxo-4,5-dihydro-1H-1,2.4-triazol-3-vL; 1H-1,2,4-
triazol-5-vl; 1,3,4-oxadiazol-2-v1; 1,2 4-oxadiazol-5-v1, and 3-R'%-1,2 4-oxadiazol-5-v1;

R? is selected from the group consisting of =0, =WR’, =N{OR"), and =N{NR"R"};

or R! and R? combine to form =N-0-C{=0)- or =N-N{R*}-C(=0)-, wherein the
=N group 15 bound to the ring carbon atom marked “*7;

X! i3 selected from the group consisting of CR® and N, X is selected from the group
consisting of CR and N, X s selected from the group consisting of CR®™ and N, X* is
selected from the group consisting of CR®™Y and N, or either X° and X*. or X' and X°, combine
to form -8-;

wherein 0-2 substitugnis selected from the group consisting of X!, X2, X and

X* are N, sach of which, if present, is optionally alkvlated with C1-Ce alkyl if the

adjacent carbon atom in the ring is substituted with -OH;

ROL ROE RO and R are independently selected from the group consisting of H, halo,
-CN, pyrrolidinyl, optionally substituted C-Cs alkyl, optionally substituted C-Cs alkenyl,
optionally substituted C3-Cx cvcloalkyl, optionally substituted heterocyelyl, -OR. €1-Ce
haloalkoxy, -N(R}R), -NO:, -8EORHNERYNR), acyl, and Ci-Cs alkoxycarbonyl,

wherein each occurrence of R is independently selected from the group
consisting of H, (1-Cs alkyl, R -substituted C1-Cs alkyl, C1-Ce hydroxyalkyl, optionally
substituted (C1-Cs alkoxy)-Ci-Cs alkyl, and optionally substituted C:-Cs cveloalkyl,

wherein each occurrence of R is independently selected from the group
consisting of -NHz, -NH{C;-Cs alkyl}, -N{C;-Cs alkyl}{(C1-Cs alkyl}, -NHC(=OY By, -

N{C1-Cs alkyDCEGY B, or a 5- or 6-membered heterocyclic group, which is

optionally N-linked;
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or X7 is CR™ 3% is CR™Y and R°" and R®™ combine to form a divalent group

selected from the group consisting of -O(CHFIO-, -O(CF)0-, -G(CRRNO-, -

G{CH X CH)0- and -O(CHHCRYRITHCH)O-;

R is selected from the group consisting of H, OH, halo, €1-Cs alkoxy, optionally
substituted Ci~Cs alkyl, and optionally substituted Ca-Cs cyvcloalkyi;

R¥ is selected {rom the group consisting of H, optionally substituted C1-Ce alkvl, and
optionally substituted {5-Cs cycloalkyl;

each occurrence of R is independently selected from the group consisting of H and (-
Co alkyl;

R® s selected from the group consisting of optionally substituted C1-Cs alky! and
optionally substituted phenyl; and,

each occurrence of R is independently selected from the group consisting of H, OH,
Ci-Co alkyl, C-Co alkoxy, alkoxy-Ci-Ce alkyl and alkoxy-Ci-Cs atkoxy, wherein two R
groups bound to the same carbon atom are not simultaneously OH: or two R* groups combine
with the carbon atom to which they are bound to form a moiety selected from the group

congisting of C=0, C=CH, and oxetane-3,3-diyl;

RQ
R7 : * R’!
4 i i
x2=X i /L
)63\\ Jz’r N RS
X a ARy
{a) wherein the cornpound of formula (I} is Y=M , wheremn n (I):

bond ¢ 1s a single or double bond, wherein:
1) if bond @ 15 a single bond, then:
Y1 C(=0), and M is selecied from the group consisting of CORYRY) and
NRE or
Y is selected from the group consisting of CHR?®, Q. 8, ${(=0), $(=0), and
NR’, and M is CRHRYY,
wherein, if Y is selected from the group consisting of CHR®, O, and
NR®, R* and R* optionally combine with each other to form =0; or
Yis CH, M is C(RYRYY, RY is CHy, and Y and RY form a single
bond to generate cyclopropyl;
iy  if bond @ is a double bond, then Y is selected from the group consisting of CR®

and N, M is CRHR* ). and RY is absent;
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R*, R¥, R* and RY are each independently selected from the group consisting of H,
alkyl-substituted oxetanyi, optionally substitited C1-Cs alkyl and optionally substituted C1-Cy
cycloalkyl;

or one pair selected from the group consisting of R / R¥, R* /R and R/ R?
combine to form a divalent group selected from the group consisting of C-Ce
atkanediyl, (CH2O(CH -, -(CHOWNRI(CH Jp-, -(CH2S{CH e, -

{(CH23SEOXCH -, and {(CH2 S(=0 0 (CH, )y, wherein each occurrence of nis

independently selected from the group consisting of 1 and 2 and each divalent group is

optionally substituted with at least one C1-Ce alkyl or halo;

each occurrence of R” is independently selected from the group consisting of H,

optionally substituted Ci1-Ce alkyl, and optionally substituted Cs-Cg cycloalkyl;

(b} wherein the compound of formula (1) is , wherein in (I}

R and R are each independently selected from the group consisting of H, alkyl-
substituied oxetanyl, optionally substituted C5-Cs alkvl, and optionally substituted Cs-Ca
cycloalkyl;

or R* and R? combine to form a divalent group selected from the group
consisting of C1-Ce alkanedivl, «CHDO(CH be, <(CH2WNRY(CHo b, -(CHR S (CH Yo,
~{CH S EONCH -, and -(CH2)S(E0R(CH -, wheren each occusrence of o is
independently selected from the group consisting of 1 and 2 and each divalent group is

optionally substituted with at least one C1-Ce alkyl or halo;

R2
R? Ha R“!
v 4
),<2 ’:—X E N J
xa\\x,;i\ ARY
Ry

{c}  acompound of formula (1) is: , wherein in (1}

R? and R* are each independently selected from the group consisting of H, alkyl-
substituied oxetanyl, optionally substituted C1-Cs alkyl, and optionally substituted Cs-Ca
cycloalkyl:

or R and RY combine to form a divalent group selected from the group

consisting of C1-Ce alkanedivi, CH)O(CH hn-, -(CH2WNRY(CHo b, -(CHR3nS(CH2)u-,
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A{CH23SEOXCH e, and -{CH )WSEORICH -, wherein each occurrence of n is
independently selected from the group consisting of 1 and 2 and each divalent group is
optionally substituted with at least one C1-Cs alkyl or halo;

and

the compound of formula (1) 15 selected from the group consisting of!

Rﬁ
* R’E

U .
N
xS N

<
X?"Q}(Ai\/%“ﬁs
R

group consisting of X1, 37, 37 and X* are N

a compound of formula (1lia) . wherein 1-2 substituenis selected from the

a compound of formula (b} . wherein at least one applies: R isnot -

C(=00R®, R? is not =0;

RE
R M g
;a(z’)(1 i | N’f‘j
s AR
a compound of fornwla (llc) Ra' wherein X° and X*. or X' and X2, combine to
form -S-;
R?
R'{Y,Jf*j/ R
x2¢x1\= | N |
Koo R
a compound of formula (1) Ry wherein X2 is CR%L X7 is CRO™ and ROT

and R combine to form a divalent group selected from the group consisting of -Q{(CHFO-, -

O(CF20-, ~-O(CR'R*0-, -O(CH)CH)0O- and -O(CH)YCR!R'YCH:)O-; and
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R?
r7 M gt
X1 ﬁ
A
X&\‘Xat’l\vji‘ R?
a compound of formula (I11e) Rs'  wherein R? and RY are sach independently
selected from the group consisting of H, alkvl-substituted oxetanyl, optionally substituted Ci-
(s alkyl, and optionally substituted C:-Cs cveloalkyl, or R? and R combine to form a divalent
group selected from the group consisting of Ci~Ce alkanedivl, {(CH2 O CH )ne, -
(CHRLNRY(CHbim, «(CH2)S(CH ), (CHS(=ONCH ), and (CHaWS(=OR{CH ),
wherein each occurrence of n is independently selected from the group consisting of 1 and 2,
and each divalent group is optionally substituted with at least one C1~Cs alkyi or halo.
In certain ernbodiments, the compound of formuda (1) is a compound of formula

(fa):

X2 :Xl}(/»l\ i

X31\4/" \_R3
-

Y- "Ry
r¢ R , wherein in (Ta):
Y is selected from the group consisting of CHR® and O; and
R°, R, R® and RY are each independently selected from the group consisting of H,
alkyi-substitited oxetanyl, optionally substituted C1-Cs alkyl and optionally substituted (5-Cs
cycloalkyl;
or one pair selected from the group consisting of R? /RY, R* /R and R/ R*
combine to form a divalent group selected from the group consisting of C1-Ce
alkanediyl, (CH23nO(CH =, {(CH2)NR(CH -, «{(CH2uS(CH2 b, -
{(CHS(EOHCH -, and ~«(CH2 S (E0R{CH ), wherein each occurrence of nis
independently selected from the group consisting of 1 and 2 and each divalent group is
optionally substituted with at least one €1-Cs alkvi or halo.
In certain embodiments, the compound of formuda (1) is selected from the group

consisting of
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RZ 2 RQ
R 7
R 4 Y R 1
qell RO ﬁ‘j/R - fi\ R st RY ) R
g N R { N N,/ Nr
R \ 8 JoR RS’“A\N—/ r :124--&3 )\/\Ya R?
Rﬁ!\l’ : R4 A& Rn%' RSN 4~ R4
R (1b) R (lc) R (id),
R? R2 R

R (fe), R (an R (i)
R2
R’ 1
RSH R
NN i
AN -
N, I oNRe
e izja__ﬁg
RSW Y= ‘.E \RKS'
R (Ih), and {Fi).

In certain embodiments,the cornpound of formula (Ia) 1s selected from the group

consisting of’

reit R

i

Y
Rﬁm{\Niz/ R
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7 1
REH R f R
>—‘ N

‘E

R {Iw}, R {Ix}, and

R ().

In certain embodiments, the compound of formulda (11) is selected from the group

consisting of.
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N

RV Ry (Ifh), and (Ifi).

In certain embodiments, the compound of formula (1) 1s selected from the group

consisting of:

RZ
R7 % R‘i
i
ol i i |
H i
el \N/\\,/L-\;f Resaaa’J\N R’ esav! Ry
1)) 3 (WMm), R (Hin),
7 : 7 : 7 R?
R * R'] R * R’i R * R1
- \,o" s ~
1) SN 8
~ N p N N/
e n_<\ )\—RS RSH%RS Rsaa_{/s | 52
Ra' (o), Ra' (Hip). and Ra' (g
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In certain embodiments, a sAg secretion inhibitor/RNA destabilizer is elected from the

following corapounds, or salts thereofl

Structure Nomenclature

cthyl 2-chloro-7-isopropyl-3-methoxy-1 i~oxo-
6,7-diteydro-1 HH-benzof {lpyrido{1,2-

diil,4]oxazepine-10-carboxylate

2~chloro~7-isopropyl-3-methoxy-1 1-0x0-6,7-
dihydro-11H-benzo{flpynidof1,2-

dii 1. 4]oxazepine-10-carboxylic acid

{R}-2-chloro-T-isopropyi-3-methoxy-~11-0x0-6,7~
dihydro-11H-benzo{fipyridof 1,2-

dii t 4loxazepine-10-carboxylic acid

{5)-2-chloro~7T-isopropyvl-3~-methoxy-11-0x0-6,7-
dihydro-11H-benzo{flpyridof 1,2~

dii 1, 4{oxazepine-10-carboxylic acid

2-chioro~7-isobutyl-3-methoxy-11-0x0-6,7-
dihydro-11H-benzo{flpyridof 1,2~

dii 1. 4]oxazepine-10-carboxylic acid

{&)-2~chloro~T-isobutyi-3~-methoxy-1 1-0x0-6,7~
dihydro-1 tH-benzo{flpyrudof 1,2~

dii 1. 4joxazepine-0-carboxylic acid
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{#)-2~-chloro~7-isobutyl-3-methoxy-1 1-0x0-6,7-
dihydro-11H-benzo{{lpvridof1.2-

dii 1, 4]oxarepine-10-carboxylic actd

2~chloro-7-gthyl-3-methoxy- 1-ox0-6,7-dihy dro-
1 H-benzoffipyridoi 1, 2-d]{1.4]oxazepine-10-

carboxylic acid

2-chloro-7-(hvdroxy methyl}-3-methoxy-1 I-oxo-
6,7-dihydro-1 IH-benzo[flpyrido{1 2~

dij1,4]oxazepine-10-carboxylic acid

2-chloro-7-cyclobutyl-3-methoxy-11-ox0-6,7-
dihydro-~1 1H~benzolfjpvridol 1.2~

dii 1, 4]oxazepine-10-carboxylic acid

2-chlore-7-(isopropoxymethyl}-3-methoxy-11-
0x0-6,7-dihydro-11H-dipyrido{1,2-4:273"

fii 1. 4]oxazepine-10-carboxylic acid

6-(tert-buty}-2-chloro-3-methoxy-1 I~oxo-6,7~
dihydro-11H-benzo{flpyridof1,2-

dii 1 4loxazepine-10-carboxylic acid

2-fluoro~7-isopropyvl-3~-methoxy-11-ox0-6,7-
dibydro-11H-benzo{{lpvrido[1,2-

dii 1, 4]oxazepine-10-carboxylic actd
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T-isopropyl-3-methoxy~1 i -ox0-6,7-dihydro-1 1H-
benzo{fipyridof1,2-di[1.4]oxazepine-10-

carboxylic acid

{R)-T-1sopropyi-3-methoxy-1 1-ox0-67-dihydro-
1 H-benzo{fipyridoi 1,2-d}{ {.4]oxazepine-10-

carboxylic acid

(&)-7-1sopropvi-3-methoxy-11-oxo-6,7-dihy dro-
HiH-benzo{fipyrido] 1,2-d}{ 1 4]oxazepine-10-

carboxvlic acid

G-isopropyl-10, 1 H-dimethosy-2-0x0-2,6,7, 8-
tetrabiydrobenzofc]pyridofi.2-ajazepine-3-

carboxylic acid

2-chloro-7-isopropyi-3-(3-methoxy propoxy}-11-
ox0~6,7-dihydro-1 1 H-benzo{fipvnidof 1,2~

dii 1. 4loxazepine-i0-carboxyvlic acd

{£}-2-chloro-7-tsopropyl-3-(3-methoxy propoxy 3
P i-oxo-6,7-dihydro-11H-benzo{f]pyrido[1,2-

dii 1. 4joxazepine-10-carboxvhic acid

{8)-2-chloro-7-isopropyl-3-(3-methoxy propoxy -
11-ox0-6,7-dihydro-11H-benzo[f]pyrido]1.2-

dif 1, 4]oxazepine-10~carboxylic acid
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Z-~chloro-7-isopropyl-3-(2-methoxy ethoxy)-11-
oxo-6,7-dihydro-11H-benzo{fipyridof1.2-

dii 1, 4]oxarepine-10-carboxylic actd

{R)-2~chloro-T-isopropyvl-3-2-methoxvethoxy)-
11-oxo-6,7-dihvdro-1 1 H-benzoi{f]pvrido{1,2~

dift,4joxazepine-{ O~carboxylic acid

{&)-2-chloro-7-isopropyl-3-{2-methoxyethoxy )
Fioxo-6,7-dihvdro- T H-benzof]pyrido{ 1,2~

dii {.4]oxazepine- 1 O~carboxylic acd

ethyl 2-chloro-3-hydroxy-7-1sopropvi-11-ox0-6,7-
dihydro-1iH-benzo{flpyridof1,2-

dii 1. 4joxazepine-10-carboxylate

{R)-2-chloro-7-isopropyl-1 1 -ox0-3-(2.2 .2~
triftuoroethoxy 3-6,7-dihydro-11H-
benzo|fipyridof1,2-di{1,4}oxazepine-10-

carboxylic acid

{#£)-2-chloro-3-(cyclopropylmethoxy)-7-
isopropyl-1i-oxo0-6,7-dihydro-11H-
benzo[flpvridof1,2-d][1.4joxazepine-10-

carboxylic acid

{R)-2-chloro-3-(3-hydroxypropoxy -7-isopropyi-
11-oxo-6,7-dihydro-11H-benzo{f]pyrido{1,2~

dii 1, 4joxazepine-10-carboxylic acid

[
(957
(98]
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(O {#)-2~chloro~3-(3-hy droxy -2, 2~-dimethvipropoxy -
! | OH 7-isopropyl-11-ox0-6.7-dihydro-11H-
HO™ e . o ,
’\0,,4'\’ /A benzo{fipyridof1,2-di{ 1, 4joxazepine-10-
OJ“” carboxvlic acid
)

{(&)-2-chloro-T-isopropyl-3-(4-methoxybutoxy )~
Fioxo-6,7-dihvdro- T H-benzo{f]pyrido{1,2-

dii 1. 4]oxazepine- 1 O~carboxylic acd

{(#)-2-chloro-3-(d-hydroxybutoxy }-7-isopropyi-
T oxo-6,7-dihydro- 1 H-benzo{f]pyrido{ 1,2~

dii 1. 4loxazepine-i0-carboxyvlic acid

{®y-2-chioro-7T-isopropyi-3-(3-
morpholinopropoxy}-11-oxo-6,7-dihydro-1 1H-
benzo|fipyridof1,2-d]{1,4}oxarepine-10-

carboxylic acid

{(£3-3-(2-(2-bromoethoxy Jethoxy -2-chloro-7-
isopropyl-11-oxo-6,7-dihydro-1 1H-
benzo|fipyridof!,2-di{1,4}oxazepine-10-

carboxylic acid

{(#£3-3-(3~((tert-butoxycarbonyl) amino)propoxy -
2-chloro-7-isopropyl-11-oxo-6,7-dihydro-11H-
benzo{flpyridof1,2-dj{ 1, 4loxazepine-10-

carboxylic acid

(R}-2-chloro-7-(2-hydroxyethyi}-3-(3-
methoxy propoxy)-11-oxo-6,7-dihy dro-1 1H-
benzo|fipyrido}1,2-di{1,4}oxazepine-10-

carboxylic acid

{R)-2-cyclopropyl-3-isobutoxy-7-isopropyl-11-
ox0-6,7-dibydro-1 1H-benzo{tipyridof1,2-

dii 1, 4loxazepine-10-carboxylic acid
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1 1-chloro-10-methoxy-~2-0x0-5a,6,7, 7a-
tetrahydro-2H-benzo{fjcyclobutalbipyrido[1,2-

dii1,4]oxazepine-3-carboxylic acid

12-chloro-1 1-methoxy-2~-050-54,7,8 8a~
tetrahydro-2H,6H-
benzo{ficyclopentalblpyridof1.2-

dii 1, 4]oxarepine-3-carboxvlic acid

{R)-2-chloro-7-1sopropyl-3-roethoxy-11-0x0-6,7-
dihydro-11H-dipyridof1,2-4:273"

i 1. 4]oxazepine-10-carboxylic acid

2'-chloro-3'-(3-methoxypropoxy »11-0x0-
6'H, 11 H-spurofeyclopentane-~1,7'-dipynido{1,2-

d:2'.3-f1{1.4]oxazepine}-10'~carboxvylic acid

2'-chlore-3'-(3-methoxypropoxy }-11'-ox0-
6'H, 11T H-spirofevelohexane-1, 7'-dipyridof 1,2~

4231111, 4]oxazepine]- 1 0'~carboxylic acid

2-chloro-3-(3-methoxvpropoxy)-11-oxo-6H, F 1H-
spirofdipyridof1,2-d:2' 3'-fl{1 4joxarepine-7,3'-

oxetanel-10-carboxylic acid

2'-chloro-3'-(3-methoxy propoxy )-3,3-dimethyl-
11-oxo-6'H,11'H-spirofcyciobuiane-1,7"-
dipyride{1,2-d:2",3'-f]{1 4loxazepine]-1{-

carboxvlic acid
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2'-chloro-3"-(3-methoxypropoxy 3-3-methyl-1 1'-
oxo-6'H, H'H-spirofcyclobutane-1.7'-
dipyndof1,2-4:2",3'-f]{1 4}oxazepine]-1{'-

carboxvlic acid

2-chioro-3-(3-methoxypropoxy)-11-oxo-
2'.3'.5" 6'-tetrahvdro-6H, 1 1H-spiro{dipyridof1,2-
d:2' 3"-f1l 1 4loxazepine-7 4'~-thiopyran}-10-

carboxylic acid

{Ry-2~cyclopropyi-3-isobutoxy~7-isopropyl-11-
oxo-6,7-dihydro-11H-dipyrido{1,2-d:2' 3"

fl{ 1, 4joxazepine-10-carboxvlic acid

{R)}-3-(benzyloxy-2-chlorg-7-isopropyl-1l-oxo-~
6,7-ditwydro-1 1 H-dipyridof1.2-d:2".3"-

fi{ 1, 4joxazepine-10-carboxylic acid

{R)-2~chloro-3-hydroxy-7-isopropyi-11-ox0-6,7-
dibydro~-1 1H~dipynidof1,2-d:2",3"-

fi{ 1 4joxazepine-10-carboxylic acid

{R)-2-chloro-3-isobutoxy-7-1sopropyl-11-ox0-6.7-
dihydro-11H-dipyridof1,2-4:2 3"

fii 1 4]oxazepine-190-carboxylic acid
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{(#)-2~chloro~7-(2-hydroxyethy1)}-3-(3-
methoxy propoxy }-11-ox0-6,7-dihydro-11H-
dipyndof1,2-4:2", 311} 1 4]oxazepine-1{-

carboxvlic acid

6~chloro~7-(3~-methoxvpropoxy}-12, 1 2-dimethyvi-
3-0x0-9a,11,12, 1 2a-tetrabydro-3H, 10H-
cyclopenta[bjdipyridof1,2-d:2',3'-

i 1,4joxazepine-2-carboxyviic acid

6-chioro~7-(3~-methoxypropoxy }-12, 1 2-dunethyl-
3-0x0-93,11,12,12a-tetrahydro-3H, 10H-
cvelopenta{bidipyridof1,2-d:2",3'-

i 1 4loxazepine-2~carboxylic acid (single

enantiomer §)

6~chioro~7-(3-methoxypropoxy)-12, 1 2-dimethyi-
3-0x0-93,11,12,12a-tetrahydro-3H, 10H-
cvelopenta{bidipyridof1,2-d:2", 3"

i 1. 4]oxazepine-2~carboxylic acid (single

enantiomer i)

{(Ry-2-cyclopropyl-7T-isopropyi-3-(3-
methoxy propoxy -11-0x0-6,7-dihy dro-1 1H-
benzo|[fipyridof!,2-d}{1,4}oxazepine-10-

carboxylic acid

{(R)-7-1sopropyl-3-(3-methoxypropoxy }-2-methyl-
1 1-oxo-6,7~-dihydro-1 1 H-benzo{f]pyrido{1,2-

dii 1. 4]joxazepine-10-carboxylic acid

{(R)-2-ethyi-7-1sopropyl-3-(3-methoxypropoxy )
11-ox0-6,7-dihydro-11H-benzo{f]pyrido{1,2-

dii 1 4loxazepine-10-carboxylic acid
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in*

Vo \ﬁ
S

{(#&)-7-1sopropyl-3-(3~-methoxypropoxy }- 1 1 -ox0-2-
vinyl-6,7-dihydro-11H-benzo[fipyrido{1,2-

dii 1, 4]oxarepine-10-carboxylic actd

{R)-3~-(cyclopropyimethoxy)-7-1sopropyl-2-

3 OH methyl-11-0x0-6,7-dthydro-11H-
\-7/\ /K benzo{fipyridof1,2-di[1,4]oxazepine-10-
O
/d< ’) "\\/ carboxylic acid
e
{£)-3-(cyclopropyimethoxy)-2-ethyl-7-isopropyl-

Fioxo-6,7-dihvdro- T H-benzof]pyrido{ 1,2~

dii {.4]oxazepine- 1 O~carboxylic acd

{(R}-3-1sobutoxy-7-isopropyl-2-methyi-11-o0x0-
6,7-dithydro-1 1H-bevzof{]pyrido{1.2-

dii 1, 4]joxazepine-10-carboxylic acid

{R)-2-ethyl-3-isobutoxy-7-1sopropyvl-11-ox0-6,7-
dihydro-11H-benzo{flpyridof1,2-

dii 1, 4{oxazepine-10-carboxylic acid

(R)-3-(3-({{tert-butoxycarbonyhaming propoxy }-
2-cyclopropyl-7-isopropyl-11-0x0-6,7-dihydro-
F1H-benzoffipyridoft,2-d]{1,4]oxazepine-10-

carboxylic acid

{(Ry-2-cyclopropyl-T-isopropyl-1 1-oxo-3-(2,2 2~
trifluoroethoxy }-6,7-dihy dro-11H-
benzo|[fipyridof!,2-d}{1,4}oxazepine-1 -

carboxylic acid




WO 2022/098990 PCT/US2021/058232

o 0 {(#)-3~(2~ethoxvethoxy)-7-isopropyl-2-methyi-1 |-
ox0-6,7-dihydro-11H-benzo{fipyridof1.2-

dii 1, 4]oxarepine-10-carboxylic actd

{R)-2~ethyl-3-(3-hydroxy propoxy }-7-isopropyl-
11-oxo-6,7-dihvdro-1 1 H-benzoi{f]pvrido{1,2~

dift,4joxazepine-{ O~carboxylic acid

{£}-3-(2~ethoxyethoxy }-2-ethvi-7-isopropyi-11-
ox0~6,7-dihydro-1 1 H-benzo{fipvnidof1,2-

dii {.4]oxazepine- i O~carboxylic acid

{(R)-2-ethyl-7-isopropyl-11-ox0-3-(2,2,2-
trifluoroethoxy 3-6,7~-dihy dro-1 1 H-
benzo|fipyrido}1,2-di{1,4}oxazepine-10-

carboxylic acid

~

{#)-7-1sopropyl-2-methvi-11-0x0-3-(2,2.2-
trifluoroethoxy }-6,7-dihvdro-11H-
benzo[flpyridof1,2-d]{1,4loxazepine-10-

carboxvylic acid

{(#£)-3-(3-hydroxypropoxy }-7-isopropyl-2-methyl-
11-ox0-6,7-dihvdro-11H-benzo{f]pyridol1.2-

dii 1, 4joxarepine-10-carboxylic actd
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{#)-2~chloro~7-1sopropy-3-{(3-
methoxypropyvhamino)-1 I-oxo-6,7-dihyydro-1 1H-
benzo{fipyridel1,2-d]{1.4]oxazepine-10-

carboxvlic acid

0 i {R)-2~chloro-T-isopropyi-3-morpholino-11-oxo-
Gl OH 6,7-dihydro-1 1H-benzo| flpyrido{1,2-
M \ Py
({/\N" Wi )N dift,4joxazepine-{ O~carboxylic acid
N o e ”(
M {#)-2~chloro~7-1sopropy-3-{(3-
& & I OH | methoxy propyf){methylyamino)-11-ox0-6.7-
MaO~ - ' . .
° /\’/\N X b N" Me dihydro-1 1H-benzo{flpyridof 1,2~
! - ﬁ{ag dii { . 4]oxazepine~- 1 O~carboxylic acd
9 0 {#)-2-chloro-7-1s0propy-3-{{2-
<l B /k OH methoxyethyDarnino)-11-ox0-6,7-dihvdro-1 1 H-
MEQ\.—»\N \’/ / N benzo{fipyridof1,2-di[1.4]oxazepine-10-
Me
H 'M\Gh _,) '( carboxylic acid
Me

{R)-2~chloro~7-isopropyvi-3-{(2-
methoxy ethyD(methyDamino)-11-ox0-6,7-
dihydro-11H-benzo{flpvridof 1,2~

dift,4joxazepine-10~carboxylic acid

{R)-7-(tert-butyl}-2-chlore-3-(3-
methoxypropoxy}-11-ox0-6,7-dihydro~-11H-~
dipyridef1,2-4:2", 311} 1,4 {oxazepine-10-

carboxylic acid

{(R)-7-(tert-buty}-2-cyclopropy1-3-(3-
methoxy propoxy j-11-0x0-6,7-dihydro-1 1H-
dipyrido{1,2-d:2", 311} 1 4]oxazepine-10-

carboxvlic acid

140
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o 0O {#)-2~chloro~7-isopropyl-3-(3-methoxypropoxy -
O+ | 11-ox0-6.7-dthydro-11H-dipyridof 1,2-d:2',3'"-

fi{ 1, 4joxarepine-10-carboxylic acid

2~chloro-7-isopropyl-3-methoxy-1 1~oxo-6,7-

cl T OH dihydro-11H-dipyridof1,2-4:3.2"-
5{’ p S fii1,4joxazepine-10~carboxylic acid
MOy ‘/)\(Me
Q \]
Me
o . Bu | tert-butyl (R)-(2-chloro-7-isopropyl-3-(3-
O
o] i i methoxy propoxy)-1i-ox0-6,7-dihydro-11H-
N = g ’ )
"My } N benzo[flpyvrido{1.2-dl{ I, 4}oxazepin~-10-
[ K . Me
O \/ vijcarbamate
Me

0 N.’//‘E {R}y-2-chloro-7-isopropyl-3-(3-methoxy propoxy i-

i m)\\w O~(pyrimdin-2-v1)-6,7-dihydro~-1 1H-~
MeO™™N\ .~ q N benzo|flpyridof1,2-di{1,4}oxazepin-11-one
O\ ’_,)"' Me

o] {R)-2-chloro-7-isopropyl-3-(3-methoxypropoxy -
6.7-dihydro-1 1H-benzo[flpyrido{1.2-

diil.4joxazepin-11-one

{(R)-2-chloro-7-isopropyi-3-(3-methoxypropoxy -
10-(G-methylpyridin-2-yi}-6,7-dthydro-1 1 H-

benzo[fipvridof1,2-dl{ |, 4}oxazepin-1 1-one

{R)-2-chloro-7-1sopropyl-3-(3-methoxvpropoxy -
10-(pyridin-2-y1}-6,7-dihydro-1 1 H-

benzo[fipvnidof1,2-d}{ 1, 4}oxazepin-1 1-one

141
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{#)-2~-chloro~7-isopropyi-10-methoxy -3-(3-

OMe methoxy propoxy }-6, 7-dihydro-11H-

MQOM }{;—\/EJJT ben?({ﬂ - N X - . .
nzo{fipyridof1,2-d}{ 1.4joxazepin-11-one
Q’l\/,_(\ (

Me

{R)-(2-chioro-7-isopropyi-3-(3~-methoxy propoxy -
11-oxo-6,7-dihvdro-1 1 H-benzoi{f]pvrido{1,2~

dii 1, 4joxarepin-10-yhboronic acid

tert-butvl (R)-(2-chloro-7-isopropyi-3-(3-
methoxy propoxy }-11-ox0-6,7-dihy dro-1 1H-
benzo[flpyvrido{1.2-dl{ I, 4}oxazepin~-10-

vijmethylicarbamate

ethvl Z-chloro-11-(hydroxyimimo)-7-isopropyl-3-
methoxy-6,7~dihvdro-1 [ H-benzoff]pyrido]1,2-

dii 1. 4joxazepine-i0-carboxylate

2~chloro~7-isopropyi-3~-methoxy-6,7-diky dro-
10H-benzolflisoxazolo[3'.4"4 5ipyndof1,2-
dii 1. 4]joxazepin-10-one

(&)-7-isopropvi-2-methoxy-3-{3-
methoxy propoxy-11-ox0-5,6,7, 11~
tetrahvdrodipyrido §,2-a:2' 3 -¢clazepine-10-

carboxylic acid

{(&)-6-isopropvi-2-0x0-2,6,7.4,12,13-hexahvdro-
FIH-[L 4ldioxepino{2,3".5,6]pyrido[2

clpyrido[l.2-a} azepine—.’%—carboxy]m acid
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o 0 {S)-6-1sopropyl-2-0x0-2.6,7.8,11, 1 2-hexahydro-
(}\r N B OH {1,4}dioxinof2'.3":5,6]pyrido|2,3~clpvridof1,2-

alazepine-3-carboxylic acid

Nomenclatore

{(R)-3-1s0propyi-2-methoxy-9-0x0-35 9-

dibvdropyridof2.3-ajindolizine-8-carboxylic acid

ethyl {(R)-5-1sopropyl-Z-methoxy-9-0x0-5,9~

dibyvdropyridof2.3-ajindolizine-8-carboxylate

Nomenclatore

G-isopropyl-2-methoxy-3-(3-methoxypropoxy )
10-0x0-5,10-dihydro-6H-pyridof 1,2~

hii 1, 7inaphthyridine-9-carboxylic acid

{(R)-6-150propyi-2-raethoxy-3-(3-
methoxypropoxy }-10-0x0-5,10-dihydro-6H-~

pyrido{1,2-hj{1,7Inaphthvridine-9-carboxviic acid

(&)-6-isopropyi-2-methoxy-3-(3-
methoxy propoxy}-10-0x0-3, 1 0~dihy dro-6H-

pyridof1,2-hi{1,7 inaphthyridine-9-carboxylic acid
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6-isopropyl-2,3-dirnethoxy-~ 10~ox0-~5, [0-dihydro-
oH-pyridof 1.2-h}i 1.7 |naphthyvridine-9-carboxylic

acid

disopropyl-2,3~dimethoxy-10-ox0-5,10~-dihydro-
oH-pyrido{1.2-h{i1,7 [naphthyridine-S-carboxylic
MeQ2 acid (single enantiomer I)

Mea(

G-isopropyl-2,3~-dimethoxy-10~0x0-3,10~dihydro-
oH-pyridol 1,2-h]i 1,7 naphthyridine-9-carboxvlic

MeO acid (single enantiomer 1)

Mel¥

{53-11-fluoro-6-isopropyi-2-methoxy-3-(3-
methoxypropoxy }-10-0x0-5,10-dihydro-6H-

pyrido{1,2-hi{1, 7naphthyridine-9-carboxylic acid

N "N
O OH S-isopropyl-3-oxo-~4,9-dihydro-SH-thieno[3,2-
O alquinolizine-8~carboxylic acid
Me
OH 2-chloro-S-isopropyl-9-ox0-4.9-dihydro-5H-

thienof3,2-ajquinolizine-8-carboxylic acid

Me
o OH G-isopropyl-3-methoxy~1 0-ox0-5, 1 0-dihy dro-6H-
/E L\l/g() pyridoi2, 1-a}[2, Tinaphthyridine-9-carboxylic acid
O
MeQ” /J\,«‘Me
Me
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S-isopropyl-Z-roethoxy-9-0x0-4,9-dihydro-5H-

thiazolo{d,5-ajquinolizine-8-carboxylic acid

S-isopropyl-2-(methoxymethy3-9-ox0-4,9-
dihydro-5H-thiazolo{4,5-alquinolizine-§-

carboxylic acid

G-{lert-buty)-2-0x0-6,7, 11,1 2-tetrahvdro-
2H,10H-[ 1 4]dioxepine{2,3-glpyrido]2.1-

ajisoquinoline-3-carboxylic acid

-(tert-butyl-2-0x0-6,7,11,1 2-tetrahvdro-
2H, 10H-[ 1 4]dioxepino{2,3-glpvrido]2,1-
ajisoquinoline-3-carboxylic acid {single

enantiomer I}

G-(tert-buty-2-0x0-6,7,.11,1 2-tetrabydro~
ZH,10H-[ 1 4]dioxepino]2.3-glpyrido{2,1~
ajisoquinoline-3-carboxylic acid {single

enantiomer If)

o'-(tert-buty)-2'-0x0-6' 7'-dihvdro-2'H. 10'H, 1 2'H-
spirofoxetane-3,11'-{ 1, 4]dioxepine|2,3-

gipvrido[2, 1-alisoquinoline]-3'-carboxylic acid

&'~(tert-botyl)-2'-ox0-6" 7'~dihy dro-2'H, 1O'H, 1 2'H-
spirofoxetane-3,11'-{1,4]dioxepino]2,3-
gipyrido|2, 1-ajisoquinoline-3'-carboxylic acid

{single enantiomer I)
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&'-(tert-butyl)-2"-oxo-6'7'-dihydro-2'H, 10'H, 1 2'H-
spirofoxetane-3,11'-{1.4]dioxepine|2,3-
gipvrido|2, 1-alisoquinoline]-3'-carboxylic acid

{vingle enantiomer [)

6-{iert-butvh)-11-{methoxvmethyi}-2-oxo-
6,711, 1 2-tetrahydro-2H, 10H-{ 1 4}dioxepinof 2,3~

glpyridof 2. 1-ajisoquinoline-3-carboxvlic acid

6~(tert-butyl)-11-(2-methoxyethoxy }-2-oxo-
6.7,11,12-tetrahydro-2H, 1OH-{ 1, 4]dioxepino|2,3-

gipyridof2, 1-ajisoquinoline-3-carboxylic acid

G-(tert-buty -1 1-methylene-2-0x0-6,7,11,12-
tetrahydro-2H, 10H-[ 1 4]dioxepinof2,3-

gipyridof2, I-alisoquinoline-3-carboxylic acid

o-(tert-buty-11, 1 1-bis{methoxymethyi}-2-oxo-
6,7.11,1 2-tetrahydro-2H, 10H-{ 1 4 }dioxepinof 2,3~

gipyridof2, 1-alisoquinoline-3-carboxylic acid

6-{iert-butyD)-1-methyi-2-0ox0-6,7,11,12-
tetrahydro-2H,10H-{1 4]dioxepinof2,3-

glpyridof2,1-alisoquinoline-3-carboxylic acid

6-(tert-buty3-3-(hydroxymethvl)-1 1-methylene-
6,7,11,1 2-tetrahydro-2H, 10H-{ 1 4jdioxepinof2,3-

gipyridof2, I-alisoquinolin-2~-one

G-(tert-bwtyly-11-methoxy-2-0x0-6,7,11,12-
etrahvdro-2H, 1OH-{ 1 4]dioxepinof2,3-

gipyridof2, I-alisoquinoline-3-carboxylic acid
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6-(tert-buty -1 -hydroxy-2-0x0-6,7 11,12~
tetrahydro-2H, 10H-{ 1 4]dioxepinof2,3-

gipvrido|2, 1-alisoquinoline-3-carboxvlic acid

diethyl {6-{tert-butyi}-10-chioro-9-(3-
methoxy propoxy }-2~-0x0~6, 7-dihy dro-2H-

pyridoi2, 1-alisoquinolin-3-yDphosphonate

ethyl bydrogen (6-(tert-buty 1}-1 0-chloro-9-(3-
methoxy propoxy -2-0x0-6,7-dihy dro-2H-

pyrido{2, 1-alisoquinolin-3-yi}phosphonate

{6-(tert-butyl}-10-chloro-9-(3-methoxypropoxy -
2-0x0-6,7-dihydro-2H-pyrido} 2, T-alisoquinolin-

3-yDphosphonic acid

{Sy-6-isopropyi-2-methoxy-3-{3-
methoxypropoxy }-9-(S-methyi-1,3,4-thiadiazol-2-
vi¥-5. 6-dihvdro-10H-pyrido{ 1 2-

hii 1,7 naphthvridin-10-one

(&)-6-isopropvi-2-methoxy-3-{3-
methoxy propoxy }-9-(5~-thioxo~4,5-dthydro-1H-
1,2, 4-triazol-3-v1)-5,6-dihydro-10H-pyridof 1,2~

hii 1,7 {naphthyridin-10-one

{(8)-G-isopropyl-2-methoxy-3-(3-
methoxy propoxy }-9-(1 3,4-oxadiazol-2-yi}-5.6-
dihydro-10H-pyridof1,2-hi{ 1,7 {naphthy ridin-10-

one
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{8)-6-1sopropvi-Z-roethoxy-~3~(3-
methoxy propoxy }-9-(3-methyl-1,2 4-oxadiazol-5-
yv1}-5.6-dihyvdro-10H-pyrido{ 1,2~

hii 1, 7inaphthyridin-10-one

{(5)-6-isopropyl-2-methoxy-3-(3-

methoxy propoxy }-9-(3~-phenyl-1,2 4-oxadiarol-5-

ng\ /[N/ y1)-3,6-dily dro-10H-pyrido{1,2-
~o /\/\O,j\f; L., ~ hil1 7inaphthyridin-10-one

{(Sy-6-isopropyi-2-methoxy-3-(3-
methoxypropoxy }-10-0x0-5,10-dihydro-6H-

pyridoi !, 2-hi{1, 7inaphthyridine-S-carbonitrile

a-{tert-buty)-10-chloro~-9-(3-methoxypropoxy }-3-
(5~ox0-4,5-dihydro-1H-tetrazol-1-v13-6,7~

dihydro-2H-pyrido[2, I -alisoquinolin-2-one

{S¥-6-1sopropyl-2-methoxy-3-{3-
methoxy propoxy }-9-(1H-tetrazol-5-y1}-5,6-
dihydro-10H-pyrido[1,2-h}{1,7 jnaphthyridin-10-

oneg

{(8)-6-1s0propyi-2-methoxy-3-(3-
methoxy propoxy)-9-(1H-1.2 4-tnazol-3-y1)-5,6-
dihydro-10H-pyrido{1,2-hi{1,7 {naphthyridin-10-

one

{5y-N-hy droxy-6-isopropyl-2-methoxy-3-(3~
methoxypropoxy }-10-0x0-5,10-dihydro-6H-

pyridoi!,2-hi{1, 7inaphthyridine-9-carboxamide
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{8)-6-1sopropvi-Z-roethoxy-~3~(3-
methoxy propoxy j-N-{methylsulfonyh)-10-ox0-~
5,10-dihy dro-6H-pyridof1,2-

hii 1, 7inaphthyridine-9-carboxamide

9y tert-butyl (6-{tert-butyl}- 10-chloro-9-(3~
N0 o
o f | \ICE Bu methoxy propoxy }-2~0x0-6,7-dihy dro-2H~
NN - . L .
pyridoi2, 1-alisoquinolin-3-ylycarbamate
M oS \/L\tSu
G 3-amino-6-(tert-butvi}-10-chioro-9-(3-
S NH
Ci\/»\/m methoxypropoxy }-6,7-dihy dro-2H-pyridof2, 1~
il N . L
i alisoquinolin-2-one
MeO'”V/\ON’J\/\tBu
JOL\,H N-{6-(tert-butyi}-10-chloro-2-(3-
N -
o E L l methoxy propoxy }-2~-0x0~6, 7-dihy dro-2H-
SNEYTON . » o ‘
MEOA\"’/\QL\’ﬁ\‘/L\tBu pyridoi2, 1-alisoquinolin-3-ylacetamide

LKoo
- .
Ct m \(I}r
N N
/\\iB

Me” "0 = U

methvi (6-(tert-butyi}-10-~chloro-9-(3-
methoxy propoxy }-2-ox0-6,7-dihy dro-2H~

pyridoi2, 1-alisoquinolin-3-yljcarbamate

o 3
iﬂﬁ’s‘w""\i\ﬁ’b

Ci‘ji\ N/"' o]
Mey o R N Ny

pyridin-2-vimethyl (6-(tert-buty)-10-chloro-9-(3-
methoxy propoxy }-2-0x0-6,7-dihy dro-2H-

pyridoi2, 1-alisoquinolin-3-vi}carbamate

3

P
i

1 f N /
Mel™” g A B

H
VN\H,.O.\/-fBu

neopentyl {6-(tert-butyi}-10-chloro-9-(3-
methoxy propoxy j-2-0x0-6, 7-dihy dro-2H-

pyridoi2, 1-alisoquinolin-3-yearbamate

o}

A ?
™o ffkr

I-{6-(tert-butyl}- 10-chloro-9-(3-
methoxvpropoxy }-2-0x0-6,7-dihy dro-2H-
pyridoi2, 1-alisoquinolin-3-v}pyrrolidine-2, 5~

dione

4

‘ f)'ﬁ/ \n i1
Ci_z - o
|

MeO N X By

I lert-boty}-3~(6-(tert-butyl)-1 O~chloro-9-(3-
methoxy propoxy)-2-0x0-6,7-dihy dro-2H-

pyridoi2, 1-alisoquinolin-3-vijurea
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N-{6-(tert-butyl}-10-chloro-9-(3~
methoxy propoxy }-2-0x0-6,7-dihy dro-2H-
pyrido]2, 1-alisoquinolin-3-y1}-2,2 2~

trifluoroethane-| -sulfonamides

N-{6-(teri-butyl3-10-chloro-9-(3~
methoxy propoxy }-2~0x0-6,7-dihy dro-2H~
pyridoi2, 1-alisoquinolin-3-yi}-1,1.1-

irifluoromethanesulfonamide

6-(tert-buty}-10-chloro-9-(3-methoxypropoxy }-3-

NN | ) \v/? {pyrimidin-2-ylamino)-6,7-dihy dro-2H-
M . e
PN O NN pyrido{2, I-alisoquinolin-2-one
MeQ Q Fats
fe
rU//\\: &-(lert-butyl)-10-chloro-3-(di{pyrimidin-2-
2N . e
oY v Qamino-9-G-methoxy propoxy)-6,7-dihvdro-
&

2H-pyrido{2,1-alisoquinchn-2-one

6-{tert-butyl)-10-chloro-3-i0do-2-(3-
methoxy propoxy }-6,7-dihydro-2H-pyridof2,1-

alisoguinolin-2-one

G={tert-buty13-10-chloro-9-(3-methoxypropoxy }-3-
{pyrimidin-2-y1)-6,7-dihvdro-2H-~pyridof2,1-

ajisoquinolin-2-one

6-(tert-buty)-10-chlore-9-(3-methoxypropoxy 3-3-
{pyridin-2-vi)-6,7-dihy dro-2H-pyrido{2,1-

alisoquinolin-2-one
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S-acetyl-6-1sopropyi-Z-roethoxy-3-(3-
methoxy propoxy }-5,6-dihydro-10H-pyride[1,2-
hii 1, 7inaphthvridin-10-one

9-(2-hydroxy propan-2-y1}-6-isopropyl-2-
methoxy-3-(3~methoxy propoxy }-3,6-dihy dro-

10H-pyridof1.2-hi{ 1. 7inaphthynidin-10-one

methyl 6-(tert-butyl}-10-chioro-2-
{hydroxyimino)-2-(3-methoxypropoxy }-6,7-
dibydro-2H-pyridof 2, 1-afisoquinoline-3-

carboxylate

HO% G-(tert-butyl}-10-chloro-2-(hydroxyimino)}-9-(3-

?\5 OH methoxypropoxy)-6,7-dihydro-2H-pyridof2, 1~

Lo © alisoquinoline-3-carboxylic acid

MeO.__~_.0 ~ By

5\5»0 &-(tert-buty13-2-chloro-3-(3-methoxy propoxy )-
i

7 & S,6~dihvdro-9H-soxazolof3',4":4, S fpyrido{2, 1~

G = N ajisoquinolin-9-one

G-1sopropyl-10-methoxy~9-(3-methoxypropoxy )~
2~{methyliming)-6,7-dihy dro-2H-pyrido{2,1-

ajisoquinoline-3-carboxylic acid
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roethyl 6-isopropyl-10-methoxy-2-
(methoxyimino}-9-(3-methoxypropoxy }-6,7-
dihydro-ZH-pyridof 2, 1-alisoquinoline-3-

carboxvlate

6-isopropyl-10-methoxy-2-(methoxyimino -9-(3-
methoxy propoxy }-6,7-dihydro-2H-pyridof2.1-

ajisoquinoline-3-carbosylic acid

{8)-10-hydrazinevlidene-6-isopropyl-2-methoxy-
3-(3-methoxypropoxy )-3,10-dihy dro-6H-

pyrido{1,2-hj{1,7naphthyridine-9-carbohydrazide

{Sy-6-isopropyi-2-methoxy-3-{3-
methoxy propoxy -5, 10~
dihydropvrazolo[3',4"4,Spvridof1,2-
hii L, 7inaphthyridin-9(6H)-one

{S3-N'-acetyl-6-isopropyl-2-methoxy-3-(3-
methoxypropoxy }-18-0x0-5,10-dihvdro-6H-

pyridol1,2-hil1, 7 naphthyridine-9-carbohydrazide

G-isopropyl-2-methoxy -3-(3-methoxy proposy -6~
methyl-10-0x0-53,10-dihydro-6H-pynidol[t,2-

hii 1, 7{naphthyridine-S-carboxylic acid

G-isopropyl-2-methoxy -3-(3-methoxy propoxy 36~
methyl-10-0x0-5,10-dihy dro-6H-pyrido{1,2-
hii1,7inaphthyridine-9-carboxylic acid (single

enantiomer {)
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o 0 t-isopropyl-2-roethoxy -3-(3-methoxy propoxy }-6-

l/‘L])L OH methyl-10-0x0-3,10-dihydro-6H-pyrido{1,2-
TN
ﬂ/”

Meaﬁr hii1,7]naphthyvridine-9-carboxylic acid (single
MeO” o R enantiomer ()

6-(tert-buty - 2-methoxy-3-(3-methoxypropoxy }-
o-methyl-10-0x0-5,10-dihydro~-6H-pyrido[1.2-

hii 1. 7inaphthyridine-S-carboxylic acid

&-(lert-buty)-2-methoxy-3-(3-methoxy propoxy )~
6-methyl-10-ox0-3,10-dihydro-6H-pyndo[1,2-
hi{1,7naphthyridine-9-carboxylic acid {single

enantiomer )

o-{tert-buty-2-methoxy-3-(3-methoxy propoxy -
S-methyl-10-ox0-5,10-dihydro-6H-pynde{1,2-
hii1,7inaphthyridine-9-carboxylic acid (single

enantiomer 1)

6,6~-dicthyl-2-methoxy-3-(3-methoxypropoxy }-
10-0%0-5,10-dihydro-6H-pyridof 1,2~

hii1,7inaphthyridine-9-carboxylic acid

g ¢ {(S¥-6-1sopropyl-3-methoxy-1-methyl-2, 10-dioxo-
] ~ TOH 2.5,6,10-tetrahydro-1H-pyridof1,2-
Oy N - . .
P N hii 1, 7inaphthyridine-9-carboxylic acid
\0/"'”\\\, g " r
[o I ¢ 2, 3~dihydroxy-6-isopropyl-10-ox0-5,10-dihy dro-

WQH oH-pyridof 1, 2-h]{ 1.7 naphthyridine-9-carboxvlic
HO N N acid

[
3
(98]
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t-1sopropyl-3-(3-methoxypropoxy 3-2,1 0~-diox o~
5.6,10-tetrahy dro-1H-pyridof1,2-
hi{1,7|naphthyvridine-2-carboxylic acid {single

enantiomer I}

Aisopropyl-3-(3-methoxypropoxy }-2,10-dioxo-~
2,5.6,10-tetrahy dro-1H-pyridof 1,2~
hiil,7inaphthyridine-9-carboxylic acid (single

enantiomer 1f)

ethyl 6,6-diethyl-2-methoxy-3~{3-
methoxypropoxy }-10-0x0-5,10-dihvdro-GH-

pyridoil,2-hi{ 1. 7inaphthyridine-9-carboxviate

g 0 6-ethyl-6-1sopropyl-2-methoxy-3-(3-
methoxy propoxy }-1¢-ox0-5,1¢-dihydro-6H-
pyridoi 1,2-hi{1,7inaphthyridine-9-carboxylic acid

2'-methoxy-3'-(3-methoxypropoxy}-10'-oxo-

/E uj)LQH 5% 10dihvdrospiro{eyclobutane-1,6-pyrido{1,2-

j\/ hiil, 7inaphthyridine]-9'-carboxylic acid
o N0

Immunostimaiaiors

The term “mmunostimulator” includes compounds that are capable of modudating an
imnune response {e.g., stimulate an iromune response {e.g., an adjuvant)). The term
imnunostimulators includes polyinosinic: polyeytidviic acid (poly 1 C) and interferons.

The term immunostimulators includes agonists of stimudator of IFN genes (STING) and
utterleukins. The term also includes HBsAg release inhubutors, TLR-7 agonists (GS-9620, RG-
7795), T-cell stimulators (GS-4774), RIG-1 mhibitors (SB-9200), and SMAC-mimetics
(Birinapant}. The term immunostimulators also includes anti-PD-1antibodies, and fragments

thereof,
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Examples

The present inventions will be described by way of specific examples. The following
examples are offered for tustrative purposes and are not indended to linut the inventions in
any manner. Those of skill in the art will readily recognize a variety of noncritical parameters
which can be changed or modified to vield essentially the same results.

It should be understood that in one exnbodiroent the oligonucleotide s av siRNA
molecule that comprises a UNA, e.g., as described herein, e g, in Table 1. Certain conjugates
are depicted herein. Other conjugates and synthetic intermediates thereof, including methods of
making, are deseribed in International Publication Numbers WO 2017/177326 and WO
2018/191278, which are specifically incorporated by reference with respect to the conjugates
and synthetic intermediates thereof. In certain embodiments herein, the nucleic acid of the
conjugates and synthetic intermediates thereof (which may also have been referred to as an
oligonuclectide or R?) is a siRNA molecule that coroprises a UNA, e.g, as described herein,
e.g.,inTable I or Table A

Specific sIRNA molecules having a UNA used in the Examples herein are depicted in
Table 1. Certain chenucally modified siRNA sequences are also depected in Table A,
Accordingly, certain embodiments of the invention are directed to any one of the siRNA
described in Table 1, or to any one of the sense or antisense strands thereof. Certain
embodiments of the invention are direcied to any one ong of the siRNA from Table A that
comprises a replacement of a nucleotide with a UNA, e g, in the antisense strand, e.g., at
position(s} 5 and or 6 of the antisense strand.

In certain embodiments, the siRNA of the conjugates described herein is selecied
from any one of the siRNA described 1o Table 1.

In certain embodiments, the siRNA of the conjugates described herein is selected
from any one one of the siRNA from Table A that comprises a replacement of a nucleotide
with a UNA, e.g., in the anlisense strand, e.g., at position{s} S and or 6 of the antisense sirand.

The conjugate used in the Examples heretn is depicted below.
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siRNA
A
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Example 1, Synthesis of UNA Containing siRNA Conjugates
2'-Bz UNA phosphoramidites were purchased from ThermoFisher Scientific and used
S for the svothesis of UNA contaning siRNAs, The UNA modified siRNA described in Table 1
were prepared. Table A provide siRNA sequences that can be further modified to contain a

UNA, e.g., as a replacement for one of the nuclestides depicted.

Table 1. Specific Chemically Modified HBV siRNA Duplexes

10
cenar Sense Auntisense e .
siRNA . Sense strand . . Antisense strand
Number strangd SEQ — strand SEQ o
" L IBNO ) 15 NG

1 SEQ IDNG:1 | gsusgcAClUucgeuucaca | SEQ ID NG:2 | usGsugaagegaaguGeAcacsgsgr{u)}

2 SEGID NGt | AsusgeAClucgeuuc SEG ID NO:3 | usU{glsugaagegaagulGeAcacsgsar{u}

3 SEQIDNO:1 | gsusgeAClucgeutcaca | g Ip NOi4 | usGsU{wlgaagegaaguGeacacsgser{u)

4 SEQIDNG:1 | gsusgeAClucgcuicaca | gun iDp NG5 | usGsul{g)asgogaaguGeacacsgsgr (1)

5 SEQID NO:1 | gsusgeAClucgeunicaca | sEq ID NG:6 | usGsugi{alagegaaguGeacacsgsar(u)

6 SEQIDNO:1 | gsusgeAClhucgeunicaca | sEq D NG:7 | usGsugal{algegaaguGeacacsgsariu)

7 SEQ IDNG:1 | gsusgcACUucgcuucaca | SEQ ID NG:8 | usGsugaal{glcgaaguGcAcacsgsgr{i]
SEQI |

a SEQ ID NG9 | cscsgaUCCauacugegga N (;‘,i (’? usCsegeaguauggalcGgeasgsar{u]

[e g g 1) G < - '(“ . . T . SEQ EI) 3 @ Ti{Aa - . e rad Qoved ]

3 SEQ ID NG9 | csesgallCCaunacugegga NO: 11 usCscgeU{alguauggalicGgeasgsariu}
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= UPPER CASE;

Phosphorothioate linker = s; Unmodified = r{nucleotide), UNA = Ufnucleotide)

Table A. Chemically Modified HBV siRMNA Duplexes

siRNA Sense strand Antisense strand

Number |5 -3 5%-3’

10 csgsuguglalllcgcuucaccu asGsgugAaGleaagligCacacgsgsuljy
i1 usgsiaClUcgcuucaccu asGsgugAaGCeaagliglacascsgli

12 usgscaCllcgouucaccu assgugangegaagligCacascsgly

13 usgscaClilCgcuucaccu asGsgugAagegaagUglacascsgl

14 gsGsUgAaGegAaguGeAcAchgsuse
15 gsGsugaAsCGaagucAcacggsusc

16 gsGsugapsCGaagu(icAcacggsuse

17 gsGsugaAnloaaguls

18 cscsgugugcAClucgcuucace sGsugaagegaaguGcAcacggsusc

19 C3CSEUEUGCACUUCECUULACC gsgsugaAglhaagugeacacggsusc

20 CsesGuGuGeAtUucGenulace | gsGsigAaGegAaguicAcAcGgsusclild
21 uGCcACUucgouucace gsGsugaAgClaaguGeAcacggsusciU
22 csesguGuGcAclucgeuucace gsGsugaAgCiaaguGeAcacggsuscliU
23 cscsguguGecAClucgcuuace gsGsugadAgCgaaguleAcacGgsuscliy
24 GsusGeACUucGeuutace

25 GsusGeACUucGeuuace

26 GsusGeAGUucGeuuace gsGsleAaGegAaguicAcsAsesGsg

27 CsesGuGuGeACUucGouulaca | usGslgAaGegAaguGeAcAcGgsuse
28 CsesGuGuigcACucGouuaca | usGslUgAaGegAaguGeAcAcGgsusclll
29 csesguguGeAClucgeuucaca usGsugaAglGaaguGeAcacggsusclil
30 csesguuGeAcucgeuucaca usGsugaAelGaaguGrAcacggsusclil
31 cscsguguGeACUucgeuulaca usgsugaAgCgaaguGcicacigsusclly
32 csesgugugeACHucgouucaca usgsugragegaaguicAcacggsuscliy
33 gsusGeACHucgcuucaca usgsugrAgtiGaagulcAcacsgsglh

34 gsusgcACUnegouucaca usGsugaagegaaguicAcacsgsgl

35 gsusGeailinegouucaca usGsugaagegaaguzcAcacsgsg
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siRNA Sense strand Antisense strand

Number | 5' -3 53

36 GsusGeACUucGeuuaca usGsligaaGegAagulcAcAcsGsg

37 uscsgeunalClcugeacgucg cszsacglelAgagglizAagegasasgUy
38 uscsgeunlalClicugeacguca usGsacglUgCAgageligAagogasasglil
39 uscsgelufaCelicugeacguca usGsacgUgCAgageglUoAagegasasglil
40 ususCalClcugeacguca usGsacglpgCAgaggligdagesgsal)

41 ususcalllcugeacguca usGsacgugeagagglgAagesgsall

42 ususCalfCUcugcacguca usGsacgligeagagglgAagesgsal

343 ususualuAgUGCealivuguuca | usGsAaladauggealudgilafascsu
44 ususualuAgUGCealituguuca UaAascsullU
45 ususuacuAgliGCcauuuguuca Aguaaascsulll
46 ususualudglisCeaunuguuca | usGsaacAadUggealuAguaaascsullll

27-O-Methy! nucleotides = lower case; 2°-Fluoro nucleotides = UPPER CASE;
Phosphorothioate hinker = s; Unmodified = UPPER CASE

Exampie 2. In vitvo testing of HBY «RNA meodified with UNA atf varying positions in a
dual luciferase reporter cell culiure system

UNA modified HBYV siRNA described in Table 1, siRNAs 1 to 7, were tested for in
vitro activity in a dual fuciferase reporter cell culture system. An HBV genomiic sequence was
edited to contain four sequence regions, one of which covered the target site for the non-UNA
modified siRNA sequence. These HBV sequence regions were joined, in silico, including
flanking regions and this synthetic consensus HBV target fragment was cloned between the
stop codon and polyadenylation signal of Renilla luciferase on a reporier plasmid. The gene
stlencing activity of the non~-UNA and UNA-containing siRNAs was tested by measuring
reduction of Renilia luciferase (R-Luc) activity in relation to firefly luciferase (F-Luc) activity
in the Dual-Glo® Luciferase Assay System (Promega, Madison, Wi, USA). Briefly, HepG2
cells were seeded at a density of 60,000 cells per well in 96-well plates and transfected with 80
ng reporter plasmid per well and HBV siRNAs at varying concenirations in duplicate using
Lipofectamine 3000, After incubation for 24 hours at 37°C/5% €02, media was replaced, and
cells were incubated for another 72 bours at the conditions described above. Following the 72

hour the incubation, the cells were processed using the Dual-Glo® Luciferase kit. Expression
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of both luciferases was determined by luminescence detection. R-Luc/F-Luc expression of
HBV-siRNA treated samples was normalized to the mean of R-Luc/F-Luc expression in non-
siRNA treated cells. As a positive control, an siRNA against R-Luc was included. A non-
HBV-targeting siRMNA was included as a negative control.

Figure 1. depicts the activity data from the dual luciferase reporter cell cultwre
experiment. A single UNA modification at antisense strand positions 5 and 6 retamned sinular
activity as the non-UNA modified siRNA reference, confirming that UNA modifications at

these posttions on the antisense strand do not significantly impact siRNA activity.

Exampie 3. In vitro testing of UNA modified HBY siRNA in AAV-HBY primary meuse
hepatocytes

HBYV siRNA modified with UNA at various positions within the antisense strand were
tested for anti-HBV activity in primary roouse hepatocytes {PMHs) isolated from an adeno-
associated virus {AAV) mouse model of HBV infection. PMHSs were isolated from AAV-HBV
mice, a well-established in vivo tool for assessing anti-HBY drug activity which mmvolves
intravenous delivery of recombinant AAV containing 3 transgene encompassing a 1.2x
overlength sequence of the HBV genome to the mouse hiver, resulting 1n the transduction of
mouse hepatocyies and consequent expression of HBY RNA| protein, DNA, and viral particies
{(Bion, S, et al, Jownal of Virology, 2013, 87(10}); 5554-5563}. Briefly, mouse hepatocytes
were isolated from AAV-HBV mice in a similar maonner as described in Severgning, M, et al.
{Cytotechnology, 2012, 64(2): 187-195) and were seeded at a density of 27,500 celis/well in
collagen-coated 96-well plates. Cells were transfected with HBY siRNAs (siRNA Number 1,
2,4, 5 and 6 i Table 1) or anon-HBV-largeting siRNA as a negative control at varying
concentrations in triplicate using a lipid nanoparticle delivery process and incubated for 24
hours at 37°C/5% CO2, after which media was replaced and cells were incubated for another
24 howrs at the conditions described above. HBsAg levels in cell supernatants were determined
using the Bio-Rad FIA GS HBsAg 3.0 kit (Bio-Rad, catalog no. 32591} as per manufacturer’s
nstructions. Data was analyzed and expressed as HBsAg levels relative to untreated cells.
Figure 2. depicis the anti-HBYV activity of HBV siRNA modified with UNA in PMH from
AAV-HBV mice. The half-maximal effective concentration {(ECso) value for each of the

siRNAs tested are presented in the following Table 2.

Table 2. Anti-HBVY activity ECso values in AAYV-HBY PMHs treated with UNA Chemically
Modified HBY siRNA Duplexes
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Nﬁiﬁir 8Cso (ng/mL)
1 9.4
2 Not assigned
4 7.8
5 2.8
6 28

A single UNA modification at either antisense strand position 4, 5 or 6 retains anti-HBY

activity as compared to the non-UNA modified siRNA.

Example 4. In vitro testing of UNA modified HBV siRNA targeting distinet target sites

UNA modified HBY siRNA described in Table 1, siRNAgs 1 and 6, 8 and 9, were tested
for in vitro activily in the dual luciferase reporter cell culture system described in Example 1.
HepG2 cells were seeded at a density of 60,000 cells per well in 96-well plates and rested for
24 hours at 37°C/5% CO2. The cells were then transfected with 80 ng reporter plasmid per
well and HBV siRNAs at varying concentrations in triplicate using Lipofectamine 3000. Afier
incubation for 24 hours at 37°C/5% CO2, media was replaced, and cells were incubated for
another 24 houwrs at the conditions described above. Following the second incubation, the cells
were processed using the Dual-Glo® Luciferase kit. Expression of both luciferases was
determined by luminescence detection. R-Luc/F-Luc expression of HBV-siRNA {reatec
saraples was normalized to the mean of R-Luc/F-Luc expression in non-siRNA treated celis.
As a positive control, an siRNA against R-Lue was included. A non-HBV-targeting siRNA
was included as a negative control.

Figure 3. depicts the activity data from the dual luciferase reporter cell culture
experiment. A single UNA modification at antisense strand position 6 in two distinct siRNA
seguences retained a sirnilar degree of activity as the respective non-UNA modified siRNA
reference, confirming that a UNA modification at this position on the antisense strand does not

generally impact siRNA activity.

Example 8, In vive activity testing of UNA HBV siBRNA conjugates

Compounds having siRNA described in Table 1 conjugated to GalNAc ligands were
prepared as described in International Publication Number WO 2018/191278.

Chemically modified HBV siRNA described in Table T conjugated to GalNAc ligands

were tested for in vivo activity in an established roouse model of HBV infection. In the AAV-
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HBV1.2 C57BL/6 mouse model, stable and persistent HBY expression is achieved after
injection of an adeno~associated virus (AAV} vector encoding an over-genomic length
sequence of HBY, leading to hepatic expression of HBY RNA and proteins and the secretion
of viral and sub-viral particles into the blood.

The AAV-HBY construct used in these studies was based on details provided in Bion,
S., et al, Journal of Virology, 2013, 87(10): 35334-5563. All animal-related procedures were
conducted according to written operating procedures, in accordance with Canadian Council on
Animal Care (CCAC) Guidelines on Good Animal Practices and approved by the local
Institutional Arvumal Care and Use Commitiee (IACUC). Each amimal was inoculated with
VELT vector genomes (VG) of AAV-HBYV vector. Prior o treatment, all aniroals were test bled
and serum HBsAg levels determined for individual animals to confirm established HBY
expression.

siRNA treatment: Groups of mice (n = S) were admirustered a single 3 mg/kg dose of
HBYV siRNA conjugate once on Day 0 (1 dose per animal) via subcutaneous injection in the
scapular region. One group of animals administered vehicle only (saline) served as controls.

Collections: All mice were test bled on Day 0, prior o treatment, and at defined time
points after test article administration {on study days 0, 7, 14, 21 and 28) to determine
maximum reductions in serum HBsAg levels and the duration of pharmacologic activity.

Analysis: HBsAg levels in serum samples were determuned using the Bio-Rad EIA GS
HBsAg 3.0 kit (Bio-Rad, catalog no. 32591} as per the manufacturer’s instructions. Individual
animal serurm from each treatment group was used to determine the group mean HBsAg levels
at individual time points. Data was analyzed and expressed as HBsAg levels relative to pre-
treatment basehine (% relative to Day 0},

Results from testing siRNAs 1, 2, 8 and 9 described in Table 1 are presented in Figure
4. Similar in vive anti-HBV activity profiles were observed in animals treated with HBY
siRNA comjugates containing a single UNA modification at antisense strand position 6 when
compared to animals administered the respective siRNA conjugates lacking UNA
modification, demonstrating that UNA modified siRNA conjugates retain an equivalent degree

of activily as non-UNA modified siRNAs in a whole-body system.

Example 6, Off-target effect of UNA HBV siRNA conjugate

Incorporation of a thermally destabilizing chemical modification within siRNA

antisense strand positions 2-7 (the “seed region”™} may decrease the likelihood of siRNA seed-
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region-based pairing and silencing of unintended transcripts, which would otherwise result in
so called “off-target effects” To assess whether UNA modification of siRNA conjugaies is
able 1o reduce the degree of siRNA-mediated off-target effects, an RNA sequencing analysis of
¢lobal transcriptome changes present in the livers of AAV-HBY mice treated with HBV
siRNA conjugates of siIRNA Nos. | (non-UNA modified) and 6 (UNA modified) was
undertaken.

Groups of AAV-HBY mice (n = 5) as described in Example 4 were administered a
single 3 mg/kg dose of HBV siRNA conjugate once on Day 0 (1 dose per animal) via
subcutaneous injection iu the scapular reglon. One group of anirnals adrotnistered vehicle only
{saline) served as controls.

Collections and RNA sequencing: All mice were sacrificed at 14 days post-siRNA
conjugate administration, and total RNA extracted from livers using the Giagen RNeasy kit as
per maoufacturer’s nstructions (Qiagen, catalog vo. 74136}, Extracted total RNA was eluted in
a total of 120 pb RNase-free water. Concentirations were assigned using Nanodrop
spectrophotometric analysis. Ribosomal RINA depletion and library preparation was conducted
as per manufacturer’s instructions using the Humina Ribo-Zero rfRNA Removal kit (IHumina,
catalog no. RZH1046) and the NEBNext Ultra Il RNA Library Prep Kat (NEB, catalog no.
E77708). Samples were run on the Hlumina HiSeq platform and differentially expressed genes
were identified through comparisons with saline control.

Volcano plots (Figure 5) were prepared to compare the nurnber of differentially
expressed genes falling above the applied adjusted p-value threshold. In livers of mice treated
with UNA-containing siRNA conjugate, fewer differentially expressed genes were observed
when compared to the non-UNA modified siRNA parental sequence. Animals adronistered a
non-UNA modified siRNA previously identified as eliciting off-target effects {positive control}
displayed a larger degree of unintended transcriptional gene changes, as expected. These
results demonstrate that a single UNA modification located at antisense strand position 6 is

able to reduce the degree of siRNA off-target activity.

Exampie 7. In vivo evaluation of Hver toxicily of HBV siRNA modified with UNA ina
humanized Hver chimeric mouse model

UNA modified HBV siRNA described in Table 1 conjugated to GalNAc ligands,
siRNA 1 and 6, were tested for the ability to induce liver toxicity in a humanized liver chimeric

mouse model. All animal-related procedures were perforroed in accordance with the animal
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welfare bylaws of Shin Nippon Biomedical Laboratories, Ltd., which is accredited by
AAALAC International.

cDNA-uPAY/SCID mice were transplanted with human hepatocytes as described
(Tateno, €., and Kojima, Y., Laboratory Animal Research, 2020; 36:2). 18 week-old animals
with an estimated >70% huran hepatocvte engraftment as determined by serurn human
albumin levels were randomized into siRNA {reatment groups.

siRNA treatment: Groups of mice {n = 5-6) were administered 5 total doses of either
36 or 100 mgrkg of a positive control siRNA conjugate previously reported to induce ALT
elevations in this model {Gane, E. et al, SAT-424, International Liver Congress, 2020), or 5
total doses of 12, 36 or 100 mg/kg of siRNA conjugates 1 or 6. siRNA doses were
administered on study Dav 0, 21, 28, 35 and 42 via subcutaneous injection in the dorsal region.
Cme group of amimals administered vehicle only {saline} served as controls.

Collections: All mice were test bled on Day 0, prior to treatment, and at defined time
points after test article administration {on study days -4, 6, 13, 20, 27, 34, 41 and 49) to0
determine levels of total alaning transaminase (ALT) and human alanine transaminase
(hALT1). Livers of animals were collected on Day 49 o confirm levels of siRNA conjugates
present.

Analysis: RALT1 levels in serum samples were determined using an enzyme
immunoassay. Total ALT levels in serum samples were determined using a JCA-BM6070
automatic analyzer (JEQL Lid). Individual animal serum from each treatment group expressed
as fold change over predose levels for that individual animal was used to determine the group
mean hALT or total ALT levels at individual time points. siRNA conjugate levels present in

liver was guantitated using LC-MS/MS.

Table 3. Total ALT levels in humanized liver chimeric mice administered siRNA
conjugates

Total ALT group mean data expressed as fold relative to Day -4 levels

Bay Bay Bay Day Bay Bay Bay Day
siRMA Conjugate Daose

-4 6 £3 28 27 34 41 48

Positive contol 36 mgkg 1.0 1.2 £.9 1.9 2.1 2.1 2.7 2.5
siRMA conjugate | 100 mp/kg 1.0 1.7 2.5 25 256 2.8 AY 28
12 mg/kg 10 1.0 1.3 1.7 2.0 2.1 2.1 2.2

siRMNA Conjugate 1 | 36 mg/kg 10 ts £8 20 2.5 2.6 3.0 3.4
100 wp/kyg 1.0 1.5 23 2.5 2.6 2.5 2.6 29
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Dmgkg | 10 12 1.2 13 16 18 1.8 22
§iRNA Conjugate 6 | 36 mghkg | 1.0 12 1.6 (6 (o 1.9 23 21
100 mgikg | 1.0 3 (7 1.4 18 20 24 22

Table 4. BALT levels in humanized liver chimeric mice administered siRNA conjugates

hALT group mean daia expressed as fold relative to Day -4 levels

ay Bay Bay Day ay Bay Day Day

siRNA Conjugate Dose
-4 6 13 26 27 34 41 4%
Positive control 36 rap/ky IRy i3 L9 2.1 2.2 2.4 27 34
siRNA conjugate | 100 mg/kg 1.0 1.7 2.7 33 3.6 37 3.2 4.5
12 mg/kg 1.0 3.9 t.6 2.4 20 26 2.3 3.2
SiRNA Comjugate 1§ 36 mg/kg 1.0 12 1.7 23 2.7 2.8 29 40
100 ma/kg 1.0 1.2 2.2 29 3.2 3.2 3.1 4.6
12 mgkg 10 10 L3 1.7 23 21 2.1 2.7
siRNA Conjugate 6 | 36 mgkg 1.0 1.6 1.8 2.0 2.0 2.4 2.3 2.6
100 mp/keg 1.0 0.9 1.5 L9 2.4 2.2 2.3 24

W

Table 5. Liver levels of siRNA conjugates

Total antisense strand levels group mean data

) Bay
siBNA Conjugate Dose

12 mglky 688
siBNA Conjugate 1 | 36 mglkg 1140

(00 mg/kg | 1574
12 mg/kg 604

siENA Conjugate 6 | 36 mglkg 1312

00 mg/kg | 2162

Resuits from testing siRNAs | and 6 conjugated to GalNAc ligands 5iRNA Conjugate
I and 5iRNA Conjugate 6, respectively) are presented in Tables 3, 4 and 5. siRNA conjugate 6
10 contaiming a single UNA modification at antisense strand position 6 induced lower levels of
hALT or total ALT when compared to animals administered siRNA conjugate lacking UNA
modification (siRNA 1 and positive controf siRNA). Similar levels of siRNA conjugates 1 and
6 were measwred in the hivers of treated animals, suggesting that the observed differences in the

levels of hALT or total AL'T were not atinibuted to differences in siRNA amounis present in
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the liver. These results demonstrate that UNA- modified siRNA conjugates (e.g., siRNA

conjugate 6) are able to mitigate siRNA-associated liver toxicity in a whole-body system.
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CLATMS
WHAT IS CLAIMETD IS:
I. A corgugate of Formula (1}
RLL-R?
)

or a salt thereof, wherein:
R'is a targeting ligand that comprises one or more saccharide groups;
L 1s an optional linker; and
R? is an siRNA meltecule that comprises at least one unlocked nucleic acid (UNA) of

the following formula:

wherain B 1s a nucleobase.

2. The conjugate or salt of claim 1, wherein R” is an siRNA molecule that comprises at

least two UNAs.

3 The conjugate or salt of claim 1, wherein R? is an siRNA molecule that comprises one

UNA.

4. The conjugate or salt of any one of claims 1-3, wherein R? is an siRNA molecule that

comprises a UNA at position 1, 2, 3, 4, 5, 6, 7, &, or 9 of the antisense strand.

5 The conjugate or salt of any one of claims 1-3, wherein R? is an siRNA molecule that

comprises a UNA at position 6 of the antisense strand.

6. The conjugate or salt of any one of claims 1-5, wherein B is an unnatural nucleobase.
7. The conjugate or salt of any one of claims 1-5, wherein B is a natural nucleobase.
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The conjugate or salt of any one of claims 1-5, wherein B is a nucleobase that

comprises a purine or a pyrimidine.

9. The conjugate or salt of any one of claims 1-5, wherein B is a nucleobase selected
Jug 3
fromu
i g
i | R1b i
HN " NH N7 TH TSN
"\N/ \ﬁ(h ‘\N/ lxb \N/&xb
H H H
o OH R
Riz/ﬂ\ NH 2N RY /L\\N
L, L, UL
ﬁ Xb ‘?\E_Er \'xb N \Xb
R1b R sz\ R
/\ - A S /5\\
//N- g {/N - |f = NG | ?J‘J
\ ‘ wJ\ & 2 \N/ N b
N \N’f/ \R3b g N'/ \RSb i RS
H B
P R RP Rz RP
‘ 3 |+ J\
/> Ry /C\E/\ an I
N’- Ji\ \ _L N P
\ﬁ N,f// ~gSb ﬁ/ N/;/ R ﬁ \N/A\Rab
o) 2
ib jLN
RN, /L\NHR“"" Nt NHR®
ff }(
R? N ey Rw’\N/
H and H
whergin:

R is selected from the group consisting of H. Me, F. CL, Br, I, OH, NH,. SH, OMe,

NGz, NHOH, NHOMe, NHNH,, C=0NH,, Ci-Cs alkvl, and 5- or 6-membered heteroaryl

R? is selected from the group consisting of F, OH, OMe, NH,, NHMe, C=0ONH, , (-

Cz alkyl, and 5~ or 6-membered heteroarvl;

R is selected from the group consisting of H, F, CI, Br. I, OH, §, NH2, SH, OMe,
NG, NHOH, NHOMe, NHNH;, C=0NH2, C;-Cg alkyl, and 5- or 6-membered heteroarvi;

R% is selected from the group consisting of H, NH, and €-Cs alkvl; and
Xbis NR™ O orS.
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10 The conjugate or salt of any one of claims 1-5, wherain B is selected from adenine {A),

cvtosine {C}, guanine (G} and wraci} (1)

11, The conjugate or salt of any one of claims 1-10, which is a compound of formula (i1):

(R,

_u{ﬁ -

(i)
wherein:
R'is atargeting ligand that comprises one or more saccharide groups:
L' is absent or a linking group;
L7 is absent or a linking group;
R? is an siRNA molecule that comprises at least one UNA of the following forpwla:

Fo 8
V7
‘}t{(,) OH

B is a nucleobase the ring A 1s absent, a 3-20 membered cycloalkyl, a 5-20 membered
arvl, a 5-20 membered heteroaryi, or a 3-20 membered heterocycloalkyl;

ring A is absent, a 3-20 membered cycloatkyl, a 5-20 membered arvi, a 5-20 membered
heteroaryl, or a 3-20 membered heterocycloalkyl:

each R* is independently selected from the group consisting of hydrogen, hvdroxy, UN,
F, CL, Br, I, -Cy1.2 alky1-ORE, g alkvl Crae alkenyl, and Caop alkynvl; wherein the Cro alkyl
Craoalkenyl, and Caoo alkynyl are optionally substituied with one or more groups
independently selected from halo, hydroxy, and €13 alkoxy;

R®is hvdrogen, a protecting group. a covalent bond to a solid support, ora bond to a
linking group that is bound to a solid support; and

nisO. 1,2.3,4,5,6,7.8.9, or 10;

or a salt thereof.

i2. The conjugate or salt of claim 11, wherein R®is hydrogen
13 The corjugate or sait of claim 11, wherein R'is ~C(H)ip (L -saccharide)y,

wherein each L is independently a linking group;
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pis i, 2, or 3; and

saccharide is a monosaccharide or disaccharide.

14.  The conjugate or salt of claim 13, wherein each saccharide is:

Rﬂ) Rﬁ
R0 {o
X o
Y

wherein:

X is NR®, and Y is selected from -{C=0R*, -SO:R, and {(C=OINRR"; or X
is ~(C=0) and Y is NR®R®;

R¥is hydrogen or (C;-Cajalkyl;

R* R’ R® R’, R® and R’ are each independently selected from the group consisting of
hydrogen, (Ci-CUglalkyl, (Ci-Csthaloalkyl, (Ci-Calalkoxy and (Us-Usjeycloalkyl that is
optionally substituted with one or more groups independently selected from the group
consisting of halo, (C1-Cayalkvl, (Ci-Csdhaloalkyl, (Ci-Cyalkoxy and (Ci-Cohaloalkoxy;

RY is -OH., -NRPR” or - F; and

Ritis -OH, -NR®R® -F or 5 membered heterocycle that is optionally substituted with
one or mote groups independently selected from the group consisting of halo, hydroxyl,
carboxyl, amino, (Ci-Coalkyl, (Ci-Caphaloalkyl, (Ci-Coalkony and (Ci-Cohaloalkoxy;

or a salt thereof.

15, The conjugate or salt of claim 13 or 14, wherein each saccharide is selected from the

group consisting of

oH O HO OH HO oH HO }«{-‘OH
oH o HOm-{\;(:: HO 0 HOM@
Q : ) —y (O £ O
~ & N i~ & [T
JNH o Bni o — SNt ot F%—E-NH o—3
c o o

Fy
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16.  The conjugate or salt of any one of claims 13-15, wherein each saccharide is:
HO OH
HO o
oF
o Ml
\>~ —NH 04
N-Acetylgalactosamine (GalNAc) GalPro.

17.  The conjugate or salt of any one of claims 13-16, wherein each L’ is independently a

divalent, branched or unbranched, saturated or unsatwrated, hydrocarbon chain, having from 0
to 50 carbon atoms, wherein one or more {e.g. §, 2, 3, or 4) of the carbon atoms in the
hydrocarbon chain is optionally replaced by ~O-, -NRY- -NR*-C(=0)-, -C(=0)-NR*- or -§-,
and wherein R% is hydrogen or {(C;-Us)alkyl, and wherein the hydrocarbon chain, is optionally
substituled with one or more (e.g. 1, 2, 3, or 4) substituents selected from (Ci-Celalkoxy, {Ts-
Ceyevcloalkyl, (C1-Coyalkanoyl, {Ci-Cslalkanovloxy, (Ci-Celalkoxycarbonyl, (Ci-Csyalkylthio,
azido, cvano, nitro, halo, hvdroxy, oxo (=0), carboxy, aryl, aryloxy, hetercarvl, and

heteroarvioxy.

18, The conjugate or salt of any one of claims 13-16, wherein each L’ is independently a
divalent, branched or unbranched, saturated or unsaturated, hyvdrocarbon chain, having from 1
1o 20 carbon atoms, wherein one or more {e.g. 1, 2, 3, or 4) of the carbon atoms in the
hydrocarbon chain is optionally replaced by —0-, -NR*-, -NR*-C(=0)-, -C(=0}-NR*- or -§-,
and wherein R*is hydrogen or (C:1-Cealkyi, and wherein the hydrocarbon chain, is optionally
substituted with one or more {e.g. 1, 2, 3, or 4) substituents selected from {C-Celalkoxy, (Ca-
Cexeyeloatkyl, (Ci-Colalkanoyl, (Ci-Celalkanoyloxy, (Ci-Cealkoxycarbonyl, (Ci-Cs)atkvithio,
azido, cyano, nitro, halo, hvdroxy, oxo (=0), carboxy. arvl, aryloxy, heteroaryl, and

heteroaryioxy.

19 The comgugate or salt of any one of claims 13-18, wherein L’ is:
! .
o

or a salt thersof.
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20.  The conjugate or salt of any one of claims 1-19, wherein R! is:
Ho OH
S NN /‘\/O_}
HOA =20 e
NH HN
Ho OH o i
MG\/’\OA\/OWO/\VN §
NH 0
==
f& .
Ho Ot HN
-3
HO 1\\/0\«"\0/‘\/0\/\@)
MH

or & salt thereof
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21, The conjugate or salt of any one of claims 11-19, wherein L' and L2 are independently
a divalent, branched or unbranched, saturated or unsaturated, hvdrocarbon chain, having from
I to 50 carbon atoms, wherein one or more {e.g. |, 2, 3, or 4} of the carbon atoms in the
hydrocarbon chain is optionally replaced by —O-, -NR™-, -NR*-C{=0)-, -C{(=0-NR*- or -8-,
and wherein R* is hydrogen or {C1-Cs)alkyl. and wherein the hydrocarbon chain, is optionally
substituted with one or more {e.g. 1, 2, 3, or 4) substituents selected from (i-Csalkoxy, (Ca-
Celeycloatkyl, {Ci-Ceralkanovl, {Ci-Celalkanovioxy, (Ci-Cealkoxyvearbonyl, (C1-Celatkylthio,
azido, cyano, ntiro, halo, hvdroxy, oxo (=0), carboxy, arvl, arvloxy, heteroaryl, and

heteroaryloxy.

22. The conjugate or salt of any one of claims 11-19, wherein L! and L7 are independently
a divalent, branched or unbranched, saturated or unsaturated, hvdrocarbon chain, having from
I to 20 carbon atoms, wherein one or more {(2.g. 1, 2, 3, or 4) of the carbon atons in the
hydrocarbon chain is optionally replaced by ~O-, -NR*- -NRX-LC(=0)-, -C(=0)-NR*- or -§-,
and whergin R is hydrogen or (C;-Cealkyl, and wherein the hydrocarbon chain, is optionally
substituted with one or more {e.g. 1, 2, 3, or 4) substituenis selected from {Ci-Celalkoxy, (Cs-
Ceyeycloalkyl, (Ci-Cealkanoyl, (Ci-Cspalkanoyloxy, {C1-Celalkoxycarbonyl, (C1-Cspalkylthio,
azido, cvano, nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and

heteroarvioxy.

23, The conjugate or salt of any one of claims 11-19, wherein L! and L? are independently,
a divalent, branched or unbranched, saturated or unsaturated, hvdrocarbon chain, having from
I to 14 carbon atoms, wherein one or more {e.g. 1, 2. 3, or 4} of the carbon atoms in the
hydrocarbon chain is optionally replaced —0-, -NRX-, -NRXL{=0)-, -C(=0)}-NR"- or -8-, and
wherein R¥is hydrogen or {Ci-Cealkyi, and wherein the hydrocarbon chain, is optionally
substituted with one or more {e.g. 1, 2, 3, or 4) substituents selected from (C-Cealkoxy, (Ca-
Csieyeloatkvl, {(Cr-Colalkanovl, {Ci-Cejalkanoyioxy, (Ci-Cejatkoxyearbonyl, (Ci-Cejalkyithio,
azido, cyang, nitro, halo, hvdroxy, oxo (=0), carboxy, arvl, arvioxy, hetersaryl, and

heteroaryloxy.

24, The conjugate or salt of any one of claims 11-23, wherein L' is connected to R’ through
-NH-, -0-, -§-, -{(C=0)-, (C=0)-NH-, -NHAC=0}-, {C=0}-0-, -NH-(C=0)-NH-, or -NH-
(80n)-.
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25.  The conjugate or salt of any one of claims 11-24, wherein L7 is connected to R? through
-0-,
26.  The conjugaie or salt of any one of claims 11-23, wherein L! is selected from the group

consisting of

Q

' H o H <
' NG o AN Mé
3:)\\/” P e N S PNy s
T A f

0 G o
5 i !

9

o . @
Q\/\/\v/\f\r}? and “‘a)\”ﬁ\ﬂ/wwkg’\f
)

0

27 The conjugate or salt of any one of claims 11-24, wherein L* is -CH3-0- or —-CH3-CHo-

O-.

28.  The corgugate or salt of any one of claims 11-27, which is a compound formula (fla)

whersin:
RA

gach D is independently selected from the group consisting of —C™ and —N=;

or a salt thereof.

[
i
(98]



WO 2022/098990 PCT/US2021/058232

OH
P
NS
E L
Oz
Q'o Q'o

i P N
4
/\O 2 N
o~ ~~ N /\/\ 2
N Q'o I o o0? N oQ
=N ’\»}N
z
z
R? \a Q‘O’\/{ﬁ
HO™ S Q7
; f\,»;«N o
HN
z z
Q'o
XX
[/:\N‘ /E’\ oo @lo”
o0? ANz
z 0%
/{L\‘ and QIEOY : 2
QiO\/ \N‘)\vfﬁﬁz Sy E
whergin:
(! is hvdrogen and Q7 is R%: or Qlis R? and Q is hvdrogen: and
Zis~L-RY
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30.  The conjugate or salt of any one of claims 11-27, which is a compound formula (Iib):

Do -0
m(/WDCE@éD\ém
RI—1 {22
(Iib)
whergin:

RA
|

each mis independenﬂy lorZ.

31, The conjugale or salt of any one of claims 11-27, which is selected from the group

consisting of

(,OQQ 002 a'o.
S “Lr ™o
QO A )\ "L‘N m
Z
wherein:
(3} is hydrogen and Q7 is R%: or Q' is R® and ¢ is hydrogen; and
Zis-L-RY

and salts thereof

32, The conjugate or salt of any one of claims 11-27, which a compound formula (Ic):
®RY,
E\
L&___RQ
M E NX)nz
B
(e

whereirn:

E 8 ~O- or -CHz-;
n s selected from the group consisting of 0, 1, 2, 3, and 4; and
nl and n2 are each mdependently selected from the group consisting of 0, 1, 2, and 3;

or a salt thereof.
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33. The conjugate or salt of claim 32 that is selected from the group consisting of
R0
Y Clew 22 T
Vo Gl 22D )
) ! z z
MO, HO} HO— ~O-R2
N RE0 ““v( J
RE-0._ o "S/I N and >
Z Z 7

wherein: 7 is ~L'-R'; and salts thereof.

34, The conjugate or salt of any one of claims 11-19, wherein the ~A-L2-R? moiety is:

e el )
2
Abe o Aoa
kH,VQQ'E QTO\\‘\‘k
g

wherein:
Qlis hydrogen and Q7 is R% or Q' is R? and Q7 is hvdrogen; and

each q is independently 0, 1, 2,3, 4 or 3.

3S. The corjugate or salt of claim 1 that is selecied from the group consisting of
Ho OH o
i\v“‘o o O N
H(;&/T\\,rﬁ SO
N
O
Ho O
\\\L\,/c N
HO- 'O\ff\ﬁ/“\/g\/\@/ SN
N :
o:<
Ho OH
O g o
HQ&—“’TA”’ \\//\O"'A\v’ \AO"'/
NH
'
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Ho OH o
HO&/ \\/0 /\VDV/\ i 3
0‘_3/\ HN\:O

HO OH g . J/cm
Hc;X/—\\\/O\/\QNG\/\c/\v’ N\f/\ ----- $-N’h\/§\n/‘\f\/‘\/‘\)i\~f

=0
@ Of HN
O Sy
HO ‘Wc}\/’\af"\/c}\/"\ /
,NH
o=
and
Mo OH o
/0 ,O N
o ‘A‘/O/\v ~ O/V _\>
NH HN
o=( »=0
Ho OH S )
H
H(&/T\\vﬁv’ \o*f\/ﬁ\/\ NNT /J\/N\r \/‘\/’\/"\/\/U\
NH 4 H L
O O
) OH ©
HO HN
20Oy )
HOA A D g DS
NH

o

and salts thereof.
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36, The conjugate or salt of any one of claims 1-19, wherein R' is selected from the group

conststing of’

S e o
R . i RS
\NJJ\Y/\(\”/J\N/

RS
/I
HN
..... o
N H
H N /
RS g
Q
=3
HN\
RS RS RS
/ \
and Q st
H
O Q
- H H )__ Nils
" N,J\,NMJ;AYNVAN A r
o H H C
{ o}
o O
\ s RS
R
whereie
8] .
HO -1 \/O‘{\/\Q“:ﬁ\\fj&
NH Y e
.. o
R is A\

nis 2, 3, or 4; and

xislor2
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37.  The conjugate or salt of any one of claims 1-19, wherein L' is selected from the group
conststing of’

g 0O R e)

g O o O
H it it
# ) M ) > H, K i if
W N\,/\E \ ; ﬁ’lwﬁ 2% ‘v,l/"“t\,}:\fs *a,{’*(v};’o\é
s}

o] O O [8] O Q H
5‘5 \ 5 - " A
Aewhady Ay Ay~
G O 8] O

@ @ H o 0 o
:"5\“/\NW\NA\/N and EJLMH\N/\H)J\;
& H s H Yo H LTI
38. The conjugate or salt of any one of claims 1-19, wherein A is absent, phenvl,

pyrrolidiny], or eyclopentyl.

39, The conjugate or salt of any one of claims 1-19, wherein L’ is C14 alkylene-0- that is

optionally substituted with hydroxy.

40, The conjugate or salt of any one of clainms 1-19, wherein L7 is ~CH:20-, -CH2CH20-, or

CH{OH)HO-.

41, The cormjugate or salt of any one of claims 11-19, wherein each R™ is independently

hvdroxy or Cis alkyl that is optionally substituted with hydroxyl.

42 The conjugate or salt of any one of clainms 11-19, wherein each R is independenty

selected from the group consisting of hvdroxy, methyl and ~CHOH.
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43.  The conjugate or sall of any one of claims 11-19, that is a compound formula (Hg):
(ffA)n
e f 32
B/I
Iy
|
R.‘
(Ig)
wherein

Bis -N-or-CH-;

L% is Ci4 alkylene-C- that is optionally substituted with hydroxy} or halo; and
nis$, 1,23, 4 35 6 0r7;

or a salt thereof.

44, The conjugate or salt of claim 43, that is selected from the group consisting of:

RZ 0 RZ
NS 1 o Na
/ 2
0 R ji—*\‘ OH Q
*‘f 2
Q
Q
bod
et
S 2 NH H?}E‘&
O R
N i 4
! Q
Q

wherein Q is -L-RE and
R’ 15 Crgatkyl, Cogalkenyl or Thw alkynyl; wherein the Cioo alkyl, Cas alkenvl or Cos

alkynyl are optionally substituted with halo or hydroxyl.

45, The comjugate or salt of any one of claims 11-19, that is selecied from the group

consisting of:

OH O i o
s G2 oo~ omr? H
N " N R2-0 N
- H H
N i e T OH
Q a

180
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HO )
HOL ]y @ 1,2,3,4
x 0-R?
O
2of I
R0 G
% and
\:;./ E:J O__,R?.
a
wherein Q is ~-L!-R’.
46, The corgugate or salt of any one of claims 11-19, that is selecied from the group

consisting of'

P NHR' 0‘R2
o o “jf
NHR u\/ / E O AN,
BN JMJL J\,\, ox
NHR._ _J e}
o 4
O .O,V.C\’ g //\IQV\Q/‘\V‘/‘E’-
R= |
)
HO' NHAC
\‘gH 142
O G O

N N %o WN VNN o

H
‘ & -
HO"I\E/ "NHAG ]

OH 3 O
145 R
OH N ,
H N p-R
DO o
HO“'\;’ “NHAR

OH 150
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£ aOH OH
e
N et
R'= V7
?iN =
LI
o-R? ~TGR2
483 158

oH
H
N OMOA\VN\H/\ ~ lk, ,«&%LR, . 2 g‘a‘;}__g
HO/Y “NitA 0 N A oR w2

O 3 163 188
$ w0
é\’N/\VN 5
H z
173 a  O-R
GAs Q Q
\7/ - P }\VN PN N /&\/!‘} { /}/U\ . i /
O T N \l)(’\t s BTN oo
Aol “NHAc
DAc 3 OH
4178

TFA o
o
"g o) x< o i OH

\,,0 T ~ 11\ L N 10

,., N AN N \N /‘\/ \/ /‘\/
o \n/\/\wr 1
HO ‘NHAe AcHN
OH ' 3 178 | 3
OH OH

HO,, LVNHAE A-.VHN,,/C]\ o
0 Q’T\/O\A’\N J\/“M’J\N e \/}\0 O/Cj
OH
\ =0
182 { /f
n=3 x=1 o “
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SN ) My oo oM
HOT Y & T N
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Ho, Aoy~ Ou s g5,
e \/ ¢ o kﬁ' A{V);\n/ A
Hov -0 " M © © X'G\/,@ 7
z - n \)_.n
o AGHN 4 KO Tp AcHN,,\(\“J
H(}.,./3 \{ Htf; OH
" 209,n=3,x=1
HO R

O NH
i I e R
A
NY

o H !
_NH
28, n=2
om . L o1 229,023
Ao\j,ov(/\of\)vr\n 2 AcHN,, DH
n
HO “NHAG Cg \E’“‘(\«’G\«}’\o’ ¥
OH n o

184



WO 2022/098990

PCT/US2021/058232
NHAC H
HO,,. L~ N0
SRAADE
HOY ™ <N o] o)
H NE R H
~ Tane N\/\(\)ﬂ\ /\(\)Jj\ f
CH 7:: X (E:E) N /g ﬁ !10“{;\ O"'RZ
NHAC J HNTO T 7\]
HQO,, Ko NN Oy, iy Ny O
@ T E\MZ\( "oy o OH
HOTTY () © A
HO’; AcHN\ ok n achn=t,_|
HG:. b " 0 O
. —s 224, n=3,x=1
Ok
OH Ok
B AcHN,, H
HO,,,E/j:,NHAs: o o e / O
H i H
o 0O /é\ﬂf\ﬁ‘ﬁ*’@\’?’\o/\o
o TR OH
GH
RE
#¥,n=3

and



WO 2022/098990 PCT/US2021/058232

47 The conjugate or sait of any one of claims 1-19, which is a compound formula (1id):

nd
O
(11d)
wherein:
R4 s selected from:
o
NH ]
HO Q/\./Q\/’ s i
7o HN
HO Ay
O
Ho OH H
M / H
H{SK/«T‘\X/O\/\O/\\/G\,/\Q/‘\/ ng
NH S
Q
O
HE OH HN
M&/ﬁv’\ B
HO- O e
NH
Q=<
and
/
o=(
NH O
HO “-1'7\0/”\/0\«/\0/\/ N\
o HN’)
HO on
HO O
0
HC?S/”X;\:\-\/QVA\O/\”O\AQNN
NH
0:<
HO OH
\& -0
HON
NH
o:<

X%is Ca-10 alkylene;

n?is 0 or Liand
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R* is H, a protecting group, a covalent bond o a solid support, or a bond to a finking
group that is bound to a solid support

or a salt thereof

48, The compound or salt of claim 47, wherein RM s
/
O
BH O
HW\O/\V'G\/A\GW —>
9
HN
HO oH o
OH
OX N H
HO Q\/\O/\\/Q\/\Q”\f m/\ N~§»
:§ ©
%O
Mo OH HN
O
HC}%://TQ\/Q\/\C}NO\V/\Q./\
Klal
o:\(\
49. The compound or salt of claim 47, wherein R is:
o
NH o o
HOT\["T\(}A\/ \J/\O/\V/ B
G
HO {I)H
HO C}H
Ho OH
\i:},,,,s’.) O™ /\\/G\/’\
HOA T3 "0 O
/NH
o=
5¢.  The conjugate or salt of any one of claims 47-49, wherein X? is Csalkyiene.
51 The conjugate or salt of any one of clainms 47-49, wherein o is 0.

S2.  The conjugate or salt of any one of claims 47-49, wherein R*" is H.
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S3.  The conjugate or salt of any one of claims 47-49, wherein R*% is a covalent bond to a

solid support,

54, The conjugate or salt of any one of claims 47-49, wherein R' is a bond to a linking
group that 13 bound to a solid support, wherein the hnking group is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 2 to 15 carbon atoms,
wherein one or more {e.g. 1, 2, 3, or 4} of the carbon atoms is optionally replaced by (-0~} or (-
N{H)-), and wherein the chain s optionally substituted on carbon with one or more {e.g. 1, 2,
3, or 4) substituents selected from {Ci-Celalkoxy, {Cs-Celeyeloatkyl, (Ci-Colalkanoyl, (Ci-
Cealkanoyloxy, (C-Cslalkoxycarbonyl, ({-Cs)alkyithio, azido, cyane, nitro, halo, hvdroxy,

oxo (=0}, carboxy, arvl, arvioxy, heteroarvl, and hetercaryloxy.

55, The conjugate or salt of any one of claims 47-49, wherein R is a bond to a linking
group that is bound to a solid support, wherein the linking group is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 2 to 10 carbon atoms,
wherein one or more {e.g. 1, 2, 3, or 4} of the carbon atoms s optionally replaced by (-0-) or (-
N{H}-3, and wherein the chain is optionally substituted on carbon with one or more {e.g. 1, 2,
3, or 4} substituents selected from (Ci-Colalkoxy, (Cs-Celeveloalkyl, (C-Ceyalkanovl, (Cy-
Ceyalkanoyloxy, (Ci-Celalkoxycarbonyl, (Ci-Ceiatkyithio, azido, cvano, niiro, halo, hydroxy,

oxo (=0}, carboxy, aryl, aryloxy, heteroaryl, and heteroarvioxy.

56.  The conjugate or salt of any one of claims 47-49, wherein R** is a bond to a linking
group that is bound to a solid support, wherein the linking group

is -CEOYCHCHLC (O N(H)-.
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57 The compound or salt of any one of claims 1-10, which is a compound of formula (1i1):

wherein:
R!is atargeting ligand that comprises one or more saccharide groups;
L' is absent or a linking group:
L? is absent or a linking group;

ring B is divaleni and is selected {from the group consisting of:

E3 ] %""
HO R} R g-g=
N
b

/‘z{t i

o)

OH
|
) &*;\0 t REE“
N OH NV
A s

! I

N
X
&
-
1
-+
ot
5
Z 7
O
g T
Yon
1

3
(Y
NH
vu{m ®
i
. Q H %
3’10/" L\NNN\A Ho\/\g# ..... //\E :?z:.
o . e
Ao
HO Y1234 HQ ______ /@“§ N
b and
o &N . m ot .,
N e , oM
[
wherein:

gach R’ is independently Oy alkyvl, €y s alkenyl or Cag atkynvl; wherein the Uy alkyl,
Cor.g alkenvl or Cog alkyoyl are optionally substituted with halo or hvdrosyl

the valence marked with * is attached to L' or is attached to R if L is absent; and

the valence marked with *¥ is attached to L? or is attached to R? if 1.7 is absent;

or a salt thereof.
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58. The cornpound or salt of claim 57, wherein the targeting ligand R! comprises 2-§

saccharides.

59, The compound or salt of clairn 57, wherein the targeting Hgand R comprises 2-4

saccharides.

60. The compound or salt of claim 57, wherein the targeting ligand R! comprises 3-8

saccharides.
61. The compound or salt of claim 57, wherein the targeting ligand R' comprises 3-6
saccharides.

62. The compound or salt of claim 57, wherein the targeting Higand R! comprises 3 or 4

saccharides.
43, The compound or salt of claim 57, wherein the targeting Hgand R’ comprises 3
saccharides.
64, The compound or salt of claim 57, wherein the targeting ligand R' comprises 4
saccharides.
65.  The compound or salt of any one of claims 57-64, wherein R! has the following
formula:
sat::c;i‘tam;ie\\T‘,3
saccharidemT“f‘Bz\
'E'1
R
{ 5
saccharide\Ts\Bsx
/
TG
saccharide
wherein:
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B'is a trivalent group comprising about 1 to about 20 atoms and is covalently bonded
o LY TY and T2

B is a trivalent group comprising about 1 to about 20 atoms and is covalently bonded
to T, T, and T

B is a trivalent group corprising about 1 to about 20 atoms and is covalently bonded
to T2, T°, and T%;

T is absent or a linking group;

T? is absent or a linking group;

T is absent or a linking group;

T4 is absent or a linking group;

T is absent or a linking group; and

T is absent or a linking group.

66. The compound or salt of claim 65, wherein each saccharide is independently selected

from:

wherein:

X is NR?, and Y s selected from ~{C=0R", -SOyR3, and (C=0)NR*R’; or X
is «(C=0)- and Y 1s NR®R”;

R’ is hydrogen or (C1-Cadalkyl;

R* R, R®, R’ R® and R’ are each independently selected from the group consisting of
hydrogen, {Ci-Ceyalkyl, (Ci-Csihaloalkyl, (Ci-Ceiatkoxy and {Cs-Cejeycloalkyl that 15
optionally substituted with one or more groups independently selected from the group
consisting of halo, (Ci-Cyoalkyl, (Ci-Cathaloalkyl, (Ci-Caalkoxy and (C-Cohaloalkoxy,

R!%is -OH, -NR*¥R’ or - F; and

R''is -OH, -NR®*R’, -F or 5 membered heterocycle that is optionally substituted with
one or more groups independently selected from the group consisting of halo, hvdroxyl,

carboxyl, amino, (Ci-Caalkyl, (Ci-Cohaloalkyl, (Ci-Caatkoxy and (Ci-Chaloalkoxy.

67. The compound or salt of claim 63, wherein gach the saccharnide is independently

selected from the group consisting oft
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HD} ------ {—OH

i 2 3
P o

HG OH HO%_{*OH
o \

>‘~----N‘§-t o -3 Q>7N‘i o4

68 The compound or salt of claim 65, wherein each saccharide is independently:
HO (OH HO OH
20»2 » or HO o
S o,
>\-- NH 0 >—NH ot

69.  The compound or salt of any one of claims 65-58, wherein one of T* and T° is absent.

70, The compound or salt of any one of claims 65-58, wherein both T and T are absent.

71, The compound or salt of any one of claims 65-58, wherein each of T, T2, T, T%, T,
and T® is independently absent or a branched or unbranched, saturated or wnsaturated,
hydrocarbon chain, having from 1 to 30 carbon atoros, wherein one or more {e.g. 1, 2, 3, or 4)
of the carbon atoms in the hydrocarbon chain is optionally replaced by ~O-, -NR¥- -NR¥-
C(=0)-, -C(=0)-NRY- or 8-, and wherein R* is hydrogen or {{'1-C6)alkyl, and wherein the
hydrocarbon chain, is optionaily substituted with one or more {e.g. 1, 2, 3, or 4) substituenis
selected from (C1-Célalkoxy, (C3-Chicycloalkyl, (C1-Coyalkanovl, (Ci-Uhalkanoyloxy, (C1-
Coyalkoxvearbonyl, (C1-Célalkylthio, azido, cyano, nitro, hale, hyvdroxy, oxo (=0}, carboxy,

aryl, aryloxy, heterocaryl, and heteroaryloxy.

72.  The compound or salt of any one of claims 65-68, wherein each of T, T%, T, T, T°
and T° is independently absent or a branched or unbranched, saturated or unsaturated,
hydrocarbon chain, having from 1 o 20 carbon atoms, wherein one ormore {e.g. 1,2, 3, or 4)

of the carbon atoms in the hvdrocarbon chain is optionally replaced by ~0-, -NR*- -NR*-
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CEOY-, -C{=03-NRX- or -8-, and wherain RY is hydrogen or (C1-C6)alkyl, and wherein the
hydrocarbon chain, is optionally substituted with one or more{e.g 1, 2, 3, or 4} substituents
selected from {C1-Cojalkoxy, (C3-Co)eycloatkyl, (C1-Colalkanoyl, (Ci-Coalkanoyloxy, (C1-
Coyalkoxyearbonyl, (C1-Cojalkylthio, azido. cyano, nitro, halo, hydroxy, oxo (=0), carboxy,
aryl, aryloxy, heteroarvi, and heteroaryloxy.

73.  The compound or salt of any one of clains 65-68, wherein each of T/, T2, 17, T4, 15,
and T¢ is independently absent or a branched or unbranched, saturated or unsaturated,
hydrocarbon chain, having from 1 to 50 carbon atorns, ot a salt thereof, wherein one or more
{eg. 1,2, 3, ot 4) of the carbon atorms in the hydrocarbon chain is optionally replaced by -O-
or -NR¥- and whersin R” is hydrogen or (C1-Cealkyl, and wherein the hydrocarbon chain, is
optionally substituted with one or more (e.g. 1, 2, 3, or 4) substituents selected from halo,

hydroxy, and oxo (=0).

74.  The compound or salt of any one of claims 65-68, wherein each of T!, T2, T°, T*, T,
and T is independently absent ot a branched or unbranched, saturated or unsaturated,
hyvdrocarbon chain, having from 1 to 20 carbon atoms, wheremn one ormore {e.g. 1,2, 3, or 4)
of the carbon atoms in the hydrocarbon chain is optionally replaced by -0~ and wherein the
hydrocarbon chain, is optionally substitided with one or more (e.g. 1, 2, 3, or 4) substituents

selected from halo, hvdroxy, and oxo (=0).

75.  The compound or salt of any one of claims 65-68, wherein each of T!, T2, T*, T*, T,
and T° is independently absent or a branched or unbranched, saturated or unsaturated,
hydrocarbon chain, having from 1 to 20 carbon atoms, wherein one or more {e.g. 1, 2, 3, or 4}
of the carbon atoms in the hydrocarbon chain is optionally replaced by ~O- and wherein the
hydrocarbon chain, is optionally substituted with one or more (e.g. 1, 2, 3, or 4) substifuents

selected from halo, hvdroxy, and oxo (=0).

76, The compound or salt of any one of claims 65-68, wherein at feast one of T°, T, 15,

and T¢ is:
H
Hﬁ»”‘\/e'\L/\ Q.j;\/ N \‘3;;

wherein:

n=1, 2 3
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77.  The compound or salt of any one of claims 65-68, wherein each of TS, T, T°, and T% is

independently selected from the group consisting of

H
"‘w{'\\v'c}f/ '\Qj’:\/ N ~
wherein:
n=12 3
78.  The compound or salt of any one of claims 65-68, wherein at least one of T' and T% is

alyeine,

79.  The compound or salt of any one of claims 65-6%, wherein each of T! and T? is glvcine.

80, The compound or salt of any one of claims 65-79, wherein B is a trivalent group

comprising 1 to 15 atoms and is covalently bonded to LY, TY, and T2

81. The compound or salt of any one of claims 65-79, wherein B! is a trivalent group

comprising 1 to 10 atorns and is covalently bonded to LY, T', and %

82. The compound or salt of any one of claims 65-79, wherein B! comprises a (C1-Colalkyl.

83,  The compound or salt of any one of claims 65-79, wherein B! comprises a Ca.s

cyvcloalkyl
24. The compound or salt of any one of claims 65-79, wherein B! comprises a silvl group.
85, The compound or salt of any one of ¢laims 65-79, wherein B* comprises a D- or L-

amino acid.
86. The compound or saft of any one of claims 65-79, wherein B! comprises a saccharide.
87. The compound or salt of any one of claims 65-79, wherein B' comprises a phosphate

group.
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88. The compound or salt of any one of claims 65-79, wherein B! comprises a phosphonate
aroup.

89.  The compound or salt of any one of claims 65-79, wherein B' comprises an arvi.

90, The compound or salt of any one of claims 65-79, wherein B! comprises a phenyl ring.
a1. The compound or salt of any one of claims 65-79, wherein B! is a phenyl ring.

92, The compound or salt of any one of claims 65-79, wherein B is CH.

93. The compound or salt of any one of clatms 65-79, wherein B' comprises a heteroaryl,

94,  The compound or salt of any one of claims 65-79, wherein B is:

&)
and % /\/\H}‘l
HN}S{J G
85, The compound or salt of any one of claims 65-94, wherein B? is a trivalent group

comprising 1 to 13 atoms and is covalently bonded to LY, 7', and T2,

96. The compound or salt of any one of claims 65-94, wherein B is a trivalent group

comprising 1 to 10 atoms and is covalenily bonded to L', T!, and T2

a7. The compound or salt of any one of claims 65-94, wherein B? comprises a (Ci-Celatkyl,
98 The cormpound or salt of any one of claims 65-94, wherein B? comprises a (s
cycloalkyl

99, The compound or salt of any one of claims 65-94, wherein B comprises a silyl group.
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100.  The compound or salt of any one of claims 65-94, wherein B? comprises a D- or L-

aming acid.

101, The compound or salt of any one of claims 65-94, wherein B comprises a saccharide.

102, The compound or salt of any one of claims 65-94, wherein B® comprises a phosphate

2roup.

103.  The compound or salt of any one of claims 65-94, wherein B comprises a phosphonate

croup.

104, The compound or salt of any one of claims 65-94, wherein B? comprises an arvl.

105, The compound or salt of any one of claims 65-94, wherein B? comprises a phenyl ring.

106, The compound or salt of any one of clairs 65-94, wherein B” is a phenyl ring.

107 The compound or salt of any one of claims 65-94, wherein B? is CH.

08 The compound or salt of any one of claims 65-94, wherein B? comprises a heteroaryl.
108, Th d i of any {cl 65-94, wh B? heteroaryl

109, The compound or salt of any one of claims 65-94, wherein B? is selected from the

group consisting off

O
) 0
¢ i 0 o o
% i R ta | N E,L\/\/ﬂ\éjs and ??z.J\(v\ﬂ:“?—
S L = HN. O
NH g #
o H

110, The compound or salt of any one of claims 65-109, wherein B? is a trivalent group

comprising 1 to 15 atoms and is covalenily bonded to LY, T! and T2

i11. The compound or salt of any one of claims 65-109, wherein B is a trivalent group

comprising 1 to 10 atoms and is covalently bonded to LY, T!, and T2
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112, The compound or salt of any one of claims 65-109, wherein B’ comprises a (Ci-

Ceralkyl.

113, The compound or salt of any one of claims 65-109, wherein B comprises a Cs.

cycloalkyl

114, The compound or salt of any one of claims 65-109, wherein B comprises a silyi group.

115, The compound or salt of any one of claims 65-109, wherein B? comprises a 13- or L-

amino acid.

116, The compound or salt of any one of claims 65-109, wherein B comprises a saccharide.

117. The compound or salt of any one of claims 65-109, wherein B> comprises a phosphate

aroup.

118 The compound or salt of any one of claims 65-109, wherein B comprises a

phosphonate group.

119, The compound or salt of any one of claims 65-109, wherein B’ comprises an arvl.

120.  The compound or salt of any one of claims 65-109, wherein B comprises a phenyl

ring.

121, The compound or salt of any one of claims 65-109, wherein B” is a phenyl ring.

122, The compound or salt of any one of claims 65-109, wherein B® is CH.

123, The compound or salt of any one of clairns 65-109, wherein B® comprises a heteroaryl.
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124, The compound or salt of any one of claims 65-109, wherein B? is selected from the

group consisting of

o 0 o O o

/U\‘/ i Q O
‘\f/ Hﬁ%ﬁ HN;:S’ o
ok HN 3

125.  The compound or salt of any one of claims 65-124, wherein L' and L7 are
independently a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon
chain, having from 1 to 50 carbon atoms, wherein one or more {e.g. 1, 2, 3, or 4) of the carbon
atoms in the hydrocarbon chain is optionally replaced by ~O-, -NR*- -NR*-C(=0)-, -C(=0)-
NR¥. or -§-, and wherein R¥ is hydrogen or (C1-C6)alkyl, and wherein the hydrocarbon
chain, 1s optionally substituted with one or more substituents selected from (C1-Célalkoxy,
{(C3-Coeycloalkyl, {C1-Coalkanovl, (C1-Célalkanoyioxy, (C1-C6lalkoxycarbonyl, (CI-
Coyalkylthio, azido. cvano, nttro. halo, hydroxy, oxo (=0), carboxy, aryl, arvioxy, heteroarvl,

and heteroaryioxy.

126,  The compound or salt of any one of claims 65-124, wherein L' is selected from the
group consisting of!
o o

o o o o
R R N A
Q

or a salt thereof.

127 The compound or salt of any one of clainms 65-124, wherein L! is connected to B!
through a linkage selected from the group consisting of! ~0-, -8~ -(C=0)-, -(C=0)-NH-, -NH-
(C=0), {C=03-0- -NH-{C=0}-NH-, or ~-NH-(8O2)~.
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128, The compound or salt of any one of claims 65-124, wherein L' is selected from the

group consisting of

H O O E:B 8] (eI o} Q Q
ﬁnj\/\g%& Pt Yy Py

Y 140

g ¢ o O
i~ J\L\,j s ; i, M ;s
R i SO Oy Fhyt '
Q

g 3
\n, \,)iJ\H N ? ;‘\/‘ N/\f\)’;}\H /\(./)Kf ‘,{MN%{

O 10 M

129, The compound or salt of any one of claims 65-128, wherein L” is connected to R?

through -0-.

130.  The compound or salt of any one of claims 65-128, wherein L is .4 alkylene-O- that

is optionally substituted with hydroxy.
131, The compound or salt of any one of claims 65-128, L” is connected to R” through -0O-.
132, The compound or salt of any one of claims 65-128, wherein L is absent.

133, The compound or salt of claim 1 that is selected from the group consisting of:

NHA
)Yo\é,\ /\}\/N\ 0 SO-RE
Ho" 0 g - o & E
H\OH Qﬁx’ " '
NHAG r’NH

HOQ,, /i\}’ ,ﬁ\év o '\fi
o} n

HoY
s AHN 4 O
HOs. ‘g
Rt
HO .;“‘OH
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NHAS b
HO,, i\(ﬂwf(\g,/«}n/wjéo o OH
1
o P "'N)K, -
z o ?\X H e S ?2 O_RZE
SN > ~
W A & 0
NHAG jf HNTYO T
HO,, o [ N/
/v\(, V’\a ﬁ'/A‘Mf\Tr \,("\ 1
1 o n NH D 0o OH
HO\\ \\:/’ 0/'\3-/ Jn ‘Gﬁ,.‘\»’l
i AGH&JO_NL(\ n Aot |
\ s oM
HO: L fe 8i,n=2,x=1 HO
Ho' 7 194, n=3,x=1
o 197, n=4,x=1
OH 208, n=3x=2
NHAS "
HO,:,' O Lo~ N 0
i\g oy T i o
HOY S SN o
BN Oxse RN, NP N.
W S ) { o
NHAG « S ~C
HO, o ; O A N
. o X I OH
RN NH o ) o
HOY ™ Ao ) \0/\\3-/ f N
oo {\,OJ( 4 acrn=\_J
HO \ i OH
o) HG
et 208, n=3,x=1
HO ;“OH 208, n=4 x=1
NHAG .
Ho,,;l_)\:/c;\&/\ Q,«}S,Nfa o
o O s "’N’JJ\.
1 & ﬁx HoA E P! m
~, ., .
> T:: . \gﬂf iR T>'\
NHAC 4 HNTTO T wo' Y o-RE
HO:, I/L{o\(\ o~ ij o LA
R n NH O Sy ! DH
MO H E O/,.lr/ . >/O ot
o’ ACHN o i n ACHN™ ]
o ug o
.~ 208, n=3,x=1
HO' ":\DH
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NHAC " \ OH
HO, o o~ UN_O
YT e g 3)%
i ! ey 2
HOY G Gy e NT]/’\N/UM/\-(N\ O-R
Ovj o o "o
oM
NHAC A Ny H
HO, NP o ) N
. V/\OT t\T/\(\/}V\\ﬂ/ \1(\ a
n X Q OA
ALO NH o ThC ¢
HOW ™y o n \//07‘“/
o PerN 0k n )
HOw 292,n=5,x=1 Y B
A 298, n=4,x=1
HO' o
OH o OH
OTO\Ve\D/\)\/N\iO o AcHN,, OH
it
HO™ ™y NHAC & ’lLN”\(\/D\f oo
| H n
OH I/j% on OH
O NH k.J
e ,R?‘
A Ao
H Y
7
QY G
NH
248, n=2
OH H H o OH #e=3
0.0 ,{/\O»}MN\H/ P AcHN,, OH
, n /
HO®T Y NHAG o7 ﬁ”\\/g‘v}’\o’ o
OH OH
NHAG
HO:, SNIAN Q/\)\/N\(O
oY
4 FX i )
OH \ /9 \ wi‘\é _O-R?
L
NHAG H ]{\1
HO,, G Ok
e Y“f\”’\fr oy
RN ] -G oH
HOY ™ . \\T/ \rov 7
Ho” ACHi | N X AckN
. : OH
MO \0 HE
R 224 n=38,x=1
HO :\OH
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HG,,, f'\\r‘NHAG o o AGHN,;,[\ OH
. i ’ i o)
i\“ D'/\O/Wa\%;\ﬁ/ . ﬁx‘«{\/ \4\’\0/ o

P
oH \\\(! " oH
JNH OH
O N ] i
i R Rz
N*J“k/f N
o ot 7;\5‘/
ot . ©
HO,, A~ .NHAC BN
(\»‘ . o ﬁ 23, n=3
o’i\o/\iv’ﬁ\%;\ N \IT/
OH H P AcHN,,

o7 b 0\*”\0
E'i
and

and salts thereof.

134, The compound or salt of claim 1 that is

HO C’H

H o H .
HE;\/T\\\/O\/\ NI s /‘VNMN’H\/N : o E Pﬁ?
o ' -

O
=\ -

Ho OH o HN 233
HO —;;\-\&/O\/f/\\(},‘/\\\'/a\//\\
N

=
[+

) of
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R2

"ol
I BN s
HO ‘/‘\3\/@ N \,/\0"\/ >
HN G-R?
o:( ﬁo
HO DH N B o o F

H H {
H(;\v—\\\/ ~ O’\’G\/“O’\V/NWvN’k’N\éJ{A{\% N OH

H i T H
Q
am’\ <
F=0

HO OH o HN
SN ¥
H&‘mvcvf\of\v’c\,f\o_dl 535
—y
O
AN

or a salt thereof.

]
<
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135,  The compound or salt of claim 1 that is

NHAG
HOY ol \chmsc {cis)
z O RZ
o \ﬂ/\{v}’”\{/
NHAC
HQ,, OV”\ \‘('/:\
P o0 O
. NH o o
0 v W
> AcHN \}(\0 n 7
HO {O ACHN™N__,
N = @H
HO < n=2,x=1 HO
ot
HO *on

or a salt thereof.

136.  The compound or salt of claim 1 that is

NHAC
Ho™ O racemic {(cis)

SRR AL o m/m o

HOY ™ © - N?H
Hg; AcHN O\j( O ACHN /7
HO 0O n=2x=1 HG on
7
HO : o,

or a salt thereof.
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137.  The compound or salt of claim 1 that is

NHAC
O, O g ,/QV,N
R
HOY ™ vf
B s}
oM ,
NHAC ~NH

or a salt thereof.

138, The coropound or salt of clatm | that is

NHAG
HO H/@\j/\ /\}\/
O
O o) &:ﬁmmm {cis)
X H 2
0, f - N O-R
o 2 “(v}”\p’
NHAC j
HO Jo)
‘ﬁ/\o; M /\{/ o
o
Y,

~~0
AcHN O\K ACHN“}

n=2, X=

‘OH

or a salt thereof,
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The compound or salt of claim 1 that 15

NHAC
MO, &/O\V(AO/*/N\{/ 0
HO“'L_{Q g
:\DH O
NHAC NH
HO,, GMOT(
O

HOY ™ o
wor AN ol Ve

or a salt thereof.

140, The compound or salt of claira 1 that s

NHAC

HO,,, /%/0 \,(/\Q /\7\/ \?\ racemic {cis}
5 o} I P ﬁ/ M

or a salt thereof.
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141, The compound or salt of claim 1 that is

NHA¢
oo
0 H

HOY

OH
HO,, '

acemic {cis)

§ ﬁk f:%cuﬁz
/\\\\T/NT/\ﬁ ¢ WN
= 'y s

NHAG ;NH HN
HO,,: [f:g@*é/“a ] LM/\[( \f"\ ,)2\/@ ohs

- N
"o _F AcHN Qfo ACHN {)
HO“I%\(; 3
s

n=dx=1 A oBe

or a salt thereof.
142, The compound or salt of claim 1 thatis

OH OH

O 0\/{/\0/9\‘, AcHN,, O
HO “NHAG N v \/)/\a o

OH OH

racamic {cis}

Oﬂw%

™

OH

ENPLAPN Q,\}v AGHNI
1
HO “NHAC o Q/J’\E’”\VGQ[’\O Tj

OH

or a sait thersof.
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143, The compound or salt of claim 1 that is
OH » OH
o O\/g\ofﬁ\/w\(p 0 AcHN,, OH
H(i “'NHAS B 8 e
OH jooH o " OH

o NHO j(; racemic (cis)
. R?
IN/&\LV N\)f\ o

G O
N
/ n=3
OH OH
H
O ﬁ\/e\ﬁ/\}\/N (®]
n
HO “NHAC
O OH
or a salt thereof.
144,  The compound or salt of claam 1 that is
NHAG b
HO,, )\(O\(/\O/\}E/N oy
o O 0
: o H N /\{\)ﬂ\ Y ,
“oH T N/\f\’fLN o
X H oY 0 “R2
NHA N o 9 /

HO SO /\'I/ o , H /\Q racemic {cis)
s ,i\'/ \g\/"\OJ M \'{"\ OH
‘1\/0 n NHOOC O OTX-0

HO\ v /ﬁ\/ n \,,/O ‘m/

ZOAGHN 4 O iy ,{,7
HO - n=3x=1 AHNTNA,
HO1. b HS OH
HO
~0H

or a salt thereof.

145.  The compound or salt of claim 1 that is

b
st
(¢4
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OH
HO,, /\/ENHAG AcHN,,
E | :
o 0\’}/\3\5 N ﬁ’““e\f{)\«?’\o ©
i n
OH
racermic {cis)
R2
OH o
HO, A_oNHAC
\‘ AQ/\{\/O\’}/\ e l NY O
i ~ 0 Ao, L ow
0"“@%0\%\@’@
n OH
or a4 salt thereof.
146.  The compound or salt of claim 1 that 1s
OH
HO, /\/ENHAC AcHN,,
L \ Lo [
(o L T S A M
noH n
OH
NH OH
0 Né;\é[/ F, racemic {cis}
N 5, N RZ
M 7
OH o "o
HO,,, - NHAC HN
fv O H | n=3

k ’\0’\%/0\/)”\55 | N\n/' oH
SH S O A, A_oH

' )
OAN»\{\/O\,{'\O 0)\
H n O

or a salt thereof.

0o

o

G
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147.  The compound or salt of claim 1 that is

OH OH
H{)\/\/\ENHAC AcHN OH
(’ 0 0’“(\/’0\«%’\;)}\/ ”U\ /\VQ\%”\QI;\K

N OH
OH

NH
NH\H P J
;&/\RZ

OH Og

HO UNHAC M
4 G ﬁ J n=3
o o O o d ot
OH H O AcHN OH
: I
o Vel N 3
. n OH

or a salt thereof
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148. The compound or salt of claim 11 that is 2 compound of formula:

OH
HO:,, [:\,NHAc Ot
A )
N OAQ”{VQ\/J’;\N :
OH H OH

or a salt thereof.
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149, The compound or salt of claim 11 that is 2 compound of formula:

OH
e @NHA@
o "o”‘@/a‘v}é\ﬁ
OH
NH
o NG
gJLM
7
OH ©
HO,,;[TNHAC o HN
H
: N
o 0‘/\(»’9\’};‘;\5 s TH OH
OH H £ 0 AcHN, OH

or a salt thereof.
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150. A compound or salt of claim 65 that is a compound of formuda (Hia}:
OH

OH
HO,, (INHAG o o ACHN,, LY‘GH

. / \ P P
o i S R N e \
2 H I H 2
OH % OH

OH
HO.,, EE\V,NHAC
RN oH

OH ACHN,, A OH

OH
or a sait thereof.

151, The compound or salt of claim 50, wherein L' and L? are independently a divalent,
branched or unbranched, saturated or unsaturated, hvdrocarbon chain, having from 1 to 50
carbon atoms, wherein one or more {e.g. 1, 2, 3, or 4) of the carbon atoms in the hydrocarbon
chain is optionally replaced by —0-, -NR*-, NRX-C(=0)-, -C(=0}-NR*- or -§-, and wherein
R*is hydrogen or {C1-C6alkyl, and wherein the hydrocarbon chain, is optionally substituted
with one or more substituents selected from (C1-Céjalkoxy, (U3-Coeveloalkyl, (C1-
Coyalkanoyl, (C1-Colalkanoyioxy, (C1-Céalkoxyearbonyvi, {C1-Coalkylthio, azido, cyano,
nitro, halo, hydroxy, oxo (=0), carboxy, arvl, aryvloxy, hetercaryl, and heteroaryloxy.

v

152, The compound or salt of ¢claim 50, wherein L is selected from the group consisting of*

o o g o o ?L\
Y Y ALY

or a salt thereof

153.  The compound or salt of claim 50, wherein L' is connected to B' through a linkage
selected from the group consisting oft -0~ -8+, {C=0})-, «(C=0)-NH-, -NHA{C=0), (=0}-0-
, ~NH-{C=0)-NH-, or -NH~-(SO»)-.

V]
ot
(98]
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154, The compound or salt of claim 50, wherein wherein L' is selected from the group

consisting of:

y m o lOL o] o] 8] Q
SN T VR W S 4 SR
‘S{g ~ E:“.; ™Y Te g i v:;a Y \/)j:\éf
o o o o© 6 9
) oI e H
P N A~ A
{ Ej\{\%ﬁ\f g\“/\ﬁ/ f‘);::\f és;w/’\ﬂ . ﬁ/‘\/ ﬁ
0 o o ' °
LU 0 EN % QPN GEFVIINS A U §
. 4 AN EN g o Jtﬁf an LL(\%'LL
\f[:)r\ﬁ e Z/ & ﬂ/\(\/}w ﬁw’)ﬁ; A 19 ﬁ/\%"}:‘) ‘é-

155.  The compound or sait of claim 50, wherein wherein L? is connected to R? through -O-.

156,  The compound or salt of clatm 50, wherein L2 15 Ci- alkylene-O- that is optionally

substituted with hydroxy.
157 The compound or salt of clairn 50, wherein wherein L7 is absent.

158.  The compound or salt of claim 1 that is
OH

OH
HEO, /TINHAQ AcHMN,, OH
‘ o L
; ~o O’A\(\/O‘V}’:\N : N/\{\’ \”;’V\O o
24+ H 2
B Q
OH

OH H
NH
OXNE{;\(@/ | {racemic {cis
! 2
N R
I Y
o Y °

HO,, NHAC HN
5*" o 0’“\(»/0\/};\{@ N OH

OH

or a salt thereof.
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159, The compound or salt of claim 1 that is

on OH
HO,, /INHAC ACHN,, OH
%\ a/“\&«@\«}’\;\;/j\/\ﬁ N/\(\”O\’y\a 0/\7
OH
Nt OH
,N@g ~ racernic {cis}
N LM’\H’&‘ "
. o H 74

HO;, E\INHA{:
N o0 \*)’\N | \
P AcHN,,
N/\@/G\/*’\o

or a salt thersof
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160.  The compound or salt of claim 1 that is

O OH
HO NHAG o o AsHN.___OH
o/\a/\(\/ﬁ\f}‘gﬁ AN O\J’;‘o/\c
OH x OH
OH

HO NHAC ° HN
. H |
QAQ/\{V/G\,%’;N /\j/ OH
OH H /j\/ 0 AcHNI’\/QH
0% N ”\fw"c\«%’;o o

or a salt thereof,

161,  The compound or salt of any one of claims I and 11-160, wherein R? is an siRNA that

comprises SEQIDNG: 2,3, 4,5,6,7, 8, 10, or 1 as the antisense strand.

162, The compound or salt of any one of claims T and 11-160, wherein R” is an siRNA that

comprises SEQ I3 NG: 6 or 7 as the antisense strand.

163.  The compound or salt of any one of claims 1 and 11-160, wherein R* is an siRNA

selected from any one of SiIRNA 2.9,
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164, The compound:

OH OH

HG,, (/"\ijHAc AcHNﬁ\i}H
'
"o 0/\{‘\'/‘0\’}/2\“ /’\/U\ ’\(\/ O\’}A‘Q o
OH OH
NH OH
Q\ P Nm \ racemic {sis)
0

[ rNHAc HM
H
a b \'}/\N E/‘\\\\I/N\TH
A0 AcHN,

- N"’\Q\/O‘v};‘c}‘

k

or a salt thersof, wherein R? is is an siRNA that comprises SEQ TINO: 2, 3,4, 5,6, 7, 8, 10,

or 11 as the antisense strand.
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165, The compound:

iRNA § (SEQ ID NC:1 and §)

/ M

Sense strand, 3" end

Antisense strand, §' end

OH OH
HO, ,S\ENHAC o o achn,, L_on
S 1l S \NJ F lLNf\{\/G\’}/ ™o \o’f\,
gim 2 H . H 2 i
OH

N
J OH

NH

£ .
Qo NH \'/ racemic (ois)
T oo | [ —— “*~0~—F;‘=O
BN L
o /r NN
OH ‘\\l/ O

/4

HOC,, NHAC HN
Cx P
N 0‘/\{\/0\,}\"'\&‘)&/\ /N\[(" OH
! 3 2y
O j/ o AcHN,-,L/i O
o7 ﬁ’wo\ﬁz\ﬁ OI‘j

or a salt thereof.
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166.  The compound:

iRNA § (SEQ ID NC:1 and 7)

/ M

Sense strand, 3" end

Antisense strand, §' end

OH [¢y]

HO. A~ JNHAS achn,, L_on
L S
! § 1
i o O’/\(\/a\’;}/\b&’ﬂ N”\%\/O\Vf\o o
2 i i 2 =
- oH

/4

OH J OH
NH
o Nt T
T 00 I
N'J‘Lfv‘r N o
/r H ’;\W
O5y

racemic {(ois)

OH

HOC,, NHAC HN
SN L
o - Py PSP 2N T PLE g
o e }; ﬁjj\/j g OH
O j/ O AcHNi:Ei OH
o7 ﬁ’“&«‘o\ﬁ‘”\s' OI‘j
2 OH

or a salt thereof.

167. A pharmaceutical composition comprising a compound as described in any one of
claims 1-166 or a pharmaceutically acceptable salt thereof, and a pharmaceutically accepiable

carrier.

[68. A method to deliver an siRNA to the liver of an anumal comprising adrinistering a
compound as described in any one of clasms 1-166 or a pharmaceutically acceptable salt

thereof to the animal.

169, A method to treat a hepatitis B viral infection in a human comprising adnunistering an
effective amount of a compound as described in any one of claims 1-166 or a pharmaceutically

acceptable salt thereof to the human.

170.  The method of claim 169, wherein the compound or salt thereof is administered

subcutaneousky.
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171 The method of any one of claims 168-170, wherein the compound or a salt thereof is

admynistered 10 combination with another therapeutic agent,
172, A siRNA molecule that comprises at least one unlocked nucleic acid (UNA) thai is any
one of the siRNA from Table A that comprises a replacement of a nucleotide with a UNA, e.g.,

in the antisense strand. e.g., at position{s) 5 and or 6 of the antisense strand.

173, A siRNA molecule selected from any one of siRNA 2-9,

220



