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THERAPEUTIC METHODS
CROSS-REFERENCE TO RELATED APPLICATION(S)

This patent application claims the benefit of priority of U.S. application serial No.

62/755,196, filed November 02, 2018, which application is herein incorporated by reference.
BACKGROUND

Targeted nucleic acid conjugates are effective drug delivery systems for biclogically
active nuckerc acids (see WOZGTT/177326) Drugs based on nucleic acids, which include large
nucieic acid molecules such as, e g, in vitro transcribed messenger RNA {(mRNAY as weil as
srualler polynucleotides that interact with g messenger RNA or a gene, have to be delivered to
the proper cellular compartment in order to be effective.

For example, double-stranded nucieic acids such as double-stranded RNA molecules
(dsBMNA}, including, &g, siRNAs, suffer from their physico-chemical properties that render
themn impermeable to cells. Upon delivery into the proper compartraent, siBNAs block gene
expression through a highly conserved regulatory mechamsm kuown as RNA wterference
{RMAL). Typically, siRNAs are large in size with a minlecular weight ranging from 12-17 kDa
and are ighly amionic due to thewr phosphate backbone with up to 30 negative charges. In
addition, the two complementary KNA strands result in a rigid helix. These features contribute
o3 the siIRNA' poor "drug-like” properiies. When adnunistered intravencusly, the siRMA 18
rapidly excreted from the body with a typical half-life in the range of only 10 minutes.
Addionally, siRNAs are rapidly degraded by nucleases present in blood and other fluids or in
tissues, and have been shown to stimulate strong tmmune responses o vitro and in vivo. See,
2.g., Robbins et al |, Gligonuciectides 19:89-102, 2009 mBNA molecules suffer from sinviar
issues of impermeabibity, fraglity, and tmmunogenicity,

By introduction of appropriate chemical modifications, stabulity towards nucieases can
be increased and at the same time mroune stimulation can be suppressed. Conjugation of
certain Haands 10 sitBRNAs can fmprove the pharmacokinetic characteristics of the double-
stranded RMA molecule. It has been demonstrated that cortain small molecule siIRMNA
conjugates are efficacious in a specific down regulation of a gene expressed in hepatocyies of
rodents. However, in arder to elicit the desired biclogic effect, g large dose 18 needed. See
Soutschek et al, Nature 432, 173173, 2004,

Drespites previcus efforts, improved methods for delivering nucletc acids info cells are
needed. For example, there 1s a need for methods that improve the poteocy, reduce the
required dose, and/or reduce the dosing frequency. Methods for and formulations that can be

used to deliver nucletc acids subcutaneous are also needed.
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BRIEF SUMMARY

In one embodiment the invention provides a method for delivering a nucleic acid to a
cell comprising contacting the cell with, 1) a membrane-destabilizing polymer; and 2) a nucleic
acid conjugate of Formula (X):

A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid.

In one embodiment the invention provides a methed for delivering a nucigic acid to the
cytosol of a target cell within a subject, the method comprising. administering to the subject
{a} a membrane-destabilizing polymer, and (b} a nucleic acid conjugate of Formula (X):

A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid, wherein the
nuciete acid 1 delivered to the ovtoaol of the target cell

In one embodiment the invention provides a method comprising administering to an

animal, 1) a membrane-destabilizing polymer; and 2) a nucleic acid conjugate of Formula (X):
A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid.

In one embodiment the invention provides & composition comprising: &) a
pharmacentically acceptable carrier, by a wembrane-destabilizing polymier; and ¢) a nucleic
acid conjugate of Formula (X):

A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid. In one
embodiment the composition is formulated for adnunistration by injection. In one embodiment
the composition 13 formoulated for adnunisiration by subcutaneous iyection,

In one embodiment the invention provides a method for treating a disease characterized
by overexpression of a polypeptide, comprising administering to an animal having the disease
a therapeutically effective amount of (a) a membrane-destabilizing polymer; and b) a nucleic
acid conjugate of Formula (X):

A-B-C
X)
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wherein A is a targeting ligand, B is an optional linker, and C is an siRNA that targets
expression of the overexpressed polypeptide.

In one embodiment the invention provides a method to deliver an siRNA to the liver of
an animal, comprising administering to the animal, (a) a membrane-destabilizing polymer that
comprises a targeting moiety (T°) selected to promote hepatocyte-specific delivery of the
polymer; and b) a nucleic acid conjugate of Formula (X):

A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is the siRNA.

In one embodiment the invention provides a method to treat a hepatitis B viral infection
in an animal, comprising administering to the animal: (a) a membrane-destabilizing polyrer,
comprising a targeting moiety (T"} selected to promote hepatocyte-specific delivery of the
polymer, and (b) a nucleic acid conjugate of formula (X):

A-B-C
X)
wherein A is a targeting ligand selected to promote hepatocyte-specific delivery of the
conjugate, B is an optional linker, and C is an siRNA that is effective to treat the hepatitis B
viral infection.

In one embodiment the invention provides a kit comprising: 1) a membrane-

destabiliziog polymer; 2) a nucleic acid conjugate of Formula (X):
A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid; and 3)
instructions for delivering a nucleic acid to a cell comprising contacting the cell with the
nucleic acid conjugate and the membrans-destabilizing polymer.

In one embodiment the invention provides a kit comprising: 1) a membrane-

destabilizing polymer; 2) a nucleic acid conjugate of Formula (X):
A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid; and 3)
instructions for delivering a nucleic acid to the cytosol of a target cell within a subject by
administering the nucleic acid conjugate and the miembrane-destabilizing polyvmer to the

subject.
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In one embodiment the invention provides a kit comprising: 1) a membrane-
destabilizing polymer; 2) a nucleic acid conjugate of Formula (X):
A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid; and 3)
instructions for administering the nucleic acid conjugate and the membrane-destabilizing
polyuer 1o an animal,
In one embodiment the invention provides a membrane-destabilizing polvimer and a
nucleic acid conjugate of Formula (X):
A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid; for use in
medical therapy.
In one embodiment the invention provides a nucleic acid conjugate of Formula (X):
A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid; for the
prophylactic or therapeutic treatment of a disease treatable with the nucleic acid, in
combination with a membrane-destabilizing polymer.
In one embodiment the invention provides the use of a nucleic acid conjugate of
Formula (X):
A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid; to prepare a
medicament for treating a disease treatable with the nucleic acid, in combination with a
membrane-destabiiizing polymer,
In one embodiment the invention provides a nucleic acid conjugate of Formula (X):
A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid, wherein the
nucleic acid conjugate is associated non-covalently with a membrane-destabilizing polymer,
In one embodiment the invention provides a nucleic acid conjugate of Formula (X):
A-B-C
X)

4
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wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid, wherein the
nucleic acid conjugate is partially or fully encapsulated by a micelle that comprises a plurality
of membrane-destabilizing polymers.

In one embodiment the invention provides a nucleic acid conjugate of Formula (X):

A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid, wherein the
nucleic acid conjugate is partially encapsulated by a micelle that comprises a plurality of
mernbrane-destabiliziog polymers,
In one embodiment the invention provides a nucleic acid conjugate of Formula (X):
A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid, wherein the
nucleic acid conjugate is fully encapsulated by a micelle that comprises a plurality of
membrane-destabilizing polyrers,

In one embodiment the invention provides a pharmaceutical composition comprising a

pharmaceutically acceptable carrier, and a nucleic acid conjugate of Formula (X):
A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid, wherein the
nucleic acid conjugate is partially or fully encapsulated by a micelle that comprises a plurality
of membrane-destabilizing polvmers.

In one embodiment, the invention provides compounds, compositions, and methods
that can be used to target delivery of therapeutic nucleic acids (e.g. to the liver). Specifically, it
includes the use of a polymer micelle as a potency enhancer to a subcutaneously-administered
conjugate platform for targeted delivery of nucleci acid therapeutics to the liver. The polymer
micelles typically remain intact during delivery to hepatocytes and exert their functionality, for
example, when administered subcutaneously. Gene silencing is examined by measuring the
inhibition or reduction in expression of the target gene relative to the vehicle control.
Favorable results were obtained in mice, where co-administration of a membrane-destabilizing
polymer and a nucleic acid conjugate enhanced potency by about 5-fold; a more rapid onset of

action and a longer duration of effect were also seen.
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Other objects, features, and advantages of the present invention will be apparent to one

of skill in the art from the following detailed description and figures.

DETAILED DESCRIPTION
Membrane Destabalizing Polymers

Membrane destabilizing polymers are reported in United States Patent Application
Publication Numbers: US2010/0160216, US2010/0210504, US2011/0143434,
US2011/0123636, US2016/0250338, US2017/0239360, and US2016/0206750, and in
International Patent Application Publication Numbers: W02009/140427, W(02009/140429,
WO02015/017519, and WO2016/118697. Additionally, descriptions of the synthesis of certain
specific membrane-destabilizing pelymers can be found in the supplemental section of Prieve
etal., Mol. Ther., 2018, 26, 3.

In one embodiment, the membrane destabilizing polymer comprises three distinct
regions:

First, hepatocyte targeting can be achieved with a targeting moiety such as a single N-
Acetylgalactoseamine monosaccharide unit that interacts with one of the three trivalent
domains of the ASGPr receptor which is highly expressed on the surface of hepatocytes. This
monosaccharide unit forms the “head’ of the polymer chain. The N-acetyl galactose amine
(GalNAc or NAQG) can be attached to the second functional domain of the polymer via a
PEG12 amino acid spacer coupled to ethyl carbonotrithioate (ECT). This represents the
starting “chain transfer agent” or CTA. Subsequent polymerization reactions can take place on
the fully deprotected monosaccharide.

The second “solubilizing” or hydrophilic region is comprised of polyethyleneglycol
methacrylate 4-5 (PEGMA 4-5) The number 4 and 5 refers to the number of ethylene glycol
repeats in the monomer) and hydroxyethyl methacrylate (HMA). Usually in a ratio around
75/25 PEGMA/HMA. The polymerization can occur using reversible addition-fragmentation
chain transfer (RAFT) which allows control over the generated molecular weight and
polydispersity during a free-radical polymerization initiated with azobisisobutyronitrile
(AIBN). The reaction can proceed at a fixed time at a certain concentration and temperature to
produce a hydrophilic polymer around 4kDa capped with a terminal trithiocarbonate
functionality that allows further polymerization.

The third region of the polymer provides the endosomal release functionality. It can

also be synthesized using RAFT polymersiation, however in this case the monomeric units in
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the reaction are dimethylaminoethyl acrylate (DMAEA), butyl methyacrylate (BMA) and
propylacrylic acid (PAA) (typically in ratios of about 33%/55%/12%). This second
polymerization step extends the polymer out by around another SkDa. Following
polymerization, the polymer end group (trithiocarbonate) can be removed by radical induced
reduction and the final polymer characterized by 1H NMR, HPLC and GPC (to determine MW
and polydispersity)

The combination of the two polymeric regions helps maximize efficacy. At
physiological or neutral pH the polymer is typically neutral. Morever at neutral pH the second
endosomal release region displays hydrophobic character. In conjugation with the hydrophilic
domain, if the polymer is above the critical micelle concentration (CMC) in aqueous media,
small micelle structures will spontaneously form. These have been shown to have pH
responsive membrane destabilizing activity in red blood cell hemolysis assays: below the
CMC, hemolysis drops off precipitously. During endocytosis and subsequent decrease in pH,
the polymer can become positively charged and consequently promote endosomal release.

In one embodiment, the a raembrane-destabilizing polviner is a polymer of
formula (XX

T3-L-[PEGMAn-M%,]y-[DMAEMA-PAA-BMAq]w (XX)

wherein:
PEGMA is polyethyleneglycol methacrylate residue with 2-20 ethylene glycol units;
M? is a methacrylate residue selected from the group consisting of
a (C4-Cig)alkyl-methacrylate residue;
a (C4-Cig)branched alkyl- methacrylate residue;
a cholesteryl methacrylate residue;
a (C4-Cig)alkyl-methacrylate residue substituted with one or more fluorine
atoms; and
a (C4-Cig)branched alkyl-methacrylate residue substituted with one or more
fluorine atoms;
BMA is butyl methacrylate residue;
PAA is propyl acrylic acid residue;
DMAEMA is dimethylaminoethyl methacrylate residue;
m and n are each a mole fraction greater than 0, wherein m is greater than n and
m+n=1;

q is a mole fraction of 0.2 to 0.75;
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ris a mole fraction of 0.05 to 0.6;

s is a mole fraction of 0.2 to 0.75;

qtr+s=1;

vis 1to 25 kDa;

wis 1to 25 kDa;

T’ is a targeting moiety (e.g., a peptide, polymer or saccharide); and

L is absent or is a linking moiety.

In one embodiment, M? is selected from the group consisting of:
2,2,3,3,4,4,4-heptafluorobutyl methacrylate residue,
3,3,4,4,5,6,6,6-octafluoro-5(trifluoromethyl )hexyl methacrylate residue,
2,2.3,3,4,4,5,5,6,6,7,7,8,8,8-pentadecafluorooctyl 2-methylacrylate residue,
3,3,4,4,5,5,6,6,6-nonafluorohexyl methacrylate residue,
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl methacrylate residue,

1,1,1 -trifluoro-2-(trifluoromethyl)-2-hydroxy-4-methyl-5-pentyl methacrylate residue, 2-[(1 ',
1", 1 '-trifluoro-2 '-(trifluoro methyl) -2 -hydroxy )propyl]-3-norbornyl methacrylate residue,
2-ethylhexyl methacrylate residue,

butyl methacrylate residue,

hexyl methacrylate residue,

octyl methacrylate residue,

n-decyl methacrylate residue,

lauryl methacrylate residue,

myristyl methacrylate residue,

stearyl methacrylate residue,

cholesteryl methacrylate residue,

ethylene glycol phenyl ether methacrylate residue,

2-propenoic acid, 2-methyl-, 2-phenylethyl ester residue,

2-propenoic acid, 2-methyl-, 2-[[(l,]-dimethylethoxy)carbonyl]amino]ethyl ester residue,
2-propenoic acid, 2-methyl-, 2-(IH-imidazol-1-yl)ethyl ester residue,

2-propenoic acid, 2-methyl-, cyclohexyl ester residue,

2-propenoic acid, 2-methyl-, 2-[bis(I-methylethyl)amino]ethyl ester residue,
2-propenoic acid, 2-methyl-, 3-methylbutyl ester residue,

neopentyl methacrylate residue,

tert-butyl methacrylate residue,

3,3,5-trimethyl cyclohexyl methacrylate residue,

8
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2-hydroxypropyl methacrylate residue,
5-nonyl methacrylate residue,
2-butyl-1-octyl methacrylate residue,
2-hexyl-1-decyl methacrylate residue, and
2-(tert-butyl amino)ethyl methacrylate residue.
Targeting moiety T° is a moiety that can be, e.g., a peptide, polymer or saccharide. The
targeting moiety T° in certain embodiments targets delivery to a location in the body, e.g.,
targets delivery to a specific organ or cell type. In certain embodiments, T° is a peptide. In

certain embodiments, T° is a polymer. In certain embodiments, T° is a saccharide.

In one embodiment, the a ruembrane-destabihizing polymer 15 a polymer of formula

(XX

(o] CN

CH CHs CHg) CHa
HO 0. O\/V\/H\IT%\/O)\/\”JJ\/ i [ CHZ/LS> gCHZ/L 245%] {<CHZ/L >35.9%< e | \51 5‘){( HZEjH
HO' NHAc © > § o g7 7e y e
OH 2\ » /(H /H
Me\@ PLIN

In some embodiments, px is an integer of from about 2 to about 50, e.g., from about 2 to about
20, e.g., from 4 to 12 (e.g., 2, 3,4, 5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47,

(XXI).

48, 49 or 50). In some embodiments, px is an integer of from about 8 to about 16 (e.g., 8, 9,
10, 11, 12, 13, 14, 15, or 16). In some embodiments, px is about 12. In some embodiments, py
is an integer of from about 2 to about 20 (e.g., 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, or 20). In some embodiments, py is an integer of from about 2 to about 10 (e.g., 2,
3,4,5,6,7, 8,9, or 10). In some embodiments, py is an integer of from about 4 to about 5
(e.g.,40r5).

In a polymer of formula (30, it should be understond that the representation of the

polymer block:

3

CH3 ]
CH» qu A 2
/k 75. 5> /k 4. 50/

Py

Me\KO

designates a polymer block with the two monomer groups a and b :
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CHj CHs}
- zﬁi - 2 §_
EAQCHO e} ; and §‘<CHO o}

Me\Ko

a

distributed throughout the block, wherein about 75.5 weight percent of the block is monomer
group a and about 24.5 weight percent of the block is monomer group b. The representation

of the polymer block:

CH3 ] ;
CHe )% 7555“”2 )% Am 2

py

Me\&O

does not designate a polymer block comprising one homo-polymer block of monomer group a

and one homo-polymer block of monomer group b. The same is true for the representation of

/°“3/H

CH2 {CHa ] :
,k 359°/ ,k 51. 5°/ ,kus%

/N\

the polvmer block:

2

which has three monomer units distributed throughout the block, in approximately the total
weight ratios shown.
TARGETED NUCLEIC ACID CONJUGATES

The terms "alkoxy," and “alkylthio”, 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 group, and further include mono- and poly-halogenated variants thereof.

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 carbon atoms
designated (i.e., C1-g means one to eight carbons). Examples of alkyl 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

10
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double bonds. Similarly, the term "alkynyl" refers to an unsaturated alkyl radical having one
or more triple bonds. Examples of such unsaturated alkyl groups include vinyl, 2-propenyl,
crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1- and 3-
propynyl, 3-butynyl, and the higher homologs and isomers.

The term “animal” includes mammalian species, such as a human, mouse, rat, dog, cat,
hamster, guinea pig, rabbit, livestock, and the like.

The term “aryl” as used herein refers to a single all carbon aromatic ring or a multiple
condensed all carbon ring system wherein at least one of the rings is aromatic. For example, in
certain embodiments, an aryl group has 6 to 20 carbon atoms, 6 to 14 carbon atoms, 6 to 12
carbon atoms, or 6 to 10 carbon atoms. Aryl includes a phenyl radical. Aryl also includes
multiple condensed carbon ring systems (e.g., ring systems comprising 2, 3 or 4 rings) having
about 9 to 20 carbon atoms in which at least one ring is aromatic and wherein the other rings
may be aromatic or not aromatic (e.g., cycloalkyl. The rings of the multiple condensed ring
system can be connected to each other via fused, spiro and bridged bonds when allowed by
valency requirements. It is to be understood that the point of attachment of a multiple
condensed ring system, as defined above, can be at any position of the ring system including an
aromatic or a carbocycle portion of the ring. Non-limiting examples of aryl groups include, but
are not limited to, phenyl, indenyl, indanyl, naphthyl, 1, 2, 3, 4-tetrahydronaphthyl, anthracenyl,
and the like.

The term “cycloalkyl” refers to a saturated or partially unsaturated (non-aromatic) all
carbon ring having 3 to 8 carbon atoms (i.e., (C3-Cg)carbocycle). The term also includes
multiple condensed, saturated all carbon ring systems (e.g., ring systems comprising 2, 3 or 4
carbocyclic rings). Accordingly, carbocycle includes multicyclic carbocyles such as a bicyclic
carbocycles (e.g., bicyclic carbocycles having about 3 to 15 carbon atoms , about 6 to 15
carbon atoms, or 6 to 12 carbon atoms such as bicyclo[3.1.0]hexane and bicyclo[2.1.1]hexane),
and polycyclic carbocycles (e.g tricyclic and tetracyclic carbocycles with up to about 20 carbon
atoms). The rings of the multiple condensed ring system can be connected to each other via
fused, spiro and bridged bonds when allowed by valency requirements. For example,
multicyclic carbocyles can be connected to each other via a single carbon atom to form a spiro
connection (e.g., spiropentane, spiro[4,5]decane, etc), via two adjacent carbon atoms to form a
fused connection (e.g., carbocycles such as decahydronaphthalene, norsabinane, norcarane) or
via two non-adjacent carbon atoms to form a bridged connection (e.g., norbornane,
bicyclo[2.2.2]octane, etc). Non-limiting examples of cycloalkyls include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, bicyclo[2.2.1]heptane, pinane, and adamantane.

11
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The term “gene” refers to a nucleic acid (e.g., DNA or RNA) sequence that comprises
partial length or entire length coding sequences necessary for the production of a polypeptide
or precursor polypeptide.

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

The terms "halo" or "halogen" mean, unless otherwise stated, a fluorine, chlorine,
bromine, or iodine atom.

The term “heteroaryl” as used herein refers to a single aromatic ring that has at least
one atom other than carbon in the ring, wherein the atom is selected from the group consisting
of oxygen, nitrogen and sulfur; “heteroaryl” also includes multiple condensed ring systems that
have at least one such aromatic ring, which multiple condensed ring systems are further
described below. Thus, “heteroaryl” includes single aromatic rings of from about 1 to 6 carbon
atoms and about 1-4 heteroatoms selected from the group consisting of oxygen, nitrogen and
sulfur. The sulfur and nitrogen atoms may also be present in an oxidized form provided the
ring is aromatic. Exemplary heteroaryl ring systems include but are not limited to pyridyl,
pyrimidinyl, oxazolyl and furyl. “Heteroaryl” also includes multiple condensed ring systems
(e.g., ring systems comprising 2, 3 or 4 rings) wherein a heteroaryl group, as defined above, is
condensed with one or more rings selected from cycloalkyl, aryl, heterocycle, and heteroaryl.
It is to be understood that the point of attachment for a heteroaryl or heteroaryl multiple
condensed ring system can be at any suitable atom of the heteroaryl or heteroaryl multiple
condensed ring system including a carbon atom and a heteroatom (e.g., a nitrogen). Exemplary
heteroaryls include but are not limited to pyridyl, pyrrolyl, pyrazinyl, pyrimidinyl, pyridazinyl,
pyrazolyl, thienyl, indolyl, imidazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, thiazolyl,
furyl, oxadiazolyl, thiadiazolyl, quinolyl, isoquinolyl, benzothiazolyl, benzoxazolyl, indazolyl,
quinoxalyl, and quinazolyl.

The term “heterocycle” refers to a single saturated or partially unsaturated ring that has
at least one atom other than carbon in the ring, wherein the atom is selected from the group
consisting of oxygen, nitrogen and sulfur; the term also includes multiple condensed ring
systems that have at least one such saturated or partially unsaturated ring, which multiple
condensed ring systems are further described below. Thus, the term includes single saturated
or partially unsaturated rings (e.g., 3, 4, 5, 6 or 7-membered rings) from about 1 to 6 carbon
atoms and from about 1 to 3 heteroatoms selected from the group consisting of oxygen,
nitrogen and sulfur in the ring. The sulfur and nitrogen atoms may also be present in their

oxidized forms. Exemplary heterocycles include but are not limited to azetidinyl,
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tetrahydrofuranyl and piperidinyl. The term “heterocycle” also includes multiple condensed
ring systems (e.g., ring systems comprising 2, 3 or 4 rings) wherein a single heterocycle ring
(as defined above) can be condensed with one or more groups selected from cycloalkyl, aryl,
and heterocycle to form the multiple condensed ring system. The rings of the multiple
condensed ring system can be connected to each other via fused, spiro and bridged bonds when
allowed by valency requirements. It is to be understood that the individual rings of the
multiple condensed ring system may be connected in any order relative to one another. It is
also to be understood that the point of attachment of a multiple condensed ring system (as
defined above for a heterocycle) can be at any position of the multiple condensed ring system
including a heterocycle, aryl and carbocycle portion of the ring. In one embodiment the term
heterocycle includes a 3-15 membered heterocycle. In one embodiment the term heterocycle
includes a 3-10 membered heterocycle. In one embodiment the term heterocycle includes a 3-
8 membered heterocycle. In one embodiment the term heterocycle includes a 3-7 membered
heterocycle. In one embodiment the term heterocycle includes a 3-6 membered heterocycle.

In one embodiment the term heterocycle includes a 4-6 membered heterocycle. In one
embodiment the term heterocycle includes a 3-10 membered monocyclic or bicyclic
heterocycle comprising 1 to 4 heteroatoms. In one embodiment the term heterocycle includes
a 3-8 membered monocyclic or bicyclic heterocycle heterocycle comprising 1 to 3
heteroatoms. In one embodiment the term heterocycle includes a 3-6 membered monocyclic
heterocycle comprising 1 to 2 heteroatoms. In one embodiment the term heterocycle includes
a 4-6 membered monocyclic heterocycle comprising 1 to 2 heteroatoms. Exemplary
heterocycles include, but are not limited to aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl,
homopiperidinyl, morpholinyl, thiomorpholinyl, piperazinyl, tetrahydrofuranyl,
dihydrooxazolyl, tetrahydropyranyl, tetrahydrothiopyranyl, 1,2,3,4- tetrahydroquinolyl,
benzoxazinyl, dihydrooxazolyl, chromanyl, 1,2-dihydropyridinyl, 2,3-dihydrobenzofuranyl,
1,3-benzodioxolyl, 1,4-benzodioxanyl, spiro[cyclopropane-1,1'-isoindolinyl]-3'-one,
isoindolinyl-1-one, 2-oxa-6-azaspiro[3.3]heptanyl, imidazolidin-2-one imidazolidine,
pyrazolidine, butyrolactam, valerolactam, imidazolidinone, hydantoin, dioxolane, phthalimide,
and 1,4-dioxane.

The term “saccharide” includes monosaccharides, disaccharides and trisaccharides, all
of which can be optionally substituted. 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 in

International Patent Applications Publication Numbers WO 96/34005 and 97/03995. A
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saccharide can conveniently be linked to the remainder of a compound of formula I through an
ether bond, a thioether bond (e.g. an S-glycoside), an amine nitrogen (e.g., an N-glycoside ), or
a carbon-carbon bond (e.g. a C-glycoside). In one embodiment the saccharide can
conveniently be linked to the remainder of a compound of formula I through an ether bond.

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 or inhibiting the translation 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 a region of mismatch (i.e., a mismatch motif). 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) nucleotides 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.

In certain embodiments, the 5' 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 (e.g., 2'OMe) and/or unmodified uridine (U)
ribonucleotides, and/or 1-4 (e.g., 1, 2, 3, or 4) modified (e.g., 2'OMe) and/or unmodified
ribonucleotides or deoxyribonucleotides having complementarity to 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 chemically synthesized. siRNA can also be generated by
cleavage of longer dsSRNA (e.g., dsSRNA greater than about 25 nucleotides in length) with the
E. coli RNase I1I or Dicer. These enzymes process the dsSRNA into biologically active siRNA
(see, e.g., Yang et al., Proc. Natl. Acad. Sci. USA, 99:9942-9947 (2002), Calegari et al., Proc.
Natl. Acad. Sci. USA, 99:14236 (2002); Byrom et al., Ambion TechNotes, 10(1):4-6 (2003);
Kawasaki et al., Nucleic Acids Res., 31:981-987 (2003); Knight ef al., Science, 293:2269-2271
(2001); and Robertson et al., J. Biol. Chem., 243:82 (1968)). Preferably, dsRNA are at least 50
nucleotides to about 100, 200, 300, 400, or 500 nucleotides in length. A dSRNA may be as long
as 1000, 1500, 2000, 5000 nucleotides in length, or longer. The dsSRNA can encode for an

entire gene transcript or a partial gene transcript. In certain instances, siRNA may be encoded
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by a plasmid (e.g., transcribed as sequences that automatically fold into duplexes with hairpin
loops).

The phrase “inhibiting expression of a target gene” refers to the ability of a siRNA of
the invention to 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) is 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 siRNA. Control samples
(e.g., samples expressing the target gene) may be assigned a value of 100%. In particular
embodiments, silencing, inhibition, or reduction of expression of a target gene is achieved
when the value of the test sample relative to the control sample (e.g., buffer only, an siRNA
sequence that targets a different gene, a scrambled siRNA sequence, efc.) is about 100%, 99%,
98%. 97%, 96%, 95%, 94%, 93%. 92%. 91%, 90%, 89%, 88%, 87%, 86%., 85%, 84%, 83%,
82%, 81%, 80%, 79%, 78%, 77%, 6%, 75%, 70%, 65%, 60%, 55%., 50%, 45%, 40%, 35%,
30%, 25%, 20%, 15%, 10%, 5%, or 0%. Suitable assays include, without limitation,
examination of protein or mRNA levels using techniques known to those of skill in the art,
such as, e.g., dot blots, Northern blots, in2 sifu hybridization, ELISA, immunoprecipitation,
enzyme function, as well as phenotypic assays known to those of skill in the art.

An “effective amount” or “therapeutically effective amount” of a therapeutic nucleic
acid such as siRNA is an amount sufficient to produce the desired effect, e.g., an inhibition of
expression of a target sequence in comparison to the normal expression level detected in the
absence of a siRNA. In particular embodiments, inhibition of expression of a target gene or
target sequence is achieved when the value obtained with a siRNA relative to the control (e.g.,
buffer only, an siRNA sequence that targets a different gene, a scrambled siRNA sequence,
eic.) is about 100%, 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%,
87%, 86%, 85%., 84%, 83%, 82%, 81%, 80%, 79%, 78%, 77%, 76%, 75%, 70%, 65%, 60%,
55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%, or 0%. Suitable assays for
measuring the expression of a target gene or target sequence include, but are not limited to,
examination of protein or mRNA levels using techniques known to those of skill in the art,
such as, e.g., dot blots, Northern blots, in2 sifu hybridization, ELISA, immunoprecipitation,

enzyme function, as well as phenotypic assays known to those of skill in the art.
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The term “nucleic acid” as used herein refers to 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 deoxyribose (DNA) or ribose
(RNA), a base, and a phosphate group. Nucleotides are linked together through the phosphate
groups. “Bases” include purines and pyrimidines, which further include natural compounds
adenine, thymine, guanine, cytosine, uracil, inosine, and natural analogs, and synthetic
derivatives of purines and pyrimidines, which include, but are not limited to, modifications
which place new reactive groups such as, but not limited to, amines, alcohols, thiols,
carboxylates, and alkylhalides. Nucleic acids include nucleic acids containing known
nucleotide analogs or modified backbone residues or linkages, 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, phosphorothioates, phosphoramidates, methyl phosphonates, chiral-methyl
phosphonates, 2’-O-methyl ribonucleotides, and peptide-nucleic acids (PNAs). Additionally,
nucleic acids can include one or more UNA moieties.

The term "protecting group" refers to a substituent that is commonly employed to block
or protect a particular functional group on a compound. For example, an "amino-protecting
group" is a substituent attached to an amino group that blocks or protects the amino
functionality in the compound. Suitable amino-protecting groups include acetyl,
trifluoroacetyl, t-butoxycarbonyl (BOC), benzyloxycarbonyl (CBZ) and 9-
fluorenylmethylenoxycarbonyl (Fmoc). Similarly, a "hydroxy-protecting group" refers to a
substituent of a hydroxy group that blocks or protects the hydroxy functionality. Suitable
protecting groups include acetyl, silyl and 2,2-dimethoxy propene. A "carboxy-protecting
group" refers to a substituent of the carboxy group that blocks or protects the carboxy
functionality. Common carboxy-protecting groups include phenylsulfonylethyl, cyanoethyl, 2-
(trimethylsilyl)ethyl, 2-(trimethylsilyl)ethoxymethyl, 2-(p-toluenesulfonyl)ethyl, 2-(p-
nitrophenylsulfenyl)ethyl, 2-(diphenylphosphino)-ethyl, nitroethyl and the like. For a general
description of protecting groups and their use, see PGM. Wuts and TW. Greene, Greene's
Protective Groups in Organic Synthesis 4™ edition, Wiley-Interscience, New York, 2006.

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. Itis
understood that the nature of the synthetic activating group may depend on the atom that it is
activating. For example, when the synthetic 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
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(e.g. an ester, carbamate, or ether bond) with another reactive group. Such synthetic activating
groups are known. Examples of synthetic activating groups that can be attached to an oxygen
atom include, but are not limited to, acetate, succinate, triflate, and mesylate. When the
synthetic 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 coupling reagent (e.g. a known
amide coupling reagent). Such coupling reagents are known. Examples of such coupling
reagents include, but are not limited to, N,N’-Dicyclohexylcarbodimide (DCC),
hydroxybenzotriazole (HOBt), N-(3-Dimethylaminopropyl)-N’-ethylcarbonate (EDC),
(Benzotriazol-1-yloxy)tris(dimethylamino)phosphonium hexafluorophosphate (BOP),
benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate (PyBOP), {1-
[Bis(dimethylaminomethylene}-1H-1,2 3-triazolof4,5-blpyrndinium 3-oxid
hexafluorophosphate (HATU), propyiphosphonic anhydride solution (T3P} or O-benzotriazol-
1-yl-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HBTU).
Nucleic Acids

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 deoxyribooligonucleotide 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. DNA may be in the form of, e.g., antisense molecules,
plasmid DNA, pre-condensed DNA, a PCR product, vectors, 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 may be in the form, for example, of small interfering RNA (siRNA), Dicer-substrate
dsRNA, small hairpin RNA (shRNA), asymmetrical interfering RNA (aiRNA), microRNA
(miRNA), mRNA, tRNA, rRNA, tRNA, viral RNA (VRNA), self-amplifying RNA (sa-RNA),
and combinations thereof. Accordingly, in the context of this invention, the terms
“polynucleotide” and “oligonucleotide” refer to a polymer or oligomer of nucleotide or
nucleoside monomers consisting of naturally-occurring bases, sugars and intersugar
(backbone) linkages. The terms “polynucleotide” and “oligonucleotide” also include polymers
or oligomers comprising non-naturally occurring monomers, or portions thereof, which
function similarly. Such modified or substituted oligonucleotides are often preferred over
native forms because of properties such as, for example, enhanced cellular uptake, reduced

immunogenicity, and increased stability in the presence of nucleases.
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Unless otherwise indicated, a particular nucleic acid sequence also implicitly
encompasses conservatively modified variants 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 in 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 et al., J. Biol. Chem., 260:2605-2608 (1985); Rossolini et al., Mol. Cell. Probes, 8:91-
98 (1994)).

As described herein, certain embodiments of the invention provide methods and
compositions for delivering a nucleic acid to a cell. In certain embodiments, the nucleic acid is
a nucleic acid described herein. For example, the nucleic acids used herein can be single-
stranded DNA or RNA, or double-stranded DNA or RNA, or DNA-RNA hybrids. Examples of
double-stranded RNA are described herein and include, e.g., siRNA and other RNAi agents
such as aiRNA and pre-miRNA. Single-stranded nucleic acids include, e.g., antisense
oligonucleotides, ribozymes, mature miRNA, and triplex-forming oligonucleotides.

In certain embodiments, the nucleic acid is an oligonucleotide. In particular
embodiments, the oligonucleotide ranges from about 10 to about 100 nucleotides in length. In
various related embodiments, oligonucleotides, both single-stranded, double-stranded, and
triple-stranded, may range in length from about 10 to about 60 nucleotides, from about 15 to
about 60 nucleotides, from about 20 to about 50 nucleotides, from about 15 to about 30
nucleotides, or from about 20 to about 30 nucleotides in length.

In certain embodiments, the nucleic acid is selected from the group consisting of small
interfering RNA (siRNA), Dicer-substrate dSRNA, small hairpin RNA (shRNA), asymmetrical
interfering RNA (aiRNA), microRNA (miRNA), tRNA, rRNA, tRNA, viral RNA (VRNA),
self-amplifying RNA (sa-RNA), and combinations thereof.

In certain embodiments, the nucleic acid is an antisense molecule. In certain
embodiments, the nucleic acid is a miRNA molecule. In certain embodiments, the nucleic acid
is a siIRNA. Suitable siRNA, as well as method and intermediates useful for their preparation
are reported in International Patent Application Publication Number W0O2016/054421.

Target Genes

In certain embodiments, the nucleic acid (e.g., siRNA) may be used to downregulate or
silence the translation (i.e., expression) of a gene of interest. Genes of interest include, but are
not limited to, genes associated with viral infection and survival, genes associated with

metabolic diseases and disorders (e.g., liver diseases and disorders), genes associated with
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tumorigenesis and cell transformation (e.g., cancer), angiogenic genes, immunomodulator
genes such as those associated with inflammatory and autoimmune responses, ligand receptor
genes, and genes associated with neurodegenerative disorders. In certain embodiments, the
gene of interest is expressed in hepatocytes.

Genes associated with viral infection and survival include those expressed by a virus in
order to bind, enter, and replicate in a cell. Of particular interest are viral sequences associated
with chronic viral diseases. Viral sequences of particular interest include sequences of
Filoviruses such as Ebola virus and Marburg virus (see, e.g., Geisbert et al., J. Infect. Dis.,
193:1650-1657 (2006)); Arenaviruses such as Lassa virus, Junin virus, Machupo virus,
Guanarito virus, and Sabia virus (Buchmeier et al., Arenaviridae: the viruses and their
replication, In: FIELDS VIROLOGY, Knipe et al. (eds.), 4th ed., Lippincott-Raven,
Philadelphia, (2001)); Influenza viruses such as Influenza A, B, and C viruses, (see, e.g.,
Steinhauer et al., Annu Rev Genet., 36:305-332 (2002); and Neumann et al., J Gen Virol.,
83:2635-2662 (2002)); Hepatitis viruses (see, e.g., Hamasaki et al., FEBS Lett., 543:51 (2003);
Yokota et al., FMBO Rep., 4:602 (2003); Schlomai et al., Hepatology, 37:764 (2003), Wilson
et al., Proc. Natl. Acad. Sci. USA, 100:2783 (2003); Kapadia et al., Proc. Natl. Acad. Sci. USA,
100:2014 (2003); and FIELDS VIROLOGY, Knipe et al. (eds.), 4th ed., Lippincott-Raven,
Philadelphia (2001)); Human Immunodeficiency Virus (HIV) (Banerjea et al., Mol. Ther., 8:62
(2003); Song et al., J. Virol., 77:7174 (2003); Stephenson, JAMA, 289:1494 (2003); Qin et al .,
Proc. Natl. Acad. Sci. USA, 100:183 (2003));, Herpes viruses (Jia et al., J. Virol., 77:3301
(2003)); and Human Papilloma Viruses (HPV) (Hall et al., J. Virol., 77:6066 (2003); Jiang et
al., Oncogene, 21:6041 (2002)).

Exemplary Filovirus nucleic acid sequences that can be silenced include, but are not
limited to, nucleic acid sequences encoding structural proteins (e.g., VP30, VP35,
nucleoprotein (NP), polymerase protein (L-pol)) and membrane-associated proteins (e.g.,
VP40, glycoprotein (GP), VP24). Complete genome sequences for Ebola virus are set forth in,
e.g., Genbank Accession Nos. NC_002549; AY769362; NC_006432; NC_004161;
AY729654; AY354458; AY142960; AB050936; AF522874; AF499101; AF272001; and
AF086833. Ebola virus VP24 sequences are set forth in, e.g., Genbank Accession Nos.
U77385 and AY058897. Ebola virus L-pol sequences are set forth in, e.g., Genbank Accession
No. X67110. Ebola virus VP40 sequences are set forth in, e.g., Genbank Accession No.
AYO058896. Ebola virus NP sequences are set forth in, e.g., Genbank Accession No.
AYO058895. Ebola virus GP sequences are set forth in, e.g., Genbank Accession No.
AYO058898; Sanchez et al., Virus Res., 29:215-240 (1993); Will et al , J. Virol,, 67:1203-1210
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(1993); Volchkov et al., FEBS Lett., 305:181-184 (1992); and U.S. Pat. No. 6,713,069.
Additional Ebola virus sequences are set forth in, e.g., Genbank Accession Nos. L11365 and
X61274. Complete genome sequences for Marburg virus are set forth in, e.g., Genbank
Accession Nos. NC_001608; AY430365; AY430366; and AY358025. Marburg virus GP
sequences are set forth in, e.g., Genbank Accession Nos. AF005734; AF005733; and
AF005732. Marburg virus VP35 sequences are set forth in, e.g., Genbank Accession Nos.
AF005731 and AF005730. Additional Marburg virus sequences are set forth in, e.g., Genbank
Accession Nos. X64406; 229337, AF005735; and Z12132. Non-limiting examples of siRNA
molecules targeting Ebola virus and Marburg virus nucleic acid sequences include those
described in U.S. Patent Publication No. 20070135370, the disclosure of which is herein
incorporated by reference in its entirety for all purposes.

Exemplary Influenza virus nucleic acid sequences that can be silenced include, but are
not limited to, nucleic acid sequences encoding nucleoprotein (NP), matrix proteins (M1 and
M2), nonstructural proteins (NS1 and NS2), RNA polymerase (PA, PB1, PB2), neuraminidase
(NA), and haemagglutinin (HA). Influenza A NP sequences are set forth in, e.g., Genbank
Accession Nos. NC_004522; AY818138; AB166863; AB188817; AB189046; AB189054;
AB189062; AY646169; AY646177, AY651486; AY651493; AY651494; AY651495;
AY651496; AY651497, AY651498; AY651499; AY651500; AY651501; AY651502;
AY651503; AY651504; AY651505; AY651506; AY651507;, AY651509; AY651528,;
AY770996; AY790308; AY818138; and AY818140. Influenza A PA sequences are set forth
in, e.g., Genbank Accession Nos. AY818132; AY790280; AY646171; AY818132; AY818133;
AY646179; AY818134; AYS551934; AY651613; AY651610; AY651620; AY651617,
AY651600; AY651611; AY651606; AY651618; AY651608; AY651607; AY651605;
AY651609; AY651615; AY651616; AY651640; AY651614; AY651612; AY651621,
AY651619; AY770995; and AY724786. Non-limiting examples of siRNA molecules targeting
Influenza virus nucleic acid sequences include those described in U.S. Patent Publication No.
20070218122, the disclosure of which is herein incorporated by reference in its entirety for all
purposes.

Exemplary hepatitis virus nucleic acid sequences that can be silenced include, but are
not limited to, nucleic acid sequences involved in transcription and translation (e.g., Enl, En2,
X, P) and nucleic acid sequences encoding structural proteins (e.g., core proteins including C
and C-related proteins, capsid and envelope proteins including S, M, and/or L proteins, or
fragments thereof) (see, e.g., FIELDS VIROLOGY, supra). Exemplary Hepatitis C virus

(HCV) nucleic acid sequences that can be silenced include, but are not limited to, the 5'-
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untranslated region (5'-UTR), the 3'-untranslated region (3’-UTR), the polyprotein translation
initiation codon region, the internal ribosome entry site (IRES) sequence, and/or nucleic acid
sequences encoding the core protein, the E1 protein, the E2 protein, the p7 protein, the NS2
protein, the NS3 protease/helicase, the NS4A protein, the NS4B protein, the NSSA protein,
and/or the NS5B RNA-dependent RNA polymerase. HCV genome sequences are set forth in,
e.g., Genbank Accession Nos. NC_004102 (HCV genotype 1a), AJ238799 (HCV genotype
1b), NC__009823 (HCV genotype 2), NC_009824 (HCV genotype 3), NC_009825 (HCV
genotype 4), NC_009826 (HCV genotype 5), and NC_009827 (HCV genotype 6). Hepatitis A
virus nucleic acid sequences are set forth in, e.g., Genbank Accession No. NC_001489;
Hepatitis B virus nucleic acid sequences are set forth in, e.g., Genbank Accession No. NC_—
003977, Hepatitis D virus nucleic acid sequence are set forth in, e.g., Genbank Accession No.
NC_001653; Hepatitis E virus nucleic acid sequences are set forth in, e.g., Genbank Accession
No. NC_001434; and Hepatitis G virus nucleic acid sequences are set forth in, e.g., Genbank
Accession No. NC_001710. Silencing of sequences that encode genes associated with viral
infection and survival can conveniently be used in combination with the administration of
conventional agents used to treat the viral condition. Non-limiting examples of siRNA
molecules targeting hepatitis virus nucleic acid sequences include those described in U.S.
Patent Publication Nos. 20060281175, 20050058982, and 20070149470; U.S. Pat. No.
7,348,314; and U.S. Provisional Application No. 61/162,127, filed Mar. 20, 2009, the
disclosures of which are herein incorporated by reference in their entirety for all purposes.
Genes associated with metabolic diseases and disorders (e.g., disorders in which the
liver is the target and liver diseases and disorders) include, for example, genes expressed in
dyslipidemia (e.g., liver X receptors such as LXRa and LXRp (Genback Accession No. NM_
007121), farnesoid X receptors (FXR) (Genbank Accession No. NM_005123), sterol-
regulatory element binding protein (SREBP), site-1 protease (SIP), 3-hydroxy-3-
methylglutaryl coenzyme-A reductase (HMG coenzyme-A reductase), apolipoprotein B
(ApoB) (Genbank Accession No. NM_000384), apolipoprotein CIII (ApoC3) (Genbank
Accession Nos. NM_000040 and NG_008949 REGION: 5001.8164), and apolipoprotein E
(ApoE) (Genbank Accession Nos. NM_000041 and NG_007084 REGION: 5001.8612)); and
diabetes (e.g., glucose 6-phosphatase) (see, e.g., Forman et al., Cell, 81:687 (1995), Seol et al,
Mol. Endocrinol., 9:72 (1995), Zavacki et al., Proc. Natl. Acad. Sci. USA, 94:7909 (1997);
Sakai et al., Cell, 85:1037-1046 (1996); Duncan et al., J. Biol. Chem., 272:12778-12785
(1997);, Willy et al., Genes Dev., 9:1033-1045 (1995); Lehmann et al., J. Biol. Chem.,
272:3137-3140 (1997); Janowski et al., Nature, 383:728-731 (1996); and Peet et al., Cell,
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93:693-704 (1998)). One of skill in the art will appreciate that genes associated with metabolic
diseases and disorders (e.g., diseases and disorders in which the liver is a target and liver
diseases and disorders) include genes that are expressed in the liver itself as well as and genes
expressed in other organs and tissues. Silencing of sequences that encode genes associated with
metabolic diseases and disorders can conveniently be used in combination with the
administration of conventional agents used to treat the disease or disorder. Non-limiting
examples of siRNA molecules targeting the ApoB gene include those described in U.S. Patent
Publication No. 20060134189, the disclosure of which is herein incorporated by reference in
its entirety for all purposes. Non-limiting examples of siRNA molecules targeting the ApoC3
gene include those described in U.S. Provisional Application No. 61/147,235, filed Jan. 26,
2009, the disclosure of which is herein incorporated by reference in its entirety for all
purposes.

Examples of gene sequences associated with tumorigenesis and cell transformation
(e.g., cancer or other neoplasia) include mitotic kinesins such as Eg5 (KSP, KIF11; Genbank
Accession No. NM_004523); serine/threonine kinases such as polo-like kinase 1 (PLK-1)
(Genbank Accession No. NM_005030; Barr et al., Nat. Rev. Mol. Cell. Biol., 5:429-440
(2004)); tyrosine kinases such as WEE1 (Genbank Accession Nos. NM_003390 and NM_
001143976), inhibitors of apoptosis such as XIAP (Genbank Accession No. NM_001167);
COP9 signalosome subunits such as CSN1, CSN2, CSN3, CSN4, CSNS5 (JAB1; Genbank
Accession No. NM_006837); CSN6, CSN7A, CSN7B, and CSN8; ubiquitin ligases such as
COP1 (RFWD2; Genbank Accession Nos. NM_022457 and NM_001001740); and histone
deacetylases such as HDAC1, HDAC2 (Genbank Accession No. NM_001527), HDAC3,
HDAC4, HDACS, HDAC6, HDAC7, HDACS8, HDACY, etc. Non-limiting examples of siRNA
molecules targeting the Eg5 and XIAP genes include those described in U.S. patent application
Ser. No. 11/807,872, filed May 29, 2007, the disclosure of which is herein incorporated by
reference in its entirety for all purposes. Non-limiting examples of siRNA molecules targeting
the PLK-1 gene include those described in U.S. Patent Publication Nos. 20050107316 and
20070265438; and U.S. patent application Ser. No. 12/343,342, filed Dec. 23, 2008, the
disclosures of which are herein incorporated by reference in their entirety for all purposes.
Non-limiting examples of siRNA molecules targeting the CSN5 gene include those described
in U.S. Provisional Application No. 61/045,251, filed Apr. 15, 2008, the disclosure of which is
herein incorporated by reference in its entirety for all purposes.

Additional examples of gene sequences associated with tumorigenesis and cell

transformation include translocation sequences such as MLL fusion genes, BCR-ABL (Wilda
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et al., Oncogene, 21:5716 (2002); Scherr et al., Blood, 101:1566 (2003)), TEL-AML1, EWS-
FLI1, TLS-FUS, PAX3-FKHR, BCL-2, AML1-ETO, and AML1-MTG$ (Heidenreich et al.,
Blood, 101:3157 (2003)); overexpressed sequences such as multidrug resistance genes (Nieth
et al., FEBS Lett., 545:144 (2003); Wu et al, Cancer Res. 63:1515 (2003)), cyclins (Li et al
Cancer Res., 63:3593 (2003); Zou et al., Genes Dev., 16:2923 (2002)), beta-catenin (Verma et
al., Clin Cancer Res., 9:1291 (2003)), telomerase genes (Kosciolek et al., Mol Cancer Ther.,
2:209 (2003)), c-MYC, N-MYC, BCL-2, growth factor receptors (e.g., EGFR/ErbB1 (Genbank
Accession Nos. NM_005228, NM_201282, NM_201283, and NM_201284; see also, Nagy et
al. Exp. Cell Res., 285:39-49 (2003), ErbB2/HER-2 (Genbank Accession Nos. NM_004448
and NM_001005862), ErbB3 (Genbank Accession Nos. NM_001982 and NM_001005915),
and ErbB4 (Genbank Accession Nos. NM_005235 and NM_001042599); and mutated
sequences such as RAS (reviewed in Tuschl and Borkhardt, Mol. Interventions, 2:158 (2002)).
Non-limiting examples of siRNA molecules targeting the EGFR gene include those described
in U.S. patent application Ser. No. 11/807,872, filed May 29, 2007, the disclosure of which is
herein incorporated by reference in its entirety for all purposes.

Silencing of sequences that encode DNA repair enzymes find use in combination with
the administration of chemotherapeutic agents (Collis et al., Cancer Res., 63:1550 (2003)).
Genes encoding proteins associated with tumor migration are also target sequences of interest,
for example, integrins, selectins, and metalloproteinases. The foregoing examples are not
exclusive. Those of skill in the art will understand that any whole or partial gene sequence that
facilitates or promotes tumorigenesis or cell transformation, tumor growth, or tumor migration
can be included as a template sequence.

Angiogenic genes are able to promote the formation of new vessels. Of particular
interest is vascular endothelial growth factor (VEGF) (Reich et al., Mol. Vis., 9:210 (2003)) or
VEGFR. siRNA sequences that target VEGFR are set forth in, e.g., GB 2396864; U.S. Patent
Publication No. 20040142895; and CA 2456444, the disclosures of which are herein
incorporated by reference in their entirety for all purposes.

Anti-angiogenic genes are able to inhibit neovascularization. These genes are
particularly useful for treating those cancers in which angiogenesis plays a role in the
pathological development of the disease. Examples of anti-angiogenic genes include, but are
not limited to, endostatin (see, e.g., U.S. Pat. No. 6,174,861), angiostatin (see, e.g., U U.S. Pat.
No. 5,639,725), and VEGFR2 (see, e.g., Decaussin et al., J. Pathol., 188: 369-377 (1999)), the

disclosures of which are herein incorporated by reference in their entirety for all purposes.
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Immunomodulator genes are genes that modulate one or more immune responses. Examples of
immunomodulator genes include, without limitation, cytokines such as growth factors (e.g.,
TGF-a, TGF-B, EGF, FGF, IGF, NGF, PDGF, CGF, GM-CSF, SCF, etc.), interleukins (e.g.,
IL-2, IL-4, IL-12 (Hill et al., J. Immunol., 171:691 (2003)), IL-15, IL-18, IL-20, etc.),
interferons (e.g., IFN-a, IFN-B3, IFN-y, etc.) and TNF. Fas and Fas ligand genes are also
immunomodulator target sequences of interest (Song et al., Nat. Med., 9:347 (2003)). Genes
encoding secondary signaling molecules in hematopoietic and lymphoid cells are also included
in the present invention, for example, Tec family kinases such as Bruton's tyrosine kinase (Btk)
(Heinonen et al., FEBS Lett., 527:274 (2002)).

Cell receptor ligands include ligands that are able to bind to cell surface receptors (e.g.,
insulin receptor, EPO receptor, G-protein coupled receptors, receptors with tyrosine kinase
activity, cytokine receptors, growth factor receptors, etc.), to modulate (e.g., inhibit, activate,
etc.) the physiological pathway that the receptor is involved in (e.g., glucose level modulation,
blood cell development, mitogenesis, etc.). Examples of cell receptor ligands include, but are
not limited to, cytokines, growth factors, interleukins, interferons, erythropoietin (EPO),
insulin, glucagon, G-protein coupled receptor ligands, etc. Templates coding for an expansion
of trinucleotide repeats (e.g., CAG repeats) find use in silencing pathogenic sequences in
neurodegenerative disorders caused by the expansion of trinucleotide repeats, such as
spinobulbular muscular atrophy and Huntington's Disease (Caplen et al., Hum. Mol. Genet.,
11:175 (2002)).

Certain other target genes, which may be targeted by a nucleic acid (e.g., by siRNA) to
downregulate or silence the expression of the gene, include but are not limited to, Actin, Alpha
2, Smooth Muscle, Aorta (ACTA2), Alcohol dehydrogenase 1A (ADHI1A), Alcohol
dehydrogenase 4 (ADH4), Alcohol dehydrogenase 6 (ADH6), Afamin (AFM),
Angiotensinogen (AGT), Serine-pyruvate aminotransferase (AGXT), Alpha-2-HS-
glycoprotein (AHSG), Aldo-keto reductase family 1 member C4 (AKR1C4), Serum albumin
(ALB), alpha-1-microglobulin/bikunin precursor (AMBP), Angiopoietin-related protein 3
(ANGPTL3), Serum amyloid P-component (APCS), Apolipoprotein A-II (APOA2),
Apolipoprotein B-100 (APOB), Apolipoprotein C3 (APOC3), Apolipoprotein C-1IV (APOC4),
Apolipoprotein F (APOF), Beta-2-glycoprotein 1 (APOH), Aquaporin-9 (AQP9), Bile acid-
CoA:amino acid N-acyltransferase (BAAT), C4b-binding protein beta chain (C4BPB),
Putative uncharacterized protein encoded by LINC01554 (C5o0rf27), Complement factor 3
(C3), Complement Factor 5 (C5), Complement component C6 (C6), Complement component
C8 alpha chain (C8A), Complement component C8 beta chain (C8B), Complement component
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C8 gamma chain (C8G), Complement component C9 (C9), Calmodulin Binding Transcription
Activator 1 (CAMTAL), CD38 (CD38), Complement Factor B (CFB), Complement factor H-
related protein 1 (CFHR1), Complement factor H-related protein 2 (CFHR2), Complement
factor H-related protein 3 (CFHR3), Cannabinoid receptor 1 (CNR1), ceruloplasmin (CP),
carboxypeptidase B2 (CPB2), Connective tissue growth factor (CTGF), C-X-C motif
chemokine 2 (CXCL2), Cytochrome P450 1A2 (CYP1A2), Cytochrome P450 2A6 (CYP2A6),
Cytochrome P450 2C8 (CYP2C8), Cytochrome P450 2C9 (CYP2C9), Cytochrome P450
Family 2 Subfamily D Member 6 (CYP2D6), Cytochrome P450 2E1 (CYP2E1),
Phylloquinone omega-hydroxylase CYP4F2 (CYP4F2), 7-alpha-hydroxycholest-4-en-3-one
12-alpha-hydroxylase (CYP8B1), Dipeptidyl peptidase 4 (DPP4), coagulation factor 12 (F12),
coagulation factor II (thrombin) (F2), coagulation factor IX (F9), fibrinogen alpha chain
(FGA), fibrinogen beta chain (FGB), fibrinogen gamma chain (FGG), fibrinogen-like 1
(FGL1), flavin containing monooxygenase 3 (FMO3), flavin containing monooxygenase 5
(FMOS5), group-specific component (vitamin D binding protein) (GC), Growth hormone
receptor (GHR), glycine N-methyltransferase (GNMT), hyaluronan binding protein 2
(HABP2), hepcidin antimicrobial peptide (HAMP), hydroxyacid oxidase (glycolate oxidase) 1
(HAO1), HGF activator (HGFAC), haptoglobin-related protein; haptoglobin (HPR),
hemopexin (HPX), histidine-rich glycoprotein (HRG), hydroxysteroid (11-beta)
dehydrogenase 1 (HSD11B1), hydroxysteroid (17-beta) dehydrogenase 13 (HSD17B13), Inter-
alpha-trypsin inhibitor heavy chain H1 (ITIH1), Inter-alpha-trypsin inhibitor heavy chain H2
(ITIH2), Inter-alpha-trypsin inhibitor heavy chain H3 (ITIH3), Inter-alpha-trypsin inhibitor
heavy chain H4 (ITIH4), Prekallikrein (KLKB1), Lactate dehydrogenase A (LDHA), liver
expressed antimicrobial peptide 2 (LEAP2), leukocyte cell-derived chemotaxin 2 (LECT2),
Lipoprotein (a) (LPA), mannan-binding lectin serine peptidase 2 (MASP2), S-
adenosylmethionine synthase isoform type-1 (MAT1A), NADPH Oxidase 4 (NOX4), Poly
[ADP-ribose] polymerase 1 (PARP1), paraoxonase 1 (PON1), paraoxonase 3 (PON3), Vitamin
K-dependent protein C (PROC), Retinol dehydrogenase 16 (RDH16), serum amyloid A4,
constitutive (SAA4), serine dehydratase (SDS), Serpin Family A Member 1 (SERPINAT1),
Serpin A11 (SERPINAT11), Kallistatin (SERPINA4), Corticosteroid-binding globulin
(SERPINAG), Antithrombin-III (SERPINC1), Heparin cofactor 2 (SERPIND1), Serpin Family
H Member 1 (SERPINHI), Solute Carrier Family 5 Member 2 (SLC5A2), Sodium/bile acid
cotransporter (SLC10A1), Solute carrier family 13 member 5 (SLC13AS), Solute carrier
family 22 member 1 (SLC22A1), Solute carrier family 25 member 47 (SLC25A47), Solute

carrier family 2, facilitated glucose transporter member 2 (SLC2A2), Sodium-coupled neutral
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amino acid transporter 4 (SLC38A4), Solute carrier organic anion transporter family member
1B1 (SLCO1B1), Sphingomyelin Phosphodiesterase 1 (SMPD1), Bile salt sulfotransferase
(SULT2AT1), tyrosine aminotransferase (TAT), tryptophan 2,3-dioxygenase (TDO2), UDP
glucuronosyltransferase 2 family, polypeptide B10 (UGT2B10), UDP glucuronosyltransferase
2 family, polypeptide B15 (UGT2B15), UDP glucuronosyltransferase 2 family, polypeptide B4
(UGT2B4) and vitronectin (VTN).

In addition to its utility in silencing the expression of any of the above-described genes
for therapeutic purposes, certain nucleic acids (e.g., sSiRNA) described herein are also useful in
research and development applications as well as diagnostic, prophylactic, prognostic, clinical,
and other healthcare applications. As a non-limiting example, certain nucleic acids (e.g.,
siRNA) can be used in target validation studies directed at testing whether a gene of interest
has the potential to be a therapeutic target. Certain nucleic acids (e.g., siRNA) can also be used
in target identification studies aimed at discovering genes as potential therapeutic targets.
Generating siRNA Molecules

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
dsRNA transcribed from a transcriptional cassette in a DNA plasmid. In some embodiments,
siRNA may be produced enzymatically or by partial/total organic synthesis, and modified
ribonucleotides can be introduced by in vitro enzymatic 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.

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 ef al., supra; Ausubel et al., supra), as are PCR
methods (see, U.S. Patent Nos. 4,683,195 and 4,683,202; PCR Protocols: A Guide to Methods
and Applications (Innis et al., eds, 1990)). Expression libraries are also well known to those of
skill in the art. Additional basic texts disclosing the general methods of use in this invention
include Sambrook et al., Molecular Cloning, A Laboratory Manual (2nd ed. 1989); Kriegler,
Gene Transfer and Expression: A Laboratory Manual (1990); and Current Protocols in
Molecular Biology (Ausubel et al., eds., 1994). The disclosures of these references are herein
incorporated by reference in their entirety for all purposes.

Typically, siRNA are chemically synthesized. The oligonucleotides that comprise the

siRNA molecules of the invention can be synthesized using any of a variety of techniques
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known in the art, such as those described in Usman et al., J. Am. Chem. Soc., 109:7845 (1987);
Scaringe et al., Nucl. Acids Res., 18:5433 (1990); Wincott et al., Nucl. Acids Res., 23:2677-
2684 (1995); and Wincott ef al., Methods Mol. Bio., 74:59 (1997). The synthesis of
oligonucleotides makes use of common nucleic acid protecting and coupling groups, such as
dimethoxytrityl at the 5’-end and phosphoramidites at the 3’-end. As a non-limiting example,
small scale syntheses can be conducted on an Applied Biosystems synthesizer using a 0.2 pumol
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, a larger or smaller scale of
synthesis is also within the scope of this invention. Suitable reagents for oligonucleotide
synthesis, methods for RNA deprotection, and methods for RNA purification are known to
those of skill in the art.

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

Linking Group

The conjugates of the invention may include one or more linking groups (e.g. L* or L*).
The structure of each linking group can vary, provided the conjugate functions as described
herein. For example, the structure of each linking group vary in length and atom composition,
and each linking group can be branched, non-branched, cyclic, or a combination thereof. The
linking group may also modulate the solubility, stability, or aggregation properties of the
conjugate.

In one embodiment each linking group comprises about 3-1000 atoms. In one
embodiment each linking group comprises about 3-500 atoms. In one embodiment each
linking group comprises about 3-200 atoms. In one embodiment each linking group comprises
about 3-50 atoms. In one embodiment each linking group comprises about 10-1000 atoms.
In one embodiment each linking group comprises about 10-500 atoms. In one embodiment
each linking group comprises about 10-200 atoms. In one embodiment each linking group
comprises about 10-50 atoms.

In one embodiment each linking group comprises atoms selected from H, C, N, S
and O.

In one embodiment each linking group comprises atoms selected from H, C, N, S, P

and O.

27



10

15

20

25

30

WO 2020/093061 PCT/US2019/059711

In one embodiment each linking group comprises a branched or unbranched, saturated
or unsaturated, hydrocarbon chain, having from about 1 to 1000 (or 1-750, 1-500, 1-250, 1-
100, 1-50, 1-25, 1-10, 1-5, 5-1000, 5-750, 5-500, 5-250, 5-100, 5-50, 5-25, 5-10 or 2-5 carbon
atoms) wherein one or more of the carbon atoms is optionally replaced independently
by -O-, -S, -N(R%-, 3-7 membered heterocycle, 5-6-membered heteroaryl or carbocycle and
wherein each chain, 3-7 membered heterocycle, 5-6-membered heteroaryl or carbocycle is
optionally and independently substituted with one or more (e.g. 1, 2, 3, 4, 5 or more)
substituents selected from (Ci-Ce)alkyl, (C1-Ce)alkoxy, (C3-Cs)cycloalkyl, (C1-Cs)alkanoyl,
(C1-Ce)alkanoyloxy, (Ci-Cs)alkoxycarbonyl, (Ci-Cs)alkylthio, azido, cyano, nitro,
halo, -N(R?*),, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy,
wherein each R%is independently H or (C1-Cs)alkyl. In one embodiment the linker comprises a
branched or unbranched, saturated or unsaturated, hydrocarbon chain, having from about 1 to
1000 (or 1-750, 1-500, 1-250, 1-100, 1-50, 1-25, 1-10, 1-5, 5-1000, 5-750, 5-500, 5-250, 5-
100, 5-50, 5-25, 5-10 or 2-5 carbon atoms) wherein one or more of the carbon atoms is
optionally replaced independently by -O-, -S, -N(R%)-, , wherein each R?is independently H or
(C1-Ce)alkyl.

In one embodiment each linking group comprises a polyethylene glycol. In one
embodiment the linking group comprises a polyethylene glycol linked to the remainder of the
targeted conjugate by a carbonyl group. In one embodiment the polyethylene glycol comprises
about 1 to about 500 or about 5 to about 500 or about 3 to about 100 repeat (e.g., -CH,CH,O-)
units (Greenwald, R.B., et al., Poly (ethylene glycol) Prodrugs: Altered Pharmacokinetics and
Pharmacodynamics, Chapter, 2.3.1., 283-338; Filpula, D, et al., Releasable PEGylation of
proteins with customized linkers, Advanced Drug Delivery, 60, 2008, 29-49; Zhao, H., et al.,
Drug Conjugates with Poly(Ethylene Glycol), Drug Delivery in Oncology, 2012, 627-656).
Embodiments

In one embodiment, A s a targeting ligand that specifically binds to a molecule on the
surface of the target cell.

In one embodiment, the nucleic acid conjugate ard the membrane- destabilizing
polyroer are admirgstered separately.

In one embodiment, the membrane-destabilizing polymer is administered after
adnursstration of the nucleic acid conjugate.

In one embodiment, the nucleic acid conjugate and the membrane- destabihizing

polymer are adurnistered together within a single composition.
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In one embodiment, the targsting Heand and T° are different and sither (i) specifically
bind to the same cell surface molecule or (1t} specifically bind to a different cell surface
motecule on the target cell

In one embodiment, the targeting Hgand and the T° are the sare and each specifically
binds to the same cell surface moleculs.

In one embodiment, the cell is a secretory cell, a chondrocyie, an epithelial cell, a nerve
cell, a muscle cell, a blood cell, an endothelial cell, a periovte, a fibroblast, a ghal cell, ora
dendritic cell.

In one embodimend, the cell s a cancer cell, an iamune cell, g bacterially-infected cel,
a virally-infected cell, or a cell having an abnormal meiabolic activity,

In one embodiment, the targeting higand specifically binds 1o a cell surface molecule
selected from the group consisting of transferrin receptor type 1, transfernin receptor type 2, the
EGF receptor, HER2/Ney, a VEGY receptor, a PG receptor, an integrin, an NGF receptor,
D2, CD3, CD4, CD3, CDHe, CD20, CR22, OD33, CD43, CD3R, Oh56, ODE9, the
asialoglycoprotein recepiar {ASGPR), prostate-specific membrane antigen {PSMA), a folate
recepiorn, and a dgma recepiorn,

in one embodiment, the targeting Hgand comprises a small wolecule targeting moiety.

In one embodiment, the small molecule targeting motety 15 a sugar, a vitamin, a
bisphosphonate, or an analogue thereof

In one embodiment, the sugar is selected from lactose, galactose, N- acetyl
galactosarmoe (NAG), wannose, and wanvose-G-phosphate (M6P),

in one embodiment, the vitamin is folate.

In one embodiment, the targeting Hgand corpnises a protemn.

In one embodiment, the protein is an antibody, a peptide aptamer, or a protein derived
from a natural ligand of the cell surface molecule.

in one embodiment, the targeting Hgand comprises a peptide.

In one embodiment, the peptide is an integrin-binding pepude, a LOX- 1 -binding
peptide, and epidermal growth factor (HGF) peptide, 3 neurotensin peptide, an NL4 peptide, or
a YIGSR laminin peptide.

fo one embodiment, the cell 15 a hepatocyte,

In one embodiment, the targeting Hgand specifically binds o the asialoglycoprotein
receptor { ASGPR).

In one embodiment, the targeting ligand comprises an N- acetylgalactosamine (NAG)

residue.
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In one embodiment, the membrane destabilizing polymer comprises of three regions:

a monosaccharide,

a hydrophilic region comprising polyethyleneglycol methacrylate 4-5 (PEGMA 4-5)
and hydroxyethyl methacrylate (HMA); and

a region that provides endosomal release

In one embodiment, the membrane destabilizing polymer is a polymer of

formula (XX
T°-L-[PEGMAn-M?,]y-[DMAEMA -PAA-BMA;]w (XX)

wherein:
PEGMA is polyethyleneglycol methacrylate residue with 2-20 ethylene glycol units;
M? is a methacrylate residue selected from the group consisting of
a (C4-Cig)alkyl-methacrylate residue;
a (C4-Cig)branched alkyl- methacrylate residue;
a cholesteryl methacrylate residue;
a (C4-Cig)alkyl-methacrylate residue substituted with one or more fluorine
atoms; and
a (C4-Cig)branched alkyl-methacrylate residue substituted with one or more
fluorine atoms;
BMA is butyl methacrylate residue;
PAA is propyl acrylic acid residue;
DMAEMA is dimethylaminoethyl methacrylate residue;
m and n are each a mole fraction greater than 0, wherein m is greater than n and
m+n=1;
q is a mole fraction of 0.2 to 0.75;
ris a mole fraction of 0.05 to 0.6;
s is a mole fraction of 0.2 to 0.75;
qtr+s=1;
vis 1to 25 kDa;
wis 1to 25 kDa;
T’ is a targeting moiety (e.g., a peptide, polymer or saccharide); and
L is absent or is a linking moiety.
in one embodiment, M? is selected from the group consisting of:

2,2,3,3,4,4,4-heptafluorobutyl methacrylate residue,
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3,3,4,4,5,6,6,6-octafluoro-5(trifluoromethyl )hexyl methacrylate residue,
2,2.3,3,4,4,5,5,6,6,7,7,8,8,8-pentadecafluorooctyl 2-methylacrylate residue,
3,3,4,4,5,5,6,6,6-nonafluorohexyl methacrylate residue,
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl methacrylate residue,

1,1,1 -trifluoro-2-(trifluoromethyl)-2-hydroxy-4-methyl-5-pentyl methacrylate residue, 2-[(1 ',
1", 1 '-trifluoro-2 '-(trifluoro methyl) -2 -hydroxy )propyl]-3-norbornyl methacrylate residue,
2-ethylhexyl methacrylate residue,

butyl methacrylate residue,

hexyl methacrylate residue,

octyl methacrylate residue,

n-decyl methacrylate residue,

lauryl methacrylate residue,

myristyl methacrylate residue,

stearyl methacrylate residue,

cholesteryl methacrylate residue,

ethylene glycol phenyl ether methacrylate residue,

2-propenoic acid, 2-methyl-, 2-phenylethyl ester residue,

2-propenoic acid, 2-methyl-, 2-[[(l,]-dimethylethoxy)carbonyl]amino]ethyl ester residue,
2-propenoic acid, 2-methyl-, 2-(1 H-imidazol-I-yl)ethyl ester residue,

2-propenoic acid, 2-methyl-, cyclohexyl ester residue,

2-propenoic acid, 2-methyl-, 2-[bis(I-methylethyl)amino]ethyl ester residue,
2-propenoic acid, 2-methyl-, 3-methylbutyl ester residue,

neopentyl methacrylate residue,

tert-butyl methacrylate residue,

3,3,5-trimethyl cyclohexyl methacrylate residue,

2-hydroxypropyl methacrylate residue,

5-nonyl methacrylate residue,

2-butyl-1-octyl methacrylate residue,

2-hexyl-1-decyl methacrylate residue, and

2-(tert-butyl amino)ethyl methacrylate residue.

In one embodiment, PEGMA has 4-5 ethvlene glyeol units or 7-8 ethylene glyeol units,
In one embodiment, T and L are present and Thooroprises an N-acetvlgalactosanmine (NAG)

residus
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In one embodiment, L 18 comprises a polvethylene glyeol (PEG) motety having 2-20
ethylene glyool units.

in one embodiment, the membrane destabilizing polymer is a polymer of

formulda (X3
" o ©oN CH CHg CHg CH
Ho - o\/v\/NT%\,o}\AN CH, CH; CH, CH, CH, H
o pc H o N0 o N 0" NP 0N oo
HO NHAG
OH (\'\ Py H ))
Me\@ /N\

(XXD),
wherein px is an integer of from about 2 to about 50, e.g., from about 2 to about 20, e.g., from
41012 (e.g,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,

10 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49 or
50). In some embodiments, px is an integer of from about 8 to about 16 (e.g., 8, 9, 10, 11, 12,
13, 14, 15, or 16). In some embodiments, px is about 12. In some embodiments, py is an
integer of from about 2 to about 20 (e.g., 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, or 20). In some embodiments, py is an integer of from about 2 to about 10 (e.g., 2, 3, 4, 5,

15 6,7,8,9, or 10). In some embodiments, py is an integer of from about 4 to about 5 (e.g., 4 or
5).

In one embodiment, the compound of formula (X) is a compound of formula (I):

(R,
RW@ -
@)

20 wherein:

R! ais targeting ligand,;

L!is absent or a linking group;

L’ is absent or a linking group;

R? is the nucleic acid;
25 the ring A is absent, a 3-20 membered cycloalkyl, a 5-20 membered aryl, a 5-20

membered heteroaryl, or a 3-20 membered heterocycloalkyl;
each R* is independently selected from the group consisting of hydrogen, hydroxy, CN,
F, Cl, Br, I, -C1. alkyl-ORE, Cy.10 alkyl Cy.10 alkenyl, and Cz.10 alkynyl; wherein the C.10 alkyl
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C»-10 alkenyl, and C».10 alkynyl are optionally substituted with one or more groups
independently selected from halo, hydroxy, and Ci.3 alkoxy;
RBis 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
5 nis0,1,2,3,4,5,6,7,8,9, or 10;
or a salt thereof.
fn one embodiment,
R! ais targeting ligand,;
L!is absent or a linking group;
10 L’ is absent or a linking group;
R? is the nucleic acid;
the ring A is absent, a 3-20 membered cycloalkyl, a 5-20 membered aryl, a 5-20
membered heteroaryl, or a 3-20 membered heterocycloalkyl,
each R* is independently selected from the group consisting of hydrogen, hydroxy, CN,
15 F,Cl, Br, L -Ci; alkyl-ORB and C).s alkyl that is optionally substituted with one or more
groups independently selected from halo, hydroxy, and Ci.3 alkoxy;
RBis 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
nis0,1,2,3,4,5,6,7,8,9, or 10.
20 in one embodiment, R is ~C(H)@.p)(L’-saccharide)y,
wherein each L? is independently a linking group;
pis 1,2, or3; and
saccharide is a monosaccharide or disaccharide.

In one embodiment, the saccharide is:

25
wherein:
X is NR? and Y is selected from -(C=0)R*, -SO;R>, and -(C=O)NR°R”; or X
is -(C=0)- and Y is NR®R’;
R’ is hydrogen or (C1-Cs)alkyl;
30 R* R’ R® R’ R®and R’ are each independently selected from the group consisting of

hydrogen, (C1-Csg)alkyl, (C1-Cg)haloalkyl, (Ci-Cg)alkoxy and (Cs-Cs)cycloalkyl that is
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optionally substituted with one or more groups independently selected from the group
consisting of halo, (C1-Cy4)alkyl, (C1-Cs)haloalkyl, (Ci-Cs)alkoxy and (C1-Cs)haloalkoxy;
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, hydroxyl,
carboxyl, amino, (C1-Cs)alkyl, (C1-Cs)haloalkyl, (C1-Cs)alkoxy and (C1-C4)haloalkoxy

fn one embodiment, the saccharide is selected from the group consisting of:

OH OH HO, OH HO, OH HO, OH
OH 0 HO 0 HO 0 HO o
NA 0% YN o —S—NH 03 F%—ISI—NH o—$
F3C F
Ho oH HO OH
HO 0 HO o and
0 RN

In one embodiment, the saccharide is:

HO OH HO, OH
HO 0 or HO 0
0 R o] R
>—NH o—3 )—NH 0%
N-Acetylgalactosamine (GalNAc) GalPro.

In one embodiment, each LY is independently a divalent, branched or unbranched,
saturated or unsaturated, hydrocarbon chain, having from 0 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%-, -NR*-C(=0)-, -C(=0)-NRX- or —S-, and wherein R*is hydrogen or (C1-Cs)alkyl,
and wherein the hydrocarbon chain, is optionally substituted with one or more substituents
selected from (C1-Cs)alkoxy, (C3-Cs)cycloalkyl, (Ci-Cs)alkanoyl, (C1-Ce)alkanoyloxy, (Ci-
Cs)alkoxycarbonyl, (C1-Cs)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo (=0), carboxy,
aryl, aryloxy, heteroaryl, and heteroaryloxy.

In one embeodiment, each LY is independently a divalent, 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
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—0-, -NR%-, -NR*-C(=0)-, -C(=0)-NRX- or —S-, 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 (C1-Cs)alkoxy, (C3-Cs)cycloalkyl, (C1-Cs)alkanoyl, (Ci-
Ce)alkanoyloxy, (C1-Cs)alkoxycarbonyl, (C1-Cs)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

In one embodiment, L is:

H
&/\O/\/O\/\O/\/ N \n/\/‘?zt
0 :

in one embodiment, RY is;
Ho OH

(0]
O O/\/O\/\O/\/
HO
NH

0= o
Ho, QH H
o)
N
mo\/\o/\/o\/\o/\/ ¢

o)

N

Ho OH HN

0]

in one embodiment, Rl s:

RCO

wherein:

G is -NH- or -O-;

RC is hydrogen, (C1-Cs)alkyl, (C1-Cs)haloalkyl, (C1-Cs)alkoxy, (C1-Ce)alkanoyl, (Cs-
Cao)cycloalkyl, (C3-Cao)heterocycle, aryl, heteroaryl, monosaccharide, disaccharide or
trisaccharide; and wherein the cycloalkyl, heterocyle, ary, heteroaryl and saccharide are

optionally substituted with one or more groups independently selected from the group
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consisting of halo, carboxyl, hydroxyl, amino, (C1-C4)alkyl, (C1-C4)haloalkyl, (C1-C4)alkoxy
and (C-Cs)haloalkoxy.

in one embodiment, RC is:

HO 0]
OHo
OH
HO O
0]
OHO
OH OH
5
In one embodiment, Rl is:
HO (0]
OHO
OH
HO (0]
O
OHO
OH OH
In one embodiment, RC is:
E)Ok
10 In one embodiment, Gis —NH-.

In one embodiment, Rl is:

In one embodiment, Rl is:
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or

RPO™ DA “"rARD
H RO o OR

wherein each R is independently selected from the group consisting of hydrogen, (C;-
Ce)alkyl, (Co-Cao)alkylsilyl, (RV)3Si-, (C2-Ce)alkenyl, tetrahydropyranyl, (C1-Cs)alkanoyl,
benzoyl, aryl(Ci-Cs)alkyl, TMTr (Trimethoxytrityl), DMTr (Dimethoxytrityl), MMTr
(Monomethoxytrityl), and Tr (Trityl); and

each RY is independently selected from the group consisting of (C1-Cs)alkyl and aryl.

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%-) -NR*-C(=0)-, -C(=0)-NR*- or -S-, and wherein R¥is hydrogen or (C;-Cs)alkyl,
and wherein the hydrocarbon chain, is optionally substituted with one or more (e.g. 1, 2, 3, or
4) substituents selected from (C1-Cs)alkoxy, (C3-Cs)cycloalkyl, (C1-Cs)alkanoyl, (Ci-
Ce)alkanoyloxy, (C1-Cs)alkoxycarbonyl, (C1-Cs)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

In one embeodiment, L' and L? are independently a divalent, 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
—0-, -NR%-, -NR*-C(=0)-, -C(=0)-NRX- or —S-, 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 (C1-Cs)alkoxy, (C3-Cs)cycloalkyl, (C1-Cs)alkanoyl, (Ci-
Ce)alkanoyloxy, (C1-Cs)alkoxycarbonyl, (C1-Cs)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

In one embodiment, L! and L? are independently, a divalent, branched or unbranched,

saturated or unsaturated, hydrocarbon chain, having from 1 to 14 carbon atoms, wherein one or
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more (e.g. 1, 2, 3, or 4) of the carbon atoms in the hydrocarbon chain is optionally replaced —
O-, -NRX- -NR*-C(=0)-, -C(=0)-NR*- or —S-, and wherein R*is hydrogen or (C;-Cy)alkyl,
and wherein the hydrocarbon chain, is optionally substituted with one or more (e.g. 1, 2, 3, or
4) substituents selected from (C1-Cs)alkoxy, (C3-Cs)cycloalkyl, (C1-Cs)alkanoyl, (Ci-

5  Ce)alkanoyloxy, (C1-Ce)alkoxycarbonyl, (C1-Ce)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

in one embodiment, L! is connected to R! through -NH-, -O-, -S-, -(C=0)-, -(C=0)-

NH-, -NH-(C=0)-, -(C=0)-0-, -NH-(C=0)-NH-, or -NH-(SO3)-.

In one embaodiment, L2 is connected to R? through -O-.

10 In one embodiment, L' is selected from the group consisting of:
O o) (0]
H
o] 0]
o] 0] (o]
H
E)J\/NW\/\/\/\)J\; Y\/\N)K/\/\/NI
0 H o
o o
O H
Y and %NW\/\/\AN/\;
M I N

In one embodiment, L? is —CHz-O- or —CH2-CH»-O-.
In one embodiment,

the compound of formula (I) is a compound of formula (Ia):

15 L2—R?

wherein:

RA
|
each D is independently selected from the group consisting of —C= and —N=;
or a salt thereof.
20 In one embodiment, the compound of formula (I) is selected from the group consisting

of
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HO O.

RZ, H
RZ 0 o] O\

Q'o

9\(\0 N7
~

Q'o
N N N]\/\
I I I
Z

z
N
Q'o \jﬂooz
| 1 N 2 j\(\
_N Qo™ ™y Y Toa N N

|
I 2 AT A

Z z V4

Q'o
R2
HO o |
NI\ 0Q? |
2
HN Cl)\ N )\(
Z
o N Z Q'o
| z
/;(NI |\ oQ? Qq'o /|
oQ? NZ >z SN
z Q%0
= | and Qlo” A2
o X 0Q? ~ |
N N

wherein:
Q! is hydrogen and Q? is R%; or Q' is R? and Q? is hydrogen; and
Zis -L'-R!.

/

\

V4
X
P

N

In one embodiment, the compound of formula (I) is a compound of formula (Ib):
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wherein:
RA
|
each D is independently selected from the group consisting of —C=— and —N=; and
5 each m is independently 1 or 2.
In one emmbodiment, the compound of formula (I) is selected from the group

consisting of’

0oQ? 0Q2

Q'o
and
Q1O\)\\N N, Q1O\)\\N N | N/ N—7
4 Z
H
wherein:
10 Q! is hydrogen and Q? is R%; or Q' is R? and Q? is hydrogen; and
Zis -L-R%.

In one embodiment, the compound of formula (I) is a compound of formula (Ic):

(RMn
E
LZ_RZ
n1 ( N In2

2
|

R1

(Ic)

15  wherein:
E is —O- or -CH>-;
n is selected from the group consisting of 0, 1, 2, 3, and 4; and
nl and n2 are each independently selected from the group consisting of 0, 1, 2, and 3.

In one embodiment, the compound of formula (I) is selected from the group consisting
20 of:
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HO, _O R2-0— RZ_O}
HO%[QtLW/O—RZ.W:T:Lm/O_RZ HO\@Jf;j HO/mTj;J
7 7 Z Z

HO HO 0-R?
HO— }
’aj RZ-O/\‘”L(
RZ_ \I‘PIJE J
0 N N and N
| | )
4 z d

wherein: Zis -L!-R!.
In one embodiment, -A-L>-R? is:

2
oQ 0Q2

2
;\N/(qu or ;\,\O.\\OQ
00" Q'O
q

5 oQ’
wherein:
Q! is hydrogen and Q? is R%; or Q' is R? and Q? is hydrogen; and
each qis independently 0, 1,2, 3, 4 or 5.
In one embodiment, the compound of formula (I) is selected from the group consisting

10  of:

OH
o H Q H
HO O\/\O/\/O\/\O/\/N NJ\/N\H/\/\/\/\/\/O
NH o H o
o=§
OR?

0]
Ho OH HN
o
Hmo\/\o/\/o\/\oj
NH
0]
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HO OH o
HO
NH HN

Ho OH O=< H
Hmo\/\o/\/o\/\o/\/ N J\/ N \”/\/\/\/\)L
NH

HO OH

Mow"wo/\/"W
HO

NH HN

o=<
Ho, OH

o H
Hmo\/\o/\/o\/\o/\/ N J\/ N \’(\/\/\/\/\)L WOH
NH 0o
O=< \\‘

o
Ho, OH HN
o)
S ooy
NH
o=§
and
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RS
S S HN/
R R
“NH 0 0 “NH o}
0] (0] RS/ g
0]
HN.
s HN s
o
HN\
RS RS RS
/ \
HN NH
and 0] 0
H
H 0] 0]
H H N
s~ N RS
S HJ\/ thu I
(0] o
0 0]
HN NH
\ s/
RS R
wherein:
Ho, OH
o
HO 07’\)1
NH \6/\ n
o}
R%is ;
nis 2, 3, or 4; and
5 xis 1 or2.
In one embodiment, L is selected from the group consisting of:
; H 0o o 0O O 6o o 0 O
N N R e It
\[Or H ¥ X 10 H ¥ 8 £ 10
0 o o o ; o o H
; )LMJ\ Fé /\/N
W e ATy A ey
o o H y @ 9 Q o o o)
& JLM/U\ AN NJLMJLN/\HJ\ and /\6’))%

In one embodiment, A is absent, phenyl, pyrrolidinyl, or cyclopentyl.
In one embodiment, L? is Ci.4 alkylene-O- that is optionally substituted with hydroxy.
10 in one embodiment, L? is -CH,0-, -CH2CH,O-, or -CH(OH)CH;O-.
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in one embodiment, each R* is independently hydroxy or Ci.s alkyl that is optionally
substituted with hydroxyl.
in one embodiment, each R? is independently selected from the group consisting of

hydroxy, methyl and -CH,OH.

5 In one embodiment, the compound of formula (I) is a compound formula (Ig):
(R%),
L2_R2
B
|
L1
|
R1
(Ig2)
wherein:

B is —N- or -CH-;
10 L?is C1.4 alkylene-O- that is optionally substituted with hydroxyl or halo; and
nis0,1,2,3,4,5 6,or7.

In one embodiment, the compound of formula (I) is selected from the group consisting

of
R2—O
HO R'z R; '
O-R? HO I
N OH Q
| N
Q
Q
F e HO
o—R2
F and HN’C\/ )
0-R2 NH | o-R
/ Q
Q
15 wherein Q is -L!-R!; and

R’ is Ci.galkyl, Cr.9alkenyl or Ca.9 alkynyl; wherein the Ci.9 alkyl, C».9 alkenyl or Cs.9
alkynyl are optionally substituted with halo or hydroxyl.
In one embodiment, the compound of formula (I) is selected from the group consisting

of
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OH O " o ’
0-R? O-R? N.
MNN N R2-0 N a
NH NH on "
o HO &
Q HO )12,3.4
HO\/\O—IPI—/\N/Q HO 1,
3 0—R? O—R?
— N N
R2— '
o) | &
HO Q
N
N O—R? 0—R?
Q OH

wherein Q is -L!-R!
In one embodiment, the compound of formula (I) is selected from the group consisting

of

H
o N~y OH
H 8 H

o)
R HO 0 0\/\0/\/0\/\0/\/'771
HO “’NHAc
OH 142
OH
o o H o O 10
(\/\073\/ ”)LMJL N OH
. 8
HO ‘NHAc 0
OH 3
O-p2
145 R
HO,
OH . ’ 0O O /D\/O_Rz
O~o N H)LM’[LQ
) 3 1
HO “NHAc 0 0
OH 150 3
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LS

O- R2 HN\/\O R2
oH 153 158
HO & OH
0._0 N N N
N 0-R2
HO “’NHAc H R2-0
OH 163 168
y OH
H 0 OR?

OAc

o Of~o /)\/N J\,NM »MJL
AcO “’NHAc %
OAc
H
N o,R2
o]
OH
o TFA
OH 0 |, M H ©
HJI\/N\[(.\/\H/N\)L

H
(o)
O(\/\o,)r\/N
(0]

3

OH

J
N\/‘(\o/\%OU
HO “’NHAc 0 AcHN “'OH
OH 3 179 OH

Iz

OH

OH
HO,, (INHAc AcHN,, OH
oty ool

SN
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OH
HO,,
. OH
HO" : n/
“OH
NHAc H
HO,, O~ N0 OH
HO™ ™ ° ” H
< o] N N 0-R2
OH - g
NHAc jJ/ HN" Y0 © H °©
HO,, 0 OW/\WN
V\O N X \’F\O/y\/o OH
Hov SO /QT/NH o] o |
e n i
:  AcHN o I, '
HO/ o] AcHN .,
. i OH
HO: o 191,n=2,x=1 HO
o' 194, n=3,x=1
. 197, n=4,x=1
OH 200, n=3 x=2
HO,,
o) OH
Y N .
_R
N So © ° 0

203,n=3,x
206, n=4,x

1
1
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NHAc
HO,, o\(/\o/\)\/ o,
Ho O “N
: x H H
b ° ”M”
> .o %o D_\
NHAc o HO 0O-R2
X
(0]

i OH
\__P° 209,n=3,x=1 HO
HO % o
NHAc
HO, o N
\’k\o/\)\/ 0 /&\
. (o] N
HO™ ™ N)L(V)’ﬁ(
2 \cral/\H [
“OH

o' O NH 0 oo oA
n W
> AcHN o ‘
HO™ C O\J(\ n ACHND
HOmC H 212,n=3,x=1 Ao OAC
S 215,n=4,x=1
HO =
~OH
OH

HO

218,n=2

oH OH 221,n=3

o ove\o/\)\/n AcHN,, OH
n
HO “’NHAc o ”/\(\/O\*\o o
n

OH

OH
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NHAc
o
O\V\o/\)*/ o
HO™ ™
“OH ° M % O-R?
NHAcC ?J/
HO/, 0\6/\ Y\W\n/ OH
: o)
Hov O /QT/ X oo OH
H o
Ho/ ACHNC(O\J(\ n ACHND,
HO:.. I OH
0 HO
& 224, n=3,x=1
HO %
OH OH
HO,, (INHAC AcHN,, OH
o
o~ P \*\N /\@/ \*\o o
OH OH
NH OH
o NA Y
00
2
AT A VAN,
7
OH ° o
HO,,, NHAc HN
(I H 231,n=3
N
o/\(\/o\*\N OH
OH O  AcHN, OH
o) ﬁ/*/o\*\o o)
and n OH

fn one embodiment, the compound of formula (I) is a compound formula (Id)

O\de
H
RY _xd4 N O« 3q
\ﬂ/ \”/ nd R
(0] (0]
(Id)
wherein:

R is selected from:
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0]
NH 0 (o)
HO 0/\/ \/\0/\/ ‘>
o
nd & HN .
Ho OH
O (o) 0 H H
HO \/\O/\/ \/\O/\/ N_E_
NH o)
o=<
O
Ho OH HN
O
HO O\/\O/\/o\/\OJ
NH
o:<
and
0O
NH 0 0
HO o \/\O/\/ _>
(0]
Hd & HN .
Ho OH . ’ o
HO O\/\O/\/O\/\O/\/N NJI\/N'é'
NH H
o=< °
0]
Ho OH HN
0
NH

X% is Ca-10 alkylene;
n%is 0 or I;

R is a nucleic acid; and
R3dis H.

In one embodiment, R is:
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0]
NH 0 (o)
HO O/\/ \/\0/\/
0]
HN
HO oH 0
OH
HO o H
(o) (o) N H
HO ~ o N ~ o N—g'
NH 0
o=<
(o)
HO OH HN
2 O~ O _)
HO o o)
NH
o:<
in one embodiment, R is;
0]
NH 0 o)
HO O I NN
(0]
HN
HO oH o
OH
HO o 5 O H§
HO O\/\O/\/O\/\O/\/ N N-s-
NH o H
o=<
o)
HQ OH HN
R O~ O _)
HO O (o)
NH
0]

In one embaodiment, X41is Csalkylene.
In one embodiment, nis 0.
In one embodiment, R3 is H.

In one embodiment, the compound of formula (I) is selected from the group consisting
of
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HO OH

L ooy
HO
NH
(0]

Ho OH :<

mO\/\O/\/O\/\O/\/ N )W( oH

NH
o=<

Ho OH OR?
R o~ /\/0\/\
HO (@)
NH
o:<
Ho OH o
0 o/\/o\/\o/\/
HO HN
NH 2
O:< o HO OR
HO OH H (0] (o]

0 H
N
NH H
o]
o=§ °
o]
Ho OH HN

° O~ O
HO (o) \/\o
NH

o:<
and

Ho OH

o) o Y
AL oy

HN HO

NH
o=§_ )
Ho, OH

(o} [0}
o) H H
N
Hmo\/\o/\/o\/\o/\/ HJJ\/NW(W\/\)kN
o =<“i o) o) H OR?

o
Ho OH HN

0}
Hmo\/\o/\/o\/\o_)

NH

=

In one embodiment, the compound of formula (I) is a compound of formula (Ig):
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(R%),
L2_R2
B
|
L1
|
R1
(Ig2)
wherein:
B is —N- or -CH-;
5 L?is C1.4 alkylene-O- that is optionally substituted with hydroxyl or halo; and

nis0,1,2,3,4,5 6,or7.

In one embodiment, the compound of formula (I) is selected from the group consisting

of:
R2—0O
o 1 o D Dg
HO
0-R? |
N OH q
I N
Q |
F

o\

10 wherein:
Qis-L!-R!: and
R’ is Ci.galkyl, Cr.9alkenyl or Ca.9 alkynyl; wherein the Ci.9 alkyl, C».9 alkenyl or Cs.9
alkynyl are optionally substituted with halo or hydroxy.

In one embodiment, the compound of formula (I) is selected from the group consisting

15 of:
OH O * o ’
0-R? O-R? N.
MNN N R0 N a
_NH H HO NH oH "
Q Q
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0 )
HO n Q HO HO 1,2,3,4
\/\°"T_/\H/ 2 0—R?2
R*—0 ']‘ &
Q
HO Q
N
"\l O_Rz O_R2
Q OH ;

wherein: Qis-L!-R.

In one embodiment, the compound of formula (X)) is a compound of formula (XX):

5
PR
(XX)
wherein:
R! ais targeting ligand,;
10 L' is absent or a linking group;
L’ is absent or a linking group;
R? is a nucleic acid;
B is divalent and is selected from the group consisting of
o E—O OH M(I)N
Ho R R' O_g * HO R F
ﬁ **éé\o/\(Q F
N, N OH =~ * HO N N O
Y s ¥ ' w;"v*
o
o HO OH O o 0]
H H/\/ ;r,r b H/\/O‘:‘{ -
HN
o, e N HO NH
i ! o . oy
15 £
- o H "o 0 HO 0-%
;{O N/\/N‘ \/\O_FI,_/\N)E;
OH H . o) N
|
**“{OJ/ [
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*

HO V1,234 H°m0—§ N
and
N 0% ..
N 0;,: e
J\:I\N N kR [ OH

*

wherein:
each R’ is independently Ci.9 alkyl, C».0 alkenyl or Cz.9 alkynyl; wherein the Ci.9 alkyl,

Cr.9alkenyl or Ca.9 alkynyl are optionally substituted with halo or hydroxyl;

5 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 L? is absent.
In one embodiment, R! comprises 2-8 saccharides.
in one embodiment, R! comprises 2-4 saccharides.
in one embodiment, R! comprises 3-8 saccharides.
10 In one embodiment, R! comprises 3-6 saccharides.

In one embeodiment, R! comprises 3-4 saccharides.
In one embodiment, R! comprises 2 saccharides.
in one embodiment, R! comprises 3 saccharides.
in one embodiment, R! comprises 4 saccharides.

15 In one embaodiment, R! has the following formula:

saccharlde\_l_3

cAm TA_- 2
saccharide—T B\

T1
B1_§_

harid T2
saccharide— 5 _ 3~
/
TG
saccharide
wherein:
20 B!l is a trivalent group comprising about 1 to about 20 atoms and is covalently bonded

toL!, T!, and T2
B? is a trivalent group comprising about 1 to about 20 atoms and is covalently bonded
to T!, T3, and T
B? is a trivalent group comprising about 1 to about 20 atoms and is covalently bonded
25  toT% T° and TS
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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’ is absent or a linking group; and
T® is absent or a linking group.

fn one embodiment, each saccharide is independently selected from:

wherein:

X is NR? and Y is selected from -(C=0)R*, -SO;R>, and -(C=O)NR°R”; or X
is -(C=0)- and Y is NR®R’;

R’ is hydrogen or (C1-Cs)alkyl;

R* R’ R® R’ R®and R’ are each independently selected from the group consisting of
hydrogen, (C1-Csg)alkyl, (C1-Cg)haloalkyl, (Ci-Cg)alkoxy and (Cs-Cs)cycloalkyl that is
optionally substituted with one or more groups independently selected from the group
consisting of halo, (C1-Cy4)alkyl, (C1-Cs)haloalkyl, (Ci-Cs)alkoxy and (C1-Cs)haloalkoxy;

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, hydroxyl,
carboxyl, amino, (C1-Cs)alkyl, (C1-Cs)haloalkyl, (Ci-C4)alkoxy and (C1-C4)haloalkoxy.

In one embodiment, each saccharide is independently selected from the group

consisting of’

OH OH HO, OH HO, OH HO, OH
OH 0 HO 0 HO o HO o
o o Q R Q
NH  0—% MnH o —S—NH 03 FH—S—NH 0—%
FsC F
HO OH HC, OH
HO 0 go o and
R R
>—N\H o— HN>_NH o
2
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In one embodiment, each saccharide is independently:

HO OH HO OH

HO 0 or HO 0
SR o
>—NH o— _>—N\H o+

in one embodiment, one of T! and T2 is absent.

In one embodiment, both T and T? are absent.

In one embaodiment, each of TY, T2, T3, T*, T°, and T is independently absent or a
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 -S-, and wherein
R*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-C6)alkoxy, (C3-
Co6)cycloalkyl, (C1-C6)alkanoyl, (C1-C6)alkanoyloxy, (C1-C6)alkoxycarbonyl, (C1-
Co6)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl,
and heteroaryloxy.

In one embodiment, each of T!, T2, T3, 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-, -NR*-, -NR*-C(=0)-, -C(=0)-NR*- or -S-, and wherein
R* 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-C6)alkoxy, (C3-
Co6)cycloalkyl, (C1-C6)alkanoyl, (C1-C6)alkanoyloxy, (C1-C6)alkoxycarbonyl, (C1-
Co6)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl,
and heteroaryloxy.

In one embodiment, each of T!, T2, T3, T*, T°, and T is independently absent or a
branched or unbranched, saturated or unsaturated, hydrocarbon chain, having from 1 to 50
carbon atoms, or a salt thereof, wherein one or more of the carbon atoms in the hydrocarbon
chain is optionally replaced by —O- or -NR*-, and wherein R¥ is hydrogen or (Ci-Cs)alkyl, 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).

in one embodiment, 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
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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) substituents selected from halo, hydroxy, and
oxo (=0).

In one embodiment, each of T!, T2, T3, 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) substituents selected from halo, hydroxy, and
oxo (=0).

In one embodiment, at least one of T?, T*, T°, and T is:
H
w{\/ov\oj;\/N}é
wherein:
n=1,23.

in one embodiment, each of T°, T*, T°, and T® is independently selected from the group
consisting of’
H
"{\/O(\/\oﬁ;\/ N
wherein:
n=1,23.
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, Bl is a trivalent group comprising 1 to 15 atoms and is covalently
bonded to L!, T!, and T2.
In one embodiment, Bl is a trivalent group comprising 1 to 10 atoms and is covalently
bonded to L!, T!, and T2.
in one embodiment, B! comprises a (C1-Ce)alkyl.
in one embodiment, B! comprises a Cs-s cycloalkyl.
In one embodiment, B! comprises a silyl group.
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.
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In one embodiment, B! comprises a phenyl ring.
In one embodiment, Bl is a phenyl ring.

in one embodiment, Blis CH.

In one embodiment, B! comprises a heteroaryl.

In one embodiment, B! is seleced from:

(0] 0] o o 0
??'L cé ‘I&J\/\/U\e} and .ILL)H/\/\H}I;’
Hﬁ;ﬁ HN}{\ o]

-?{NH

In one embodiment, B2 is a trivalent group comprising 1 to 15 atoms and is covalently
bonded to T2, T°, and T¢.

In one embodiment, B? is a trivalent group comprising 1 to 10 atoms and is covalently
bonded to T2, T°, and T¢.

in one embodiment, B? comprises a (C1-Ce)alkyl.

In one embaodiment, B2 comprises a Cs.s cycloalkyl.

In one embodiment, B comprises a silyl group.

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

in one embodiment, B2 comprises a saccharide.

In one embodiment, B2 comprises a phosphate group.

In one embeodiment, 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. B2 is CH.

In one embeodiment, B2 comprises a heteroaryl.

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

o o o ON% o o o
% £ % BLJ\/\/U\;; and %M‘Q
HN. HN, o)
NH *
% HN
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In one embeodiment, B is a trivalent group comprising 1 to 15 atoms and is covalently
bonded to L!, T!, and T2.
in one embodiment, B? is a trivalent group comprising 1 to 10 atoms and is covalently
bonded to L!, T!, and T2.
5 In one embodiment, B> comprises a (C1-Ce)alkyl.
In one embodiment, B¥ comprises a C3.s cycloalkyl.
In one embodiment, B¥ comprises a silyl group.
In one embodiment, B* comprises a D- or L-amino acid.
In one embodiment, B* comprises a saccharide.
10 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.
15 In one embodiment, B* is CH.
In one embodiment, B* comprises a heteroaryl.

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

o o o©
O Sty T
W " HN. s 0
In one embodiment, B is selected from the group consisting of:
Q e 0
EJ\Q)L‘ g “‘LW £ Xy
HN}J{! 0O

20

or a salt thereof.

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

25  -O-,-NR*- -NR*-C(=0)-, -C(=0)-NR*- or —S-, and wherein R* is hydrogen or (C1-C6)alkyl,

and wherein the hydrocarbon chain, is optionally substituted with one or more (e.g. 1, 2, 3, or
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4) substituents selected from (C1-C6)alkoxy, (C3-C6)cycloalkyl, (C1-C6)alkanoyl, (C1-
Co6)alkanoyloxy, (C1-Co6)alkoxycarbonyl, (C1-C6)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

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

O O O O O O
R N S BN
10 8 o) .

5
or a salt thereof.

In one embodiment, L! is connected to B! through a linkage selected from the group
consisting of: -O-, -S-, -(C=0)-, -(C=0)-NH-, -NH-(C=0), -(C=0)-0-, -NH-(C=0)-NH-, or —
NH-(S503)-.

10 In one embodiment, L! is selected from the group consisting of:
o o
H o o o o

SN

T \”uws’ z)LMh/‘% z)LMf%f z%f

; N V‘é /\/N .77?.

THAM#’ T Y N M ;

0O O H é:‘ m O O 0

& N__% and
YJLMJL/\/ T TN M U OO

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

In one embodiment, L? is C.4 alkylene-O- that is optionally substituted with hydroxy.

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

15 In one embodiment, L? is absent.

In one embodiment, the compound of formula (I) is selected from the group consisting
of:
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OH
HO,,
. OH
HO" : n/
“OH
NHAc H
HO,, O~ N0 OH
HO™ ™ ° ” H
< o] N N 0-R2
OH - g
NHAc jJ/ HN" Y0 © H °©
HO,, 0 OW/\WN
V\O N X \’F\O/y\/o OH
Hov SO /QT/NH o] o |
e n i
:  AcHN o I, '
HO/ o] AcHN .,
. i OH
HO: o 191,n=2,x=1 HO
o' 194, n=3,x=1
. 197, n=4,x=1
OH 200, n=3 x=2
HO,,
o) OH
Y N .
_R
N So © ° 0

203,n=3,x
206, n=4,x

1
1
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NHAc
HO,, o\(/\o/\)\/ o,
Ho O “N
: x H H
b ° ”M”
> .o %o D_\
NHAc o HO 0O-R2
X
(0]

i OH
\__P° 209,n=3,x=1 HO
HO % o
NHAc
HO, o N
\’k\o/\)\/ 0 /&\
. (o] N
HO™ ™ N)L(V)’ﬁ(
2 \cral/\H [
“OH

o' O NH 0 oo oA
n W
> AcHN o ‘
HO™ C O\J(\ n ACHND
HOmC H 212,n=3,x=1 Ao OAC
S 215,n=4,x=1
HO =
~OH
OH

HO

218,n=2

oH OH 221,n=3

o ove\o/\)\/n AcHN,, OH
n
HO “’NHAc o ”/\(\/O\*\o o
n

OH

OH
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NHAc

O\(/\o/\)\/ 9
HO™

S oy

OH M 0-R?
NHAc jJ/

HO,

RO A A Ay o UL

0]

“ /QT/ o) OH
HO™ ™
> AcHN 0
oo C o-X" n AcHNI/Z
. : "OH
HO: o HO
o 224 n=3,x=1
HO =
~OH
OH OH
, A AcHN,
HO,, (\/ENHAC o o cHN,, OH
. o]
o o/\(\/o\/);\N H/\@/ ~~o"o
OH ; " OH
NH OH
o NAY
00
2
N N R
7
OH 0 o)
HO, NHAc HN
(I H 231,n=3
N
o/\@/O\*\N
OH O  AcHN,
0 >N O o
H n
and

In one embodiment, the compound of formula (I) is the compound,

Ho OH
(o) 0 /\/O
HO o0 _>
NH HN
o=< 0 OH
OH !
Ho H o .
HO O\/\O/\/O\/\O/\/N NJ\/N N
o :<‘”" o H o %o R2
O
HQ OH o HN 233
HO 0\/\0/\/0\/\0J or
NH
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Ho OH o
0O
HO
NH HN 0-R2
o=< o)
Ho OH H o o
0 H
MLV SN PN PN O S S G
O=CH S H 8 7 H
o)
Ho OH HN
o)
HO O\/\O/\/O\/\OJ 235
NH

~

In one embodiment, the compound of formula (I) is the compound,

NHAc

HO,,, O~ /ﬁ\/ o, oH

HO™ 5 o x’,lH racem|: (cis)
-\OH o) W/\n/ O-R

NHAc

o OMO?J/ W/\ﬂ/ o OH
‘ o
HOY ° © n O_ ../

: e
HO/_ AcHN \5(\0 ACHN )

HO:. 0 n=2x=1 HO

HO %
—OH

In one embodiment, the compound of formula (I) is the compound,
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NHAc
HO/,' O\’k\o/*/ OH
- (0] s
HOM g racemic (cis)
B o) 0-R?
SOH
NHAc jJ/NH HN (0] © H ©
HO, O~ OMN
- (0]
n X \’F\O o OH
Hov O /QT/NH o) o |
: n ot
= (9] .
Ho” AcHN O\J(\ n AcHN'Q
" i OH
HO! o n=2x=1 HO
HO ‘:\OH
In one embodiment, the compound of formula (I) is the compound,
NHAc
’ 0]
HO /.Cro\'k\o/\}\/ (0]
S o racemic (cis)
e O ¥ : A 0-R?
“oH : M
NHAc
A o OH
HO\ : O/AT/ O ,|\\/
o- AerN of n AcHN /
N s OH
HO! o n=2x=1 HO
HO =

—OH

In one embodiment, the compound of formula (I) is the compound,
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NHAc H
N__O
HO Ohoh o oH
o racemic (cis)
HO X H H 2
0] N N O-R
oH T 0
NHAc jJ/NH HN O © H ©
HO Oy~ OMN
(0] \,F\
0 n NH * 0 oo OH
oo NN oK~ n AcHN
OH
HO O n=2,x=1 HO

HO
OH

In one embodiment, the compound of formula (I) is the compound,
NHAc

H
/ N._O
Hov' O N
H X H H H
~ O \\N N
OH x| M j:>—\
NHAc ?J/NH HN o © H OHO O-R?
HO,, 0 0 N
(Yo YO NA
n X ¢)
0 0 Mo OH

- NH
HO : /QT/ n 0 \/
: o)
o AcHN o k™ n AcHNI/?

Hol:.

0 n=3,x=1 HO

HO =
—OH

In one embodiment, the compound of formula (I) is the compound,
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NHAC H o racemic (cis)
HO,, 0} N O
@ MRl o 6)@
- N 0-R?
HOY ™ 0] N \[]/\NMN
= o X H bo) H 7 o
“OH

In one embodiment, the compound of formula (I) is the compound,

NHAc

) o) 0]
HO,, \'(/\O /*/ o racemic (cis)

N0 )LM’\[( oR
HO : o X H \ﬂ/\N

OH

/Ill

NHAc #/
SO A ANy 41> o UG
HO™ ™ /4,/ n o/
o AN oX"9 'n AcHNI/Z
HO"'C{) n=4,x=1 A OAC
HO' " on

In one embodiment, the compound of formula (I) is the compound,
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OH H OH
OO~ N0 AcHN,,, OH
n
HO “NHACc H’*/O\*\o 0
n
OH OH OH
O _NH racemic (cis)
O R2
NSO
(0] 7 0
NH
n=2
OH H
. n o
HO “NHAc (0}
OH

In one embodiment, the compound of formula (I) is the compound,

OH OH

OO _f~ O/*/H o, AcHN,, OH
n
HO “’NHAC H/\@/o\{‘\o o

OH OH
O- _NH racemic (cis)
0O R2
T
o)

NH

OH

n=3
OH OH

o) o\/%\o/*/n AcHN,, OH
n
HO “’NHAc %o H/\@/O\*\o o)
n

5 OH OH

In one embodiment, the compound of formula (I) is the compound,

10
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NHAc

HO™ ™ ©

NH 0
NHAC jf HN"So T
HO,, 0 OYLWN
RN /QT/NH 0 o §
n W
- o b
wor AN o X0 n AcHND
HO n=3,x=1 N "OH
B 0 HO
S

In one embodiment, the compound of formula (I) is the compound,

OH OH
HO,, (INHAC AcHN,, OH
0]
O/*/O\AAN N/\é/ \%/\o o)
OH OH
NH OH
o Nl-{\ﬂ/ .
00 racemic (cis)
2
NS R
7
OH 0 0
HO,, NHAc HN
N
o~ PO \/)’\N j]) OH
OH o AcHN,, OH
R A
H n OH

In one embodiment, the compound of formula (I) is the compound,
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OH OH
HO,, (’INHAc o o AcHN,, OH
- 0]
|\\ o) O/\(\/o\%;\N ”/\(\/ \4/\0 O
OH H n OH
NH OH
0 NF{\H/ racemic (cis)
00
N SR
H
OH © "o
HO,, _~__NHAc o HN
w0 o/\é/o\*n\N OH
OH H O  AcHN, OH
o
0NN o0
n OH

In one embodiment, the compound of formula (I) is the compound,

OH OH
HO NHAc o o AcHN OH
lo)
0 o Oy ﬁ/\(\/ ~ oo
OH nH n OH
NH OH
o NAY
00
2
nji(\*\m” R
7
OH 0 o)
HO NHAc HN
O H n=3
(o) o/‘@/o\%;\N OH
OH H O  AcHN OH
(o)
o N~ 0
H n OH

In one embodiment, the compound of formula (I) is the compound,
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OH OH

HO,, (INHAC o ° AcHN,, OH
o o/*/o\/)/\n ”/*/0\4;\0 o)

OH OH

N—L'— L2—R2
OH °
HO, (:INHAC o HN
. N
|\\ o O/\Q/O\);\N
OH 0
o)
o N0
wherein:

L!is absent or a linking group;

L’ is absent or a linking group;

R? is a nucleic acid;

the ring A is absent, a 3-20 membered cycloalkyl, a 5-20 membered aryl, a 5-20
membered heteroaryl, or a 3-20 membered heterocycloalkyl;

each R* is independently selected from the group consisting of hydrogen, hydroxy, CN,
F, Cl, Br, I, -C1-2 alkyl-ORE, Cy.10 alkyl C.10 alkenyl, and Cz-10 alkynyl; wherein the C1.10 alkyl
C»-10 alkenyl, and C».10 alkynyl are optionally substituted with one or more groups
independently selected from halo, hydroxy, and Ci.3 alkoxy;

RBis 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

nis0,1,2,3,4,5,6,7,8,9, or 10.
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In one embodiment, the compound of formula (I) is the compound,

OH OH
, AcHN,
HO,, (INHAC o o cHN,, OH
- 0]
OH : OH
NH (RY
o NAY "
(o} o)
L2_R2
N
7
OH ° 0
HO,, A~ _NHA
- N
o o/*/O\J?N \”) OH
OH H O  AcHN, OH
0 H/\@/O\*\o o)
2 OH
wherein:
5 L?is absent or a linking group;

R? is a nucleic acid;
the ring A is absent, a 3-20 membered cycloalkyl, a 5-20 membered aryl, a 5-20
membered heteroaryl, or a 3-20 membered heterocycloalkyl;
each R* is independently selected from the group consisting of hydrogen, hydroxy, CN,
10 F,Cl, Br, I, -Ci2 alkyl-OR®, Ci.10alkyl Ca.10alkenyl, and Cz.10 alkynyl; wherein the Ci-10 alkyl
C»-10 alkenyl, and C».10 alkynyl are optionally substituted with one or more groups
independently selected from halo, hydroxy, and Ci.3 alkoxy;
RBis 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
15 nis0,1,2,3,4,5,6,7,8,9, or 10;
or a salt thereof.

In one embodiment, the compound of formula (I) is the compound,
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OH

OH
HO/I'(INHAC AcHN,, OH
/$/O\)’\N /\Q/ O\*\o o
OH

OH
NH OH
o) NH/\H/ (racemic (cis
M e
OH 0
HO,,, (INHAC HN
H
N
o0 \/)’\N jH OH
o|-| O  AcHN,, OH

0o
0 H/\(\/ ~~o"o
2 OH
or a salt thereof wherein R? is a nucleic acid.

In one embodiment, the compound of formula (I) is the compound,

OH
HO,, _~__NHAc o o AcHN
(0]
|\\ /\Q/O\)/\N N/\(\/ \*\O
H
OH
NH OH
0 NF{O\([)]/ racemic (cis)
NMN Ro
H 7
OH © 0
HO, (\/ENHAC H HN
N
o/\(\/o\*\N OH
OH 0] AcHN, OH
o N0 0

OH

In one embodiment, the compound of formula (I) is the compound,
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OH OH
AcHN OH
HO NHAG o o c
0
o o/\(\/o\*;N H/\(\/ \*;o 0
OH : OH
NH OH
o NA Y
00
H N R,
7
OH 0 o)
H A
0O NHAc o " HN
N
0 o/\é/o\*;N OH
OH H O  AcHN OH

o) H/\(\/O\*;o o)

OH

In one embodiment, the compound of formula (I) is the compound,

Rlc1 LZC_ch
(R*)nc
L3c4C_R3c

wherein:

R'¢is a saccharide;

L' is a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain,
having from O to 20 carbon atoms, wherein one or more of the carbon atoms in the
hydrocarbon chain is optionally replaced by -O-, -NR*-, -NR*-C(=0)-, -C(=0)-NR*- or -S-,
and wherein R*is hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally
substituted with one or more substituents selected from oxo (=0) and halo;

B€is a 5-10 membered aryl or a 5-10 membered heteroaryl, which 5-10 membered aryl
or 5-10 membered heteroaryl is optionally substituted with one or more groups independently
selected from the group consisting of halo, hydroxy, cyano, trifluoromethyl, trifluoromethoxy,
(C1-Ce)alkyl, (Ci-Ce)alkoxy, (C1-Cs)alkoxycarbonyl, (Ci-Cs)alkanoyloxy, (Cs-Cs)cycloalkyl,
and (Cs-Ce)cycloalkyl(C1-Ce)alkyl

L% is a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain,
having from O to 20 carbon atoms, wherein one or more of the carbon atoms in the

hydrocarbon chain is optionally replaced by -O-, -NR*-, -NR*-C(=0)-, -C(=0)-NR*- or -S-,
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and wherein R*is hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally
substituted with one or more substituents selected from oxo (=0) and halo;
R* is a saccharide;
L is absent or a linking group;
5 A®is a 3-20 membered cycloalkyl, a 5-20 membered aryl, a 5-20 membered heteroaryl,
or a 3-20 membered heterocycloalkyl;
each R*° is independently selected from the group consisting of hydrogen, hydroxy,
CN, F, Cl, Br, 1, -Ci1.2 alkyl-OR?, Ci.10alkyl Cz.10 alkenyl, and Ca.10 alkynyl; wherein the Ci.10
alkyl Cj.10 alkenyl, and Cj.10 alkynyl are optionally substituted with one or more groups
10 independently selected from halo, hydroxy, and Ci.3 alkoxy;
ncis0, 1,2, 3,4,5,6,7,8 9, or 10;
L* is absent or a linking group;
R* is a nucleic acid;
R*is hydrogen; and
15 L is a linking group;
or a salt thereof.
In one embodiment, B® is a 5-10 membered aryl.
In one embodiment, B® is naphthyl or phenyl.
In one embodiment, B® is phenyl.

20 In one embodiment, the group:

R1c_L1 ﬁ Lze-RZC

v

Rlc-Llc l ch'RZC

is:

1

In one embodiment, B® is a 5-10 membered heteroaryl.
25 In one embodiment, B® is pyridyl, pyrimidyl, quinolyl, isoquinolyl, imidazolyl,
thiazolyl, oxadiazolyl or oxazolyl.

In one embodiment, the group:
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R1c_L1 ﬁ ch'ch

T avavaT s

R1c-! c/ L2e-ges  RIeLIC_N__L2-Re
|
i .

is:

[

In one embodiment, the group:

R1c_L1 ﬁ ch'ch

Tt Ty

5 |
is:
R1c_|_1\c L2¢-R2c
N/YS

In one embodiment, L€ is a divalent, unbranched, saturated hydrocarbon chain, having
from O to 20 carbon atoms, wherein one or more (e.g. 1, 2, 3, or 4) of the carbon atoms in the
10 hydrocarbon chain is optionally replaced by —O-, -NR*- -NR*-C(=0)-, -C(=0)-NR*- or —S-,
and wherein R*is hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally
substituted with one or more substituents selected from oxo (=0) and halo.
In one embodiment, L€ is a divalent, unbranched, saturated hydrocarbon chain, having
from O to 12 carbon atoms, wherein one or more (e.g. 1, 2, 3, or 4) of the carbon atoms in the
15 hydrocarbon chain is optionally replaced by —O-, -NR*-C(=0)-, or -C(=0)-NR*- | and wherein
R*is hydrogen or (C1-Cs)alkyl.
In one embodiment, L'¢is:
—C(=0)N(H)-CH,CH,OCH;CH>OCH,CH;-,
—C(=O)N(H)-CH,CH,0CH,CH,OCH>CH,OCH,CH>-,
20 —C(=0)N(CH3)-CH,CH,OCH,CH>OCH,CH;-, or
—C(=0)N(CH3)-CH,CH,0OCH>CH>OCH,CH>,OCH>CH>-.
In one embodiment, L* is a divalent, unbranched, saturated hydrocarbon chain, having
from 0 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-, -NR*- -NR*-C(=0)-, -C(=0)-NR*- or —S-,
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and wherein R*is hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally
substituted with one or more substituents selected from oxo (=0) and halo.

In one embodiment, L* is a divalent, unbranched, saturated hydrocarbon chain, having
from O to 12 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*-C(=0)-, or -C(=0)-NR*- | and wherein
R*is hydrogen or (C1-Cs)alkyl.

In one embodiment, L*° is:

—C(=0)N(H)-CH,CH,OCH;CH>OCH,CH;-,
—C(=O)N(H)-CH,CH,0CH,CH,OCH>CH,OCH,CH>-,
—C(=0)N(CH3)-CH,CH,OCH,CH>OCH,CH;-, or
—C(=0O)N(CH3)-CH2CH2,0OCH>CH>OCH>CH2,OCH>CH>-.

In one embodiment, R!¢ is:

wherein:

X is NR*® and Y is selected from —(C=0)R*', -SO,R*, and -(C=0)NR*R**; or X is —
(C=0)- and Y is NR*R?; or X is -NR*'R*® and Y is absent

R? is hydrogen or (C1-Cs)alkyl,

R, R?? R¥® R* R? and R? are each independently selected from the group
consisting of hydrogen, (C1-Cs)alkyl, (Ci-Cg)alkoxy and (Cs-Cs)cycloalkyl, wherein any (Ci-
Cs)alkyl, (Ci1-Cg)alkoxy and (Cs-Cs)cycloalkyl is optionally substituted with one or more
groups independently selected from the group consisting of halo, (C1-Cs)alkyl, and (Ci-
Cy)alkoxy;

R*" is —OH, -NR*R?® or -F;

R is —OH, -NR*R?® or -F;

R¥ is -OH, -NR?’R*_ -F, -N3, -NR*R*, or 5 membered heterocycle that is optionally
substituted with one or more groups independently selected from the group consisting of halo,
hydroxyl, carboxyl, amino, (Ci1-Cs)alkyl, aryl, and (Ci-Cs)alkoxy, wherein any (Ci-Cq4)alkyl,
and (C1-Cs4)alkoxy is optionally substituted with one or more groups independently selected
from the group consisting of halo, and wherein any aryl is optionally substituted with one or
more groups independently selected from the group consisting of halo, hydroxyl, nitro, cyano,

amino, (Ci-Cglalkyl, (Ci-Cg)alkoxy, (Ci-Cg)alkanoyl, (Ci-Cs)alkoxycarbonyl, (Ci-
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Csg)alkanoyloxy, and (Cs-Ce)cycloalkyl, wherein any (C;-Csg)alkyl, (Ci-Cg)alkoxy, (Ci-
Cs)alkanoyl, (C1-Cs)alkoxycarbonyl, (Ci-Cs)alkanoyloxy, and (Cs-Cs)cycloalkyl is optionally
substituted with one or more groups independently selected from the group consisting of halo,
(C1-Cy)alkyl, and (C1-Cs)alkoxy;

each R* and R* is independently selected from the group consisting of hydrogen, (Ci-
Cslalkyl, (C1-Cs)alkoxy and (Cs-Cs)cycloalkyl, wherein any (C1-Cg)alkyl, (C1-Cs)alkoxy and
(Cs5-Ce)cycloalkyl is optionally substituted with one or more groups independently selected
from the group consisting of halo and (C1-Cs)alkoxy; or R*> and R* taken together with the
nitrogen to which they are attached form a 5-6 membered heteroaryl ring, which heteroaryl
ring is optionally substituted with one or more groups independently selected from the group
consisting of (C1-Cg)alkyl, (C1-Cg)alkoxy, aryl, and (C3-Cs)cycloalkyl, wherein any aryl, and
(C3-Co)cycloalkyl is optionally substituted with one or more groups R¥;

each R*” and R* is independently selected from the group consisting of hydrogen, (Ci-
Cslalkyl, (C1-Cs)alkoxy, (Ci1-Cg)alkanoyl, (Ci-Cg)alkoxycarbonyl, (Ci-Csg)alkanoyloxy, and
(Cs5-Ce)cycloalkyl, wherein any (C1-Cs)alkyl, (C1-Cg)alkoxy, (Ci-Cg)alkanoyl, (Ci-
Cg)alkoxycarbonyl, (C1-Cs)alkanoyloxy, and (Cs-Ce)cycloalkyl is optionally substituted with
one or more groups independently selected from the group consisting of halo, (Ci-Cs)alkyl,
and (C1-Cs)alkoxy; or R>” and R* taken together with the nitrogen to which they are attached
form a 5-8 membered heterocycle that is optionally substituted with one or more groups
independently selected from the group consisting of halo, hydroxyl, carboxyl, amino, oxo
(=0), (C1-Cy)alkyl, and (C1-C4)alkoxy, wherein any (Ci-Cs)alkyl, and (C1-C4)alkoxy is
optionally substituted with one or more groups independently selected from halo; and

each R¥ is independently selected from the group consisting of (C1-Cs)alkyl, (C:-
Cs)alkoxy and (C3-Cs)cycloalkyl, wherein any (Ci-Cg)alkyl, (C1-Cg)alkoxy and (Cs-
Cs)cycloalkyl is optionally substituted with one or more groups independently selected from
halo.

In one embodiment, R!¢ is:

OH OH HO OH HO OH HO OH
OH 0 HO 0 HO o HO 0
SR N s N NN

NH  0—% >—NH o—$ —S—NH o—% F%—ﬁ—NH 0—$

FsC o] F O
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HO, OH HO, OH H O
Ho—d HO go o
o, o, R
>—N\H 0% >~N\ o—% YNk o
\ HzN

In one embodiment, R!¢ is:

HO, OH HO OH
HO o) or o)

o

>—NH 03

HO
o )
_>—NH

5
In one embodiment, R!¢ is:

HO, OH HO, OH HO, OH
HO o HO 0 HO 0
o) \ o, J
>—N\H o—% NH 0—% >\‘_NH 0

. FsC
F
é‘é ~0 H
—0 CH
N 3
N=n o NV Y
or N\ I\\l (0]
OH
OH
10 In one embodiment, R!° is
AcO OAc AcQ OAc AcC OAc
AcO o AcO 0 AcO o
o ) o)
NS NH o—$ NH ©0-%
>\—NH o—%
E FsC
F
fo
—Q N “\N 3
=N 0
or \ ,\\1 o
OAc
OAc
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In one embodiment, R** is:

wherein:
X is NR* and Y is selected from -(C=0)R*, -SO,R*
is -(C=0)- and Y is NR*R?®; or X is -NR*'R** and Y is absent
R? is hydrogen or (C1-Cs)alkyl,
R, R?? R¥® R* R? and R? are each independently selected from the group

and -(C=0)NR*R?**; or X

2

consisting of hydrogen, (C1-Cs)alkyl, (Ci-Cg)alkoxy and (Cs-Cs)cycloalkyl, wherein any (Ci-
Cs)alkyl, (Ci1-Cg)alkoxy and (Cs-Cs)cycloalkyl is optionally substituted with one or more
groups independently selected from the group consisting of halo, (C1-Cs)alkyl, and (Ci-
Cy)alkoxy;

R* is -OH, -NR*R?® or -F;

R is -OH, -NR*R?® or -F;

R¥ is -OH, -NR*R?® -F, -N3, -NR**R*, or 5 membered heterocycle that is optionally
substituted with one or more groups independently selected from the group consisting of halo,
hydroxyl, carboxyl, amino, (C1-Cs)alkyl, aryl, and (Ci-Cs)alkoxy, wherein any (Ci1-Ca4)alkyl,
and (C1-Cs4)alkoxy is optionally substituted with one or more groups independently selected
from the group consisting of halo, and wherein any aryl is optionally substituted with one or
more groups independently selected from the group consisting of halo, hydroxyl, nitro, cyano,
amino, (Ci-Cglalkyl, (Ci-Cg)alkoxy, (Ci-Cg)alkanoyl, (Ci-Cs)alkoxycarbonyl, (Ci-
Cs)alkanoyloxy, and (Cs-Cs)cycloalkyl, wherein any (Ci1-Cg)alkyl, (Ci-Cg)alkoxy, (Ci-
Cs)alkanoyl, (Ci-Cg)alkoxycarbonyl, (C1-Cg)alkanoyloxy, and (Cs3-Cs)cycloalkyl is optionally
substituted with one or more groups independently selected from the group consisting of halo,
(C1-Cy)alkyl, and (C1-Cs)alkoxy;

each R* and R* is independently selected from the group consisting of hydrogen, (Ci-
Cslalkyl, (C1-Cs)alkoxy and (Cs-Cs)cycloalkyl, wherein any (C1-Cg)alkyl, (C1-Cs)alkoxy and
(Cs5-Ce)cycloalkyl is optionally substituted with one or more groups independently selected
from the group consisting of halo and (C1-Cs)alkoxy; or R*>> and R* taken together with the
nitrogen to which they are attached form a 5-6 membered heteroaryl ring, which heteroaryl

ring is optionally substituted with one or more groups independently selected from the group
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consisting of (C1-Cg)alkyl, (C1-Cg)alkoxy, aryl, and (Cs-Cs)cycloalkyl, wherein any aryl, and
(C3-Co)cycloalkyl is optionally substituted with one or more groups R¥;

each R*” and R* is independently selected from the group consisting of hydrogen, (Ci-
Cslalkyl, (C1-Cs)alkoxy, (Ci1-Cg)alkanoyl, (Ci-Cg)alkoxycarbonyl, (Ci-Cg)alkanoyloxy, and
(Cs5-Ce)cycloalkyl, wherein any (C1-Cs)alkyl, (C1-Cg)alkoxy, (Ci-Cg)alkanoyl, (Ci-
Cg)alkoxycarbonyl, (C1-Cs)alkanoyloxy, and (Cs-Ce)cycloalkyl is optionally substituted with
one or more groups independently selected from the group consisting of halo, (Ci-Cs)alkyl,
and (C1-Cs)alkoxy; or R>” and R* taken together with the nitrogen to which they are attached
form a 5-8 membered heterocycle that is optionally substituted with one or more groups
independently selected from the group consisting of halo, hydroxyl, carboxyl, amino, oxo
(=0), (C1-Cy)alkyl, and (C1-C4)alkoxy, wherein any (Ci-Cs)alkyl, and (C1-C4)alkoxy is
optionally substituted with one or more groups independently selected from halo; and

each R¥ is independently selected from the group consisting of (C1-Cs)alkyl, (C:-
Cs)alkoxy and (C3-Cs)cycloalkyl, wherein any (Ci-Cg)alkyl, (C1-Cg)alkoxy and (Cs-
Cs)cycloalkyl is optionally substituted with one or more groups independently selected from
halo.

In one embodiment, R** is:

OH HO OH HO OH HO OH
OH o HO o) HO o) HO 0
o} SR TR RQ S
o)

OH
NF -4 >—NH o—% —S—NH 0—% FH—S—NH 0—%
F3C o F 0
0

HO, OH
O—z:<(7

>—NH o—%

HO OH

O x

In one embodiment, R** is:

HO OH HO, OH
o) o) or HO o)
\‘ O \.

>—NH o— )—NH o+

oI

In one embodiment, R** is:

82



10

15

20

WO 2020/093061 PCT/US2019/059711

HQ, OH HO OH

HO OH HO, OH
HO o HO 0 HO o HO o)
o o Q. o
>—N‘H o—% NH 0—% P—NH o _>—NH o—%
E FaC

F

Q‘é\o
H
—0 CH
N 3
N=N o© - \\(
or N\ I\\l (o}
OH
OH ]

In one embodiment, R*® is

AcO OAc AcO OAc AcO OAc AcO OAc
AcO 0 AcO (o] AcO o] AcO 0
o) \ o o o

>—NH 0—% ﬁz;NH 0—% - NH ©0—% 4>—NH 0%

F
?S\O H CH
—0 N N 3
=N (o] :
or \ ,\\1 o)
OAc

In one embodiment, L is a divalent, branched or unbranched, saturated or unsaturated,
hydrocarbon chain, having from 0 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 —-S-, 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 (Ci-Ce)alkoxy, (Cs-Cs)cycloalkyl, (Ci1-Cs)alkanoyl, (Ci-Ce)alkanoyloxy, (Ci-
Cs)alkoxycarbonyl, (C1-Cs)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo (=0), carboxy,
aryl, aryloxy, heteroaryl, and heteroaryloxy.

In one embodiment, L is a divalent, 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-, -NR*- -NR*-
C(=0)-, -C(=0)-NR*- or —-S-, 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 (Ci-Cs)alkoxy, (Cs-Ces)cycloalkyl, (Ci-Ce)alkanoyl, (Ci-Ce)alkanoyloxy, (Ci-
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Cs)alkoxycarbonyl, (C1-Cs)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo (=0), carboxy,
aryl, aryloxy, heteroaryl, and heteroaryloxy.
In one embodiment, L is a divalent, branched or unbranched, saturated or unsaturated,
hydrocarbon chain, having from 1 to 30 carbon atoms, wherein one or more of the carbon
5  atoms is optionally replaced by —O-, -NR*-, -NR*-C(=0)-, -C(=0)-NR*- or -S-, and wherein
R¥is hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally substituted
with one or more halo or oxo (=0).

In one embodiment, L*¢ is:
O

H
E/N\g/\H)K/\/\/\/Y%

o)

10 o

In one embodiment, L is connected to B through -NH-, -O-, -S-, -(C=0)-, -(C=0)-
15  NH-, -NH-(C=0)-, -(C=0)-0-, -NH-(C=0)-NH-, or -NH-(S0>)-.
In one embodiment, L* is a divalent, branched or unbranched, saturated or unsaturated,

hydrocarbon chain, having from 0 to 50 carbon atoms, wherein one or more (e.g. 1, 2, 3, or 4)
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of the carbon atoms in the hydrocarbon chain is optionally replaced by —O-, -NR*- -NR*-
C(=0)-, -C(=0)-NR*- or —-S-, 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 (Ci-Ce)alkoxy, (Cs-Cs)cycloalkyl, (Ci1-Cs)alkanoyl, (Ci-Ce)alkanoyloxy, (Ci-
Cs)alkoxycarbonyl, (C1-Cs)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo (=0), carboxy,
aryl, aryloxy, heteroaryl, and heteroaryloxy.

In one embodiment, L* is a divalent, 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-, -NR*- -NR*-
C(=0)-, -C(=0)-NR*- or —-S-, 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 (Ci-Ce)alkoxy, (Cs-Cs)cycloalkyl, (Ci1-Cs)alkanoyl, (Ci-Ce)alkanoyloxy, (Ci-
Cs)alkoxycarbonyl, (C1-Cs)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo (=0), carboxy,
aryl, aryloxy, heteroaryl, and heteroaryloxy.

In one embodiment, L* is a divalent, branched or unbranched, saturated or unsaturated,
hydrocarbon chain, having from 1 to 30 carbon atoms, wherein one or more of the carbon
atoms is optionally replaced by —O-, -NR*-, -NR*-C(=0)-, -C(=0)-NR*- or —S-, and wherein
R¥is hydrogen or (Ci-Ce)alkyl, and wherein the hydrocarbon chain, is optionally substituted
with one or more halo or oxo (=0).

In one embodiment, the group:

(R*)ne

is selected from the group consisting of:

R3—0 HO

F
HO R3c—0 N or O_R3c
O-R%¢ | N
N OH o NIW
o N '
' dons

wherein
each R’ is independently Ci.9 alkyl, Cz9 alkenyl or Cz.9 alkynyl; wherein the Ci.9 alkyl,
C»r.9alkenyl or Cz.9 alkynyl are optionally substituted with halo or hydroxyl.

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

-0 HO F
F

*

*

5  wherein:
each R’ is independently Ci.9 alkyl, Cz9 alkenyl or Cz.9 alkynyl; wherein the Ci.9 alkyl,
Cr.9alkenyl or Ca.9 alkynyl are optionally substituted with halo or hydroxyl;
the valence marked with * is attached to L, and

the valence marked with ** is attached to R*°.

10 In one embodiment, the group:
(R*)nc
(e
is:
Ho CH3 CH3
O-R%
N
e
15

In one embodiment, L*¢ is connected to R*® through -O-.
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In one embodiment, R is attached to the reminder of the conjugate through the oxygen
of a phosphate of the nucleic acid molecule.

In one embodiment, R is attached to the reminder of the conjugate through the oxygen
of a phosphate at the 5’-end of a sense or the antisense strand.

5 In one embodiment, R is attached to the reminder of the conjugate through the oxygen

of a phosphate at the 3’-end of a sense or the antisense strand.

In one embodiment, R° is attached to the reminder of the conjugate through the oxygen
of a phosphate at the 3’-end of a sense strand.

In one embodiment, the compound of formula (I) is selected from the group consisting

10  of:

0. _NH
0 (0]
H H
HO o) O\/\ONO\/\ONNY&”)J\/NY\/\/\/\)LN OR?
HO “NH 0 0

OH O>/'_ HO

(3'coupled)
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0 O\/\O/\/O\/\O/\/N\n/é\ JJ\/NWV\/\)J\
I/N %/
OH }/—/
o}
(3'coupled)
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=1 H
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o) N
N
o) o]
(3'coupled)
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H OH
\n/N,,, OH
0 OH
; O
s
;
HO o
! J
© (0] 0 HN
HO ; O/\/O\/\O/\/o\/\u 0O
HN
Y i
HN
o]
HO
(3'coupled)
OH OH
|’l'. A .\\OH
I
;
s
o (3'coupled)
H OH pR2
(0] NH %
HN (@] H H N
HO':.@/O\/\O/\/O\/\O/\/N NWO
- O (0]
HOY ™ ©
HO~
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HNLO

O H o
) N
HO . O\/\O/\/O\/\N \r(\/\/\/\)J\N OH
0 H 0
HO™ ™ OR?
s
HO ?‘ o (3'coupled)
s
;
HO O ° 0]
HO HJ\
OH
AcO
AcO
¢ 0

H 0
AcO 0] N
C ”)j\/ MN O——I:::’—O—Rz
X

O J/
AcO O/\ \)O HO (5' coupled)

X=0o0rS

and
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_OAc

Os _NH
\OA
Q H 2 H S
2 .
R\O/E\O/\/\/\/N\[]/W\/\/\)J\N N\/\o/\/o\/\o ,IOAC
o H ) Os_NH
(5' coupled) j/

X=Oor$S

In one embodiment the targeted nucleic acid conjugate is a targeted nucleic acid
conjugate as described in W0O2015/006740, W02016/028649, US8,106,022B2,
US8,450,467B2, US8,828,956B2, W02016/149020, W0O2017/156012, W02018/044350,
W02016/100401, W0O2018/039364, W02018/044350, W0O2017/174657, W0O2018/185210,
W02018/185252, W0O2018/185253, US9,943,604B2, or US9,714,421B2

The present invention will be described in greater detail by way of specific examples.
The following examples are offered for illustrative purposes, and are not intended to limit the
invention in any manner. Those of skill in the art will readily recognize a variety of noncritical

parameters which can be changed or modified to yield essentially the same results.
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EXAMPLES
Membrane destabilizing polymers can be prepared using starting materials and

synthetic methods that are similar to those described in International Patent Application
Publication Numbers W02015/017519 and WO2016/118697.
Targeted nucleic acid conjugates can be prepared as described in International Patent

Application Publication Number W0O2017/177326 and as described below.

Example 1. Synthesis of conjugate 1

Scheme 1.
TsCl, NaOH NaN;
O )
HO'€\/ \)/\OH _ HO%\/O\)‘/\OTS _— HO%\/og‘/\Na
3 THF/H,0 3 DMF, 45°C 3
3 4
Scheme 2.
o
OH __ TMsoTt Y\ Ho \)3‘/\”3
HO o Ac,0 / Pyr o} 4
—_— AcO L
HO OH CHCla N TMSOTf
NH, HCI NHAc 7 O
5
OAc OAc
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ODMTr

HO OH

&&o N N i /é\/ oli leotid
HO (\/\O’)'\/ \[(\/\/\/\)J\N O—Oligonucleotide
NH 3 H
O=< (o] 0

P4

3 1

Step 1. Preparation of 2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)ethyl 4-
methylbenzenesulfonate 3

HO OO~ "0rs
A solution of tetraethylene glycol (934 g, 4.8 mol) in THF (175mL) and aqueous NaOH (5M,
145 mL) was cooled (0°C) and treated with p-Toluensulfonyl chloride (91.4 g, 480 mmol)
dissolved in THF (605 mL) and then stirred for two hours (0°C). The reaction mixture was
diluted with water (3L) and extracted (3x 500mL) with CH,Cl,. The combined extracts were
washed with water and brine then dried (MgSQ,), filtered and concentrated to afford 2-(2-(2-
(2-hydroxyethoxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate 3 (140 g, 84%) as a pale
yellow oil. R¢ (0.57, 10% MeOH-CH,Cl»).

Step 2. Preparation of 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-ol 4
HO™ OOy ,

A solution of 3 (140 g, 403 mmol) in DMF (880 mL) was treated with sodium azide
(131 g, 2.02 mol) and heated (45°C) overnight. A majority of the DMF was removed under
reduced pressure and the residue was dissolved in CH2Cl» (500 mL) and washed (3x 500 mL)
with brine then dried (MgSQOs), filtered and concentrated. The residue was passed through a
short bed of silica (5% MeOH-CH:Clz) and concentrated to yield 2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethan-1-ol 4 (65g, 74%) as a yellow oil. R¢(0.56, 10% MeOH-
CH)Cl).

Step 3. Preparation of peracetylated galactosamine 6

AcO OAc
0]
AcO OAc
NHAc

D-Galactosamine hydrochloride 5 (250 g, 1.16 mol) in pyridine (1.5 L) was treated
with acetic anhydride (1.25 L, 13.2 mol) over 45 minutes. After stirring overnight the reaction
mixture was divided into three 1 L portions. Each 1 L portion was poured into 3 L of ice water

and mixed for one hour. After mixing the solids were filtered off, combined, frozen over liquid
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nitrogen and then lyophilized for five days to yield peracetylated galactosamine 6 (369.4 g,
82%) as a white solid. Rf (0.58, 10% MeOH-CH,Cl,).

Step 4. Preparation of (3aR,SR,6R,7R,7aR)-5-(acetoxymethyl)-2-methyl-3a,6,7,7a-
tetrahydro-SH-pyrano|3,2-d]oxazole-6,7-diyl diacetate 7
OAc

AcO
&3,
AcO
N 7\/ 5
A solution of per-acetylated galactosamine 6 (8.45 g, 21.7 mmol) in CHCl; (320 mL)
was treated dropwise with TMSOTT (4.32 mL, 23.9 mmol). After stirring (1.5 hr, 40°C) the
reaction was quenched by the addition of triethylamine (5 mL) and concentrated to dryness to

afford compound 7 as a pale yellow glass (7.2 g, Quant.). The product was used without
further purification. Rf (0.59, 10% MeOH-CH,Cl»).

Step S. Preparation of (2R,3R,4R,5R,6R)-5-acetamido-2-(acetoxymethyl)-6-(2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethoxy)tetrahydro-2H-pyran-3,4-diyl diacetate 8

AcO OAc

o)
AcO OO g Ns
NHAc

Compound 7 (7.2 g, 21.7 mmol) and 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-ol
4 (2.65 g, 15.2 mmol) were azeotroped (3x) from toluene (150 mL) to remove traces of water.
The dried material was dissolved in 1,2-dichloroethane (150 mL), cooled (~5°C) and treated
with TMSOTT (784 uL, 4.34 mmol). After stirring overnight the reaction was quenched by the
addition of triethylamine (5 mL) and concentrated. The residue was purified by
chromatography (1% — 5% MeOH-CH,Cl») to afford 8 (7.12 g, 85%) as a brown oil. Rf (0.3,
10% MeOH-CH,Cl,).

Step 6. Preparation of 2-(2-(2-(2-(((2R,3R,4R,5R,6R)-3-acetamido-4,5-diacetoxy-6-
(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)ethan-1-aminium

2,2,2-trifluoroacetate 9

AcO OAc (o)
o] + =~
AcO O\/\O/\/O\/\o/\/NH3 0" CFy
NHAc

A solution of the azide 8 (7.12 g, 13 mmol) in EtOAc (150 mL) and trifluoroacetic acid

(2 mL) was treated with palladium on charcoal (1.5 g, 10% w/w wet basis). The reaction
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mixture was then purged with hydrogen and stirred vigorously overnight. After purging with
nitrogen, the mixture was filtered through Celite, rinsing with MeOH. The filtrate was
concentrated and purified via chromatography (5% — 10% — 20% MeOH-CH>Cl») to afford
9 (5.8 g, 72%) as a brown oil. Rf(0.34, 15% MeOH-CHCl,).

Step 7. Preparation of di-tert-butyl 4-(((benzyloxy)carbonyl)amino)-4-(3-(tert-butoxy)-3-
oxopropyl)heptanedioate 11

To a solution of di-tert-butyl 4-amino-4-(3-(tert-butoxy)-3-oxopropyl)heptanedioate 10
(13.5 g, 33 mmol), 25% NaxCOs3 (aq) (150 mL) and dichloromethane (300 mL) was added
slowly benzyl chloroformate (14 mL, 98 mmol). The solution was stirred vigorously overnight
(16h) at room temperature. Upon completion, additional dichloromethane (100 mL) was added
and the dichloromethane layer was separated. The aqueous layer was extracted with
dichloromethane (2 x 100 mL). The combine dichloromethane extracts were dried on
magnesium sulfate, filtered and concentrated to dryness. The product 11 was isolated as a

colorless oil that required no further purification (15.8 g, 88%). Rf (0.7, 1:1 EtOAc-Hexane).

Step 8. Preparation of 4-(((benzyloxy)carbonyl)amino)-4-(2-carboxyethyl)heptanedioic
acid 12

HO
o]
o]
HO
NJJ\O
o) H
o
HO 12

A solution of 11 (15.6 g, 28.8 mmol) in formic acid (50 mL) was stirred at room
temperature for 2 hours. The solution was concentrated to dryness and dissolved in ethyl
acetate (~25 mL). Upon standing, the product crystallized as a colorless solid. The solid was
filtered, washed with ethyl acetate and air dried to afford 12 as a colorless solid (10.2 g, 93%).
Rf (0.1, 10% MeOH-CHCly).
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Step 9. Preparation of compound 13

AcO OAc
0] H
AcO 0\/\0/\/0\/\0/\/N NHCBz
NHAc

o
8 13

A solution of 12 (793 mg, 2.08 mmol) and 9 (5.8 g, 9.36 mmol) in DMF (50mL) was
treated with BOP (3.67 g, 8.32 mmol) then N,N-diisopropylethylamine (4.31 mL, 25 mmol).
After stirring overnight the mixture was concentrated to dryness and subjected to
chromatography (1% — 2% — 5% — 10% — 15% MeOH-CH>Cl,) to afford 13 (5.71 g
[crude], >100% - contained coupling by-products that did not affect the next step). Rf (0.45,
10% MeOH-CH,Cl,).

Step 10. Preparation of compound 14

AcO OAc (0]
o H +-
AcO 0\/\0/\/0\/\0/\/N NH; O° CF;
NHAc
0]
3 14

Compound 13 (5.7 g) was dissolved in MeOH (150 mL) and TFA (1.5 mL) and treated
with palladium on charcoal (1 g, 10% w/w wet basis). The reaction mixture was then purged
with hydrogen and stirred vigorously overnight. After purging with nitrogen, the mixture was
filtered through Celite, rinsing with MeOH. The filtrate was concentrated and purified via
chromatography (5% — 10% — 20% MeOH-CH,Cl>) to afford 14 as a brown oil (2.15 g, 56%
over two steps). Rf (0.32, 10% MeOH-CH,Cl,).

Step 11. Preparation of (5-amino-1,3-phenylene)dimethanol 15

H N/é\/OH

2
A solution of dimethyl 5-aminoisophthalate (20.0 g, 96 mmol) in THF (350 mL) was
added, dropwise, to a refluxing mixture of 3.75 eq LiAlH4 (13.6 g, 358 mmol) in THF (440
mL) over one hour. The mixture was stirred at reflux for a further two hours, then cooled to
room temperature and quenched by the careful addition of MeOH (27 mL) then water (40 mL).

After stirring the quenched mixture for two hours it was filtered and concentrated to dryness.
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The residue was recrystallized (2X) from EtOAc to afford 15 as brownish-yellow crystals (10.2
g, 70 %).

Step 12. Preparation of methyl 10-((3,5-bis(hydroxymethyl)phenyl)amino)-10-

oxodecanoate 16

A solution of methyl sebacate (3.8 g, 17 mmol), 15 (2.5 g, 17 mmol) and EEDQ (8.1 g,
33 mmol) in 2:1 dichloromethane / methanol (200 mL) was stirred at room temperature for 2
hours. Upon completion the solution was concentrated to dryness. The solid obtained was
triturated with dichloromethane (50 mL) and filtered. The solid was rinsed with cold
dichloromethane and air dried to afford 16 as a colorless solid (4.3 g, 72%). Rf (0.33, EtOAc).

Step 13. Preparation of methyl 10-((3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-5-
(hydroxymethyl)phenyl)amino)-10-oxodecanoate 17

ODMTr

~ OH
o)LMJ\N
8 H

To a solution of 16 (4.3 g, 12 mmol) in pyridine (50 mL) was added 4,4'-
(chloro(phenyl)methylene)bis(methoxybenzene) (4.1 g, 12 mmol). The solution was stirred
under nitrogen overnight at room temperature. Upon completion the solution was concentrated
to dryness and the residue was purified by column chromatography (0.5% — 0.75% — 1% —
1.5% MeOH-CH>Cl») to afford 17 as a yellow solid (2.9 g, 35%). Rf (0.6, 10% MeOH-
CH)Cl).

Step 14. Preparation of lithium 10-((3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-
5-(hydroxymethyl)phenyl)amino)-10-oxodecanoate 18

ODMTr

gy /é\/
Li* 6)LMJ\N OH
8 H

To a solution of 17 (2.9 g, 4.3 mmol) in THF (60 mL) was added water (15 mL) and

lithium hydroxide (112 mg, 4.7 mmol). The solution was stirred overnight at room
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temperature. Upon completion the solution was concentrated to remove the THF. The
remaining aqueous solution was flash frozen on liquid nitrogen and lyophilized overnight to

afford a colorless solid (2.9 g, quant.). Rf (0.3, 10% MeOH-CH,Cl,).

Step 15. Preparation of compound 19

ODMTr
AcO QAc o
A § g
AcO O(\/\Oﬁ\/ N N WN OH
NH 3 o o) H
o=<
3

To a solution 14 (454 mg, 0.67 mmol), 18 (1.25 g, 0.67 mmol) and HBTU (381 mg, 1.0
mmol) in anhydrous DMF (25 mL) was added N, N-diisopropylethylamine (0.35 mL, 2.0
mmol). The solution was stirred overnight at room temperature. Upon completion, the solution
was poured into ethyl acetate (250 mL) and washed with brine (3 x 200 mL). The ethyl acetate
layer was dried on magnesium sulfate, filtered and concentration to dryness. Purification by
column chromatography (5% — 7.5% — 10% — 15% MeOH in CH,Cl,) afforded 19 as a pale
orange foam (1.5 g, 94%). Rf (0.25, 10% MeOH-CH,Cl,).

Step 16. Preparation of compound 20

ODMTr

AcO OAc
° N N i /é\/ i

AcO W o(\/\oﬂ'\/N NWN ONO_ .
o 3 o o H o EtsNH

3

A solution of compound 19 (1.5 g, 0.6 mmol), succinic anhydride (120 mg, 1.2 mmol),
DMAP (220 mg, 1.8 mmol) and trimethylamine (250 pL, 1.8 mmol) in anhydrous CH2Cl; (50
mL) was stirred overnight at room temperature. Upon completion, the solution was
concentrated to dryness and filtered through a short plug of silica (100% CH»Cl, — 15%
MeOH in CH>Cly) to afford the product 20 as a light beige foam (1.1 g, 70%). Mass m/z (ES-
TOF MS) 727.7 [M + 3H - DMTi]*, 1091.1 [M + 2H - DMTr]. 'H NMR (400 MHz, CDCl3) &
8.92 (brs, 1H), 7.78 (s, 1H), 7.49-7.47 (m, 3H), 7.41 (br s, 1H), 7.38-7.34 (m, SH), 7.32-7.26
(m, 4H), 7.24-7.08 (br s, 3H), 7.08 (s, 1H), 6.90-6.80 (m, 7H), 5.31 (d, 3H, J=2.7Hz), 5.12 (s,
2H), 5.06 (dd, 3H, J = 11.2, 3.2 Hz), 4.78 (d, 3H, J = 8.5 Hz), 4.24-4.08 (m, 12H), 3.95-3.88
(m, 7H), 3.85-3.76 (m, 4H), 3.78 (s, 6H), 3.68-3.56 (m, 34H), 3.54-3.44 (m, 8H), 3.41-3.33 (m,
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6H), 2.70-2.60 (m, 4H), 2.52-2.30 (m, 30H), 2.24-2.16 (m, 8H), 2.14 (s, 9H), 2.04 (s, 9H),
2.02-1.96 (m, 6H), 1.98 (s, 9H), 1.96 (s, 9H), 1.74-1.52 (m, 4H), 1.36-1.24 (m, 12H).

Step 17. Preparation of conjugate 1

OH
Ho OH
HO O(\/\O/)\/N NMN O—0Oligonucleotide
o=<
3 1

The succinate 20 was loaded onto 1000A LCAA (long chain aminoalkyl) CPG (control
pore glass) using standard amide coupling chemistry. A solution of diisopropylcarbodiimide
(52.6 pmol), N-hydroxy succinimide (0.3 mg, 2.6 umol) and pyridine (10 uL) in anhydrous
acetonitrile (0.3 mL) was added to 20 (20.6 mg, 8 umol) in anhydrous dichloromethane (0.2
mL). This mixture was added to LCAA CPG (183 mg). The suspension was gently mixed
overnight at room temperature. Upon disappearance of 20 (HPLC), the reaction mixture was
filtered and the CPG was washed with 1 mL of each dichloromethane, acetonitrile, a solution
of 5% acetic anhydride / 5% N-methylimidazole / 5% pyridine in THF, then THF, acetonitrile
and dichloromethane. The CPG was then dried overnight under high vacuum. Loading was
determined by standard DMTr assay by UV/Vis (504 nm) to be 25 pmol/g. The resulting
GalNAc loaded CPG solid support was employed in automated oligonucleotide synthesis using
standard procedures. Nucleotide deprotection followed by removal from the solid support (with
concurrent galactosamine acetate deprotection) afforded the GalNAc-oligonucleotide

conjugate 1 as a representative example.
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Example 2: Synthesis of conjugate 34

Scheme 6.
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Scheme 8.
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MOH

o)

Step 1. Preparation of di-tert-butyl 4-(2-(((benzyloxy)carbonyl)amino)acetamido)-4-(3-
(tert-butoxy)-3-oxopropyl)heptanedioate 21

A solution of di-tert-butyl 4-amino-4-(3-(tert-butoxy)-3-oxopropyl)heptanedioate (25 g,
60 mmol) and Z-glycine (18.9 g, 90.2 mmol,) in CH>Cl» (300 mL) was treated successively
with EDC (23 g, 120 mmol), Diisopropylethylamine (32 mL, 180 mmol) and DMAP (Cat. 17
mg). After stirring (16h) the reaction mixture was poured into NaHCOs (Sat. Aq.), extracted
with CH»Cl», washed with brine, dried (MgSOQys), filtered and concentrated to afford di-tert-
butyl 4-(2-(((benzyloxy)carbonyl)amino)acetamido)-4-(3-(tert-butoxy)-3-
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oxopropyl)heptanedioate 21 as an amorphous solid and was used without further processing

(36 g, quant.). Rf(0.85, 10% MeOH-CHCl>).

Step 2. Preparation of 4-(2-(((benzyloxy)carbonyl)amino)acetamido)-4-(2-
carboxyethyl)heptanedioic acid 22

HO
A solution of di-tert-butyl 4-(2-(((benzyloxy)carbonyl)amino)acetamido)-4-(3-(tert-
butoxy)-3-oxopropyl)heptanedioate 21 (59.3mmol, 36g) was stirred in neat formic acid
(150mL) for 72 hours. Upon completion, the formic acid was removed under reduced pressure
and the crude solid was dried overnight on high-vacuum to yield 22 as a colorless solid (15.9 g,

61%). Rf (0.15, 10% MeOH-CH,Cly).

Step 3. Preparation of compound 23

AcO OAc
(o]
0 H H
Acogq/o\/\o/\/o\/\o/\/N NJ\/N \ﬂ/O\/@
NHAc H
0 0
3

A solution of 22 (6.2 g, 14.1 mmol) and 2-(2-(2-(2-(((2R,3R,4R,5R ,6R)-3-acetamido-
4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy )ethoxy )ethoxy)ethoxy)ethan-1-
aminium 2,2 2-trifluoroacetate (35 g, 56.5 mmol) in DMF (250mL) was treated with BOP (25
g, 56.5 mmol) then N, N-diisopropylethylamine (29 mL, 170 mmol). After stirring overnight
the mixture was concentrated to dryness and subjected to chromatography (100% CH,Cl» to
15% MeOH-CHCl») to afford compound 23 (24.6 g, 89%). Rf (0.55, 15% MeOH-CH)Cl»).

Step 4. Preparation of compound 24

AcO OAc (0]
o) H + -
AcO 0\/\0/\/0\/\0/\/N NH; O” "CF;
NHAc o

3
Compound 23 (24.6 g) was dissolved in MeOH (200 mL) and TFA (1.5 mL) and

purged with nitrogen. Palladium on charcoal (1 g, 10% w/w wet basis) was added and then the
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reaction mixture was purged with hydrogen and stirred vigorously overnight. Upon
completion, the reaction was purged with nitrogen, filtered through Celite and rinsed with
MeOH. The filtrate was concentrated and purified by column chromatography on silica gel 60
(gradient: 5% — 10% — 20% MeOH-CHCl,) to afford 24 as a pale brown viscous oil (23 g).
Rf (0.32, 10% MeOH-CH,Cly).

Step S. Preparation of (S-amino-1,3-phenylene)dimethanol 26
HOU\OH
NH,

A suspension of lithium aluminum hydride (13.6 g, 358 mmol) in anhydrous
tetrahydrofuran (450 mL) was brought to reflux under a nitrogen atmosphere and treated,
dropwise, with a solution of dimethyl-5-aminoisophthalte 25 (20 g, 96 mmol) in anhydrous
tetrahydrofuran (350 mL). After the addition was complete the mixture was heated to reflux
for an additional 2 hours. Upon completion, the solution was cooled to room temperature and
quenched by the slow addition of MeOH (27 mL) then water (40 mL). After stirring for 2
hours the mixture was filtered, concentrated and recrystallized from EtOAc to yield (5-amino-
1,3-phenylene)dimethanol 26 as off-white crystals (10.2 g, 70%). Rf 0.5 (15% MeOH-
CH)Cl).

Step 6. Preparation of 3,5-bis(hydroxymethyl)benzonitrile 27

HO OH
N

A solution of 26 (5 g, 33 mmol) in 2N hydrochloric acid (100 mL) was cooled to 0°C
and treated with a cold solution of sodium nitrite (3.53 g, 36mmol) in water (50 mL). The
reaction mixture was maintained at a temperature < 5°C for 30min then treated with a solution
of copper(I) cyanide (3.19 g, 35.6mmol) and sodium cyanide (3.53 g, 72mmol) in water (50
mL) in a single portion. After stirring overnight at room temperature the mixture was filtered,
extracted with dichloromethane (3 x 100 mL), concentrated and used without further

purification. The diol, 3,5-bis(hydroxymethyl)benzonitrile 27 was obtained as a yellow solid
(2.19 g, 41%). Rf 0.75 (15% MeOH-CH,Cl,).
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Step 7. Preparation of 3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-5-
(hydroxymethyl)benzonitrile 28

HO ODMTr
N
A solution of 3,5-bis(hydroxymethyl)benzonitrile 27 (538 mg, 3.3 mmol) in pyridine
(14 mL) was treated with 4,4'-Dimethoxytrityl chloride (1.17 g, 3.46 mmol) and stirred
overnight at room temperature. Once complete, the mixture was concentrated and dispersed in
diethyl ether (25 mL), filtered and concentrated. The crude product was purified by column

chromatography of silica gel 60 (gradient: 10% to 50% EtOAc-Hexane) to yield the 28 as a
yellow solid (725 mg, 47%). Rf 0.5 (1:1 EtOAc-hexane).

Step 8. Preparation of (3-(aminomethyl)-5-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)phenyl)methanol 29

HO/\(PAODMTr

NH;

A solution of the 28 (100 mg, 0.22 mmol) in methyl tetrahydrofuran (5 mL) was cooled
to 0°C and treated slowly with lithium aluminum hydride (0.64 mmol = 0.28mL of a 2.3M
solution in MeTHF). After stirring for one hour the reaction was quenched by the addition of
methanol (1 mL) then water (0.3 mL) and stirred for 30min. The mixture was filtered and
concentrated, to yield (3-(aminomethyl)-5-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)phenyl)methanol 29 (78 mg, 77%). Rf 0.15 (10%
MeOH-CH,Cly).

Step 9. Preparation of methyl 10-((3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-5-
(hydroxymethyl)benzyl)amino)-10-oxodecanoate 30

HO ODMTr
(o]
k/\/\/\/\r(o\

N
H 0
A solution of (3-(aminomethyl)-5-((bis(4-methoxyphenyl)(phenyl)methoxy)-
methyl)phenyl)methanol 29 (78 mg, 0.17 mmol) and monomethyl sebacate (38 mg, 0.17

mmol,) in dichloromethane (5 mL) were treated successively with EDC (48 mg, 0.25 mmol),
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DMAP (cat., 5 mg) and diisopropylethylamine (57 pL, 0.33 mmol). After stirring (3.5 hr) the
reaction mixture was poured into saturated sodium bicarbonate solution (50 mL). The sodium
bicarbonate solution was extracted with dichloromethane (3 x 50 mL), washed with brine (50
mL), dried on magnesium sulfate, filtered and concentrated to dryness. The crude material was
purified by column chromatography on silica gel 60 (gradient: 2% to 5% MeOH-CH»Cl,) to
afford methyl 10-((3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-5-
(hydroxymethyl)benzyl )amino)-10-oxodecanoate 30 as a yellow oil (57 mg, 53%). Rf 0.45
(10% MeOH-CH:Cl»).

Step 10. Preparation of lithium 10-((3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-
5-(hydroxymethyl)benzyl)amino)-10-oxodecanoate 31

HO ODMTr
o]
)k/\/\/WOLi

N 0
Compound 30 (188 mg, 0.28 mmol) was dissolved in tetrahydrofuran (5 mL) and
treated with a solution of LiOH (7mg, 0.30 mmol) in water (1 mL). Upon completion, the
tetrahydrofuran was removed in vacuo and the remaining aqueous mixture was frozen and
lyophilized to afford lithium 10-((3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-5-
(hydroxymethyl)benzyl )amino)-10-oxodecanoate 31 as a colorless solid (180 mg, 99%). Rf
0.45 (10% MeOH-CH:Cly).

Step 11. Preparation of compounds 32, 33, and 34
Compounds 32, 33 and 34 were prepared according to same procedure used to

synthesize compounds 19, 20, and 1 respectfully.

Example 3. Synthesis of conjugate 36

R0
Aco_ OAc
AcO \/\0/\/0\/\0/\/N NJJ\/NW/\/\/\/\)LN
NH
o o H o H OR,
:§ .

36, R, = Oligonucleotide
R,=H
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Step 1. Preparation of conjugate 36
Conjugate 36 was prepared using identical procedures as used to synthesize compound
34 and all corresponding intermediates. The only exception being the synthesis of compound 6

where propanoic anhydride was used in place of acetic anhydride.

5
Example 4. Synthesis of conjugate 42
Scheme 9.
OH H/\/\NHBoc
H,N” >""NHBoc Ac,0
. _—
HBTU, DIPEA, DCM/Py
DMF
HO
N""NHBoc ”/\/\NHZ
H HCI
HCI / dioxane
—_—
10
Scheme 10.
N/\/\NHZ RO
HCI
o]
-
LIOMH
o 18 OR2
R, = DMTr
| |
HBTU, DIPEA
DMF
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H
N
H 0
R
— 40, R, = DMTr 10
R2 =H

—> 41, R, = DMTr
R2 = 0O

—® 42, R, = Oligonucleotide
R2 =H

Step 1. Preparation of compound 37

A solution of 18B-glycyrrhetinic acid (2.5 g, 5.3 mmol), tert-butyl (3-
aminopropyl)carbamate (1.1 g, 6.4 mmol) and HBTU (3.0 g, 8.0 mmol) in N,N-
dimethylformamide (20 mL) was added diisopropylethylamine (2.75 mL, 15.9 mmol). The
solution was stirred overnight at room temperature. Upon completion, the solution was
concentrated in vacuo to dryness. The residue was purified by column chromatography on
silica gel 60 (gradient: 2% to 5% MeOH/CH,Cl>) to afford the product as a colorless solid (2.1
g, 63%).

Step 2. Preparation of compound 38
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To a solution of 37 (2.1 g, 3.3 mmol) and triethylamine (3.5 mL, 10 mmol) in
dichloromethane (25 mL) was added acetic anhydride (850 uL, 5.3 mmol) and DMAP (5 mg).

The solution was stirred overnight at room temperature. Upon completion, the solution was

concentrated to dryness and dissolved in ethyl acetate (100 mL), washed with water (100 mL),

5  dried on magnesium sulfate, filtered and concentrated to dryness to afford a pale brown foam

(1.9 g, 85%).

Step 3. Preparation of compound 39

HCI

10 To a solution of 38 (1.5 g, 2.3 mmol) in anhydrous dioxane (25 mL) was added 2M

Hydrogen chloride in dioxane (25 mL). The solution was stirred overnight at room temperature

then concentrated in vacuo to dryness to afford a light brown solid (1.3 g, 96%).

Step 4. Preparation of compounds 40, 41 and 42
15 Compounds 40, 41 and 42 were prepared according to the same procedure used to

synthesize compounds 19, 20, and 1 respectfully.

Example S. Synthesis of Conjugate 43
Scheme 11.

OH 2 OH OH
e f i
HO O
10 . \OJLMO DMTr-Cl \O)k(\’)o
- 10 10
K>COj3, Acetone
OH reflux o/n 44

EtsN, DCM
OH 45  ODMTr

OH
LiOH
[ LiO\n/\/\/\/\/\/O
THF/H,0 o
46

20 ODMTr
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Scheme 12.
Aco_ QAc o 9y 0 OR,
Acmo(\/\o)’\/ N NJ\/ NHz L'O\n/\/\/\/\/\/o
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Step 1. Preparation of methyl 11-(2,6-bis(hydroxymethyl)-4-methylphenoxy)undecanoate
5 44

OH
HO

OH
To a solution of 2,6-bis(hydroxymethyl)-p-cresol (2.7 g, 16.3 mmol), methyl 11-
bromoundecanoate (5.0 g, 17.9 mmol) and potassium carbonate (4.5 g, 32.6 mmol) in acetone
(100 mL) was refluxed for 16 hours. Upon completion the solution was concentrated in vacuo
10 to dryness, suspended in ethyl acetate (150 mL) and washed with water (2 x 100 mL) and brine
(100 mL). The ethyl acetate layer was dried on magnesium sulfate, filtered and concentrated in

vacuo to dryness. The residue was purified by column chromatography on silica gel 60
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(gradient 100 % Hex = 50% EtOAc/Hex) to afford methyl 11-(2,6-bis(hydroxymethyl)-4-
methylphenoxy)undecanoate 44 as a colorless oil (1.6 g, 27%).

Step 2. Preparation of methyl 11-(2-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-6-
(hydroxymethyl)-4-methylphenoxy)undecanoate 45

OH
o
o 0
10
OH

To a solution of methyl 11-(2,6-bis(hydroxymethyl)-4-methylphenoxy)undecanoate 44
(1.5 g, 4.1 mmol) in anhydrous pyridine (20 mL) was added 4,4'-Dimethoxytrityl chloride (1.4
g, 4.1 mmol). The solution was stirred overnight at room temperature. Upon completion the
solution was concentrated in vacuo to dryness and purified by column chromatography on
silica gel 60 (0.5 to 1% MeOH in CH»Cl») to afford Methyl 11-(2-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)-6-(hydroxymethyl)-4-methylphenoxy)undecanoate
45 as a pale yellow solid (1.1 g, 40%).

Step 3. Preparation of lithium 11-(2-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-6-

(hydroxymethyl)-4-methylphenoxy)undecanoate 46
OH

o
LiO)LM o
10
OH

To a solution of Methyl 11-(2-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-6-
(hydroxymethyl )-4-methylphenoxy)undecanoate 45 (1.1 g, 1.7 mmol) in anhydrous
tetrahydrofuran (40 mL) and water (10 mL) was added lithium hydroxide (44 mg, 1.8 mmol).
The solution was concentrated in vacuo to remove all tetrahydrofuran. The remaining aqueous
solution was flash frozen on liquid nitrogen then lyophilized overnight to afford lithium 11-(2-
((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-6-(hydroxymethyl)-4-
methylphenoxy)undecanoate 46 as a pale pink solid (1.1 g, 94%)).

Step 4. Preparation of Compound 47
A solution of 10 (1.33 g, 0.66 mmol), 46 (0.5 g, 0.73 mmol), HBTU (400 mg, 1 mmol)
in NV,N-dimethylformamide (25 mL) was added diisopropylethylamine (0.35 mL, 2 mmol). The

solution was stirred overnight (18 hours) at room temperature. Upon completion, the solvent
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was remove in vacuo and the residue was purified by column chromatography on silica gel
(gradient: 100% CH2Cl» - 5% - 10% - 15% MeOH in CH:Cl:) to afford 47 as a colorless solid
(710 mg, 41%).

Step S. Preparation of Compound 48

To a solution of 47 (0.71 g, 0.3 mmol), triethylamine (0.4 mL, 3.0 mmol) and
polystyrene-DMAP (3 mmol/g loading, 200 mg, 0.6 mmol) in dichloromethane (15 mL) was
added succinic anhydride (60 mg, 0.6 mmol). The solution was stirred overnight at room
temperature and upon completion filtered and concentrated in vacuo to dryness. The residue
was purified by column chromatography on silica gel 60 (gradient 5% to 20% MeOH in
CH,Cl») to afford the 48 as a pale yellow solid (570 mg, 70%). 'H NMR (DMSO-ds, 400
MHz) § 7.91 (m, 1H), 7.86-7.76 (m, 6H), 7.45-7.40 (m, 2H), 7.36-7.14 (m, 10H), 7.10 (s, 1H),
6.91 (d, J= 8.9 Hz, 4H), 5.21 (d, ] = 3.3 Hz, 3H), 5.01 (s, 2H), 4.97 (dd, J = 11.2, 3.4 Hz, 3H),
4.56 (d, J = 8.5 Hz, 3H), 4.06-3.98 (m, 11H), 3.93-3.84 (m, 3H), 3.81-3.72 (m, 3H), 3.74 (s,
6H), 3.65-3.46 (m, 38H), 3.40-3.35 (m, 6H), 3.20-3.16 (m, 6H), 2.56-2.44 (m, 4H), 2.33 (s,
3H), 2.15-2.08 (m, 2H), 2.10 (s, 9H), 2.04-1.96 (m, 6H), 1.89 (s, 9H), 1.82-1.76 (m, 4H), 1.77
(s, 9H), 1.54-1.34 (m, 4H), 1.28-1.10 (m, 12H),

Step 6. Preparation of compound 49

To a solution of 48 (100 mg, 40 umol), N-Hydroxysuccinimide (30 mg/mL soln in
acetonitrile, 50 uL, 13 pmol), N,N'-Diisopropylcarbodiimide (40 uL, 264 pmol) and pyridine
(50 uL) in dichloromethane (2 mL) and acetonitrile (3 mL) was added 1000 A Icaa CPG
(prime synthesis, 920 mg). The solution was stirred overnight at room temperature on an
orbital shaker. TLC analysis of the reaction solution showed only partial consumption of the
activated N-Hydroxysuccinic ester so additional CPG (500 mg) was added. The solution was
stirred again overnight. Upon completion, the CPG was filtered and washed with
dichloromethane (25 mL), acetonitrile (25 mL) and tetrahydrofuran (25 mL). The unreacted
amine residues on the CPG were acetylated (capped) by adding a 1:1 solution of acetic
anhydride in acetonitrile (3 mL) and 10% N-methylimidazole / 10% pryridine in
tetrahydrofuran (3 mL). The suspension was left for 2 hours then filtered and rinsed with equal
parts tetrahydrofuran (25 mL), acetonitrile (25 mL) and dichloromethane (25 mL). The loaded
CPG 49 was dried under high vacuum overnight. The ligand loading efficiency was determined
to be 22 umole/g using a standard DMT loading assay (3% trichloroacetic acid in CH>Cl,, UV-
VIS, Aso4).
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Step 7. Preparation of conjugate 43

The resulting GalNAc loaded CPG solid support 49 was employed in automated
oligonucleotide synthesis using standard procedures. Nucleotide deprotection followed by
removal from the solid support (with concurrent galactosamine acetate deprotection) afforded a

GalNAc-oligonucleotide conjugate 43.

Example 6. Synthesis of Conjugate 50

Scheme 13.
reflux DMTrCI
H EtsN H
B
"~~"oTBDMS 51 52

0O O
HOMO/ o) (\ODMTr o) ODMTr
8 TBAF LiOH
- oty — YN e
HBTU, DIPEA 1 8 o \L THF/H,O

8
DMF ° OTBDMS OH

53 54

o) (\ODMTr
8 o

OH
55

Scheme 14.
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Step 1. Preparation of 2-((2-((tert-butyldimethylsilyl)oxy)ethyl)amino)ethan-1-ol 51

HO_~\~~-OTBDMS
H

5 A solution of ethanolamine (77 mL, 1.25 mol) and (2-bromoethoxy)-tert-butyl
dimethylsilane (15 g, 62.7 mmol) in anhydrous acetonitrile (200 mL) was refluxed for 3 hours.
Upon completion the reaction was cooled to room temperature, diluted with water (400 mL)
and extracted with ethyl acetate (3 x 150 mL). The combined ethyl acetate extracts were dried
on magnesium sulfate, filtered and concentrated in vacuo to dryness. The residue was purified

10 by filtration through a pad of silica first with 50% ethyl acetate/hexanes then 50%
MeOH/EtOAc to afford 51 as a pale yellow oil (14 g, 100%).

Step 2. Preparation of 2-(bis(4-methoxyphenyl)(phenyl)methoxy)-N-(2-((tert-
butyldimethylsilyl)oxy)ethyl)ethan-1-amine 52

DMTIO._~ ~_-OTBDMS
15 H

To a solution of 2-((2-((tert-butyldimethylsilyl)oxy)ethyl )amino)ethan-1-ol 51 (14 g, 64
mmol) and triethylamine (17.5 mL, 128 mmol) in anhydrous dichloromethane (250 mL) was

added 4,4'-Dimethoxytrityl chloride (24 g, 70 mmol). The solution was stirred overnight at
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room temperature then concentrated in vacuo to dryness. The residue was dissolved in ethyl
acetate (300 mL) and washed with water (250 mL) and brine (250 mL). The ethyl acetate was
dried on magnesium sulfate, filtered and concentrated in vacuo to dryness. Purification by
column chromatography on silica gel 60 (1% to 5% MeOH in CH2Cl») afforded 52 as a pale
yellow viscous oil (13 g, 39%).

Step 3. Preparation of methyl 10-((2-(bis(4-methoxyphenyl)(phenyl)methoxy)ethyl)(2-
((tert-butyldimethylsilyl)oxy)ethyl)amino)-10-oxodecanoate 53

o]
\OJLWNI
8
° OTBDMS

A solution of 2-(bis(4-methoxyphenyl)(phenyl)methoxy)-N-(2-((tert-

ODMTr

butyldimethylsilyl)oxy)ethyl)ethan-1-amine 52 (5.4 g, 10.3 mmol), monomethyl sebacate (2.2
g, 10.3 g), HBTU (4.9 g, 12.9 mmol), DIPEA (5.3 mL, 30.9 mmol) in N,N-dimethylformamide
(100 mL) was stirred for 3 hours at room temperature. Upon completion, the solution was
poured into water (400 mL) and extracted with ethyl acetate (1 x 500 mL). The ethyl acetate
extract was washed with brine (2 x 250 mL), dried on magnesium sulfate, filtered and
concentrated in vacuo to dryness. Purification by column chromatography on silica gel 60

(10% to 25% ethyl acetate in hexanes) afforded 53 as a viscous yellow oil (6.5 g, 87%).

Step 4. Preparation of methyl 10-((2-(bis(4-methoxyphenyl)(phenyl)methoxy)ethyl)(2-
hydroxyethyl)amino)-10-oxodecanoate 54

To a solution of methyl 10-((2-(bis(4-methoxyphenyl)(phenyl)methoxy)ethyl )(2-((tert-
butyldimethylsilyl)oxy)ethyl)amino)-10-oxodecanoate 53 (2.0 g, 2.8 mmol) and triethylamine
(1 mL) in anhydrous tetrahydrofuran (20 mL) was added TBAF (1M in THF, 3.4 mL, 3.3
mmol). The solution was stirred for 6h, but only partial conversion observed by TLC (5%
MeOH in CH>Clz). Additional 1.7 mL TBAF added and the solution was stirred overnight at
room temperature. Upon completion, the solution was concentrated in vacuo and purified by
column chromatography on silica gel 60 (10% to 50% EtOAc in hexanes then 100% EtOAc) to
afford 54 as a viscous colorless oil (0.5 g, 29%).
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Step S. Preparation of lithium 10-((2-(bis(4-methoxyphenyl)(phenyl)methoxy)ethyl)(2-
hydroxyethyl)amino)-10-oxodecanoate 55

fo) I/\ODMTr
Lio)mN
8 0

OH
To a solution of methyl 10-((2-(bis(4-methoxyphenyl)(phenyl)methoxy)ethyl )(2-

5  hydroxyethyl)amino)-10-oxodecanoate 54 (0.5 g, 0.83 mmol) in THF (40 mL) was added
water (10 mL) and lithium hydroxide (24 mg, 1.0 mmol). The solution was stirred overnight at
room temperature then concentrated in vacuo to remove the THF. The remaining aqueous
solution was flash frozen on liquid nitrogen and lyophilized to afford S5 as a colorless solid
(485 mg, 95%).

10
Step 6. Preparation of compounds 56, 57, S8 and 50
Compounds 56, 57, 58 and 50 were prepared using the identical procedures to those

used to synthesize compounds 47, 48, 49 and 43 respectfully.
15  Example 7. Synthesis of conjugate 59

Scheme 15.
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Scheme 16.
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5  Step 1. Preparation of methyl (2R,SR)-S-hydroxypiperidine-2-carboxylate 61

HO,, O
0y, O
N
(2R,5R)-5-hydroxypiperidine-2-carboxylic acid 60 (3.5 g, 24.1 mmol) was stirred in
MeOH (50 mL). HCI (g) was bubbled through the solution for 2 mins and the reaction stirred
at reflux for 1.5 h. The reaction was concentrated in-vacuo to give methyl (2R,5R)-5-
10 hydroxypiperidine-2-carboxylate 61 in quantitative yield which was used without further

purification.

Step 2. Preparation of 1-(tert-butyl) 2-methyl (2R,SR)-5-hydroxypiperidine-1,2-
dicarboxylate 62
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NS

., O
NS
PNy

Methyl (2R,5R)-5-hydroxypiperidine-2-carboxylate 61 (24.1 mmol) and TEA (7.2 mL,
53.02 mmol) were stirred in DCM (100 mL) at RT. Di-fer#-butyl-di-carbonate (5.7 g, 26.5
mmol) was added in portions and the reaction stirred for 2 h. The reaction was diluted with
DCM (100 mL) and washed sequentially with 1 M HCI (2 x 75 mL), saturated NaHCOs (2 x
75 mL), H>O (2 x 75 mL) and saturated NaCl solution (2 x75 mL). The organics were
separated, dried (Na2SO4) and concentrated in-vacuo to give 1-(tert-butyl) 2-methyl (2R,5R)-5-
hydroxypiperidine-1,2-dicarboxylate 62 (5.53 g, 88%) which was used without further

purification.

Step 3. Preparation of tert-butyl (2R,SR)-5-hydroxy-2-(hydroxymethyl)piperidine-1-

"0

N~ urOH
P

(2R,5R)-1-(tert-Butoxycarbonyl)-5-hydroxypiperidine-2-carboxylic acid 62 (5.53 g,
21.4 mmol) was stirred in THF at 0°C. LiBH4 (3.0 M solution in THF)(8.9 mL, 27.7 mmol)

carboxylate 63

was added dropwise over 1 hr. The reaction was allowed to warm to RT and stirring continued
for 16 h. Reaction was quenched with 1M NaOH, THF removed in-vacuo and the aqueous
exhaustively extracted with EtOAc (10 x 100 mL). The combined organics were washed with
H>O (50 mL), saturated NaCl solution (2 x 50 mL), dried (Na,SO4) and concentrated in-vacuo
to give fert-butyl (2R,5R)-5-hydroxy-2-(hydroxymethyl)piperidine-1-carboxylate 63 (2.4 g,

49.0 %) which was used without further purification.

Step 4. Preparation of (3R,6R)-6-(hydroxymethyl)piperidin-3-ol 64

e
o, ~OH

N
H

tert-Butyl (2R,5R)-5-hydroxy-2-(hydroxymethyl)piperidine-1-carboxylate 63 (2.4 g,
10.4 mmol) was stirred in Et,O at RT. HCI (g) was bubbled through for 45 secs and the
reaction stirred at RT for 45 mins. The reaction was concentrated in-vacuo and dried under hi-
vac to afford (3R,6R)-6-(hydroxymethyl)piperidin-3-ol 64. The product was used without

further purification.
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Step S. Preparation of 2,2,2-trifluoro-1-((2R,5R)-5-hydroxy-2-(hydroxymethyl)piperidin-
1-yl)ethan-1-one 65

Crude (3R,6R)-6-(hydroxymethyl)piperidin-3-ol 64 from the previous reaction was
stirred in MeCN (50 mL) with TEA (3.5 mL, 25.2 mmol) at RT. Ethyl trifluoroacetate (3 mL,
25.2 mmol) was added and the reaction stirred at RT for 16 hr, then concentrated in-vacuo to
give 2,2 2-trifluoro-1-((2R,5R)-5-hydroxy-2-(hydroxymethyl)piperidin-1-yl)ethan-1-one 65.

The product was used without further purification.

Step 6. Preparation of 1-((2R,SR)-2-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-5-
hydroxypiperidin-1-yl)-2,2,2-trifluoroethan-1-one 66

Crude 2,2,2-trifluoro-1-((2R,5R)-5-hydroxy-2-(hydroxymethyl)piperidin-1-yl)ethan-1-
one 65 from the previous reaction was stirred in DCM with TEA (50 mL) at RT. 4,4°-
Dimethoxytrityl chloride (DMTrCl) (3.87 g, 11.44 mmol) was added in one portion and the
reaction stirred at RT for 3 hours. The reaction was diluted with DCM (50 mL) and washed
sequentially with saturated NaHCOs (2 x 75 mL), H>O (2 x 75 mL) and saturated NaCl
solution (2 x75 mL). The organics were separated, dried (Na,SO4), concentrated in-vacuo and
purified by column chromatography (100% hexanes — 60% EtOAc/Hexanes) (0.1 % TEA) to
give 1-((2R,5R)-2-((bis(4-methoxyphenyl)(phenyl ) methoxy)methyl)-5-hydroxypiperidin-1-yl)-
2,2,2-trifluoroethan-1-one 66 (3.14 g, 57%)

Step 7. Preparation of (3R,6R)-6-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-
piperidin-3-ol 67

NG
..,, LODMTr

N
H

1-((2R,5R)-2-((bis(4-methoxyphenyl)(phenyl ) methoxy)methyl)-5-hydroxypiperidin-1-
y1)-2,2,2-trifluoroethan-1-one 66 (3.14 g, 6.0 mmol) was stirred in MeOH (50 mL) at RT.
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KOH (672 mg, 12 mmol) was added and the reaction stirred at RT for 16 hours. Additional
KOH (300 mg, 6 mmol) was added and stirring continued for an additional 24 h. The reaction
was concentrated in-vacuo, taken up in DCM (150 mL), washed with H,O (4 x 50 mL), dried
(Na2S0O4) and concentrated in-vacuo to give (3R,6R)-6-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)piperidin-3-ol 67 (2.34 g, 90%) which was used

without further purification.

Step 8. Preparation of methyl 12-((2R,SR)-2-((bis(4-methoxyphenyl)(phenyl)-
methoxy)methyl)-S-hydroxypiperidin-1-yl)-12-oxododecanoate 68

(3R,6R)-6-((Bis(4-methoxyphenyl)(phenyl ) methoxy)methyl)piperidin-3-ol 67 (2.34 g,
5.34 mmol) was stirred in DCM (75 mL) at RT. Triethylamine (2.2 mL, 16.2 mmol), HATU
(3.5 g, 9.2 mmol) and 12-methoxy-12-oxododecanoic acid (1.32 g, 5.4 mmol) were added and
the reaction stirred at RT for 3 h. The resultant solid precipitate was removed by filtration, the
filtrate concentrated in-vacuo and the residue purified by column chromatography (2.5
%MeOH/DCM, 0.1% TEA) to give methyl 12-((2R,5R)-2-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)-5-hydroxypiperidin-1-yl)-12-oxododecanoate 68 in

quantitative yield.

Step 9. Preparation of lithium 12-((2R,SR)-2-((bis(4-methoxyphenyl)(phenyl)methoxy)-
methyl)-S-hydroxypiperidin-1-yl)-12-oxododecanoate 69

HO/,,O
., LODMTr

N

Li
IOWO

0
Methyl 12-((2R,5R)-2-((bis(4-methoxyphenyl)(phenyl )methoxy)methyl)-5-
hydroxypiperidin-1-yl)-12-oxododecanoate 68 (5.4 mmol) and LiOH (140 mg, 5.94 mmol)
were stirred in THF:H>O (1:1, 100 mL) at RT for 48 h. The THF was removed in-vacuo, the
aqueous frozen and lyophilized to give lithium 12-((2R,5R)-2-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)-5-hydroxypiperidin-1-yl)-12-oxododecanoate 69

(3.2 g, 91 %). Which was used in subsequent reactions without additional purification.
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Step 10. Preparation of compounds 70, 71, 72, and 59
Compounds 70, 71, 72 and 59 were prepared using the identical procedures to those
used to synthesize compounds 47, 48, 49 and 43 respectfully.

5  Example 8. Synthesis of conjugate 142

Scheme 17.
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Step 1. Preparation of 3,4,5-Triacetoxybenzoic acid 73

To a solution of Gallic acid (20 g) in pyridine (50 mL) and acetic anhydride (50 mL).
The solution was stirred overnight at room temperature then poured into ice water (1 L). The
solution was made acidic with concentrated hydrochloric acid where upon a colorless solid
precipitated. The solid was collected via filtration and washed with water (5 x 100 mL). The
wet solid was frozen on liquid nitrogen and freeze dried to afford 3,4,5-triacetoxybenzoic acid
(26 g, 75%).

Step 2. Preparation of 5-((2-((2-Oxo-2-phenyl-1A2-ethyl)amino)ethyl)carbamoyl)benzene-
1,2,3-triyl triacetate 74

To a solution of 3,4,5-triacetoxybenzoic acid (10 g, 33.8 mmol), N-carbobenzoxy-1,2-
diaminoethane hydrochloride (5.3 g, 33.8 mmol) and HBTU (13.5 g, 35.5 mmol) in DMF (200
mL) was added DIPEA (17.5 mL, 101 mmol). The solution was stirred for 16 hours then
diluted with ethyl acetate (250 mL), washed with brine (3 x 200 mL), dried on magnesium
sulfate, filtered and concentrated in vacuo to dryness. The crude product was purified by
column chromatography on silica gel (Gradient 1% to 5% MeOH in DCM) to afford 5-((2-((2-
Ox0-2-phenyl-1\*-ethyl)amino)ethyl }carbamoyl)benzene-1,2,3-triyl triacetate as an off white
solid (5.5 g).
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Step 3. Preparation of 3,4,5-Trihydroxy-N-(2-((2-oxo0-2-phenyl-122-
ethyl)amino)ethyl)benzamide 75

A solution of 5-((2-((2-Oxo-2-phenyl-1A*-ethyl )Jamino)ethyl)carbamoyl)benzene-1,2,3-
triyl triacetate (5 g, 1.1 mmol) in 1:1 MeOH / CH2Cl» (100 mL) was stirred for 3 days at room
temperature. Upon completion the solvent was removed to afford 3,4,5-Trihydroxy-N-(2-((2-
oxo-2-phenyl-1\?-ethyl)amino)ethyl)benzamide as a colorless solid (4 g, quantitative).

Step 4. Preparation of Trimethyl 2,2',2"'-((5-((2-((2-0x0-2-phenyl-1A%-
ethyl)amino)ethyl)carbamoyl)benzene-1,2,3-triyl)tris(oxy))triacetate 76

A solution of 3,4,5-Trihydroxy-N-(2-((2-oxo0-2-phenyl-1A?-
ethyl)amino)ethyl)benzamide (4 g, 11.6 mmol), methyl bromoacetate (7.7 g, 46.4 mmol) and
potassium carbonate (9.6 g, 69.4 mmol) in DMF (100 mL) was stirred overnight at 60 °C.
Upon completion the solution was cooled to room temperature, diluted with ethyl acetate (200
mL), washed with water (200 mL), brine (3 x 100 mL), dried on magnesium sulfate, filtered
and concentrated in vacuo to dryness. The crude product was purified by column
chromatography on silica gel (Gradient 2% to 10% MeOH in DCM) to afford trimethyl 2,2' 2"-
((5-((2-((2-ox0-2-phenyl-1A*-ethyl)amino)ethyl )carbamoyl)benzene-1,2,3-triyl )tris(oxy))-
triacetate as a beige solid (5 g, 79%)

Step 5. Preparation of 2,2',2"'-((5-((2-((2-Ox0-2-phenyl-122-ethyl)amino)ethyl)-
carbamoyl)benzene-1,2,3-triyl)tris(oxy))triacetic acid 77

A solution of trimethyl 2,2',2"-((5-((2-((2-oxo0-2-phenyl-1A*-ethyl )Jamino)ethyl)-
carbamoyl)benzene-1,2,3-triyl)tris(oxy))triacetate (5 g, 9.2 mmol) and IM NaOH (30 mL) in
methanol (100 mL) was stirred for 2 hours at room temperature. Upon completion the reaction
was concentrated to remove the methanol and diluted with water (75 mL). The mixture was
cooled to 0°C, acidified with 2M HCI and extracted with ethyl acetate (5 x 150 mL). The
combined ethyl acetate extracts were dried on magnesium sulfate, filtered and concentrated in
vacuo to dryness to afford 2,2',2"-((5-((2-((2-Oxo-2-phenyl-1A*-
ethyl)amino)ethyl)carbamoyl)benzene-1,2,3-triyl)tris(oxy))triacetic acid as a colorless solid

(2.3 g, 50%).

Step 6. Preparation of Compound 78
Compound 78 was prepared from compounds 9 (2.75 g, 4.3 mmol) and 77 (0.5 g, 0.96

mmol) using an identical procedure to that used for compound 13. Yield: 600 mg.
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Step 7. Preparation of Compound 79
Compound 79 was prepared from compounds 78 (0.6 g) using an identical procedure to

that used for compound 14. Yield: 500 mg.

Step 8. Preparation of compound 140

Compound 140 was prepared from compound 79 (500 mg, 0.25 mmol) and compound
18 (175 mg, 0.25 mmol) using an identical procedure to that used for compound 19. Yield: 250
mg, 44%.

Step 9. Preparation of compound 141
Compound 141 was prepared from compound 140 (250 mg, 0.11 mmol) using an

identical procedure to that used for compound 20. Yield: 200 mg,

Step 10. Preparation of conjugate 142

Conjugate 142 was prepared from compound 141 (200 mg) and 1000A Icaa CPG (1.8
g) using an identical procedure to that used for compound 1. Yield: 1.9 g, 22 gymol/g CPG
loading. The resulting GalNAc loaded CPG solid support was employed in automated
oligonucleotide synthesis using standard procedures. Nucleotide deprotection followed by
removal from the solid support (with concurrent galactosamine acetate deprotection) afforded

the GalNAc-oligonucleotide conjugate 142.
Example 9. Synthesis of conjugate 145

Scheme 19.
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Scheme 20.
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Step 1. Preparation of Racemic (cis) S-Benzyl-3a,6a-dimethyltetrahydro-1H-furo[3,4-
c]pyrrole-1,3(3aH)-dione 123

To a cooled solution (0°C) of 3,4-dimethylfuran-2,5-dione (3 g, 24 mmol) and N-
benzyl-1-methoxy-N-((trimethylsilyl )methyl)methanamine (7 g, 29.8 mmol) in
dichloromethane (75 mL) was slowly added trifluoroacetic acid (75 pL). Stir overnight
allowing the solution to slowly warm to room temperature as the ice bath melted. The reaction
mixture was concentrated to dryness, dissolved in ethyl acetate (100 mL), washed with
saturated sodium bicarbonate (2 x 100mL), dried on magnesium sulfate, filtered and
concentrated to dryness. Purification by column chromatography on silica gel (gradient: 20%
ethyl acetate in hexanes to 100% ethyl acetate) afforded racemic (cis) 5-Benzyl-3a,6a-
dimethyltetrahydro-1H-furo[3,4-c]pyrrole-1,3(3aH)-dione as a yellow oil (3.5 g, 56%).

Step 2. Preparation of Racemic (cis) 1-Benzyl-3,4-dimethylpyrrolidine-3,4-
diyl)dimethanol 124

To a cooled (0°C) solution of (3aR,6aS)-5-Benzyl-3a,6a-dimethyltetrahydro-1H-
furo[3,4-c]pyrrole-1,3(3aH)-dione (3.5 g, 13.4 mmol) in anhydrous diethyl ether (50 mL) was
added slowly lithium aluminum hydride pellets (1.5 g, 40 mmol) over three portions. The
solution was stirred overnight warming to room temperature as the ice water bath melted.
Upon completion, the reaction was cooled to 0°C and very slowly quenched with 1.5 mL of
5M NaOH followed by 1.5 mL of water. Stir for 30 minutes then add magnesium sulfate and
filter. The filtrate was concentrated to afford racemic (cis) 1-Benzyl-3,4-dimethylpyrrolidine-

3,4-diyl)dimethanol as a colorless oil (2.7 g).
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Step 3. Preparation of Racemic (cis) 3,4-Dimethylpyrrolidine-3,4-diyl)dimethanol 125

To a solution of ((3R,45)-1-Benzyl-3,4-dimethylpyrrolidine-3,4-diyl)dimethanol (10 g,
40 mmol) in methanol (10 mL) was added 10% palladium on activated charcoal wet (1 g). The
solution was stirred vigorously under a hydrogen atmosphere for 16 hours. Upon completion
the solution was filtered through Celite, and concentrated to dryness to afford racemic (cis)

3,4-Dimethylpyrrolidine-3,4-diyl)dimethanol as a colorless solid (5.5 g, 86%).

Step 4. Preparation of Racemic (cis) Methyl 10-(3,4-bis(hydroxymethyl)-3,4-
dimethylpyrrolidin-1-yl)-10-oxodecanoate 126

Compound 126 was prepared from compound 125 (1.3 g, 8.2 mmol) and monomethyl
sebacate (1.8 g, 8.2 mmol) using an identical procedure to that used for compound 17. Yield:

1.8 g 61%.

Step S. Preparation of Racemic (cis) Methyl 10-(3-((bis(4-methoxyphenyl-
)(phenyl)methoxy)-methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-
oxodecanoate 127

Compound 127 was prepared from compound 126 (1.8 g, 5.0 mmol) and 4,4'-
Dimethoxytrityl chloride (1.7 g, 5.0 mmol) using an identical procedure to that used for
compound 18. Yield: 1.4 g, 42%.

Step 6. Preparation of Racemic (cis) Lithium 10-(3-((bis(4-methoxyphenyl)-
(phenyl)methoxy)-methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-
oxodecanoate 128

To a solution of compound 127 (3.0 g, 4.6 mmol) in THF (50 mL) and water (50 mL)
was added lithium hydroxide (121 mg, 5.0 mmol). The solution was stirred for 4 hours at room
temperature then concentrated to remove the THF. The remaining aqueous solution was freeze

dried overnight to afford a pale pink solid (2.9 g, quantitative) .

Step 7. Preparation of compound 143

Compound 143 was prepared from compound 128 (270 mg, 0.42 mmol) and compound
14 (800 mg, 0.42 mmol) using an identical procedure to that used for compound 19. Yield: 900
mg, 87%.
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Step 8. Preparation of compound 144
Compound 144 was prepared from compound 143 (500 mg, 0.2 mmol) using an

identical procedure to that used for compound 20. Yield: 200 mg,

5  Step 9. Preparation of conjugate 145
Conjugate 145 was prepared from compound 144 (200 mg) and 1000A Icaa CPG (1.8
g) using an identical procedure to that used for compound 1. Yield: 1.9 g, 20 amol/g CPG
loading. The resulting GalNAc loaded CPG solid support was employed in automated
oligonucleotide synthesis using standard procedures. Nucleotide deprotection followed by
10 removal from the solid support (with concurrent galactosamine acetate deprotection) afforded

the GalNAc-oligonucleotide conjugate 145.

Example 10. Synthesis of conjugate 150

15 Scheme 21.
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Step 1. Preparation of 146-1

To a solution of mono methyl ester of dodecanedioic acid (12.2 g, 50.0 mmol) in
dichloromethane (300 mL) was added N-hydroxysuccinimide (6.10g, 53.0 mmol) and 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC) (10.52g, 55.0 mmol). The
cloudy mixture was stirred overnight at room temperature and the reaction became a clear
solution. TLC indicated the reaction was completed. The organics were washed with saturated
NH4Cl (300 mL) and brine (100 mL). The organic layer was separated, dried over MgSQO4 and
concentrated to dryness to pure 1-(2,5-dioxopyrrolidin-1-yl) 12-methyl dodecanedioate 146-1
as a white solid (16.7g, 97.8%).

Step 2. Preparation of cyclopent-3-en-1-ylmethanol 146-2

To a suspension of lithium aluminum hydride (15.2g, 0.40 mol) in anhydrous ether (1
L) at 0°C under nitrogen, was added the solution of methyl cyclopent-3-enecarboxylate (50 g,
0.40 mol) in ether (300 mL) dropwise over 5 hrs. The suspension was stirred at room
temperature overnight. TLC indicated the completion of the reaction. The reaction was re-
cooled to 0°C. Saturated solution of Na;SO4 (32 mL) was added dropwise to quench the
reaction. After the addition was complete, the mixture was stirred for another 3 hrs and was
filtered through a pad of celite. Evaporation of solvent afforded cyclopent-3-enylmethanol 146-
2 (37.3 g, 95 %) as a colorless liquid.

Step 3. Preparation of (6-oxabicyclo[3.1.0]hexan-3-yl)methanol 146-3

To a solution of cyclopent-3-enylmethanol 146-2 (4.0 g, 41 mmol) in dichloromethane
(150 mL) at 0°C was added 3-chloroperbenzoic acid (10 g, 45 mmol, 77% purity) by portion.
The reaction was stirred overnight. Dichloromethane (150 mL) was added. The organics was
washed with sodium thiosulfate (12 g in 10 mL water), followed by saturated NaHCO3 (40
mL). This was repeated till all the remaining 3-chloroperbenzoic acid was washed away. The
organic was dried over MgSQ4. Evaporation of solvent gave a mixture of cis- and trans- 6-
oxabicyclo[3.1.0]hexan-3-ylmethanol 146-3 (2.6 g, 57 %) as a yellow oil. GC-MS: m/z 114 (5)
(M"), 95 (15), 88 (100), 81 (15).

Step 4. Preparation of 2-amino-4-(hydroxymethyl)cyclopentan-1-ol 146-4
To a solution of 6-oxabicyclo[3.1.0]hexan-3-ylmethanol 146-3 (2.0g, 17.6 mmol) in
methanol (20 mL) at 0°C was purged ammonia gas for 10 min. The reaction was stirred at

room temperature overnight. TLC indicated the incompletion of the reaction. Methanol was
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removed and NH3 ‘H>O (50 mL) was added and this was stirred at room temperature over a
week. TLC confirmed the completion of the reaction. Water was removed by azeotropically
with ethanol to afford 2-amino-4-(hydroxymethyl)cyclopentanol 146-4 (2.1 g, 91%) as a

yellow oil.

Step S. Preparation of Methyl 12-(2-hydroxy-4-(hydroxymethyl)cyclopentylamino)-12-
oxododecanoate 146-5

Compound 146-5 was prepared from 2-amino-4-(hydroxymethyl)cyclopentanol 146-4
and 1-(2,5-dioxopyrrolidin-1-yl) 12-methyl dodecanedioate 146-1, using the same procedure as
described in the synthesis of 12-(2-(fert-butoxycarbonylamino)ethylamino)-12-
oxododecanoate (3-2). Methyl 12-(2-hydroxy-4-(hydroxymethyl)cyclopentylamino)-12-

oxododecanoate 146-5 was obtained in 87.4% yield as an off-white solid.

Step 6. Preparation of compound 147
Compound 147 was prepared quantitatively from compound 146 (1.4 g, 2.33mmol)

using an identical procedure to that used for compound 18.

Step 7. Preparation of compound 148

Compound 148 was prepared from compound 147 (150mg, 0.23mmol) and compound
14 (431mg, 0.23mmol) using an identical procedure to that used for compound 19. Yield:
460mg, 84%.

Step 8. Preparation of compound 149
Compound 149 was prepared from compound 148 (460mg, 0.19mmol) using an
identical procedure to that used for compound 20. Yield: 436mg, 91%.

Step 9. Preparation of conjugate 150

Compound 150 was prepared from compound 149 (436mg) and 1000A Icaa CPG
(2.62g) using an identical procedure to that used for compound 1. Yield: 2.7g, 21.3ymol/g
CPG loading. The resulting GalNAc loaded CPG solid support was employed in automated
oligonucleotide synthesis using standard procedures. Nucleotide deprotection followed by
removal from the solid support (with concurrent galactosamine acetate deprotection) afforded

the GalNAc-oligonucleotide conjugate 150.
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Example 11. Synthesis of conjugates 153, 158, 163, 168 and 173

Scheme 22.
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Step 1. Preparation of 1-(tert-butyl) 2-methyl (2S,4R)-4-hydroxypyrrolidine-1,2-
dicarboxylate (133)
Methyl (2S,4R)-4-hydroxypyrrolidine-2-carboxylate (25.9 g, 46 mmol), BOC
anhydride (65.9 g, 302.5 mmol) and TEA (42 ml, 302.5 mmol) were stirred in DCM at RT for
10 16 h. The organics were washed sequentially with 1M HCI (x2), saturated NaHCOs3 (x2), H,O
and brine, dried and concentrated in-vacuo to give 1-(tert-butyl) 2-methyl (2S,4R)-4-
hydroxypyrrolidine-1,2-dicarboxylate (133) (58.1g, 85%).

Step 2. Preparation of 1-(tert-butyl) 2-methyl (4R)-4-hydroxy-2-methylpyrrolidine-1,2-
15  dicarboxylate (134)
1-(tert-butyl) 2-methyl (25,4R)-4-hydroxypyrrolidine-1,2-dicarboxylate (133) (5g, 20.4
mmol) and Mel (12 g, 84.5 mmol) were stirred in anhydrous THF at -40°C. LDA (2.0 M
solution in THF) (37.5 mL, 75 mmol) was added dropwise. The reaction was allowed to warm

to RT and stirred for 4 h then quenched with saturated NH4Cl. The reaction was extracted with
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EtOAc, washed with H>O and brine, dried (Na>SQO4) and concentrated in-vacuo. The residue
was purified by column chromatography 50:50 EtOAc//hexanes to give 1-(tert-butyl) 2-methyl
(4R)-4-hydroxy-2-methylpyrrolidine-1,2-dicarboxylate (134) as a racemic mixture (3.6 g,
68%)

Step 3. Preparation of tert-butyl (2S,4R)-4-hydroxy-2-(hydroxymethyl)-2-
methylpyrrolidine-1-carboxylate (135a)

1-(Tert-butyl) 2-methyl (4R)-4-hydroxy-2-methylpyrrolidine-1,2-dicarboxylate (134)
(19g, 73.5 mmol) was stirred in anhydrous THF under N»2. LiBH4 solution (48 ml, 96 mmol)
was added dropwise and the reaction stirred at RT for 48 h. The reaction was quenched with
IM NaOH, the THF removed in-vacuo and the residual extracted with EtOAc (4 x 100ml). The
organics were washed with H>O and brine, dried (Na,SO4) and concentrated in-vacuo. The
residue was purified by column chromatography (5% MeOH/DCM) to give tert-butyl (2S,4R)-
4-hydroxy-2-(hydroxymethyl)-2-methylpyrrolidine-1-carboxylate (135a) as the major product

(8g, 47%). Structure assigned according to literature references.

Step 4. Preparation of (3R,5S)-5-(hydroxymethyl)-S-methylpyrrolidin-3-ol hydrochloride
(136)

tert-Butyl (2S,4R)-4-hydroxy-2-(hydroxymethyl)-2-methylpyrrolidine-1-carboxylate
(135a) (8g, 34.6 mmol) was stirred in EtOAc at RT and gaseous HCI applied for
approximately two minutes. The reaction was stirred for one hour then concentrated in-vacuo
and dried under high vacuum to give (3R,5S)-5-(hydroxymethyl)-5-methylpyrrolidin-3-ol
hydrochloride (136) in quantitative fashion.

Step S. Preparation of methyl 12-((2S,4R)-4-hydroxy-2-(hydroxymethyl)-2-
methylpyrrolidin-1-yl)-12-oxododecanoate (137)

(3R,5S)-5-(Hydroxymethyl)-5-methylpyrrolidin-3-ol hydrochloride (136) (7.9 g, 47.4
mmol), 12-methoxy-12-oxododecanoic acid (11.5 g, 47.4 mmol), HBTU (36 g, 76 mmol) and
TEA 20 mL, 142.2 mmol) were stirred in DCM at RT for 16h. The precipitate was removed by
filtration and the organics washed with 1M HCI (x2), saturated NaHCO3 (x2), H>O and brine.
After drying the organics were concentrated in-vacuo and purified by column chromatography
(5%MeOH/DCM) to give methyl 12-((2S,4R)-4-hydroxy-2-(hydroxymethyl)-2-
methylpyrrolidin-1-yl)-12-oxododecanoate (137) (3.1 g, 18.3 %).
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Step 6. Preparation of methyl 12-((2S,4R)-2-((bis(4-methoxyphenyl)(phenyl)methoxy)-
methyl)-4-hydroxy-2-methylpyrrolidin-1-yl)-12-oxododecanoate (138)

Methyl 12-((2S,4R)-4-hydroxy-2-(hydroxymethyl)-2-methylpyrrolidin-1-yl)-12-
oxododecanoate (137) (3.1 g, 9.0 mmol), DMTr-CI (2.8 g, 8.2 mmol) and TEA (1.1 ml, 8.2
mmol) were stirred in DC< at RT for 16 h. The reaction was concentrated in-vacuo and the
residue purified by column chromatography (5% MeOH/DCM, 0.1%TEA) to give methyl 12-
((2S,4R)-2-((bis(4-methoxyphenyl)(phenyl )methoxy)methyl)-4-hydroxy-2-methylpyrrolidin-1-
yl)-12-oxododecanoate (138) (2.7 g, 45.5 mmol).

Scheme 23
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Step 7. Preparation of Compound 154-1

To a solution of N-(2-hydroxyethyl)phthalimide (4.80 g, 25.0 mmol) and 4,4’-
dimethoxytrityl chloride (8.8 g, 26.0 mmol) in dichloromethane (200 mL) at 0°C under
nitrogen, was added triethylamine (10.4 mL, 74.6 mmol) dropwise. The reaction mixture was
stirred at room temperature for 3 hrs. TLC indicated the completion of the reaction. The
organic layer was washed with brine (100 mL), dried over MgSQOy4, and concentrated to

dryness. This was used directly for the next reaction without purification.

Step 8. Preparation of Compound 154-2
2-(2-(Bis(4-methoxyphenyl)(phenyl)methoxy)ethyl )isoindoline-1,3-dione (154-1)

obtained above and hydrazine monohydrate (3.6 mL, 74 mmol) in ethanol (100 mL) was

stirred overnight at room temperature. TLC indicated the completion of the reaction. The

precipitate was filtered out. The filtrate was evaporated. The residue was taken up by ethyl
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acetate (100 mL). The organic solution was washed with 10% NaOH, water and brine, and
dried over MgSQy4. Evaporation of solvent afforded 2-(bis(4-
methoxyphenyl)(phenyl)methoxy)ethanamine (154-2) as a yellow liquid (8.11g, 89.3% yield

over two steps). This was used for the next reaction without further purification.

Step 9. Preparation of Compound 154-3

To a solution of L-threonine (1.19g, 10.0 mmol) and NaHCOs3 (2.3g, 27 mmol) in water
(20 mL) and dioxane (10 mL), was added 1-(2,5-dioxopyrrolidin-1-yl) 12-methyl
dodecanedioate 146-1 (3.1g, 9.1 mmol) in dioxane (10 mL) dropwise. The reaction mixture
was stirred at room temperature overnight. 4N HCI (10 mL) was added. The precipitate was
collected by filtration and washed with water (3 x 10 mL). The solid was dried over P,Osin a
desiccator to afford (2S,3R)-3-hydroxy-2-(12-methoxy-12-oxododecanamido)butanoic acid
154-3 as an off-white solid (2.84g, 82.2%). LC-MS (ESI): m/z: 346 (100), (M + H").

Step 10. Preparation of Compound 154

(2S,3R)-3-hydroxy-2-(12-methoxy-12-oxododecanamido)butanoic acid 154-3 (2.47g,
7.15 mmol), 2-(bis(4-methoxyphenyl)(phenyl)methoxy)ethanamine 154-2 (2.60g, 7.15 mmol),
EDC (1.64g, 8.58 mmol), 1-hydroxybenzotriazole (HOBt) (1.16g, 8.58 mmol) and TEA (2.4
mL, 17.2 mmol) were stirred in dichloromethane (72 mL) at room temperature for 2 hrs. Water
(30 mL) was added. The organic layer was separated and washed with brine (2 x30 mL).
Evaporation of solvent followed by column chromatography (30% ethyl acetate/hexanes -50%
ethyl acetate/hexanes) afforded methyl 12-((2S,3R)-1-(2-(bis(4-
methoxyphenyl)(phenyl)methoxy)ethylamino)-3-hydroxy-1-oxobutan-2-ylamino)-12-
oxododecanoate 154 as a waxy yellow semi-solid (2.60g, 52.6%). 'THNMR (400MHz, acetone-
d6, ppm): & 7.51 (t, J = 5.5 Hz, 1H), 7.45-7.49 (m, 2H), 7.28-7.36 (m, 6H), 7.21 (tt, I =7.2, 1.2
Hz, 1H), 7.08 (d, J = 8.1 Hz, 1H), 6.88 (dt, J = 8.9, 2.5 Hz, 4H), 4.39 (dd, J = 8.2, 3.0 Hz, 1H),
4.20-4.27 (m, 1H), 3.78 (s, 6H), 3.60 (s, 1H), 3.35-3.52 (m, 2H), 3.07-3.16 (m, 2H), 2.23-2.37
(m, 4H), 1.53-1.65 (m, 4H), 1.23-1.36 (m, 12H), 1.10 (d, J = 6.4 Hz, 3H).
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Scheme 24
HO. HO
+ =
04\E> CH3PPh, % ADMixcE HO HCI, EXOH HO)\(\
—_— e T
N N N
Boc t-BuOK Boc Boc H HCI
164-1 164-2 164-3

164-4 164
Step 11. Preparation of Compound 164-1

To a suspension of potassium t-butoxide (14.6 g, 130 mol) in THF (120 mL)/ether (360
mL) was added methyltriphenylphosphonium bromide (46.6 g,130 mmol). The mixture was
refluxed for 2 hrs and then cooled to 0°C. fert-butyl 2-formylpyrrolidine-1-carboxylate (13.0g,
65.2 mmol) in ether (50 mL) was added dropwise. The reaction mixture was stirred at 0°C and
then quenched by the addition of water (250 mL). The organic layer was separated and the
aqueous was extracted with ether (250 mL). The combined extract was dried over MgSQj.
Evaporation of solvent, followed by column chromatography purification (5% ethyl
acetae/hexanes) gave fert-butyl 3-vinylpyrrolidine-1-carboxylate 164-1 (11.5g, 89.4%) as a
colorless liquid. GC-MS: m/z: 197 (2) (M"), 141 (40), 124 (30), 57 (100).

Step 12. Preparation of Compound 164-2

To a mixture of ~-BuOH (140 mL) and water (70 mL), was charged AD-mix-f (47.4 g)
and methanesulfonamide (2.89 g, 30.4 mmol). The mixture was stirred at room temperature for
30 min and was then cooled to 0°C. fer#-Butyl 3-vinylpyrrolidine-1-carboxylate 164-1 (6.00g,
30.4 mmol) was added. The reaction was stirred at room temperature overnight. The reaction
mixture was cooled to 0°C. Sodium thiosulfate pentahydrate (96 g, 387 mmol) was added and
the temperature was allowed to warm to room temperature. Water (700mL) was added and the
mixture was extracted with ethyl acetate (500 mL). The extract was washed with water (2 x 50
mL) and brine (50 mL), and dried over MgSO4. Evaporation of solvent, followed by column
chromatography (2% methanol/dichloromethane - 7% methanol/dichloromethane) gave fert-

butyl 3-(1,2-dihydroxyethyl)pyrrolidine-1-carboxylate 164-2 (5.4 g, 77%) as a light brown oil.
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Step 13. Preparation of Compound 164-3

To a solution of ferz-butyl 3-(1,2-dihydroxyethyl)pyrrolidine-1-carboxylate 164-2
(3.1g, 13.4 mmol) in ethanol (10 mL) was added 3N HCI (30 mL, 90 mmol). The reaction
mixture was stirred at room temperature overnight. TLC indicated the completion of the
reaction. Ethanol was evaporated. Toluene was added and evaporated. This was repeated three
times to give 1-(pyrrolidin-3-yl)ethane-1,2-diol hydrochloride 164-3 (2.0g, 89%) as a brown
oil. LC-MS (ESI): m/z: 132 (100), (M + H", free amine).

Step 14 Preparation of Compound 164-4

To a solution of 1-(pyrrolidin-3-yl)ethane-1,2-diol hydrochloride 164-2 (2.0g, 12
mmol) in water (30 mL) was added NaHCO;s (3.7g, 44 mmol) by portion. Dioxane (20 mL)
was then added. To the above solution was added 1-(2,5-dioxopyrrolidin-1-yl) 12-methyl
dodecanedioate 146-1 (3.7g, 11 mmol) in dioxane (30 mL). The reaction mixture was stirred
overnight. This was extracted with ethyl acetate (3 x100 mL). The combined extract was

washed with 0.5N HCI (50 mL) and brine (50 mL), and dried over MgSOQj.

Step 15. Preparation of Compound 164

This substance was prepared from methyl 12-(3-(1,2-dihydroxyethyl)pyrrolidin-1-yl)-
12-oxododecanoate 164-4 and 4,4-dimethoxytrityl chloride (1 eq) using the same procedure as
described in the synthesis of 2-(2-(bis(4-methoxyphenyl )(phenyl)methoxy)ethyl )isoindoline-
1,3-dione 138. The product was purified by column chromatography (1.5%
methanol/dichloromethane). Methyl 12-(3-(2-(bis(4-methoxyphenyl)(phenyl )methoxy)-1-
hydroxyethyl)pyrrolidin-1-yl)-12-oxododecanoate 164 was obtained in 51% yield as a yellow
oil. 'HNMR (400MHz, acetone-d6, ppm): & 7.49-7.54 (m, 2H), 7.35-7.40 (m, 4H), 7.28-7.34
(m, 2H), 7.19-7.25 (m, 1H), 6.86-6.91 (m, 4H), 4.11-4.20 (m, 1H), 3.79 (s, 6H), 3.68-3.77 (m,
1H), 3.60 (s, 3H), 3.29-3.59 (m, 3H), 3.06-3.20 (m, 3H), 2.33-2.55 (m, 1H), 2.29 (t, ] = 7.4 Hz,
2H), 2.19 (t, ] = 7.6 Hz, 2H), 1.65-2.0 (m, 2H), 1.51-1.62 (m, 4H), 1.26-1.35 (m, 12H).
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Scheme 25
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Step 16. Preparation of Compound 170-1

To a solution of ferz-butyl 2-aminoethylcarbamate (2.88g, 18.0 mmol) and
triethylamine (2.98g, 29.4 mmol) in dichloromethane (100 mL), was added 1-(2,5-
dioxopyrrolidin-1-yl) 12-methyl dodecanedioate (146-1) (5.09¢g, 14.9 mmol) in
dichloromethane (50 mL) dropwise at room temperature. The reaction mixture was stirred
overnight and TLC indicated the completion of the reaction. 100 mL brine was added and the
organic layer was separated. The organic layer was washed with 0.5N HCI (150 mL), brine ( 2
x 100 mL) and dried over MgSOs. Evaporation of solvent gave pure methyl 12-(2-(tert-
butoxycarbonylamino)ethylamino)-12-oxododecanoate 170-1 (5.85g 100%) as a white solid.

Step 17. Preparation of Compound 170-2

To a solution of 12-(2-(fert-butoxycarbonylamino)ethylamino)-12-oxododecanoate
170-1 (5.55g, 14.4 mmol) in methanol (100 mL) at 0°C, was added thionyl chloride (3.3 mL,
45.5 mmol) dropwise. The reaction was then stirred at room temperature overnight. TLC
indicated the completion of the reaction. The solvent and volatile organics were evaporated.
The residue was then co-evaporated with heptanes twice to give methyl 12-(2-
aminoethylamino)-12-oxododecanoate hydrochloride 170-2 quantitatively as a white solid.

LC-MS (ESI): m/z: 287 (100), (M + H”, free amine).
Step 18. Preparation of Compound 170-3
(-)-Methyl (S)-2,2-dimethyl-1,3-dioxolane-4-carboxylate (5.01g, 31.2 mmol) and

LiOHH>0 (2.55g, 60.8 mmol) in THF (50 mL) and water (50 mL) was stirred overnight. TLC
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indicated the completion of the reaction. THF was evaporated and the aqueous was acidified
with 1IN HCI to pH = 1. This was extracted with ethyl acetate ( 5 x 50 mL). The combined
extract was dried over MgSQOj4. Evaporation of solvent gave (S)-2,2-dimethyl-1,3-dioxolane-4-

carboxylic acid 170-3 (2.93g, 64.3%) as a light yellow liquid.

Step 19. Preparation of Compound 170-4

Compound 170-4 was synthesized from (S)-2,2-dimethyl-1,3-dioxolane-4-carboxylic
acid 170-3 and N-hydroxysuccinimide in 86% yield, using the same procedure as described in
the synthesis of 1-(2,5-dioxopyrrolidin-1-yl) 12-methyl dodecanedioate 146-1. (S)-2,5-
Dioxopyrrolidin-1-yl 2,2-dimethyl-1,3-dioxolane-4-carboxylate 170-4 was obtained in 86%

yield as a white solid.

Step 20. Preparation of Compound 170-5

To a suspension of methyl 12-(2-aminoethylamino)-12-oxododecanoate hydrochloride
170-2 (14.4 mmol) and (S)-2,5-dioxopyrrolidin-1-yl 2,2-dimethyl-1,3-dioxolane-4-carboxylate
170-4 (3.80g, 15.6 mmol) in dichloromethane (100 mL) was added triethylamine (6 mL, 43.0
mmol) in dichloromethane (25 mL) over 4 hrs at 0°C. The reaction mixture was then stirred at
room temperature overnight. LC-MS indicated that the starting material 170-2 was completely
converted. The organic layer was washed with brine (50 mL), 1IN HCI (50 mL), brine (50
mL), dried over MgSQO4 and concentrated to dryness to afford (S)-methyl 12-(2-(2,2-dimethyl-
1,3-dioxolane-4-carboxamido)ethylamino)-12-oxododecanoate 170-5 (5.93g, 99.3%) as a

white solid.

Step 21. Preparation of Compound 170-6

To a solution of (S)-methyl 12-(2-(2,2-dimethyl-1,3-dioxolane-4-
carboxamido)ethylamino)-12-oxododecanoate 170-5 (5.93g, 14.3 mmol) was added one drop
of concentrated sulfuric acid. This was refluxed for 6 hrs and then cooled to room temperature.
The solid was collected through filtration and washed twice with cold methanol. The solid was
dried in the air (3.32g). The second crop (0.42g) was obtained from the mother liquid to give
(S)-methyl 12-(2-(2,3-dihydroxypropanamido)ethylamino)-12-oxododecanoate 170-6 (3.74g in
total, 69.4%) as a white crystal. LC-MS (ESI): m/z: 375 (100), (M + H"). 'THNMR (400MHz,
DMSO-d6, ppm): § 7.79 (br, 2H), 5.49 (d, J = 5.3 Hz, 1H), 4.66 (t, ] = 5.8 Hz, 1H), 3.83-3.88
(m, 1H), 3.55-3.61 (m, 4H), 3.41-3.47 (m, 1H), 3.05-3.15 (m, 4H), 2.29 (t, ] = 7.4 Hz, 2H),
2.03 (t, J = 7.6 Hz, 2H), 1.42-1.52 (m, 4H), 1.18-1.29 (m, 12H).
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Step 22. Preparation of Compound 170

To a solution of (S)-methyl 12-(2-(2,3-dihydroxypropanamido)ethylamino)-12-
oxododecanoate 170-6 (2.99¢g, 7.99 mmol) in dry pyridine (57.5 mL) under nitrogen, was
added 4,4’-dimethoxytrityl chloride (2.84g, 8.38 mmol) in one portion. The reaction was
stirred at room temperature for two days. Methanol (5 mL) was added to quench the reaction.
Pyridine was evaporated. Toluene was added and then evaporated. This was repeated three
times. Water (100 mL) was added and this was extracted with ethyl acetate (5 x 250 mL). The
extracts were combined and dried over MgSO4. Evaporation of solvent, followed by column
chromatography (1%methanol/dichloromethane-3% methanol/dichloromethane) gave (S)-
methyl 12-(2-(3-(bis(4-methoxyphenyl )(phenyl)methoxy)-2-hydroxypropanamido)-
ethylamino)-12-oxododecanoate 170 (1.70g, 31.4%) as a viscous oil. 'THNMR (400MHz,
acetone-d6, ppm): § 7.64-7.70 (br, 1H), 7.47-7.51 (m, 2H), 7.33-7.37 (m, 4H), 7.26-7.32 (m,
2H), 7.20 (dt, J = 7.3, 2.1 Hz, 1H), 7.11 (br, 1H), 6.86 (d, J = 8.7 Hz, 4H), 4.84 (br, 1H), 421
(dd, J=5.1, 3.8 Hz, 1H), 3.78 (s, 6H), 3.60 (s, 1H), 3.25-3.42 (m, 6H), 2.28 (t, J = 7.4 Hz, 2H),
1.48-1.62 (m, 4H), 1.21-1.34 (m, 12H).

Scheme 26.
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Step 23. Preparation of compounds 139, 155, 160, 165 and 170
Compounds 139, 155, 160, 165 and 170 were prepared from compounds 138, 154, 159,

164 and 169 using an identical procedure to that used for compound 18.

Step 24. Preparation of conjugates 153, 158, 163, 168 and 173
Conjugates 153, 158, 163, 168 and 173 were prepared from compound 139, 154, 159,

164 and 169 using an identical procedure to that used for compound 1.

Example 12. Synthesis of conjugate 176

Scheme 27.
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Step. 1. Preparation of methyl 12-aminododecanoate 132
12-aminoundecanoic acid (131) (10g, 4.64 mmol) was stirred in MeOH at RT. Acetyl
chloride (856uL, 12 mmol) was added dropwise and the reaction stirred for 1.5 hr. The solvent
was removed in-vacuo, the residue taken up in MTBE and chilled in the fridge overnight. The
10 resultant precipitate was collected by filtration, washed with ice cold MTBE and dried under

high vacuum to afford methyl 12-aminododecanoate 132.
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Step 2. Preparation of Racemic (cis) Methyl 12-(12-(10-(3-((bis(4-methoxyphenyl)-
(phenyl)methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-
oxodecanamido)dodecanamido)dodecanoate 129

Lithium racemic (cis) 10-(3-((bis(4-methoxyphenyl )(phenyl )methoxy)methyl)-4-
(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanoate (128) (2g, 3.1 mmol), of
methyl 12-aminododecanoate (132) (778 mg, 3.1 mmol), HBTU (1.2 g, 3.1 mmol) and TEA
(1.4 mL, 10 mmol) were stirred in DCM at RT O/N. The precipitate was removed by filtration,
the filtrate concentrated in-vacuo and the residue purified by column chromatography (5%
MeOH, DCM). TLC showed two close running spots with identical mass that were assigned as
geometric isomers and pooled together to give of Methyl 12-(12-(10-((3R,4S)-3-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-

10-oxodecanamido)dodecanamido)dodecanoate (129) in quantitative fashion.

Step 3. Preparation of Racemic (cis) Lithium 12-(12-(10-(-3-((bis(4-
methoxyphenyl)(phenyl)-methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-
yl)-10-oxodecanamido)-dodecanamido)dodecanoate 130

Racemic (cis) methyl 12-(12-(10-(3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-
4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-
oxodecanamido)dodecanamido)dodecanoate (129) (3.1 mmol) was stirred in THF:H>O (50:50)
with LiOH (88 mg, 3.7 mmol) at RT O/N. Reaction was confirmed by TLC and the THF
removed in-vacuo. The aqueous solution was frozen in liquid Nz and lyophilized for 48 hours
to give racemic (cis) Lithium 12-(12-(10-(3-((bis(4-methoxyphenyl)(phenyl)-
methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanamido)-

dodecanamido)dodecanoate 130 quantitatively.
Step 4. Preparation of conjugate 176

Conjugate 176 was prepared from compounds 24 and 130 using an identical procedure

to that used for compound 1.
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Example 13. Synthesis of conjugate 179
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Step 1. Preparation of compound 80

Compound 24 (2g, 0.86 mmol), N-carbobenzoxy-L-glutamic acid (120 mg, 0.43
mmol), HBTU (326 mg, 0.86 mmol) and TEA (353 uL, 2.6 mmol) were stirred in DCM at RT
O/N. The mixture was concentrated in-vacuo and purified by column chromatography to give

compound 80 (2.88 g, 83%).

Step 2. Preparation of compound 81
Compound 81 was prepared from compounds 80 (670 mg, 0.17 mmol) using an
identical procedure to that used for compound 14. The compound was used crude in

subsequent reactions and the yield taken as quantitative.

Step 3. Preparation of conjugatel79
Conjugate 179 was prepared from compounds 18 and 81 using an identical procedure

to that used for compound 1.
Example 14. Synthesis of conjugate 182

Scheme 31.
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Step 1. Preparation of compound 93
Compound 93 was prepared from (2-oxo-2-phenyl-1A*-ethyl)-D-glutamic acid (2.25 g,
8.1 mmol) and 9 (13 g, 21 mmol) using an identical procedure to that used for compound 89.
5 Yield: 112 g
Step 2. Preparation of compound 94
Compound 94 was prepared from compound 93 (11.1 g) using an identical procedure to

that used for compound 90. Yield: 10.2 g.

10 Step 3. Preparation of conjugate 182
Conjugate 182 was prepared from compounds 18 and 94 using an identical procedure

to that used for compound 1.

Example 15. Synthesis of conjugates 185 and 188
15
Scheme 33.
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Step 1. Preparation of 14-Hydroxy-3,6,9,12-tetraoxatetradecyl 4-
methylbenzenesulfonate 82

A solution of pentaethylene glycol (35g, 147mmol), TEA (41mL, 294mmol) and
trimethylamine-HCI (1.4g, 14.7mmol) in CH>Cl; (600mL) was treated with tosyl chloride
(29.4g, 154mmol). After stirring (18h) the reaction mixture was washed with H>O-brine (1:1),
dried (MgSOs), filtered, concentrated and subjected to chromatography to yield 82 (24.6g,
43%) as a pale yellow oil. Rf 0.8 (10% CH30H-CH,Cl,).

Step 2. 14-azido-3,6,9,12-tetraoxatetradecan-1-ol 83
14-azido-3,6,9,12-tetraoxatetradecan-1-ol (83) was prepared from 82 (24.6g,
62.7mmol) and sodium azide (7.13g, 110mmol) using an identical procedure to that used for

compound 4. Yield: 14.8g, 90%.

Step 3. Preparation of compound 84

A solution of GalNAc 6 (12.2g, 31.4mmol) and HO-PEG-N; 83 (9.2g, 35mmol) in 1,2-
dichloroethane (150mL) was treated with Sc(OTf)3; (771mg, 1.6mmol). After stirring (85°C,
2hr) the reaction was cooled (RT), quenched by the addition of TEA (40mL) and concentrated.
The crude material was subjected to chromatography to yield 84 (11.16g, 60%) as a pale
yellow foam. Rf 0.7 (10% CH30H-CH,Cl,).

Step 4. Preparation of compound 85

A solution of 84 (11.16g, 18.8mmol) and Pd/C (1.1g, 10% - wet support) in EtOAc
(120mL) was treated with TFA (4.32mL, 56.5mmol) and purged with H». After stirring
vigorously (4.5h) the reaction was purged with Ny, filtered through Celite and concentrated.
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The crude material was subjected to chromatography to yield 85 (5.77g, 45%) as a colorless
foam. Rf 0.5 (10% CH3OH-CH:Cl»).

Step S. Preparation of compound 95
Compound 95 was prepared from (2-oxo-2-phenyl-1A\*-ethyl)-D-glutamic acid (1.04 g,
3.7 mmol) and compound 94 (10.2 g) using an identical procedure to that used for compound

91. Yield: 72 g.

Step 6. Preparation of compound 96
Compound 96 was prepared from compound 95 (11.1 g) using an identical procedure to

that used for compound 92. Yield: 6.5 g.

Step 7. Preparation of compound 97
Compound 97 was prepared from (2-oxo-2-phenyl-11?-ethyl)-D-glutamic acid (2g,
7.1mmol) and 85 (12.1g, 17.8mmol) using an identical procedure to that used for compound

89. Yield: 10g, quantitative.

Step 8. Preparation of compound 98
Compound 98 was prepared from compound 97 (10g, 7.2mmol) using an identical

procedure to that used for compound 90. Yield: 3.5g, 36%.

Step 9. Preparation of compound 99
Compound 99 was prepared quantitatively from (2-oxo-2-phenyl-1A*-ethyl)-D-glutamic
acid (350 mg, 1.25 mmol) and compound 98 (2.86 mg, 2.5mmol) using an identical procedure

to that used for compound 91.

Step 10. Preparation of compound 100
Compound 100 was prepared quantitatively from compound 99 (3.2 g, 1.25 mmol)

using an identical procedure to that used for compound 92.
Step 11. Preparation of conjugates 185 and 188

Conjugate 185 and 188 were prepared from compounds 18 and 96 or 18 and 100 using

an identical procedure to that used for compound 1.
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Example 16. Synthesis of conjugates 191, 194, 197 and 200

Scheme 36
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Step 1. Preparation of 2-(2-(2-azidoethoxy)ethoxy)ethan-1-ol 86

To a solution of 2-(2-(2-chloroethoxy)ethoxy)ethan-1-ol (13 g, 77 mmol) in water (200
mL) is added sodium azide (10 g, 154 mmol). The reaction was heated to 100°C for 18 hours.
The reaction is cooled to room temperature and poured into a 1L separatory funnel and
extracted with dichloromethane (3 x 200 mL). The combine dichloromethane extracts are
dried on magnesium sulfate, filtered and concentrated to dryness to afford 2-(2-(2-

azidoethoxy)ethoxy)ethan-1-ol as a colorless oil (11.7 g).

Step 2. Preparation of compound 87
Compound 87 is prepared from 86 (4.95g, 28.3mmol) and 6 (10g, 25.7mmol) using an
identical procedure to that used for compound 84. Yield: 10g, 77%.

Step 3. Preparation of compound 88

Compound 88is prepared from 87 (10g, 19.8mmol) using an identical procedure to that
used for compound 85. Yield: 7.63g, 65%.
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Step 4. Preparation of compound 89

A solution of 88 (2g, 3.38mmol) and Z-glutamic acid (427mg, 1.52mmol) in CH2Cl»
(50mL) is treated with HBTU (1.41g, 3.7mmol) and Hiinig’s base (1.77mL, 10.1mmol). After
stirring (18h) the mixture is concentrated and subjected to chromatography to yield 89 (871mg,
48%) as a colorless foam. Rf 0.5 (10% CH30H-CH,Cl,).

Step S. Preparation of compound 90

A solution of 89 (870mg, 0.72mmol) and Pd/C (90mg, 10% - wet support) in EtOAc
(10mL) is treated with TFA (84uL, 1.1mmol) and purged with Hz. After stirring vigorously
(2h) the reaction is purged with N, filtered through Celite and concentrated. The crude
material is used without further processing and yielded 90 (850mg, quantitative) as a colorless

foam. Rf0.25 (10% CH;0H-CH,Cl,).

Step 6. Preparation of compound 91

A solution of 90 (850mg, 0.72mmol) and Z-glutamic acid (91mg, 0.32mmol) in CH2Cl»
(10mL) is treated with HBTU (300mg, 0.79mmol) and Hiinig’s base (502uL, 2.9mmol). After
stirring (1.5h) the mixture 1s diluted with CH»Cl» and washed with NaHCOs (Sat. Aq.), dried
(MgSO0sy), filtered and concentrated. The crude material is subjected to chromatography to
yield 91 (590mg, 76%) as a colorless foam. Rf 0.5 (10% CH30OH-CH>Cl»).

Step 7. Preparation of compound 92

A solution of 91 (590mg, 0.25mmol) and Pd/C (100mg, 10% - wet support) in CH;0H
(30mL) is treated with TFA (29uL, 0.37mmol) and purged with H». After stirring (3h) the
mixture is purged with Na, then filtered through Celite and concentrated. The crude material is
used without further processing and yielded 92 (600mg, quantitative) as a colorless foam. Rf

0.1 (10% CH3;0H-CH:Cl).

Step 8. Preparation of compound 101

Compound 101 is prepared from (R)-2-((2-oxo-2-phenyl-112-ethyl)amino)hexanedioic
acid (2.51g, 8.6 mmol) and 9 (11g, 17.2 mmol) using an identical procedure to that used for
compound 89. Yield: 4.2 g, 37%.
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Step 9. Preparation of compound 102
Compound 102 is prepared from compound 101 (4.2g, 3.2 mmol) using an identical
procedure to that used for compound 90. Yield: 2.1 g, 47%.

Step 10. Preparation of compound 103
Compound 103 is prepared from (R)-2-((2-oxo-2-phenyl-112-ethyl)amino)hexanedioic
acid (265 mg, 0.9 mmol) and compound 102 (2.1 g, 1.8 mmol) using an identical procedure to

that used for compound 91. Yield: (560 mg, 24 %),).

Step 11. Preparation of compound 104
Compound 104 is prepared quantitatively from compound 103 (560 mg) using an

identical procedure to that used for compound 92. The compound is used without purification.
Step 12. Preparation of conjugates 191, 194, and 197
Conjugates 191, 194, and 197 are prepared from compound 128 and 92, 96, and 100

using an identical procedure to that used for compound 1.

Example 16a. Synthesis of conjugates 191a

Scheme 36a
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Step 1. Preparation of 2-(2-(2-azidoethoxy)ethoxy)ethan-1-ol 86a

To a solution of 2-(2-(2-chloroethoxy)ethoxy)ethan-1-ol (13 g, 77 mmol) in water (200

mL) was added sodium azide (10 g, 154 mmol). The reaction was heated to 100°C for 18
hours. The reaction was cooled to room temperature and poured into a 1L separatory funnel
and extracted with dichloromethane (3 x 200 mL). The combine dichloromethane extracts were
dried on magnesium sulfate, filtered and concentrated to dryness to afford 2-(2-(2-

azidoethoxy)ethoxy)ethan-1-ol as a colorless oil (11.7 g).

Step 2. Preparation of compound 87a
Compound 87a was prepared from 86a (4.95g, 28 3mmol) and 6a (10g, 25.7mmol)
using an identical procedure to that used for compound 84. Yield: 10g, 77%.

Step 3. Preparation of compound 88a
Compound 88a was prepared from 87a (10g, 19.8mmol) using an identical procedure

to that used for compound 85. Yield: 7.63g, 65%.

Step 4. Preparation of compound 89a

A solution of 88a (2g, 3.38mmol) and Z—L-glutamic acid (427mg, 1.52mmol) in
CH:Cl2 (50mL) was treated with HBTU (1.41g, 3.7mmol) and Hiinig’s base (1.77mL,
10.1mmol). After stirring (18h) the mixture was concentrated and subjected to
chromatography to yield 89a (871mg, 48%) as a colorless foam. Rf 0.5 (10% CH3OH-
CH)Cl).

Step S. Preparation of compound 90a

A solution of 89a (870mg, 0.72mmol) and Pd/C (90mg, 10% - wet support) in EtOAc
(10mL) was treated with TFA (84uL, 1.1mmol) and purged with H». After stirring vigorously
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(2h) the reaction was purged with Ny, filtered through Celite and concentrated. The crude
material was used without further processing and yielded 90a (850mg, quantitative) as a

colorless foam. Rf0.25 (10% CH3OH-CH,Cl»).

Step 6. Preparation of compound 91a

A solution of 90a (850mg, 0.72mmol) and Z-glutamic acid (91mg, 0.32mmol) in
CH:Cl2 (10mL) was treated with HBTU (300mg, 0.79mmol) and Hiinig’s base (502uL,
2.9mmol). After stirring (1.5h) the mixture diluted with CH>Cl» and washed with NaHCOs
(Sat. Aq.), dried (MgSOQ,), filtered and concentrated. The crude material was subjected to
chromatography to yield 91a (590mg, 76%) as a colorless foam. Rf 0.5 (10% CH30OH-
CH)Cl).

Step 7. Preparation of compound 92a

A solution of 91a (590mg, 0.25mmol) and Pd/C (100mg, 10% - wet support) in
CH;0H (30mL) was treated with TFA (29uL, 0.37mmol) and purged with H». After stirring
(3h) the mixture was purged with N, then filtered through Celite and concentrated. The crude
material was used without further processing and yielded 92a (600mg, quantitative) as a

colorless foam. Rf 0.1 (10% CH30OH-CH:Cly).
Step 8. Preparation of conjugate 191a,
Conjugate 191a was prepared from compound 128 and compound 92a using an

identical procedure to that used for compound 1.

Example 16b. Synthesis of conjugates 191b

Scheme 36b
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Step 1. Preparation of 2-(2-(2-azidoethoxy)ethoxy)ethan-1-ol 86b

To a solution of 2-(2-(2-chloroethoxy)ethoxy)ethan-1-ol (13 g, 77 mmol) in water (200
mL) is added sodium azide (10 g, 154 mmol). The reaction was heated to 100°C for 18 hours.
The reaction was cooled to room temperature and poured into a 1L separatory funnel and
extracted with dichloromethane (3 x 200 mL). The combine dichloromethane extracts were
dried on magnesium sulfate, filtered and concentrated to dryness to afford 2-(2-(2-

azidoethoxy)ethoxy)ethan-1-ol as a colorless oil (11.7 g).

Step 2. Preparation of compound 87b
Compound 87a is prepared from 86b (4.95g, 28 3mmol) and 6b (10g, 25.7mmol) using
an identical procedure to that used for compound 84. Yield: 10g, 77%.

Step 3. Preparation of compound 88b
Compound 88a is prepared from 87b (10g, 19.8mmol) using an identical procedure to

that used for compound 85. Yield: 7.63g, 65%.

Step 4. Preparation of compound 89b

A solution of 88b (2g, 3.38mmol) and racemic Z-glutamic acid (427mg, 1.52mmol) in
CH:Cl2 (50mL) is treated with HBTU (1.41g, 3.7mmol) and Hiinig’s base (1.77mL,
10.1mmol). After stirring (18h) the mixture was concentrated and subjected to
chromatography to yield 89b (871mg, 48%) as a colorless foam. Rf 0.5 (10% CH3OH-
CHxCly).
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Step S. Preparation of compound 90b

A solution of 89b (870mg, 0.72mmol) and Pd/C (90mg, 10% - wet support) in EtOAc
(10mL) is treated with TFA (84uL, 1.1mmol) and purged with Hz. After stirring vigorously
(2h) the reaction is purged with N, filtered through Celite and concentrated. The crude
material is used without further processing and yielded 90b (850mg, quantitative) as a

colorless foam. Rf0.25 (10% CH3OH-CH,Cl»).

Step 6. Preparation of compound 91b

A solution of 90b (850mg, 0.72mmol) and Z-glutamic acid (91mg, 0.32mmol) in
CH:Cl2 (10mL) is treated with HBTU (300mg, 0.79mmol) and Hunig’s base (502uL,
2.9mmol). After stirring (1.5h) the mixture is diluted with CH2Cl» and washed with NaHCOs
(Sat. Aq.), dried (MgSOQ,), filtered and concentrated. The crude material is subjected to
chromatography to yield 91b (590mg, 76%) as a colorless foam. Rf 0.5 (10% CH3OH-
CH)Cl).

Step 7. Preparation of compound 92b

A solution of 91b (590mg, 0.25mmol) and Pd/C (100mg, 10% - wet support) in
CH;0H (30mL) is treated with TFA (29uL, 0.37mmol) and purged with Hy. After stirring (3h)
the mixture is purged with Ny, then filtered through Celite and concentrated. The crude
material is used without further processing and yielded 92b (600mg, quantitative) as a

colorless foam. Rf 0.1 (10% CH3OH-CH,Cl»).
Step 8. Preparation of conjugate 191b

Conjugate 191b is prepared from compound 128 and compound 92b using an identical

procedure to that used for compound 1.
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Step 1. Preparation of 2-(2-(2-azidoethoxy)ethoxy)ethan-1-ol 86¢

5 To a solution of 2-(2-(2-chloroethoxy)ethoxy)ethan-1-ol (13 g, 77 mmol) in water (200
mL) is added sodium azide (10 g, 154 mmol). The reaction was heated to 100°C for 18 hours.
The reaction was cooled to room temperature and poured into a 1L separatory funnel and
extracted with dichloromethane (3 x 200 mL). The combine dichloromethane extracts were
dried on magnesium sulfate, filtered and concentrated to dryness to afford 2-(2-(2-

10 azidoethoxy)ethoxy)ethan-1-ol as a colorless oil (11.7 g).

Step 2. Preparation of compound 87¢
Compound 87¢ is prepared from 86¢ (4.95g, 28 3mmol) and 6¢ (10g, 25.7mmol) using
an identical procedure to that used for compound 84. Yield: 10g, 77%.
15

Step 3. Preparation of compound 88c

Compound 88c is prepared from 87¢ (10g, 19.8mmol) using an identical procedure to

that used for compound 85. Yield: 7.63g, 65%.
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Step 4. Preparation of compound 89¢

A solution of 88¢ (2g, 3.38mmol) and racemic Z-glutamic acid (427mg, 1.52mmol) in
CH:Cl2 (50mL) is treated with HBTU (1.41g, 3.7mmol) and Hiinig’s base (1.77mL,
10.1mmol). After stirring (18h) the mixture was concentrated and subjected to
chromatography to yield 89¢ (871mg, 48%) as a colorless foam. Rf 0.5 (10% CH3OH-
CHxCly).

Step S. Preparation of compound 90c

A solution of 89¢ (870mg, 0.72mmol) and Pd/C (90mg, 10% - wet support) in EtOAc
(10mL) is treated with TFA (84uL, 1.1mmol) and purged with Hz. After stirring vigorously
(2h) the reaction is purged with N, filtered through Celite and concentrated. The crude
material is used without further processing and yielded 90¢ (850mg, quantitative) as a colorless

foam. Rf0.25 (10% CH;0H-CH,Cl,).

Step 6. Preparation of compound 91¢

A solution of 90¢ (850mg, 0.72mmol) and Z-glutamic acid (91mg, 0.32mmol) in
CH:Cl2 (10mL) is treated with HBTU (300mg, 0.79mmol) and Hunig’s base (502uL,
2.9mmol). After stirring (1.5h) the mixture is diluted with CH2Cl» and washed with NaHCOs
(Sat. Aq.), dried (MgSOQ,), filtered and concentrated. The crude material is subjected to
chromatography to yield 91¢ (590mg, 76%) as a colorless foam. Rf 0.5 (10% CH30OH-CHCl»).

Step 7. Preparation of compound 92¢

A solution of 91¢ (590mg, 0.25mmol) and Pd/C (100mg, 10% - wet support) in CH;0H
(30mL) is treated with TFA (29uL, 0.37mmol) and purged with H». After stirring (3h) the
mixture is purged with Na, then filtered through Celite and concentrated. The crude material is
used without further processing and yielded 92¢ (600mg, quantitative) as a colorless foam. Rf

0.1 (10% CH3;0H-CH:Cl).
Step 8. Preparation of conjugate 191c

Conjugate 191c¢ is prepared from compound 128 and compound 92¢ using an identical

procedure to that used for compound 1.
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Example 17. Synthesis of conjugates 203 and 206

Scheme 39.
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Step 1. Preparation of compound 69b
10 Compound 69b was prepared from (2S,4R)-4-Hydroxypyrrolidine-2-carboxylic acid
using an identical procedure to that used for compound 69.
Step 2. Preparation of conjugates 203 and 206
Conjugates 203 and 206 were prepared from compound 96 and 100 using an identical
15  procedure to that used for compound 1.
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Example 18. Synthesis of conjugate 209

Scheme 40.
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Step 1. Preparation of conjugate 209
Conjugate 209 was prepared from compound 96 and 160 using an identical procedure

to that used for compound 1.

10
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Example 18a. Synthesis of conjugate 209a
Scheme 40a.
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Step 1. Preparation of conjugate 209a

Conjugate 209a is prepared from compound 96a and 160 using an identical procedure
to that used for compound 1.

10
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Example 19. Synthesis of conjugates 212 and 215
Scheme 41.
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Step 1. Preparation of Dimethyl 5-(2-((2-0x0-2-phenyl-122-ethyl)amino)acetamido)-
isophthalate 105

A solution of dimethyl 5-aminoisophthalate (5 g, 24 mmol), Z-Gly-OH (5 g, 24 mmol),
EDC (5 g, 26.3 mmol), HOBt (3.6 g, 26.3 mmol), NMM (2.9 mL, 26.3 mmol) in DMF (50
mL) was stirred overnight at room temperature. Upon completion, the reaction mixture was
diluted with ethyl acetate (250 mL) and washed with each 1M HCI (2 x 100 mL), saturated
sodium bicarbonate (1 x 100 mL) and brine (2 x 100 mL). Dry on magnesium sulfate, filter and
concentrate to dryness to afford Dimethyl 5-(2-((2-oxo-2-phenyl-1A2-
ethyl)amino)acetamido)isophthalate as a colorless solid (7.2 g, 79%).

Step 2. Preparation of 5-(2-((2-ox0-2-phenyl-122-ethyl)amino)acetamido)isophthalic acid
106

To a solution of methyl 5-(2-((2-oxo0-2-phenyl-1A2-ethyl Jamino)acetamido)isophthalate
(7.2 g) in methanol (25 mL) and THF (25 mL) was added 1M NaOH (25 mL). The solution
was stirred at room temperature for 2 hours then concentrated to remove THF and MeOH. The
aqueous solution remaining was diluted with water (75 mL), cooled on an ice water bath and
acidified to pH = 1 with 6M HCI. The solid was filtered and washed with water (3 x 100 mL).
The solid was freeze dried to afford 5-(2-((2-oxo-2-phenyl-1A*-ethyl)amino)acetamido)-
isophthalic acid (6.9 g, quantitative) .

Step 3. Preparation of compound 107
Compound 107 was prepared from 5-(2-((2-oxo-2-phenyl-1A2-
ethyl)amino)acetamido)isophthalic acid 106 (200 mg, 0.54 mmol) and 94 (1.7 g, 1.3 mmol)

using an identical procedure to that used for compound 95. Yield: 600 mg.

Step 4. Preparation of compound 108
Compound 108 was prepared from compound 107 (600 mg) using an identical

procedure to that used for compound 96. Yield: 650 mg, quantitative.

Step S. Preparation of compound 109
Compound 109 was prepared from 5-(2-((2-oxo-2-phenyl-1A2-
ethyl)amino)acetamido)isophthalic acid 106 (180 mg, 0.48 mmol) and 98 (1.5 g, 1.1 mmol)

using an identical procedure to that used for compound 99. Yield: 900 mg.
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Step 6. Preparation of compound 110
Compound 110 was prepared from compound 109 (900 mg) using an identical

procedure to that used for compound 100. Yield: 920 mg, quantitative.

5  Step 7. Preparation of conjugates 212 and 215
Conjugates 212 and 215 were prepared from compound 128 and 108 or 110 using an

identical procedure to that used for compound 1.

Example 19a. Synthesis of conjugates 212a and 215a
10

Scheme 41a.
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Scheme 42a.
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Step 1. Preparation of Dimethyl 5-(2-((2-0x0-2-phenyl-1)2-ethyl)amino)acetamido)-
isophthalate 105a
A solution of dimethyl 5-aminoisophthalate (5 g, 24 mmol), Z-Gly-OH (5 g, 24 mmol),
EDC (5 g, 26.3 mmol), HOBt (3.6 g, 26.3 mmol), NMM (2.9 mL, 26.3 mmol) in DMF (50
10 mkL)is stirred overnight at room temperature. Upon completion, the reaction mixture is diluted
with ethyl acetate (250 mL) and washed with each 1M HCI (2 x 100 mL), saturated sodium
bicarbonate (1 x 100 mL) and brine (2 x 100 mL). Dry on magnesium sulfate, filter and
concentrate to dryness to afford Dimethyl 5-(2-((2-oxo-2-phenyl-1A2-
ethyl)amino)acetamido)isophthalate as a colorless solid (7.2 g, 79%).
15
Step 2. Preparation of 5-(2-((2-0x0-2-phenyl-122-ethyl)amino)acetamido)isophthalic acid
106a
To a solution of methyl 5-(2-((2-oxo0-2-phenyl-1A2-ethyl Jamino)acetamido)isophthalate
(7.2 g) in methanol (25 mL) and THF (25 mL) is added 1M NaOH (25 mL). The solution is
20  stirred at room temperature for 2 hours then concentrated to remove THF and MeOH. The

aqueous solution remaining is diluted with water (75 mL), cooled on an ice water bath and
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acidified to pH = 1 with 6M HCI. The solid is filtered and washed with water (3 x 100 mL).
The solid is freeze dried to afford 5-(2-((2-oxo0-2-phenyl-1A*-ethyl)amino)acetamido)-
isophthalic acid (6.9 g, quantitative) .

Step 3. Preparation of compound 107a
Compound 107a is prepared from 5-(2-((2-oxo-2-phenyl-1A*-
ethyl)amino)acetamido)isophthalic acid 106a (200 mg, 0.54 mmol) and 94a (1.7 g, 1.3 mmol)

using an identical procedure to that used for compound 95. Yield: 600 mg.

Step 4. Preparation of compound 108a
Compound 108a is prepared from compound 107a (600 mg) using an identical

procedure to that used for compound 96a. Yield: 650 mg, quantitative.

Step S. Preparation of compound 109a
Compound 109a is prepared from 5-(2-((2-oxo-2-phenyl-1A*-
ethyl)amino)acetamido)isophthalic acid 106a (180 mg, 0.48 mmol) and 9a8 (1.5 g, 1.1 mmol)

using an identical procedure to that used for compound 99. Yield: 900 mg.

Step 6. Preparation of compound 110a
Compound 110a is prepared from compound 109 (900 mg) using an identical

procedure to that used for compound 100. Yield: 920 mg, quantitative.
Step 7. Preparation of conjugates 212a and 215a

Conjugates 212a and 21a5 are prepared from compound 128 and 108a or 110a using an

identical procedure to that used for compound 1.
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Example 20. Synthesis of conjugates 218 and 221

Scheme 43.
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Step 1. Preparation of compound 111

Compound 111 was prepared from 4-(((tert-butoxycarbonyl)amino)methyl)phthalic
acid (1.13g, 3.84mmol) and 88 (5g, 8.44mmol) using an identical procedure to that used for
compound 89. Yield: 2.21g, 49%.

Step 2. Preparation of compound 112
A solution of 111 (2.21g, 1.87mmol) in CH>Cl> (40mL) was slowly treated with TFA
(SmL). After stirring (2h) the mixture was concentrated and subjected to chromatography to

yield 112 (1.08g, 47%) as a colorless foam. Rf 0.1 (10% CH3;OH-CH:Cly).

Step 3. Preparation of compound 113

Compound 113 was prepared from compound 112 (1.08g, 0.88mmol) and (2-oxo-2-
phenyl-1\?-ethyl)-D-glutamic acid (112mg, 0.39mmol) using an identical procedure to that
used for compound 91. Yield: 600mg, 62%.

Step 4. Preparation of compound 114
Compound 114 was prepared from compound 113 using an identical procedure to that

used for compound 92.

Step S. Preparation of compound 115

Compound 115 was prepared from 4-(((tert-butoxycarbonyl)amino)methyl)phthalic
acid (3.94g, 13.3mmol) and 9 (18.2g, 29.4mmol) using an identical procedure to that used for
compound 93. Yield: 9.02g, 53%.
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Step 6. Preparation of compound 116
Compound 116 was prepared from compound 115 (8g, 6.3mmol) using an identical

procedure to that used for compound 112. Yield: 3.23g, 39%.

Step 7. Preparation of compound 117

Compound 117 was prepared from compound 116 (3.23g, 2.45mmol) and (2-oxo-2-
phenyl-12?-ethyl)-D-glutamic acid (192mg, 1.1mmol) using an identical procedure to that used
for compound 95. Yield: 2.22g, 34%.

Step 8. Preparation of compound 118
Compound 118 was prepared from compound 117 (2.22g, 0.84mmol) using an identical
procedure to that used for compound 96. Yield: 2.02g, 91%.

Step 9. Preparation of conjugates 218 and 221
Conjugates 218 and 221 were prepared from compounds 128 and 114 or 118 using an

identical procedure to that used for compound 1.
Example 20a. Synthesis of conjugates 218a and 221a

Scheme 43a.
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Step 1. Preparation of compound 111a

Compound 111a is prepared from 4-(((tert-butoxycarbonyl)amino)methyl)phthalic acid
(1.13g, 3.84mmol) and 88 (5g, 8.44mmol) using an identical procedure to that used for
compound 89. Yield: 2.21g, 49%.

Step 2. Preparation of compound 112a

A solution of 111a (2.21g, 1.87mmol) in CH>Cl; (40mL) is slowly treated with TFA
(SmL). After stirring (2h) the mixture is concentrated and subjected to chromatography to
yield 112a (1.08g, 47%) as a colorless foam. Rf 0.1 (10% CH3OH-CHCl»).

Step 3. Preparation of compound 113a

Compound 113a is prepared from compound 112a (1.08g, 0.88mmol) and (2-oxo-2-
phenyl-1\?-ethyl)-D-glutamic acid (112mg, 0.39mmol) using an identical procedure to that
used for compound 91. Yield: 600mg, 62%.

Step 4. Preparation of compound 114a
Compound 114a is prepared from compound 113a using an identical procedure to that

used for compound 92.

Step S. Preparation of compound 115a

Compound 115a is prepared from 4-(((tert-butoxycarbonyl)amino)methyl)phthalic acid
(3.94¢g, 13.3mmol) and 9 (18.2g, 29.4mmol) using an identical procedure to that used for
compound 93. Yield: 9.02g, 53%.

Step 6. Preparation of compound 116a
Compound 116a is prepared from compound 115a (8g, 6.3mmol) using an identical

procedure to that used for compound 11a. Yield: 3.23g, 39%.

Step 7. Preparation of compound 117a

Compound 117a is prepared from compound 116a (3.23g, 2.45mmol) and (2-oxo-2-
phenyl-1\*-ethyl)glutamic acid (192mg, 1.1mmol) using an identical procedure to that used for
compound 95. Yield: 2.22g, 34%.
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Step 8. Preparation of compound 118a

Compound 118a is prepared from compound 117a (2.22g, 0.84mmol) using an
identical procedure to that used for compound 96. Yield: 2.02g, 91%.

5  Step 9. Preparation of conjugates 21a8 and 221a
Conjugates 218a and 22al are prepared from compounds 128 and 114a or 118a using

an identical procedure to that used for compound 1.

Example 21. Synthesis of conjugate 224

10
Scheme 45.
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15  Step 1. Preparation of compounds 224

Conjugate 224 was prepared from compounds 96 and 130 using an identical procedure

to that used for compound 1.
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Example 21a. Synthesis of conjugate 224b
Scheme 45a.
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Step 1. Preparation of compounds 224b
Conjugate 224b is prepared from compounds 96b and 130 using an identical procedure

to that used for compound 1.

5  Example 22 Synthesis of Conjugate 231

Scheme 46
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Step 1 Preparation of compound 225
Compound 225 was prepared from 5-(2-aminoacetamido)isophthalic acid 106 (560mg,
5 1.5mmol) and 9 (2.24g, 3.6mmol) using an identical procedure to that used for 89. Yield 1.6g,
80%.

Step 2 Preparation of compound 226
Compound 226 was prepared in the same fashion as 14. Yield 1.22g, 78%.
10
Step 3 Preparation of compound 227
Compound 227 was prepared in the same fashion as 89, from Z-glutamic acid (108mg,

0.38mmol) and 226 (1.22g, 0.92mmol). Yield 471mg, 45%.

15  Step 4 Preparation of compound 228
Compound 228 was prepared in the same fashion as 14. Yield 460mg, Quant.

Step S Preparation of compound 229
Compound 229 was prepared from 228 (460mg, 0.17mmol) and 128 (125mg,

20 0.19mmol) in the same fashion as 89. Yield 365mg, 66%.

Step 6 Preparation of compound 231

Conjugate 231 was prepared using an identical procedure to that used for compound 1.
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Example 22a Synthesis of Conjugate 231a

Scheme 46a
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Step 1 Preparation of compound 225a
Compound 225a is prepared from 5-(2-aminoacetamido)isophthalic acid 106 (560mg,
5 1.5mmol) and 9 (2.24g, 3.6mmol) using an identical procedure to that used for 89. Yield 1.6g,
80%.

Step 2 Preparation of compound 226a
Compound 226a is prepared in the same fashion as 14. Yield 1.22g, 78%.
10
Step 3 Preparation of compound 227a
Compound 227a is prepared in the same fashion as 89, from Z-glutamic acid (108mg,

0.38mmol) and 226a (1.22g, 0.92mmol). Yield 471mg, 45%.

15  Step 4 Preparation of compound 228a
Compound 228a is prepared in the same fashion as 14. Yield 460mg, Quant.

Step S Preparation of compound 229a
Compound 229a is prepared from 228a (460mg, 0.17mmol) and 128 (125mg,

20 0.19mmol) in the same fashion as 89. Yield 365mg, 66%.

Step 6 Preparation of compound 231a

Conjugate 231a is prepared using an identical procedure to that used for compound 1.
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Example 22b Synthesis of Conjugate 231b

Scheme 46b
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Step 1 Preparation of compound 225b
Compound 225b is prepared from 5-(2-aminoacetamido)isophthalic acid 106 (560mg,
5 1.5mmol) and 9 (2.24g, 3.6mmol) using an identical procedure to that used for 89. Yield 1.6g,
80%.

Step 2 Preparation of compound 226b
Compound 226b is prepared in the same fashion as 14. Yield 1.22g, 78%.
10
Step 3 Preparation of compound 227b
Compound 227b is prepared in the same fashion as 89, from Z-glutamic acid (108mg,
0.38mmol) and 226b (1.22g, 0.92mmol). Yield 471mg, 45%.

15  Step 4 Preparation of compound 228b
Compound 228b is prepared in the same fashion as 14. Yield 460mg, Quant.

Step S Preparation of compound 229b
Compound 229b is prepared from 228b (460mg, 0.17mmol) and 128 (125mg,

20 0.19mmol) in the same fashion as 89. Yield 365mg, 66%.

Step 6 Preparation of compound 231b

Conjugate 231b is prepared using an identical procedure to that used for compound 1.
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Example 23. Synthesis of conjugate 233
Scheme 48
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Step 1. Preparation of compound 232

Compound 232 was prepared from compound 24 (650 mg, 0.33 mmol) and compound
69b (175 mg, 0.33 mmol) using an identical procedure to that used for compound 19. Yield:
380 mg, 47%.

Step 2. Preparation of compound 233
Compound 233 was prepared from compound 232 using identical procedures to that

used for compound 1.

10 Example 24. Synthesis of conjugate 235

Scheme 49
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Step 1. Preparation of compound 234
Compound 234 was prepared from compound 24 (1.1 g, 0.55 mmol) and compound 18

(175 mg, 0.33 mmol) using an identical procedure to that used for compound 19. Yield: 685
5 mg, 51%.

Step 2. Preparation of compound 235
Compound 235 was prepared from compound 234 using identical procedures to that

used for compound 1.

10
Example 25 Synthesis of conjugate 320
Scheme S0 Preparation of activated linker
o
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Step 1. Preparation of Racemic (cis) S-Benzyl-3a,6a-dimethyltetrahydro-1H-furo[3,4-
c]pyrrole-1,3(3aH)-dione 301
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To a cooled solution (0°C) of 3,4-dimethylfuran-2,5-dione (3 g, 24 mmol) and N-
benzyl-1-methoxy-N-((trimethylsilyl )methyl)methanamine (7 g, 29.8 mmol) in
dichloromethane (75 mL) was slowly added trifluoroacetic acid (75 uL). Stir overnight
allowing the solution to slowly warm to room temperature as the ice bath melted. The reaction
mixture was concentrated to dryness, dissolved in ethyl acetate (100 mL), washed with
saturated sodium bicarbonate (2 x 100mL), dried on magnesium sulfate, filtered and
concentrated to dryness. Purification by column chromatography on silica gel (gradient: 20%
ethyl acetate in hexanes to 100% ethyl acetate) afforded (3aR,6aS)-5-Benzyl-3a,6a-
dimethyltetrahydro-1H-furo[3,4-c]pyrrole-1,3(3aH)-dione as a yellow oil (3.5 g, 56%).

Step 2. Preparation of Racemic (cis) (1-Benzyl-3,4-dimethylpyrrolidine-3,4-
diyl)dimethanol 302

To a cooled (0°C) solution of (3aR,6aS)-5-Benzyl-3a,6a-dimethyltetrahydro-1H-
furo[3,4-c]pyrrole-1,3(3aH)-dione (3.5 g, 13.4 mmol) in anhydrous diethyl ether (50 mL) was
added slowly lithium aluminum hydride pellets (1.5 g, 40 mmol) over three portions. The
solution was stirred overnight warming to room temperature as the ice water bath melted.
Upon completion, the reaction was cooled to 0°C and very slowly quenched with 1.5 mL of
5M NaOH followed by 1.5 mL of water. Stir for 30 minutes then add magnesium sulfate and
filter. The filtrate was concentrated to afford ((3R,4S)-1-Benzyl-3,4-dimethylpyrrolidine-3,4-
diyl)dimethanol as a colorless oil (2.7 g).

Step 3. Preparation of Racemic (cis) (3,4-Dimethylpyrrolidine-3,4-diyl)dimethanol 303
To a solution of ((3R,45)-1-Benzyl-3,4-dimethylpyrrolidine-3,4-diyl)dimethanol (10 g,
40 mmol) in methanol (10 mL) was added 10% palladium on activated charcoal wet (1 g). The
solution was stirred vigorously under a hydrogen atmosphere for 16 hours. Upon completion
the solution was filtered through Celite, and concentrated to dryness to afford ((3R,4S5)-3,4-
Dimethylpyrrolidine-3,4-diyl)dimethanol as a colorless solid (5.5 g, 86%).

Step 4. Preparation of Racemic (cis) Methyl 10-(3,4-bis(hydroxymethyl)-3,4-
dimethylpyrrolidin-1-yl)-10-oxodecanoate 304

A solution of 3 (1.3 g, 8.2 mmol) and monomethyl sebacate (1.8 g, 8.2 mmol) in
CH:Cl; (100mL) was treated with HBTU (3.41g, 9.02mmol) and Hunig’s base (5.71mL,

32.8mmol). After stirring overnight the mixture was washed with NaHCOs (sat. aq.), water
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and brine, then dried (MgSOs), filtered and concentrated. The crude material was subjected to

chromatography (gradient: 0% CH3OH-CH»Cl> to 20%) to yield 4 (1.8g, 61%).

Step S. Preparation of Racemic (cis) Methyl 10-(3-((bis(4-methoxyphenyl)(phenyl)-

methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanoate 305
A solution of 304 (1.8 g, 5.0 mmol) and 4,4'-Dimethoxytrityl chloride (1.7 g, 5.0

mmol) in pyridine (180mL) was stirred overnight. The pyridine was then removed under

reduced pressure and the crude material was subjected to chromatography (gradient: 0%

CH30H-CH:Cl: to 10%) to yield 5 (1.4 g, 42%) as a yellow oil.

Step 6. Preparation of Racemic (cis) Lithium 10-(3-((bis(4-methoxyphenyl)-
(phenyl)methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-
oxodecanoate 306

To a solution of compound 305 (3.0 g, 4.6 mmol) in THF (50 mL) and water (50 mL)
was added lithium hydroxide (121 mg, 5.0 mmol). The solution was stirred for 4 hours at room
temperature then concentrated to remove the THF. The remaining aqueous solution was freeze
dried overnight to afford a pale pink solid (2.9 g, quantitative). Compound 306 was prepared

as a mixture of two cis-diastereomers.

Scheme S1 Synthesis of peracetylated galactosamine 307

AcO OAc
0]
AcO OAc
NHAc

D-Galactosamine hydrochloride (250 g, 1.16 mol) in pyridine (1.5 L) was treated with
acetic anhydride (1.25 L, 13.2 mol) over 45 minutes. After stirring overnight the reaction
mixture was divided into three 1 L portions. Each 1 L portion was poured into 3 L of ice water
and mixed for one hour. After mixing the solids were filtered off, combined, frozen over liquid
nitrogen and then lyophilized for five days to yield peracetylated galactosamine 7 (369.4 g,
82%) as a white solid. Rf (0.58, 10% MeOH-CH,Cl,).
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Scheme 52 Synthesis of GaINAc¢ monomer
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Step 1 Preparation of compound 309

A solution of 2-[2-(2-chloroethoxy)]ethanol 308 (100g, 593mmol) in water (1L) was
treated with NaN3 (77g, 1.19mol) and heated (90°C). After stirring (72 hours) the solution was
cooled (RT) and extracted (4x) with CH»Cl>. The combined organics were washed with brine,
dried (MgSOs), filtered, concentrated and used without further processing. Compound 9
(88.9g, 86%) was obtained as a pale yellow oil.

Step 2 Preparation of compound 310

A solution of 7 (2.76g, 7.1mmol) and 309 (1.37g, 7.8mmol) in 1,2-dichloroethane
(40mL) was treated with Sc(OTf); (174mg, 0.36mmol) and heated (85°C). After stirring (2
hours) the mixture was cooled (RT) and quenched by the addition of TEA (4mL) and
concentrated. The crude material was subjected to chromatography to yield 310 (3.03g, 85%)

as a pale yellow foam.

Step 3 Preparation of compound 311

A solution of 310 (3.02g, 5.99mmol) and Pd/C (300mg, 10% Pd loading - wet support)
in EtOAc (30mL) was treated with TFA (576uL, 7.5mmol). The reaction mixture was purged
with hydrogen gas (45min) then purged with nitrogen gas (10min), then filtered through celite.
The filtrate was concentrated and then subjected to chromatography to yield 311 (2.67g, 75%)

as a brown foam.
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Scheme 53 Synthesis of aromatic core
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Step 1. Preparation of Dimethyl 5-(2-((2-0x0-2-phenyl-1)2-ethyl)amino)acetamido)-
isophthalate 312

A solution of dimethyl 5-aminoisophthalate (5 g, 24 mmol), Z-Gly-OH (5 g, 24 mmol),
EDC (5 g, 26.3 mmol), HOBt (3.6 g, 26.3 mmol), NMM (2.9 mL, 26.3 mmol) in DMF (50
mL) was stirred overnight at room temperature. Upon completion, the reaction mixture was
diluted with ethyl acetate (250 mL) and washed with each 1M HCI (2 x 100 mL), saturated
sodium bicarbonate (1 x 100 mL) and brine (2 x 100 mL). Dry on magnesium sulfate, filter and
concentrate to dryness to afford Dimethyl 5-(2-((2-ox0-2-phenyl-1\*-ethyl)amino)-
acetamido)isophthalate as a colorless solid (7.2 g, 79%).

Step 2. Preparation of 5-(2-((2-oxo0-2-phenyl-1A*-ethyl)amino)acetamido)isophthalic
acid 313

To a solution of methyl 5-(2-((2-oxo0-2-phenyl-1A%-ethyl Jamino)acetamido)isophthalate
(7.2 g) in methanol (25 mL) and THF (25 mL) was added 1M NaOH (25 mL). The solution
was stirred at room temperature for 2 hours then concentrated to remove THF and MeOH. The
aqueous solution remaining was diluted with water (75 mL), cooled on an ice water bath and
acidified to pH = 1 with 6M HCI. The solid was filtered and washed with water (3 x 100 mL).
The solid was freeze dried to afford 5-(2-((2-oxo-2-phenyl-1A*-ethyl)amino)acetamido)-
isophthalic acid (6.9 g, quantitative) .
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Scheme S4: Preparation of tetramer
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Step 1 Preparation of compound 314

A solution of 313 (2.09g, 5.6mmol) and 311 (8.34g, 14.07mmol) in CH>Cl» (150mL)
was treated with HBTU (6.4g, 16.9mmol) and Hunig’s base (7.35mL, 42.2mmol). After
stirring (overnight) the reaction mixture was poured into NaHCOs (sat. aq.) then washed with
water and brine, dried (MgSOs), filtered and concentrated. The crude material was subjected
to chromatography (gradient 1-12% CH3OH-CH:Cl>) to yield 6 (3.97g, 55%) as a pale yellow

foam.

Step 2 Preparation of compound 315

Compound 314 (3.92g, 3.07mmol), Pd/C (400mg, 10% loading — wet support) and
trifluoroacetic acid (308ul, 4mmol) was purged with H,. After stirring under H» (overnight),
the mixture was purged with N> (15-20 min) then filtered through celite and concentrated.
The crude material was subjected to chromatography to yield 7 (3.36g, 86%) as a white to

cream colored foam.
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Step 3 Preparation of compound 316
Compound 316 was prepared in the same fashion as 314, from Z-glutamic acid

(306mg, 1.09mmol) and 315 (3.3g, 2.6mmol). Yield 1.66g, 60%.

5  Step 4 Preparation of compound 317
Compound 317 was prepared in the same fashion as 315. Yield 1.65g, Quant.

Scheme S5 Preparation of complete conjugate
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Step 1 Preparation of compound 318

A solution of 317 (1.91g, 0.75mmol) in CH2Cl> (100mL) was treated first with Hunig’s
base (392uL, 2.25mmol) then 6 (a mixture of two cis-diastereomers, S09mg, 0.79mmol)
followed by HBTU (356mg, 0.94mmol). After stirring (overnight) the solution was poured
into NaHCOs (sat. aq.) then washed with water and brine, dried (MgSOy), filtered and
concentrated. The crude material was subjected to chromatography to yield 318 (1.19g, 52%)

as a white foam.

Step 2 Preparation of compound 319

A solution of 318 (1.19g, 0.39mmol) in 1,2 dichloroethane (100mL) was treated with
TEA (542puL, 3.9mmol), DMAP (238mg, 1.95mmol) and succinic anhydride (195mg,
1.95mmol) and heated (85°C). After stirring (2.5 hours) the solution was removed from heat
and treated with CH30H (10mL) and allowed to stir (1 hour). After stirring the mixture was
poured into NaHCOs (sat. aq.) then washed with brine, dried (MgSOs), filtered and

concentrated. The residue obtained was used without further processing. Yield = 1.4g, Quant.

Step 3 Preparation of conjugate 320

The succinate 319 was loaded onto 1000A LCAA (long chain aminoalkyl) CPG
(control pore glass) using standard amide coupling chemistry. A solution of
diisopropylcarbodiimide (52.6 pmol), N-hydroxy succinimide (0.3 mg, 2.6 pmol) and pyridine
(10 uL) in anhydrous acetonitrile (0.3 mL) was added to 319 (20.6 mg, 8 umol) in anhydrous
dichloromethane (0.2 mL). This mixture was added to LCAA CPG (183 mg). The suspension
was gently mixed overnight at room temperature. Upon disappearance of 319 (HPLC), the
reaction mixture was filtered and the CPG was washed with 1 mL of each dichloromethane,
acetonitrile, a solution of 5% acetic anhydride / 5% N-methylimidazole / 5% pyridine in THF,
then THF, acetonitrile and dichloromethane. The CPG was then dried overnight under high
vacuum. Loading was determined by standard DMTr assay by UV/Vis (504 nm) to be 19
umol/g. The resulting GalNAc loaded CPG solid support was employed in automated
oligonucleotide synthesis using standard procedures. Nucleotide deprotection followed by
removal from the solid support (with concurrent galactosamine acetate deprotection) afforded

the GalNAc-oligonucleotide conjugate 320.
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Example 26 Synthesis of conjugate 520
Scheme 56 Preparation of activated linker
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o} 0}
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304 305 306

Step 1. Preparation of Racemic (cis) S-Benzyl-3a,6a-dimethyltetrahydro-1H-furo[3,4-
c]pyrrole-1,3(3aH)-dione 301

To a cooled solution (0°C) of 3,4-dimethylfuran-2,5-dione (3 g, 24 mmol) and N-
benzyl-1-methoxy-N-((trimethylsilyl )methyl)methanamine (7 g, 29.8 mmol) in
dichloromethane (75 mL) was slowly added trifluoroacetic acid (75 pL). Stir overnight
allowing the solution to slowly warm to room temperature as the ice bath melted. The reaction
mixture was concentrated to dryness, dissolved in ethyl acetate (100 mL), washed with
saturated sodium bicarbonate (2 x 100mL), dried on magnesium sulfate, filtered and
concentrated to dryness. Purification by column chromatography on silica gel (gradient: 20%
ethyl acetate in hexanes to 100% ethyl acetate) afforded (3aR,6aS)-5-Benzyl-3a,6a-
dimethyltetrahydro-1H-furo[3,4-c]pyrrole-1,3(3aH)-dione as a yellow oil (3.5 g, 56%).

Step 2. Preparation of Racemic (cis) (1-Benzyl-3,4-dimethylpyrrolidine-3,4-
diyl)dimethanol 302

To a cooled (0°C) solution of (3aR,6aS)-5-Benzyl-3a,6a-dimethyltetrahydro-1H-
furo[3,4-c]pyrrole-1,3(3aH)-dione (3.5 g, 13.4 mmol) in anhydrous diethyl ether (50 mL) was
added slowly lithium aluminum hydride pellets (1.5 g, 40 mmol) over three portions. The
solution was stirred overnight warming to room temperature as the ice water bath melted.
Upon completion, the reaction was cooled to 0°C and very slowly quenched with 1.5 mL of
5M NaOH followed by 1.5 mL of water. Stir for 30 minutes then add magnesium sulfate and
filter. The filtrate was concentrated to afford ((3R,4S)-1-Benzyl-3,4-dimethylpyrrolidine-3,4-
diyl)dimethanol as a colorless oil (2.7 g).
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Step 3. Preparation of Racemic (cis) (3,4-Dimethylpyrrolidine-3,4-diyl)dimethanol 303
To a solution of ((3R,45)-1-Benzyl-3,4-dimethylpyrrolidine-3,4-diyl)dimethanol (10 g,
40 mmol) in methanol (10 mL) was added 10% palladium on activated charcoal wet (1 g). The
solution was stirred vigorously under a hydrogen atmosphere for 16 hours. Upon completion
the solution was filtered through Celite, and concentrated to dryness to afford ((3R,4S5)-3,4-

Dimethylpyrrolidine-3,4-diyl)dimethanol as a colorless solid (5.5 g, 86%).

Step 4. Preparation of Racemic (cis) Methyl 10-(3,4-bis(hydroxymethyl)-3,4-
dimethylpyrrolidin-1-yl)-10-oxodecanoate 304

A solution of 3 (1.3 g, 8.2 mmol) and monomethyl sebacate (1.8 g, 8.2 mmol) in
CH:Cl; (100mL) was treated with HBTU (3.41g, 9.02mmol) and Hunig’s base (5.71mL,
32.8mmol). After stirring overnight the mixture was washed with NaHCOs (sat. aq.), water
and brine, then dried (MgSOs), filtered and concentrated. The crude material was subjected to

chromatography (gradient: 0% CH3OH-CH»Cl> to 20%) to yield 4 (1.8g, 61%).

Step S. Preparation of Racemic (cis) Methyl 10-(3-((bis(4-methoxyphenyl)(phenyl)-

methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanoate 305
A solution of 304 (1.8 g, 5.0 mmol) and 4,4'-Dimethoxytrityl chloride (1.7 g, 5.0

mmol) in pyridine (180mL) was stirred overnight. The pyridine was then removed under

reduced pressure and the crude material was subjected to chromatography (gradient: 0%

CH30H-CH:Cl: to 10%) to yield 5 (1.4 g, 42%) as a yellow oil.

Step 6. Preparation of Racemic (cis) Lithium 10-(3-((bis(4-methoxyphenyl)-
(phenyl)methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-
oxodecanoate 306

To a solution of compound 305 (3.0 g, 4.6 mmol) in THF (50 mL) and water (50 mL)
was added lithium hydroxide (121 mg, 5.0 mmol). The solution was stirred for 4 hours at room
temperature then concentrated to remove the THF. The remaining aqueous solution was freeze
dried overnight to afford a pale pink solid (2.9 g, quantitative). Compound 306 was prepared

as a mixture of two cis-diastereomers.
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Scheme S7 Synthesis of peracetylated galactosamine 507

AcO OAc
o}
AcO OAc
NHAc

Galactosamine hydrochloride (250 g, 1.16 mol) in pyridine (1.5 L) is treated with acetic
anhydride (1.25 L, 13.2 mol) over 45 minutes. After stirring overnight the reaction mixture is
divided into three 1 L portions. Each 1 L portion is poured into 3 L of ice water and mixed for
one hour. After mixing the solids are filtered off, combined, frozen over liquid nitrogen and
then lyophilized for five days to yield peracetylated galactosamine 507 (369.4 g, 82%) as a
white solid. Rf (0.58, 10% MeOH-CH,Cl,).

Scheme S8 Synthesis of GaINAc¢ monomer
Sc(0Tf), OAc

NaN
o 3 0 " » A
HO Tk Na ——— o BN, o OA A Of o Ns
508 H,0 509 © O onc NHAc 2
AcO
NHAc 510
507
OAc
H2(9)1 Pd-C ACO&&/
— >
o} NH;
AcO
TFA NHAGc ‘4/\052\/ TFA
EtOAc 511

Step 1 Preparation of compound 509

A solution of 2-[2-(2-chloroethoxy)]ethanol 508 (100g, 593mmol) in water (1L) is
treated with NaN3 (77g, 1.19mol) and heated (90°C). After stirring (72 hours) the solution is
cooled (RT) and extracted (4x) with CH>Cl>. The combined organics are washed with brine,
dried (MgSO.), filtered, concentrated and used without further processing. Compound 509
(88.9g, 86%) is obtained as a pale yellow oil.

Step 2 Preparation of compound 510

A solution of 507 (2.76g, 7.1mmol) and 509 (1.37g, 7.8mmol) in 1,2-dichloroethane
(40mL) is treated with Sc(OTf); (174mg, 0.36mmol) and heated (85°C). After stirring (2
hours) the mixture is cooled (RT) and quenched by the addition of TEA (4mL) and
concentrated. The crude material is subjected to chromatography to yield 510 (3.03g, 85%) as

a pale yellow foam.

199



10

15

20

25

WO 2020/093061 PCT/US2019/059711

Step 3 Preparation of compound 511

A solution of 510 (3.02g, 5.99mmol) and Pd/C (300mg, 10% Pd loading - wet support)
in EtOAc (30mL) is treated with TFA (576uL, 7.5mmol). The reaction mixture is purged with
hydrogen gas (45min) then purged with nitrogen gas (10min), then filtered through celite. The
filtrate is concentrated and then subjected to chromatography to yield 511 (2.67g, 75%) as a

brown foam.

Scheme 59 Synthesis of aromatic core

0 0 o) o) 0 0
o) o~

Z-Gly-OH ~o o~ NaOH HO OH
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EDC, HOBt
NH, NMM

Step 1. Preparation of Dimethyl 5-(2-((2-0x0-2-phenyl-1)2-ethyl)amino)acetamido)-

~

isophthalate 312

A solution of dimethyl 5-aminoisophthalate (5 g, 24 mmol), Z-Gly-OH (5 g, 24 mmol),
EDC (5 g, 26.3 mmol), HOBt (3.6 g, 26.3 mmol), NMM (2.9 mL, 26.3 mmol) in DMF (50
mL) was stirred overnight at room temperature. Upon completion, the reaction mixture was
diluted with ethyl acetate (250 mL) and washed with each 1M HCI (2 x 100 mL), saturated
sodium bicarbonate (1 x 100 mL) and brine (2 x 100 mL). Dry on magnesium sulfate, filter and
concentrate to dryness to afford Dimethyl 5-(2-((2-ox0-2-phenyl-1\*-ethyl)amino)-
acetamido)isophthalate as a colorless solid (7.2 g, 79%).

Step 2. Preparation of 5-(2-((2-0x0-2-phenyl-122-ethyl)amino)acetamido)isophthalic
acid 313

To a solution of methyl 5-(2-((2-oxo0-2-phenyl-1A%-ethyl Jamino)acetamido)isophthalate
(7.2 g) in methanol (25 mL) and THF (25 mL) was added 1M NaOH (25 mL). The solution
was stirred at room temperature for 2 hours then concentrated to remove THF and MeOH. The
aqueous solution remaining was diluted with water (75 mL), cooled on an ice water bath and
acidified to pH = 1 with 6M HCI. The solid was filtered and washed with water (3 x 100 mL).
The solid was freeze dried to afford 5-(2-((2-oxo-2-phenyl-1A*-ethyl)amino)acetamido)-
isophthalic acid (6.9 g, quantitative) .
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Scheme 60: Preparation of tetramer
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Step 1 Preparation of compound 514

A solution of 313 (2.09g, 5.6mmol) and 511 (8.34g, 14.07mmol) in CH>Cl» (150mL) is
treated with HBTU (6.4g, 16.9mmol) and Hunig’s base (7.35mL, 42.2mmol). After stirring
(overnight) the reaction mixture is poured into NaHCOs (sat. aq.) then washed with water and
brine, dried (MgS0s), filtered and concentrated. The crude material is subjected to
chromatography (gradient 1-12% CH3OH-CHCl») to yield 6 (3.97g, 55%) as a pale yellow

foam.

Step 2 Preparation of compound 515

Compound 514 (3.92g, 3.07mmol), Pd/C (400mg, 10% loading — wet support) and
trifluoroacetic acid (308puL, 4mmol) is purged with Ha. After stirring under Hz (overnight), the
mixture is purged with N> (15-20 min) then filtered through celite and concentrated. The
crude material is subjected to chromatography to yield 7 (3.36g, 86%) as a white to cream

colored foam.
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Step 3 Preparation of compound 516
Compound 516 is prepared in the same fashion as 514, from Z-glutamic acid (306mg,
1.09mmol) and 515 (3.3g, 2.6mmol). Yield 1.66g, 60%.

5
Step 4 Preparation of compound 517
Compound 517 is prepared in the same fashion as 515. Yield 1.65g, Quant.
Scheme 61 Preparation of complete conjugate
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Step 1 Preparation of compound 518

A solution of 517 (1.91g, 0.75mmol) in CH2Cl» (100mL) is treated first with Hunig’s
base (392uL, 2.25mmol) then 306 (a mixture of two cis-diastereomers, 509mg, 0.79mmol)
followed by HBTU (356mg, 0.94mmol). After stirring (overnight) the solution was poured
into NaHCOs (sat. aq.) then washed with water and brine, dried (MgSOy), filtered and
concentrated. The crude material is subjected to chromatography to yield 518 (1.19g, 52%) as

a white foam.

Step 2 Preparation of compound 519

A solution of 518 (1.19g, 0.39mmol) in 1,2 dichloroethane (100mL) is treated with
TEA (542puL, 3.9mmol), DMAP (238mg, 1.95mmol) and succinic anhydride (195mg,
1.95mmol) and heated (85°C). After stirring (2.5 hours) the solution is removed from heat and
treated with CH;OH (10mL) and allowed to stir (1 hour). After stirring the mixture is poured
into NaHCOs (sat. aq.) then washed with brine, dried (MgSOa), filtered and concentrated. The

residue obtained is used without further processing. Yield = 1.4g, Quant.

Step 3 Preparation of conjugate 520

The succinate 519 is loaded onto 1000A LCAA (long chain aminoalkyl) CPG (control
pore glass) using standard amide coupling chemistry. A solution of diisopropylcarbodiimide
(52.6 pmol), N-hydroxy succinimide (0.3 mg, 2.6 pmol) and pyridine (10 uL) in anhydrous
acetonitrile (0.3 mL) is added to 519 (20.6 mg, 8 umol) in anhydrous dichloromethane (0.2
mL). This mixture is added to LCAA CPG (183 mg). The suspension was gently mixed
overnight at room temperature. Upon disappearance of 519 (HPLC), the reaction mixture is
filtered and the CPG is washed with 1 mL of each dichloromethane, acetonitrile, a solution of
5% acetic anhydride / 5% N-methylimidazole / 5% pyridine in THF, then THF, acetonitrile and
dichloromethane. The CPG is then dried overnight under high vacuum. Loading was
determined by standard DMTr assay by UV/Vis (504 nm) to be 19 pmol/g. The resulting
GalNAc loaded CPG solid support is employed in automated oligonucleotide synthesis using
standard procedures. Nucleotide deprotection followed by removal from the solid support (with
concurrent galactosamine acetate deprotection) affords the GalNAc-oligonucleotide

conjugate 520.
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Example 27 Synthesis of Targeted Nucleic Acid Conjugates
The following Schemes 101-122 illustrate the preparation of intermediate compounds
that can be used to prepare conjugates of formula I. The intermediate compounds and the

synthetic processes illustrated in Schemes 1-22 are embodiments of the present invention.

Scheme 101 Preparation of Compound 606

o)
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Step 1. Preparation of (3aR,6aS)-5-Benzyl-3a,6a-dimethyltetrahydro-1H-furo[3,4-
c]pyrrole-1,3(3aH)-dione 601

To a cooled solution (0°C) of 3,4-dimethylfuran-2,5-dione (40 g, 317 mmol) and N-benzyl-1-
methoxy-N-((trimethylsilyl ) methyl ) methanamine (94.1 g, 396.5 mmol) in DCM (600 ml) was
slowly added trifluoroacetic acid (732 pl). Stir overnight allowing the solution to slowly warm
to RT. The reaction mixture was concentrated to dryness, dissolved in EtOAc (500 ml),
washed with saturated sodium bicarbonate (2 x 500ml), dried on magnesium sulfate, filtered
and concentrated to dryness. Purification by column chromatography on silica gel (gradient:
20% ethyl acetate in hexanes to 100% ethyl acetate) afforded (3aR,6aS)-5-Benzyl-3a,6a-
dimethyltetrahydro-1H-furo[3,4-c]pyrrole-1,3(3aH)-dione as a yellow oil (53.7 g, 65%). Rf
0.85 40% EtOAc-Hexane
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Step 2. Preparation of ((3R,45)-1-Benzyl-3,4-dimethylpyrrolidine-3,4-diyl)dimethanol 602
To a cooled (0°C) solution of (3aR,6aS)-5-Benzyl-3a,6a-dimethyltetrahydro-1H-furo[3,4-
c]pyrrole-1,3(3aH)-dione (53.7 g, 205.7 mmol) in anhydrous diethyl ether (750 ml) was added
slowly lithium aluminum hydride pellets (17.6 g, 463 mmol) in portions over an afternoon. The
solution was stirred overnight warming to room temperature as the ice water bath melted.
Upon completion, the reaction was cooled to 0°C and very slowly quenched with 25 ml of SM
NaOH followed by 12 ml of water. Stir for 30 minutes then add magnesium sulfate and filter.
The filtrate was concentrated to afford ((3R,4S)-1-Benzyl-3,4-dimethylpyrrolidine-3,4-
diyl)dimethanol as a colorless oil (33.6 g, 65%). Rf 0.25 10% CH30OH-CH>Cl»

Step 3. Preparation of ((3R,45)-3,4-Dimethylpyrrolidine-3,4-diyl)dimethanol 603

To a solution of ((3R,4S5)-1-Benzyl-3,4-dimethylpyrrolidine-3,4-diyl)dimethanol (40.1 g, 161
mmol) in methanol (300 ml) was added 10% palladium on activated charcoal wet (4 g). The
solution was stirred vigorously under a hydrogen atmosphere for 16 hours. Upon completion
the solution was filtered through Celite, and concentrated to dryness to afford ((3R,4S)-3,4-
Dimethylpyrrolidine-3,4-diyl)dimethanol as a colorless solid (24 g, 94%). Rf 0.05 10%
CH3;0H-CH:Cl,

Step 4. Preparation of Methyl 10-((3R,4S)-3,4-bis(hydroxymethyl)-3,4-
dimethylpyrrolidin-1-yl)-10-oxodecanoate 604

A solution of 3 (24 g, 151 mmol) and monomethyl sebacate (34.2 g, 159 mmol) in CH2Cl» (1 1)
was treated with HBTU (62.9 g, 166 mmol) and Hunig’s base (105 ml, 604 mmol). After
stirring overnight the mixture was washed with NaHCOs (sat. aq.), water and brine, then dried
(MgS0y), filtered and concentrated. The crude material was subjected to chromatography
(gradient: 0% CH3OH-CH»Cl; to 20%) to yield 604 (41.5 g, 77%). Rf 0.55 10% CH30OH-
CHxCl»

Step S. Preparation of methyl 10-(3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-
(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanoate 605

A solution of 604 (41.5 g, 116 mmol) and 4,4'-Dimethoxytrityl chloride (38.8 g, 116 mmol) in

pyridine (400ml) was stirred overnight. The pyridine was then removed under reduced pressure
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and the crude material was subjected to chromatography (gradient: 0% CH3;0OH-CH,Cl; to
10%) to yield 605 (29.5 g, 39%) as a yellow oil. Rf 0.5 5% CH30H-CH,Cl,

Step 6. Preparation of lithium 10-(3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-
(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanoate 606

To a solution of compound 605 (29.5 g, 45 mmol) in THF (250 ml) and water (250 ml) was
added lithium hydroxide (1.19 g, 50 mmol). The solution was stirred for 18 hours at room
temperature then concentrated to remove the THF. The remaining aqueous solution was freeze
dried overnight to afford 606 as a pale purple solid (28.5 g, 98%). Rf 0.56 10% CH3OH-
CHxCl»

Scheme 102 Preparation of Compound 610
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Step. 1. Preparation of methyl 12-aminododecanoate 608

12-Aminoundecanoic acid 607 (10 g, 4.64 mmol) was stirred in MeOH at RT. Acetyl chloride
(856 pl, 12 mmol) was added dropwise and the reaction stirred for 1.5 hr. The solvent was
removed in-vacuo, the residue taken up in MTBE and chilled in the fridge overnight. The
resultant precipitate was collected by filtration, washed with ice cold MTBE and dried under

high vacuum to afford methyl 12-aminododecanoate 608.
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Step 2. Preparation of methyl 12-(10-(3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-
4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanamido)dodecanoate 609

Lithium 10-(3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-(hydroxymethyl)-3,4-
dimethylpyrrolidin-1-yl)-10-oxodecanoate (606) (2g, 3.1 mmol), methyl 12-aminododecanoate
(608) (778 mg, 3.1 mmol), HBTU (1.2 g, 3.1 mmol) and TEA (1.4 ml, 10 mmol) were stirred
in DCM at RT O/N. The precipitate was removed by filtration, the filtrate concentrated in-
vacuo and the residue purified by column chromatography (5% MeOH, DCM). TLC showed
two close running spots with identical mass that were assigned as geometric isomers and
pooled together to methyl 12-(10-(3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-
(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanamido)dodecanoate (609) in

quantitative fashion.

Step 3. Preparation of lithium 12-(10-(3-((bis(4-methoxyphenyl)(phenyl)methoxy)-
methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanamido)-
dodecanoate 610

Methyl 12-(10-(3-((bis(4-methoxyphenyl)(phenyl )methoxy)methyl)-4-(hydroxymethyl)-3,4-
dimethylpyrrolidin-1-yl)-10-oxodecanamido)dodecanoate 609 (3.1 mmol) was stirred in
THF:H20 (50:50) with LiOH (88 mg, 3.7 mmol) at RT O/N. Reaction was confirmed by TLC
and the THF removed in-vacuo. The aqueous solution was frozen in liquid N» and lyophilized
for 48 hours to give lithium 12-(10-(3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-
(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanamido)dodecanoate 610

quantitatively.

Scheme 103 Preparation of Compound 613
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Step 1. Preparation of 2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)ethyl 4-

methylbenzenesulfonate 612

A solution of tetraethylene glycol (611) (934 g, 4.8 mol) in THF (175ml) and aqueous NaOH
(5M, 145 ml) was cooled (0°C) and treated with p-Toluensulfonyl chloride (91.4 g, 480 mmol)
dissolved in THF (605 ml) and then stirred for two hours (0°C). The reaction mixture was
diluted with water (3L) and extracted (3x 500ml) with CH2Cl>. The combined extracts were
washed with water and brine then dried (MgSQ,), filtered and concentrated to afford 2-(2-(2-
(2-hydroxyethoxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (612) (140 g, 84%) as a pale
yellow oil. R (0.57, 10% MeOH-CH,Cl,).

Step 2. Preparation of 2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethan-1-ol 613

A solution of 612 (140 g, 403 mmol) in DMF (880 ml) was treated with sodium azide (131 g,
2.02 mol) and heated (45°C) overnight. A majority of the DMF was removed under reduced
pressure and the residue was dissolved in CH2Clz (500 ml) and washed (3x 500 ml) with brine
then dried (MgSOa,), filtered and concentrated. The residue was passed through a short bed of
silica (5% MeOH-CH:Cl») and concentrated to yield 2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethan-1-ol 613 (65g, 74%) as a yellow oil. R¢(0.56, 10% MeOH-
CHxCly).
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Scheme 104 Preparation of Compounds 619a-619c¢
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Step 1. Preparation of (3R,4R,5R,6R)-6-(hydroxymethyl)-3-(((E)-4-methoxybenzylidene)

amino)tetrahydro-2H-pyran-2,4,5-triol 616

D-Galactosamine HCI (614) (9 g, 41.7 mmol) was stirred in 1 M NaOH solution at RT.
10 Anisaldehyde (51 ml, 420 mmol) was added and the reaction stirred vigorously until
solidification. The solid reaction was kept at 4°C for 16 h. Ice cold water (200 ml) was added

and the resultant solid collected by filtration, washing with ice cold EtOH/Et>O (1:1). The solid

was dried to a constant weight to give (3R,4R,5R,6R)-6-(hydroxymethyl)-3-(((E)-4-
methoxybenzylidene) amino)tetrahydro-2H-pyran-2,4,5-triol (616) (9.81 g, 78%).
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Step 2. Preparation of (3R,4R,5R,6R)-6-(acetoxymethyl)-3-(((E)-4-
methoxybenzylidene)amino) tetrahydro -2H-pyran-2,4,5-triyl triacetate6 17

(3R,4R,5R,6R)-6-(Hydroxymethyl)-3-(((E)-4-methoxybenzylidene)amino)tetrahydro-2H-
pyran-2,4,5-triol (616) (9.81 g, 30 mmol) was stirred in pyridine at 0°C. Acetic anhydride (34
ml) followed by DMAP (100 mg, cat) was added and the reaction stirred for 16 h allowing to
warm to RT slowly. The resultant solution was poured onto crushed ice and kept at 4°C for 16
h. The reaction was extracted with EtOAc (x 3) and the combined organics washed with H,O
and brine, dried (Na2SO4) and concentrated in-vacuo to give (3R,4R,5R,6R)-6-
(acetoxymethyl)-3-(((E)-4-methoxybenzylidene)amino)tetrahydro-2H-pyran-2,4, 5-triyl
triacetate (617) (6.0 g, 43 %).

Step 3. Preparation of (3R,4R,5R,6R)-6-(acetoxymethyl)-3-aminotetrahydro-2H-pyran-
2,4,5-triyl triacetate hydrochloride 618

(3R,4R,5R,6R)-6-(Acetoxymethyl)-3-(((E)-4-methoxybenzylidene)amino)tetrahydro-2H-
pyran-2,4,5-triyl triacetate (617) (6.0 g, 43 %) was heated at reflux in acetone (300 ml). HCI
(aq) (5N, 3.0 ml) was added and the reaction stirred for 15 mins. After cooling, Et,O (400 ml)
was added and the reaction kept at 4°C for 16 h. The resultant solid was collected by filtration,
washing twice with ice cold Et>O. The solid was dried to a constant weight to give
(3R,4R,5R,6R)-6-(acetoxymethyl)-3-aminotetrahydro-2H-pyran-2,4,5-triyl triacetate

hydrochloride (618) (4.17 g, 84.4%).

Step 4a. Preparation of (3R,4R,SR,6R)-6-(acetoxymethyl)-3-(2,2,2-trifluoroacetamido)
tetrahydro-2H-pyran-2,4,5-triyl triacetate 619a

(3R,4R,5R,6R)-6-(Acetoxymethyl)-3-aminotetrahydro-2H-pyran-2,4,5-triyl triacetate
hydrochloride (618) (13.5 g, 35.2 mmol) and TEA (7.83 g, 77.4 mmol) were stirred in DCM at
RT. TFAA (8.13 g, 38.7 mmol) in DCM was added dropwise and the reaction stirred for 1h.
The reaction was diluted with DCM, washed sequentially with 1M HCI, saturated NaHCOs,
water and brine, dried (Na,SO4) and concentrated in-vacuo. The residue was purified by

automated flash chromatography (5% MeOH/DCM) to give (3R,4R,5R,6R)-6-
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(acetoxymethyl)-3-(2,2,2-trifluoroacetamido)tetrahydro-2H-pyran-2,4,5-triyl triacetate (619a)
(9.64 g, 61.8%). Product confirmed by MS (ESI +ve).

Step 4b. Preparation of (3R,4R,SR,6R)-6-(acetoxymethyl)-3-propionamidotetrahydro-
2H-pyran-2,4,5-triyl triacetate 619b

This compound was prepared in an analogous fashion to (3R,4R,5R,6R)-6-(acetoxymethyl)-3-
(2,2,2-trifluoroacetamido)tetrahydro-2H-pyran-2,4,5-triyl triacetate (619a) using propionic
anhydride instead of TFAA to give (3R,4R,5R,6R)-6-(acetoxymethyl)-3-
propionamidotetrahydro-2H-pyran-2.4,5-triyl triacetate (619b) (1.2 g, 85.3%). Product
confirmed by MS (ESI +ve).

Step 4c. Preparation of (3R,4R,5R,6R)-6-(acetoxymethyl)-3-(2,2-difluoropropanamido)
tetrahydro-2H-pyran-2,4,5-triyl triacetate 619¢

(3R,4R,5R,6R)-6-(Acetoxymethyl)-3-aminotetrahydro-2H-pyran-2,4,5-triyl triacetate
hydrochloride (618) (15.34 g, 39.98 mmol), 2,2-difluoropropionic acid (4.4 g, 39.98 mmol),
HATU (24.37 g, 64 mmol) and TEA (12.14 g, 120 mmol) were stirred in DMF at RT for 16 h.
The reaction was partitioned between EtOAc and water. The organics were separated, washed
sequentially with 1M HCIl, saturated NaHCOs3, water and brine, dried (Na2SOs) and
concentrated in-vacuo. The residue was purified by automated flash chromatography (3%
MeOH/DCM) to give (3R,4R,5R,6R)-6-(acetoxymethyl)-3-(2,2-difluoropropanamido)-
tetrahydro-2H-pyran-2,4,5-triyl triacetate (619¢) (15.8 g, 90%). Product confirmed by

MS (ESI +ve).
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Scheme 105 Preparation of Compound 624
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Step 1. Preparation of benzyl (2-(2-(2-hydroxyethoxy)ethoxy)ethyl)carbamate 622

A solution of the amino alcohol (620) (313.6 g, 2.1mol) in THF (3.5 L) was treated, portion-
wise, with N-(Benzyloxycarbonyloxy)succinimide (621) (550 g, 2.21mol). Once the reaction
was complete (18 h) the THF was removed under reduced pressure and the residue dissolved in
CHxCl; (2.5 L), then washed with an equal volume of HCI (1 M), NaHCOs (Sat. Aq.), H2O and
brine. The organic extract was dried (MgSQas), filtered and concentrated. The crude material
(600g) was subjected to chromatography (4kg silica; 1-12% CH3OH-CH:Cl») to yield HO-
Trig-NHZ (622) (468g, 78%) as a clear-yellow viscous oil.

Step 2. Preparation of (2R,3R,4R,5R)-5-acetamido-2-(acetoxymethyl)-6-((3-oxo-1-phenyl-2,7,10-

trioxa-4-azadodecan-12-yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate 623

A heterogeneous mixture of galactosamine pentaacetate (715.2g, 1.84mol) and HO-Trig-NHZ
(622) (400 g, 1.41mol) in 1,2 dich loroethane (10L) was treated with Smol% Sc(OTf); (34.6 g,
70.5 mmol) and heated (85°C). After stirring (5.5 h) the solution became clear and
homogeneous, the reaction was cooled and washed with NaHCOs (Sat. Aq.), HCI (1M), H>O
and brine. The organic extracts were dried (MgSQys), filtered and concentrated. The crude
material (900g) was treated with EtOAc (900ml) which gave a milky heterogeneous mixture
that was filtered through a course frit thus removing residual pentaacetate. The filtrate was
concentrated, and the crude material was subjected to chromatography (5 kg silica; 0-10%

CH30H-EtOACc) to yield the glycosylation product (623) (751g, 87%) as a light brown foam.
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Step 3. Preparation of (2R,3R,4R,5R)-5-acetamido-2-(acetoxymethyl)-6-(2-(2-(2-((2,2,2-
trifluoroacetyl)-14-azaneyl)ethoxy)ethoxy)ethoxy)tetrahydro-2H-pyran-3,4-diyl diacetate6 24

A solution of Gal-trig-NHZ (623) (750 g, 1.22 mol), TFA (103.8 ml, 1.35 mol) and Pd/C (10%
- wet support, 75g) was purged with H». After vigorous stirring (4.5h) the reaction mixture
was purged with N> (30 min) then filtered through Celite and concentrated. The resultant

brown foam (712g, 99%) was used in the next step without further processing.

Scheme 106 Preparation of Compound 634
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Step 1. Preparation of 2-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)ethan-1-ol 625

5  2-(2-(2-(2-Azidoethoxy)ethoxy)ethoxy)ethan-1-ol (613) (70.0 g, 318 mmol) was stirred in
MeOH at RT. The reaction was hydrogenated over 10% PD-C (7 g) for 16 h. The reaction was
filtered through celite and concentrated in-vacuo to give 2-(2-(2-(2-
aminoethoxy)ethoxy)ethoxy)ethan-1-ol (625) (61.4 g, 100%) which was used without further
purification. Product confirmed by MS (ESI +ve).

10
Step 2. Preparation of benzyl (2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)ethyl)-

carbamate 627

2-(2-(2-(2-Aminoethoxy)ethoxy)ethoxy)ethan-1-ol (625) (61.4 g, 318 mmol) was stirred in
15 H20 (500 ml) with NaxCOs (50.51 g, 476 mmol) at 5°C. Benzyl chloroformate (626) (65.0 g,

381 mmol) in THF (480 ml) was added dropwise and the reaction stirred for 16 h allowing to

warm to RT. THF was removed in-vacuo and the aqueous layer extracted with EtOAc (% 3).

The combined organics were dried (Na>SOs), concentrated in-vacuo and the residue purified
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by automated flash chromatography (5% MeOH/DCM) to give benzyl (2-(2-(2-(2-
hydroxyethoxy)ethoxy)ethoxy) ethyl)carbamate (627) (23.6 g, 22.7%). Product confirmed by
MS (ESI +ve).

Step 3. Preparation of benzyl (1,1-bis(4-methoxyphenyl)-1-phenyl-2,5,8,11-

tetraoxatridecan-13-yl)carbamate 628

(2-(2-(2-(2-Hydroxyethoxy)ethoxy)ethoxy)ethyl )carbamate (627) (23.6 g, 72.1 mmol) and
TEA (7.7 g, 75.7 mmol) were stirred in DCM at RT. DMTr-Cl (25.65 g, 75.7 mmol) was
added and the reaction stirred at RT for 2 h. The reaction was washed sequentially with
saturated NaHCO3, water and brine, dried (Na2SOs) and concentrated in-vacuo. The residue
was purified by automated flash chromatography (50% EtOAc/Hex) to give (1,1-bis(4-
methoxyphenyl)-1-phenyl-2,5,8,11-tetraoxatridecan-13-yl )carbamate (v28) (25.5g, 56.2%).
Product confirmed by MS (ESI +ve).

Step 4. Preparation of benzyl (1,1-bis(4-methoxyphenyl)-1-phenyl-2,5,8,11-
tetraoxatridecan-13-yl)(methyl)carbamate 629

(1,1-Bis(4-methoxyphenyl)-1-phenyl-2,5,8,11-tetraoxatridecan-13-yl)carbamate (628) (25.5 g,
40.5 mmol) and Mel (46.0 g, 324 mmol) were stirred in dry THF at 0°C. NaH (60 %
dispersion in mineral oil) (2.92 g, 121.5 mmol) was added and the reaction stirred at 0°C then
at RT for 1 h. The reaction was partitioned between EtOAc and H>O. The organics were
separated, dried (Na>SO4) and concentrated in-vacuo. The residue was purified by automated
flash chromatography (50% EtOAc/Hex) to give benzyl (1,1-bis(4-methoxyphenyl)-1-phenyl-
2,5,8,11-tetraoxatridecan-13-yl)(methyl)carbamate (629) (26.06 g, 100%). Product confirmed
by MS (ESI +ve).

Step S. Preparation of benzyl (2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)ethyl)(methyl)
carbamate 630

Benzyl (1,1-bis(4-methoxyphenyl)-1-phenyl-2,5,8,11-tetraoxatridecan-13-
yl)(methyl)carbamate (629) (26.06 g, 40.5 mmol) was stirred in DCM at RT. TFA (5.1 g, 44.5
mmol) was added and stirred for 1 h. 2 additional equivalents of TFA were added and the
reaction stirred for 16 h. The reaction was concentrated in-vacuo and the residue purified by

automated flash chromatography (5%MeOH/DCM) to give benzyl (2-(2-(2-(2-
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hydroxyethoxy)ethoxy)ethoxy)ethyl )(methyl) carbamate (630) (6.76 g, 48.9%). Product
confirmed by MS (ESI +ve).

Step 6. Preparation of (2R,3R,4R,5R)-5-acetamido-2-(acetoxymethyl)-6-((4-methyl-3-oxo-
1-phenyl-2,7,10,13-tetraoxa-4-azapentadecan-15-yl)oxy)tetrahydro-2H-pyran-3,4-diyl
diacetate 631

(2-(2-(2-(2-Hydroxyethoxy)ethoxy)ethoxy)ethyl )(methyl) carbamate (630) (6.76 g, 19.8
mmol), 3R,4R,5R,6R)-3-acetamido-6-(acetoxymethyl)tetrahydro-2H-pyran-2,4,5-triyl
triacetate (7.71 g, 19.8 mmol) and Sc(IIN)OTf (0.49 g, 1.0 mmol) were heated at reflux in DCE
for 2 h. After cooling, the reaction was quenched with TEA and washed sequentially with 1M
HCI, saturated NaHCOs3, water and brine, dried (Na2SO4) and concentrated in-vacuo. The
residue was purified by automated flash chromatography to give (2R,3R 4R, 5R)-5-acetamido-
2-(acetoxymethyl)-6-((4-methyl-3-oxo-1-phenyl-2,7,10, 13-tetraoxa-4-azapentadecan-15-
yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate (631) (9.37g, 70.6%). Product confirmed by MS
(ESI +ve).

Step 7. Preparation of (2R,3R,4R,SR)-5S-acetamido-2-(acetoxymethyl)-6-((1,1,1-trifluoro-
3-methyl-2-0x0-6,9,12-trioxa-314-azatetradecan-14-yl)oxy)tetrahydro-2 H-pyran-3,4-diyl
diacetate 632

(2R,3R,4R,5R)-5-Acetamido-2-(acetoxymethyl)-6-((4-methyl-3-oxo-1-phenyl-2,7,10,13-
tetraoxa-4-azapentadecan-15-yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate (631) (9.37 g, 14.0
mmol) and TFA (1.76 g, 15.4 mmol) were stirred in MeOH at RT. The reaction was
hydrogenated over 10% Pd-C (1g) for approx. 2 h. The reaction was filtered through celite and
concentrated in-vacuo to give (2R,3R,4R,5R)-5-acetamido-2-(acetoxymethyl )-6-((1,1,1-
trifluoro-3-methyl-2-ox0-6,9,12-trioxa-314-azatetradecan- 1 4-yl)oxy)tetrahydro-2H-pyran-3,4-
diyl diacetate (632) (9.0 g, 98.9 %). The product was used without purification. Product
confirmed by MS (ESI +ve).

Step 8. Preparation of 2R,2'R,3R,3'R,4R,4'R,SR,5'R)-(((4-nitro-1,2-phenylene)bis(2-

methyl-1-ox0-5',8',11'-trioxa-2'-azatridecane-1,13-diyl))bis(oxy))bis(S-acetamido-2-
(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate 634
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(2R,3R,4R,5R)-5-Acetamido-2-(acetoxymethyl)-6-((1,1,1-trifluoro-3-methyl-2-0x0-6,9,12-
trioxa-314-azatetradecan-14-yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate (32) (4.5 g, 6.93
mmol), 4-nitrophthalic acid (33) (0.73 g, 3.46 mmol), HATU (8.45g, 22.18 mmol) and TEA
(421 g, 41.6 mmol) were stirred in DCM at RT for 16 h. The reaction was diluted with DCM
5  and washed sequentially with 1M HCI, saturated NaHCOs3, water and brine, dried (NaxSO4)
and concentrated in-vacuo. The residue was purified by automated flash column
chromatography (10% MeOH/DCM) to give (2R,2'R,3R,3'R,4R,4'R,5R,5'R)-(((4-nitro-1,2-
phenylene)bis(2-methyl-1-ox0-5',8',11'-trioxa-2'-azatridecane-1,13-diyl))bis(oxy))bis(5-
acetamido-2-(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate (634) (5.0 g, 57.4
10 %). Product confirmed by MS (ESI +ve).

Scheme 107 Preparation of Compound 643
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Step 1. Preparation of (2R,3R,4R,SR)-5-acetamido-2-(acetoxymethyl)-6-((3-oxo-1-phenyl-
2,7,10,13-tetraoxa-4-azapentadecan-15-yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate

(2R,3R,4R,5R)-5-Acetamido-2-(acetoxymethyl)-6-((1,1,1-trifluoro-2-0x0-6,9, 12-trioxa-314-
azatetradecan-14-yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate (45.0 g, 70.8 mmol) and
Na;COs (11.3 g, 106 mmol) were stirred in THF/H20 (50:50) at RT. Benzyl chloroformate
(626) (14.5 g, 85 mmol) was added dropwise and the reaction stirred for 16 h. THF was
removed in-vacuo and the aqueous extracted with EtOAc (x 3). The organics were washed
sequentially with 1M HCI, saturated NaHCOs3, water and brine, dried (Na,SO4) and
concentrated in-vacuo. The residue was purified by automated flash chromatography (5%
MeOH/DCM) to give (2R,3R,4R,5R)-5-acetamido-2-(acetoxymethyl)-6-((3-oxo-1-phenyl-
2,7,10,13-tetraoxa-4-azapentadecan-15-yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate (635)
(25.12 g, 54%). Product confirmed by MS (ESI +ve).

Step 2. Preparation of benzyl (2-(2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-4,5-dihydroxy-6-

(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)carbamate
636
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(2R,3R,4R,5R)-5-Acetamido-2-(acetoxymethyl)-6-((3-oxo-1-phenyl-2,7,10,13-tetraoxa-4-
azapentadecan-15-yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate (635) (25.12 g, 38.3 mmol)
was stirred in 7N ammonia solution in MeOH in an airtight sealed reaction vessel at RT for 16
h. The reaction was allowed to evaporate at S0°C to remove ammonia and the remainder
concentrated in-vacuo to give benzyl (2-(2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-4,5-dihydroxy-
6-(hydroxymethyl)tetrahydro-2H-pyran-2-yl )oxy)ethoxy)ethoxy)ethoxy)ethyl)carbamate (636)
(20.3 g, 100%) which was used in subsequent reactions without further purification. Product

confirmed by MS (ESI +ve).

Step 3. Preparation of benzyl (2-(2-(2-(2-(((3aR,4R,7R,7aR)-7-acetamido-4-
(hydroxymethyl)-2,2-dimethyltetrahydro-4H-[1,3]dioxolo[4,5-c]pyran-6-yl)oxy)-
ethoxy)ethoxy)ethoxy)ethyl) carbamate 637

Benzyl (2-(2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-4,5-dihydroxy-6-(hydroxymethyl)tetrahydro-
2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)ethyl )carbamate (636) (20.3 g, 38.3 mmol) was
stirred in DMF (200ml) at RT. 2,2-Dimethoxy propane (274 g, 1.6 mol)and pTsOH (cat) were
added and the reaction heated at 65°C for 16 h. The reaction was cooled to RT, TEA (20ml)
added and stirred for 30 min. The solvent was removed in-vacuo, the residue taken up in
MeOH/H20 (10:1) and the reaction refluxed for 1 h. The reaction was concentrated in-vacuo
(azeotroping with toluene (x 2) and the residue purified by automated flash chromatography
(10% MeOH/DCM) to give benzyl (2-(2-(2-(2-(((3aR,4R,7R,7aR)-7-acetamido-4-(hydroxyl-
methyl)-2,2-dimethyltetrahydro-4H-[ 1,3 ]dioxolo[4,5-c]pyran-6-yl)oxy)ethoxy)ethoxy)-
ethoxy)ethyl)carbamate (637) (24.9 g, 100%). Product confirmed by MS (ESI +ve).

Step 4. Preparation of ((3aR,4R,7R,7aR)-7-acetamido-2,2-dimethyl-6-((3-oxo-1-phenyl-
2,7,10,13-tetraoxa-4-azapentadecan-15-yl)oxy)tetrahydro-4H-[1,3]dioxolo[4,5-c]pyran-4-
yl)methyl 4-methylbenzenesulfonate 638

Benzyl (2-(2-(2-(2-(((3aR 4R, 7R,7aR)-7-acetamido-4-(hydroxymethyl)-2,2-dimethyl-
tetrahydro-4H-[1,3]dioxolo[4,5-c]pyran-6-yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)carbamate (637)
(25.5 g, 44.8 mmol) and TEA (9.97g, 98.5 mmol) were stirred in DCM at 0°C. p-Toluene-
sulfonyl chloride (18.8 g, 98.5 mmol) in DCM was added and the reaction stirred for 16 h
allowing to warm to RT. The reaction was diluted with DCM, washed sequentially with 1M
HCI, saturated NaHCOs3, water and brine, dried (Na2SO4) and concentrated in-vacuo. The
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residue was purified by automated flash chromatography (5% MeOH/DCM) to give
((3aR,4R,7R,7aR)-7-acetamido-2,2-dimethyl-6-((3-oxo-1-phenyl-2,7,10,13-tetraoxa-4-
azapentadecan-15-yl)oxy)tetrahydro-4H-[1,3]dioxolo[4,5-c]pyran-4-yl )methyl 4-
methylbenzenesulfonate (638) (25.5 g, 78.8%). Product confirmed by MS (ESI +ve).

Step S. Preparation of benzyl (2-(2-(2-(2-(((3aS,4R,7R,7aR)-7-acetamido-4-(azidomethyl)-
2,2-dimethyltetrahydro-4H-[1,3]dioxolo[4,5-c]pyran-6-yl)oxy)ethoxy)ethoxy)ethoxy)-
ethyl) carbamate 639

((3aR,4R,7R,7aR)-7-acetamido-2,2-dimethyl-6-((3-oxo-1-phenyl-2,7,10,13-tetraoxa-4-
azapentadecan-15-yl)oxy)tetrahydro-4H-[1,3]dioxolo[4,5-c]pyran-4-yl )methyl 4-
methylbenzenesulfonate (638) (25.0 g, 34.5 mmol) and NaNs (28.7 g, 434.6 mmol) were
heated in DMSO/H0 (200 ml/20 ml) at 100°C for 12 h. The reaction was cooled and
partitioned between EtOAc and saturated NaHCOs3. The aqueous was further extracted another
two times and the combined organics washed with saturated NaHCOs3, water and brine, dried
(Na2S0O4) and concentrated in-vacuo. The residue was purified by automated flash
chromatography (5% MeOH/DCM) to give benzyl (2-(2-(2-(2-(((3aS,4R,7R,7aR)-7-
acetamido-4-(azidomethyl)-2,2-dimethyltetrahydro-4H-[ 1,3 ]dioxolo[4,5-c]pyran-6-
yl)oxy)ethoxy)ethoxy)ethoxy)ethyl) carbamate (639) (16.1 g, 78.2%). Product confirmed by
MS (ESI +ve).

Step 6. Preparation of benzyl (2-(2-(2-(2-(((3aS,4R,7R,7aR)-7-acetamid o-4-((4-(3-
methoxyphenyl)-1H-1,2,3-triazol-1-yl)methyl)-2,2-dimethyltetrahydro-4H-
[1,3]dioxolo[4,5-c]pyran-6-yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)carbamate 640

Benzyl (2-(2-(2-(2-(((3aS,4R,7R,7aR)-7-acetamido-4-(azidomethyl )-2,2-dimethyltetrahydro-
4H-[1,3]dioxolo[4,5-c]pyran-6-yl)oxy )ethoxy)ethoxy)ethoxy)ethyl)carbamate (39) (16.1 g,
27.0 mmol) was stirred in MeOH (200 ml) at RT. 1-Ethynyl-3-methoxybenzene (4.28 g, 32.4
mmol), tris(benzyltriazolylmethyl)amine (0.72g, 1.35 mmol), CuSO4 (0.07g, 0.27 mmol in 1ml
H»0) and sodium ascorbate (0.53g, 2.7 mmol in 5 ml H,O) were added sequentially and the
reaction stirred at RT for 16 h. The solvent was removed in-vacuo,the residue taken up in
DCM (200 ml) and washed with water. The aqueous layer was back extracted with DCM and
the combined organics washed with brine and dried (Na,SOs). The reaction was concentrated

in-vacuo and the residue purified by automated flash chromatography (10 %MeOH/EtOAc) to
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give benzyl (2-(2-(2-(2-(((3aS,4R, 7R, 7aR)-7-acetamido-4-((4-(3-methoxyphenyl)-1H-1,2,3-
triazol-1-yl)methyl)-2,2-dimethyltetrahydro-4H-[ 1,3]dioxolo[4,5-c]pyran-6-
yl)oxy)ethoxy)ethoxy)ethoxy)ethyl) carbamate (640) (15.0 g, 76.4%). Product confirmed by
MS (ESI +ve).

Step 7. Preparation of benzyl (2-(2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-4,5-dihydroxy-6-
((4-(3-methoxyphenyl)-1H-1,2,3-triazol-1-yl)methyl)tetrahydro-2 H-pyran-2-
yl)oxy)ethoxy) ethoxy)ethoxy)ethyl)carbamate 641

Benzyl (2-(2-(2-(2-(((3aS,4R,7R,7aR)-7-acetamido-4-((4-(3-methoxyphenyl)-1H-1,2,3-triazol-
1-yl)methyl)-2,2-dimethyltetrahydro-4H-[ 1,3 ]dioxolo[4,5-c]pyran-6-yl)oxy)ethoxy)ethoxy)
ethoxy)ethyl)carbamate (640) (15.0 g, 20.6 mmol) was stirred in MeCN (200 ml) and 1.84%
H>SO4 (180 ml) at RT for 96 h. The reaction was extracted with EtOAc (3 x 250 ml), washed
with saturated NaHCOs, water and brine, dried (Na2SO4) and concentrated in-vacuo to give
benzyl (2-(2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-4,5-dihydroxy-6-((4-(3-methoxyphenyl)-1H-
1,2,3-triazol-1-yl)methyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)-
carbamate (641) (11.0g, 16.0mmol). the product was used in crude in subsequent reactions.

Product confirmed by MS (ESI +ve).

Step 8. Preparation of (2R,3S,4R,SR)-5-acetamido-2-((4-(3-methoxyphenyl)-1H-1,2,3-
triazol-1-yl)methyl)-6-((3-oxo0-1-phenyl-2,7,10,13-tetraoxa-4-azapentadecan-15-
yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate 642

Benzyl (2-(2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-4,5-dihydroxy-6-((4-(3-methoxyphenyl))-1H-
1,2,3-triazol-1-yl)methyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)-
ethyl)carbamate (641) (11.0g, 16.0 mmol) was stirred in pyridine (200 ml) at RT. Acetic
anhydride (16.3g, 160 mmol) was added and the reaction stirred for 16 h at RT followed by
50°C for 3 h. The reaction was poured over water and extracted three times with DCM (250
ml). The combined organics were washed with saturated NaHCOs3 (x2), 1IN HCI (x2), water
and brine, dried (Na,SO4) and concentrated in-vacuo. The residue was purified by automated
flash chromatography (5% MeOH/DCM) to give (2R,3S,4R,5R)-5-acetamido-2-((4-(3-
methoxyphenyl)-1H-1,2,3-triazol-1-yl)methyl)-6-((3-oxo-1-phenyl-2,7,10, 13-tetraoxa-4-
azapentadecan-15-yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate (642) (10.7 g, 86.7 %).
Product confirmed by MS (ESI +ve).
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Step 9. Preparation of (2R,3S,4R,SR)-5-acetamido-2-((4-(3-methoxyphenyl)-1H-1,2,3-
triazol-1-yl)methyl)-6-((1,1,1-trifluoro-2-0x0-6,9,12-trioxa-314-azatetradecan-14-

yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate 643

(2R,3S,4R,5R)-5-Acetamido-2-((4-(3-methoxyphenyl)-1H-1,2,3-triazol-1-yl)methyl)-6-((3-

oxo-1-phenyl-2,7,10,13-tetraoxa-4-azapentadecan-15-yl)oxy)tetrahydro-2H-pyran-3,4-diyl
diacetate (642) (9.06 g, 11.74 mmol) and TFA (1.47g, 12.91 mmol) were stirred in MeOH at

RT. The reaction was hydrogenated over 10% Pd-C for 1 h. The reaction was filtered through

10 celite and concentrated in-vacuo to give (2R,3S,4R,5R)-5-acetamido-2-((4-(3-methoxyphenyl)-

1H-1,2,3-triazol-1-yl)methyl)-6-((1,1,1-trifluoro-2-ox0-6,9, 12-trioxa-314-azatetradecan-14-

yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate (643) (8.8g, 99.7%) which was used in

subsequent reactions without purification. Product confirmed by MS (ESI +ve).

15 Scheme 108 Preparation of Compound 654
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Step 1. Preparation of peracetylated galactosamine 644

D-Galactosamine hydrochloride (614) (250 g, 1.16 mol) in pyridine (1.5 L) was treated with
acetic anhydride (1.25 L, 13.2 mol) over 45 minutes. After stirring overnight the reaction
mixture was divided into three 1 L portions. Each 1 L portion was poured into 3 L of ice water
and mixed for one hour. After mixing the solids were filtered off, combined, frozen over liquid
nitrogen and then lyophilized for five days to yield peracetylated galactosamine (644) (369.4 g,
82%) as a white solid. Rf (0.58, 10% MeOH-CH,Cl,).

Step 2. Preparation of (2R,3R,4R,5R,6R)-5-acetamido-2-(acetoxymethyl)-6-(2-(2-(2-(2-
azidoethoxy)ethoxy)ethoxy)ethoxy)tetrahydro-2H-pyran-3,4-diyl diacetate 645

Peracetylated galactosamine (644) (25g, 64.21 mmol) was heated with scandium triflate (1.58
g, 3.21 mmol) in dry DCE at 90°C for 3 hours. The reaction was cooled to RT, quenched with
5 ml TEA and concentrated in-vacuo. The residue was purified by automated column
chromatography (2-10% MeOH/DCM) to give (2R,3R,4R,5R)-5-acetamido-2-
(acetoxymethyl)-6-(2-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)ethoxy)tetrahydro-2H-pyran-3,4-
diyl diacetate (645) (27 g, 76.5%). Product confirmed by MS.

Step 3. Preparation of 2-(2-(2-(2-(((2R,3R,4R,5R,6R)-3-acetamido-4,5-diacetoxy-6-
(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)ethan-1-aminium
2,2,2-trifluoroacetate 646

A solution of the azide 645 (7.12 g, 13 mmol) in EtOAc (150 ml) and trifluoroacetic acid (2
ml) was treated with palladium on charcoal (1.5 g, 10% w/w wet basis). The reaction mixture
was then purged with hydrogen and stirred vigorously overnight. After purging with nitrogen,

the mixture was filtered through Celite, rinsing with MeOH. 6Rf (0.34, 15% MeOH-CH,Cl»).

Step 4. Preparation of (2R,2'R,3R,3'R,4R,4'R,5R,5'R)-(((S-nitro-1,3-phenylene)bis(1-o0xo-
5,8,11-trioxa-2-azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl)
tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate 648

(2R,3R,4R,5R)-5-Acetamido-2-(acetoxymethyl)-6-((1,1,1-trifluoro-2-0x0-6,9, 12-trioxa-314-
azatetradecan-14-yl)oxy)tetrahydro-2H-pyran-3,4-diyl diacetate (646) (13.25 g, 20.84 mmol),
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S-nitroisophthalic acid (647) (2.0 g, 9.5 mmol), HATU (12.3 g, 32.21 mmol) and TEA (5.75 g,
59.0 mmol) were stirred in DCM at RT for 16 h. The reaction was diluted with DCM, washed
sequentially with 1M HCI, saturated NaHCOs3, water and brine, dried over Na,SO4 and
concentrated in-vacuo. The residue was purified by automated flash chromatography (5%
MeOH/DCM) to give (2R,2'R,3R,3'R,4R,4'R,5R,5'R)-(((5-nitro-1,3-phenylene)bis(1-oxo-
5,8,11-trioxa-2-azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-
(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate (648) (4.43 g, 38.3%). Product
confirmed by MS (ESI +ve).

Step S. Preparation of (2R,2'R,3R,3'R,4R,4'R,5R,5'R)-(((S-amino-1,3-phenylene)bis(1-
0x0-5,8,11-trioxa-2-azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-
(acetoxymethyl)tetra hydro-2H-pyran-6,3,4-triyl) tetraacetate 649

(2R,2'R,3R,3'R,4R,4'R,5R,5'R)-(((5-Nitro-1,3-phenylene)bis(1-oxo0-5,8,11-trioxa-2-
azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl ))tetrahydro-2H-pyran-
6,3,4-triyl) tetraacetate (648) (26.1 g, 23.05 mmol) was stirred in MeOH at RT. The reaction
was hydrogenated over 10% Pd-C (2.6 g) at RT for 2 hours. The reaction was filtered through
celite and concentrated in-vacuo to give (2R,2'R,3R,3'R,4R,4'R,5R,5'R)-(((5-amino-1,3-
phenylene)bis(1-oxo0-5,8,11-trioxa-2-azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-
(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate (649) (28.0 g, 99.9%) which was

used in subsequent reactions without further purification. Product confirmed by MS (ESI +ve).

Step 6. Preparation of (2R,3R,4R,5R)-5-acetamido-6-((1-(3-((2-(2-(2-(2-(((3R,4R,5R,6R)-
3-acetamido-5S-acetoxy-6-(acetoxymethyl)-4-hydroxytetrahydro-2H-pyran-2-
yl)oxy)ethoxy) ethoxy)ethoxy)ethyl)carbamoyl)-5-(2-(((benzyloxy)carbonyl)amino)
acetamido)phenyl)-1-0x0-5,8,11-trioxa-2-azatridecan-13-yl)oxy)-2-
(acetoxymethyl)tetrahydro-2H-pyran-3,4-diyl diacetate 651

(2R,2'R,3R,3'R,4R,4'R,5R,5'R)-(((5-Amino-1,3-phenylene)bis(1-o0x0-5,8,11-trioxa-2-
azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl ))tetrahydro-2H-pyran-
6,3,4-triyl) tetraacetate (649) (0.5 g, 0.45 mmol) and CBZ-gly (650) (0.09 g, 0.45 mmol) were
stirred in EtOAc at RT. T3P (50% solution in EtOAc¢) (0.29 g, 0.91 mmol) was added and the
reaction stirred at RT O/N. Additional T3P (0.3 eq) added and the reaction stirred for a further
1 h. The reaction was washed with saturated NaHCOs3 and brine, dried (Na»SOs), concentrated
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in-vacuo and the residue purified by automated flash chromatography (10% MeOH/DCM) to
give (2R,3R,4R,5R)-5-acetamido-6-((1-(3-((2-(2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-5-
acetoxy-6-(acetoxymethyl)-4-hydroxytetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)-
ethoxy)ethyl)carbamoyl)-5-(2-(((benzyloxy)carbonyl)amino)acetamido)phenyl)-1-ox0-5,8,11-
trioxa-2-azatridecan-13-yl)oxy)-2-(acetoxymethyl)tetrahydro-2H-pyran-3,4-diyl diacetate
(651) (0.33 g, 56.8%). Product confirmed by MS (ESI +ve).

Step 7. Preparation of (2R,2'R,3R,3'R,4R,4'R,5R,S'R)-(((5-(2-((2,2,2-trifluoroacetyl)-14-
azaneyl)acetamido)-1,3-phenylene)bis(1-0x0-5,8,11-trioxa-2-azatridecane-1,13-diyl))bis
(oxy))bis(5-acetamido-2-(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate
652

(2R,3R,4R,5R)-5-Acetamido-6-((1-(3-((2-(2-(2-(2-(((3R,4R,5R ,6R)-3-acetamido-5-acetoxy-6-
(acetoxymethyl)-4-hydroxytetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)
carbamoyl)-5-(2-(((benzyloxy)carbonyl)amino)acetamido)phenyl)-1-oxo0-5,8,11-trioxa-2-
azatridecan-13-yl)oxy)-2-(acetoxymethyl)tetrahydro-2H-pyran-3,4-diyl diacetate (651) (3.3 g,
2.39 mmol) and TFA (0.29 g, 2.51 mmol) were stirred in MeOH at RT. The reaction was
hydrogenated over 10% Pd-C (400 mg) for two h., filtered through celite and concentrated in-
vacuo to give (2R,2'R,3R,3'R,4R 4'R,5R,5'R)-(((5-(2-((2,2,2-trifluoroacetyl)-14-azaneyl)-
acetamido)-1,3-phenylene)bis(1-oxo0-5,8,11-trioxa-2-azatridecane-1,13-diyl))bis(oxy))bis(5-
acetamido-2-(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate (652) (3.21 g,
98.7%) which was used in subsequent reactions without further purification. Product

confirmed by MS (ESI +ve).

Step 8. Preparation of (2R,2'R,3R,3'R,4R,4'R,5R,S'R)-(((5-(2-(10-(3-((bis(4-
methoxyphenyl) (phenyl)methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-
yl)-10-oxodecanamido)acetamido)-1,3-phenylene)bis(1-oxo-5,8,11-trioxa-2-azatridecane-
1,13-diyl))bis(oxy))bis(S-acetamido-2-(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl)
tetraacetate 633

(2R,2'R 3R,3'R 4R 4'R,5R, 5R)-(((5-(2-((2,2,2-Trifluoroacetyl)-14-azaneyl Jacetamido)-1,3-
phenylene)bis(1-oxo0-5,8,11-trioxa-2-azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-
(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate (652)(1.0 g, 0.73 mmol), lithium
10-(3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethyl-
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pyrrolidin-1-yl)-10-oxodecanoate (606) (0.45 g, 0.73 mmol), HATU (0.47 g, 1.25 mmol) and
TEA (0.22 g, 2.2 mmol) were stirred in DCM at RT for 4 h. The reaction was diluted with
DCM and washed sequentially with saturated NaHCOs3, water and brine, dried (Na2SO4) and
concentrated in-vacuo. The residue was purified by automated flash chromatography (5%
MeOH/DCM) to give (2R,2'R,3R,3'R,4R,4'R,5R,5R)-(((5-(2-(10-(3-((bis(4-methoxy-
phenyl)(phenyl)methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-
oxodecanamido)acetamido)-1,3-phenylene)bis(1-ox0-5,8,11-trioxa-2-azatridecane-1,13-
diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate
(653) (1.02 g, 75.2 %). Product confirmed by MS (ESI +ve).

Step 9. Preparation of 4-((1-(10-((2-((3,5-bis((2-(2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-4,5-
diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)amino)-2-oxoethyl)amino)-10-
oxodecanoyl)-4-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-3,4-dimethylpyrrolidin-
3-yl)methoxy)-4-oxobutanoic acid 654

(2R,2'R,3R,3'R,4R,4'R,5R,5R)-(((5-(2-(10-(3-((Bis(4-methoxyphenyl)(phenyl )methoxy)-
methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanamido)acetamido)-1,3-
phenylene)bis(1-oxo0-5,8,11-trioxa-2-azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-
(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate (653) (1.05 g, 0.57 mmol),
succinic anhydride (0.28 g, 2.84 mmol), DMAP (0.35 g, 2.84 mmol) and TEA (0.58 g, 5.68
mmol) were heated in dry DCE at 60 °C for 2 hours. MeOH (5 ml) was added and the reaction
stirred for a further 30 mins then cooled and concentrated in-vacuo. The residue was taken up
in DCM and washed sequentially with saturated NaHCOs (x 4), water and brine. The organics
were dried (Na»S0Oys), and concentrated in-vacuo to give 4-((1-(10-((2-((3,5-bis((2-(2-(2-(2-
(((3R,4R,5R 6R)-3-acetamido-4,5-diacetoxy-6-(acetoxymethyl )tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)amino)-2-oxoethyl )amino)-10-
oxodecanoyl)-4-((bis(4-methoxyphenyl)(phenyl )methoxy)methyl)-3,4-dimethylpyrrolidin-3-
yl)methoxy)-4-oxobutanoic acid (654) (1.1 g, 99.4%) which was used as a crude product in

subsequent reactions. Product confirmed by MS (ESI +ve).
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Scheme 109 Preparation of Compound 656
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Step 1. Preparation of (2R,2'R,3R,3'R,4R,4'R,5R,S'R)-(((5-(10-(3-((bis(4-methoxy-
phenyl)(phenyl)methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-
oxodecanamido)-1,3-phenylene)bis(1-0x0-5,8,11-trioxa-2-azatridecane-1,13-
diyl))bis(oxy))bis(S-acetamido-2-(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl)
tetraacetate 655

(2R,2R,3R,3'R,4R 4'R,5R,5'R)~(((5-Amino-1,3-phenylene)bis(1-oxo0-5,8,11-trioxa-2-
azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl ))tetrahydro-2H-pyran-
6,3,4-triyl) tetraacetate (649) (4 g, 3.36 mmol), lithium 10-(3-((bis(4-methoxyphenyl)-
(phenyl)methoxy) methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanoate
(6) (2.13 g, 3.36 mmol), TEA (1 ml, 6.7 mmol) and T3P (50% W/W solution in EtOAc) (4.3 g,
6.72 mmol) were stirred in DCM at RT for 16 h. The reaction was washed sequentially with

saturated NaHCO3, water and brine, dried (Na2SOs) and concentrated in-vacuo. The residue
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was purified by automated flash chromatography (10% MeOH/DCM) to give 2R,2'R,3R,3'R,
4R,4'R,5R,5'R)-(((5-(10-(3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-(hydroxyl-
methyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanamido)-1,3-phenylene)bis(1-0x0-5,8,11-
trioxa-2-azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl)tetrahydro-2H-
pyran-6,3,4-triyl) tetraacetate (655) (1.37 g, 22.5%). Product confirmed by MS (ESI +ve).

Step 2. Preparation of 4-((1-(10-((3,5-bis((2-(2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-4,5-
diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)
carbamoyl)phenyl)amino)-10-oxodecanoyl)-4-((bis(4-methoxyphenyl)(phenyl)methoxy)
methyl)-3,4-dimethylpyrrolidin-3-yl)methoxy)-4-oxobutanoic acid 656

This compound was prepared in an analogous manner to 4-((1-(10-((2-((3,5-bis((2-(2-(2-(2-
(((3R,4R,5R 6R)-3-acetamido-4,5-diacetoxy-6-(acetoxymethyl )tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)amino)-2-oxoethyl )amino)-10-
oxodecanoyl)-4-((bis(4-methoxyphenyl )(phenyl)methoxy)methyl)-3,4-dimethylpyrrolidin-3-
yl)methoxy)-4-oxobutanoic acid (654)

Scheme 110 Preparation of Compound 657
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Synthesis of 3-((((1-(10-((3,5-bis((2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-4,5-dihydroxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethyl)carbamoyl)
phenyl)amino)-10-oxodecanoyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-3-yl)methoxy
)carbonyl)oxy)propanoic acid 657
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This compound was prepared in an analogous manner to 4-((1-(10-((3,5-bis((2-(2-(2-(2-
(((3R,4R,5R 6R)-3-acetamido-4,5-diacetoxy-6-(acetoxymethyl )tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)amino)-10-oxodecanoyl)-4-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)-3,4-dimethylpyrrolidin-3-yl)methoxy)-4-

5  oxobutanoic acid (654)

Scheme 111 Preparation of Compound 666
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Step 1. Preparation of dimethyl S-(hydroxymethyl)isophthalate 659

Trimethyl benzene-1,3,5-tricarboxylate (658) (40 g, 159 mmol) and NaBH4 were stirred in
THF at RT. MeOH (30 ml) in THF (120 ml) was added dropwise slowly. After complete
addition the reaction was refluxed for 30 mins. After cooling the reaction was quenched with
IM HCI and extracted into EtOAc. The organics were washed sequentially with 1M HCI,
NaHCO;3, water and brine, dried (Na>SO4) and concentrated in-vacuo. The residue was purified
by automated flash chromatography (50/50 EtOAc/hex) to give dimethyl 5-
(hydroxymethyl)isophthalate (659) (20.5 g, 53.2%). '"H NMR (400 MHz, CDCl3) § 8.59 (s,
1H), 8.23 (s, 2H), 4.81 (s, 2H), 3.95 (s, 6H). Product confirmed by MS (ESI +ve).

Step 2. Preparation of dimethyl S-(chloromethyl)isophthalate 660

Dimethyl 5-(hydroxymethyl)isophthalate (659) (20.5 g, 80.5%) was refluxed in SOCl; (11.1g,
94 mmol) for 1.5 h. The reaction was cooled, diluted with DCM and washed sequentially with
0.1 M NaOH (* 2), water and brine, dried (Na2SO4) and concentrated in-vacuo. The residue
was purified by automated flash chromatography (20% EtOAc/Hex) to give dimethyl 5-
(chloromethyl)isophthalate (660) (10.84 g, 53 %). '"H NMR (400 MHz, CDCIs) § 8.65 (s, 1H),
8.27 (s, 2H), 4.66 (s, 2H), 3.97 (s, 6H). Product confirmed by MS (ESI +ve).

Step 3. Preparation of dimethyl S-(azidomethyl)isophthalate 661

Dimethyl 5-(chloromethyl)isophthalate (660) (10.84 g, 45 mmol) and NaN; (18 g, 270 mmol)
were refluxed in acetone/water (3/1) for 16 h. The reaction was cooled, concentrated in-vacuo
and the residue taken up in DCM. The organics were washed with water and brine, dried

(Na2SO4) and concentrated in-vacuo. The residue was purified by flash chromatography (15 %
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EtOAc/Hex) to give dimethyl 5-(azidomethyl)isophthalate (661) (9.84 g, 88%). 'H NMR (400
MHz, CDCIs) & 8.66 (s, 2H), 8.2 (s, 2H), 4.49 (s, 2H), 3.97 (s, 2H). Product confirmed by MS
(ESI +ve).

Step 4. Preparation of 5-(azidomethyl)isophthalic acid 662

Dimethyl 5-(azidomethyl)isophthalate (661) (9.84 g, 39.5 mmol) and LiOH (2.1g, 87 mmol)
were stirred in THF/H>O/MeOH at RT for 48 h. The organic solvent was removed in-vacuo
and the residue acidified with 1M HCI. The aqueous was extracted with EtOAc (x 3) and the
combined organics dried (Na2SO4) and concentrated in-vacuo to give 5-
(azidomethyl)isophthalic acid (662) (8.0 g, 91.6 %) which was used in subsequent reactions

without further purification

Step S. Preparation of (2R,2'R,3R,3'R,4R,4'R)-(((S-(azidomethyl)-1,3-phenylene)bis(1-
0x0-5,8,11-trioxa-2-azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl)
tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate 663

5-(Azidomethyl)isophthalic acid (662) (4.42 g, 20 mmol), 2-(2-(2-(2-(((2R,3R,4R,5R,6R)-3-
acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl Joxy)ethoxy)ethoxy)
ethoxy)ethan-1-aminium 2,2 2-trifluoroacetate (646) (25 g, 40 mmol), HATU (24.4 g, 64
mmol) and TEA (17 ml, 120 mmol) were stirred in DCM at RT for 16h. The reaction was
washed sequentially with 1M HCI, saturated NaHCOs3, water and brine, dried (Na2SOs) and
concentrated in-vacuo. The residue was purified by automated flash chromatography (7%
MeOH/DCM) to give (2R,2'R,3R,3'R,4R 4'R)-(((5-(azidomethyl)-1,3-phenylene)bis(1-oxo-
5,8,11-trioxa-2-azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-
(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate (663) (10.9 g, 44.5%). Product
confirmed by MS (ESI +ve).

Step 6. Preparation of (2R,2'R,3R,3'R,4R,4'R)-(((5-(((2,2,2-trifluoroacetyl)-14-
azaneyl)methyl)-1,3-phenylene)bis(1-oxo0-5,8,11-trioxa-2-azatridecane-1,13-
diyl))bis(oxy))bis(S-acetamido-2-(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl)
tetraacetate 664
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(2R,2'R,3R,3'R,4R,4'R)-(((5-(Azidomethyl)-1,3-phenylene)bis(1-o0x0-5,8,11-trioxa-2-
azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl ))tetrahydro-2H-pyran-
6,3,4-triyl) tetraacetate (663) (10.9 g, 8.9 mmol) and TFA (0.68 ml, 8.9 mmol) were stirred in
MeOH at RT. The reaction was hydrogenated over 10% Pd-C for 1 h. The reaction was filtered
through celite, concentrated in-vacuo and the residue purified by automated flash
chromatography (15% MeOH/DCM) to give (2R,2'R,3R,3'R,4R,4'R)-(((5-(((2,2,2-
trifluoroacetyl)-14-azaneyl )methyl)-1,3-phenylene)bis(1-oxo-5,8,11-trioxa-2-azatridecane-
1,13-diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl)
tetraacetate (664) (6.41 g, 54.7%). Product confirmed by MS (ESI +ve).

Step 7. Preparation of (2R,2'R,3R,3'R,4R,4'R)-(((5-((10-(3-((bis(4-
methoxyphenyl)(phenyl) methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-
yl)-10-oxodecanamido) methyl)-1,3-phenylene)bis(1-0x0-5,8,11-trioxa-2-azatridecane-
1,13-diyl))bis(oxy))bis(S-acetamido-2-(acetoxymethyl)tetrahydro-2H-pyran-6,3,4-triyl)
tetraacetate 665

(2R,2'R,3R,3'R,4R,4'R)-(((5-(((2,2,2-Trifluoroacetyl)-14-azaneyl )methyl)-1,3-phenylene)bis(1-
ox0-5,8,11-trioxa-2-azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl)
tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate (3.0g, 2.3 mmol), lithium 10-(3-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-
10-oxodecanoate (665) (1.5 g, 2.3 mmol), HATU (1.4 g, 3.7 mmol) and TEA (1 ml, 7.0 mmol)
were stirred at RT O/N. The reaction was diluted with DCM washed with saturated NaHCOs3,
water and brine, dried (Na,SO4) and concentrated in-vacuo. The residue was purified by
automated flash chromatography (5%sMeOH/DCM) to give (2R,2'R,3R,3'R,4R,4'R)-(((5-((10-
(3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-(hydroxymethyl)-3,4-
dimethylpyrrolidin-1-yl)-10-oxodecanamido)methyl)-1,3-phenylene)bis(1-oxo0-5,8,11-trioxa-2-
azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl ))tetrahydro-2H-pyran-
6,3,4-triyl) tetraacetate (665) (1.8 g, 43.0%). Product confirmed by MS (ESI +ve).

Step 8. Preparation of 4-((1-(10-((3,5-bis((2-(2-(2-(2-(((4R,5R,6R)-3-acetamido-4,5-
diacetoxy-6-(acetoxy methyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)-
ethoxy)ethyl)carbamoyl)benzyl) amino)-10-oxodecanoyl)-4-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)-3,4-dimethylpyrrolidin-3-yl)methoxy)-4-

oxobutanoic acid 666
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This compound was prepared in an analogous manner to 4-((1-(10-((2-((3,5-bis((2-(2-(2-(2-
(((3R,4R,5R 6R)-3-acetamido-4,5-diacetoxy-6-(acetoxymethyl )tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)amino)-2-oxoethyl )amino)-10-
oxodecanoyl)-4-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-3,4-dimethylpyrrolidin-3-
yl)methoxy)-4-oxobutanoic acid (654). Product confirmed by MS (ESI +ve).

Scheme 112 Preparation of Compound 667
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Synthesis of 4-((1-(10-((2-((3,5-bis((2-(2-(2-(2-(((3R,4R,5R,6R)-4,5-diacetoxy-6-(acetoxy
methyl)-3-(2,2,2-trifluoroacetamido)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)
ethyl)carbamoyl)phenyl)amino)-2-oxoethyl)amino)-10-oxodecanoyl)-4-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)-3,4-dimethylpyrrolidin-3-yl)methoxy)-4-

oxobutanoic acid 667
This compound was prepared in an analogous fashion to 654 (scheme 8), using

(3R,4R,5R,6R)-6-(acetoxymethyl)-3-(2,2,2-trifluoroacetamido)tetrahydro-2H-pyran-2,4,5-triyl
triacetate instead of peracetylated galactosamine (606). Product confirmed by MS (ESI +ve).
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Scheme 113 Preparation of Compound 668
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Synthesis of 4-((1-(10-((2-((3,5-bis((2-(2-(2-(2-(((3R,4R,5R,6R)-4,5-diacetoxy-6-(acetoxy
5  methyl)-3-propionamidotetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)

carbamoyl)phenyl)amino)-2-oxoethyl)amino)-10-oxodecanoyl)-4-((bis(4-methoxyphenyl)

(phenyl)methoxy)methyl)-3,4-dimethylpyrrolidin-3-yl)methoxy)-4-oxobutanoic acid 668

This compound was prepared in an analogous fashion to 654 (scheme 8), using
10 (3R,4R,5R,6R)-6-(acetoxymethyl)-3-propionamidotetrahydro-2H-pyran-2,4,5-triyl triacetate
(619b) instead of peracetylated galactosamine (644). Product confirmed by MS (ESI +ve).

Scheme 114 Preparation of Compound 669
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Synthesis of 4-((1-(10-((2-((3,5-bis((2-(2-(2-(2-(((3R,4R,5R,6R)-4,5-diacetoxy-6-(acetoxy
methyl)-3-(2,2-difluoropropanamido)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)-
ethoxy) ethyl)carbamoyl)phenyl)amino)-2-oxoethyl)amino)-10-oxodecanoyl)-4-((bis(4-
methoxy phenyl)(phenyl)methoxy)methyl)-3,4-dimethylpyrrolidin-3-yl)methoxy)-4-

oxobutanoic acid 669

This compound was prepared in an analogous fashion to 654 (scheme 8), using
(3R,4R,5R,6R)-6-(acetoxymethyl)-3-(2,2-difluoropropanamido)tetrahydro-2H-pyran-2,4,5-
triyl triacetate (619¢) instead of peracetylated galactosamine (644). Product confirmed by MS
(ESI +ve).

Scheme 115 Preparation of Compound 670
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Synthesis of 4-((1-(10-((2-((3,4-bis((2-(2-(2-2-(((3R,4R,5R,6R)-3-acetamido-4,5-diacetoxy-
6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)ethyl)(methyl)
carbamoyl)phenyl)amino)-2-oxoethyl)amino)-10-oxodecanoyl)-4-((bis(4-methoxyphenyl)
(phenyl)methoxy)methyl)-3,4-dimethylpyrrolidin-3-yl)methoxy)-4-oxobutanoic acid 670

This compound was prepared in an analogous manner to compound 654 (scheme 8) using
(2R,2'R,3R,3'R,4R,4'R,5R,5'R)-(((4-nitro-1,2-phenylene)bis(2-methyl-1-oxo0-5',8',11'-trioxa-2'-
azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl ))tetrahydro-2H-pyran-
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6,3,4-triyl) tetraacetate (634) in place of (2R,2'R,3R,3'R 4R 4'R,5R,5'R)-(((5-nitro-1,3-
phenylene)bis(1-oxo0-5,8,11-trioxa-2-azatridecane-1,13-diyl))bis(oxy))bis(5-acetamido-2-
(acetoxymethyl) tetrahydro-2H-pyran-6,3,4-triyl) tetraacetate (648).

Scheme 116 Preparation of Compound 671
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Synthesis of 4-((1-(10-((2-((3,5-bis((2-(2-(2-(2-(((3R,4R,5S,6R)-3-acetamido-4,5-diacetoxy-
6-((4-(3-methoxyphenyl)-1H-1,2,3-triazol-1-yl)methyl)tetrahydro-2H-pyran-2-
yl)oxy)ethoxy) ethoxy)ethoxy)ethyl)carbamoyl)phenyl)amino)-2-oxoethyl)amino)-10-
oxodecanoyl)-4-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-3,4-dimethylpyrrolidin-
3-yl)methoxy)-4-oxobutanoic acid 671

This compound was prepared in an analogous manner to compound 654 (scheme 8) using
(2R,3S,4R,5R)-5-acetamido-2-((4-(3-methoxyphenyl)-1H-1,2,3-triazol-1-yl)methyl)-6-((1,1,1-
trifluoro-2-ox0-6,9,12-trioxa-314-azatetradecan-14-yl)oxy)tetrahydro-2H-pyran-3,4-diyl
diacetate (643) in place of 2-(2-(2-(2-(((2R,3R,4R,5R,6R)-3-acetamido-4,5-diacetoxy-6-
(acetoxymethyl) tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)ethan-1-aminium 2,2,2-
trifluoroacetate (646).
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Scheme 117 Preparation of Compound 672
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Synthesis of 4-((4-(10-((2-((3,5-bis((2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-4,5-diacetoxy-6-
5  (acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)

amino)-2-oxoethyl)amino)-10-oxodecanoyl)-2-((bis(4-methoxyphenyl)(phenyl)methoxy)

methyl)-1,2-dimethylcyclopentyl)methoxy)-4-oxobutanoic acid 672

This compound was prepared in an analogous manner to compound 654 (scheme 8) using

10 (2R,3R,4R,5R)-5-acctamido-2-(acetoxymethyl)-6-(2-(2-(2-((2,2,2-trifluoroacetyl)-14-azaneyl)ethoxy)
cthoxy)ethoxy)tetrahydro-2H-pyran-3,4-diyl diacetate (624) in place of 2-(2-(2-(2-
(((ZR,3R,4R5R,6R)-3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy) ethoxy)ethan-1-aminium 2,2 2-trifluoroacetate (646).

15 Scheme 118 Preparation of Compound 681
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Stepl. Preparation of 12-(benzyloxy)-12-oxododecanoic acid 676

To a solution of dodecanedioic acid (674) (21.0 g, 91.3 mmol) in DMF (200 ml) was added
potassium carbonate (10 g, 72.4 mmol) and benzyl bromide (675) (10 ml, 84.2 mmol). The
solution was stirred at 80°C for 4 hours, cooled to 0°C then carefully acidified with 6M HCI.
Dilute with water (250 ml) and extract with ethyl acetate (SO0ml). The ethyl acetate extract
was washed with brine (3 x 250 ml), dried on magnesium sulfate, filtered and concentrated to
dryness. The solid was suspended in dichloromethane (200 ml) and filtered. The filtrate, which
was now enriched in the product, was concentrated then purified by column chromatography
on silica gel 60 (Gradient: O to 10% methanol in DCM) to afford 12-(benzyloxy)-12-
oxododecanoic acid 6 (76) as a colorless solid (13 g, 45 %). Structure confirmed by mass

spectroscopy

Step2. Preparation of (25,3S,4S,5S)-5-acetamido-6-(2-(2-(2-(3-((2-(2-(2-((BR,4R,5R,6R)-
3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy )ethyl)carbamoyl)-5-(12-(benzyloxy)-12-
oxododecanamido)benzamido)ethoxy)ethoxy) ethoxy)-2-(acetoxymethyl)tetrahydro-2H-
pyran-3,4-diyl diacetate 678

To a solution of (28,38,4S,5S)-5-acetamido-6-(2-(2-(2-(3-((2-(2-(2-(((3R, 4R, 5R, 6R)-3-
acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)-
ethoxy)ethyl) carbamoyl)-5-aminobenzamido)ethoxy)ethoxy)ethoxy)-2-(acetoxymethyl)-
tetrahydro-2H-pyran-3,4-diyl diacetate (677) (4.0 g, 3.6 mmol), 12-(benzyloxy)-12-
oxododecanoic acid (676) (1.3 g, 4.1 mmol) and triethylamine (1.5 ml, 10.8 mmol) in
dichloromethane (75 ml) was added dropwise T3P (4.5g, ~9 ml, 50% solution in ethyl acetate).
The solution was stirred overnight at room temperature. Upon completion, the reaction mixture
was diluted with dichloromethane and carefully quenched with a saturated solution of sodium
bicarbonate (200 ml). The biphasic solution was stirred vigorously for 30 minutes. The DCM
layer was separated and the aqueous phase was extracted with dichloromethane (1 x 100 ml).
The combined extracts were dried on magnesium sulfate, filtered and concentrated in vacuo to
dryness. The residue was purified by column chromatography on silica gel 60 (Gradient: 0 —

10% MeOH in DCM) to afford the title compound as a colorless solid (1.5g, 30%).
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Step 3. Preparation of 12-((3-((2-(2-2-(((3R,4R,5R,6R)-3-acetamido-4,5-diacetoxy-6-
(acetoxy methyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethyl)carbamoyl)-5-((2-(2-
(2-(((35,45,55,65)-3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)amino)-12-oxododecanoic acid 679

To a solution of (28,3S,4S,5S)-5-acetamido-6-(2-(2-(2-(3-((2-(2-(2-(((3R, 4R, 5R, 6R)-3-
acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)-
ethyl) carbamoyl)-5-(12-(benzyloxy)-12-oxododecanamido)benzamido)ethoxy)ethoxy)-
ethoxy)-2-(acetoxymethyl)tetrahydro-2H-pyran-3,4-diyl diacetate (678) (1.5 g, 1.1 mmol) in
methanol (25 ml) was added 10% palladium on carbon (wet basis, 150 mg, 10% wt/wt). The
solution was sparged with hydrogen gas slowly over 1 hour. Upon completion, the solution
was sparged with nitrogen, filtered through celite, and concentrated in vacuo to dryness to

afford a colorless solid (1.1 g, 79%).

Step 4. Preparation of (25,3S,4S,5S)-5-acetamido-6-(2-(2-(2-(3-((2-(2-(2-((BR,4R,SR,6R)-
3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy) ethyl)carbamoyl)-5-(12-0x0-12-
(perfluorophenoxy)dodecanamido)benzamido)ethoxy) ethoxy)ethoxy)-2-
(acetoxymethyl)tetrahydro-2H-pyran-3,4-diyl diacetate 681

To a solution of 12-((3-((2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-4,5-diacetoxy-6-
(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethyl)carbamoyl)-5-((2-(2-(2-
(((3S,48S,58,6S)-3-acetamido-4,5-diacetoxy-6-(acetoxymethyl )tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy)ethyl) carbamoyl)phenyl)amino)-12-oxododecanoic acid (679) (0.6 g,
0.46 mmol) and triethylamine (125 pL, 0.92 mmol) in dichloromethane (50 ml) was added
pentafluorophenyl trifluoroacetate (680) (150mg, 1.1 mmol). The solution was stirred for 30
minutes at room temperature then concentrated in vacuo to dryness. The residue was purified
by column chromatography on silica gel 60 (gradient: 0 to 10% methanol in dichloromethane)
to afford the title compound as a colorless solid (475 mg, 70%). Mass (ESI+) m/z 741.0
(M+2H). 1H NMR (400 MHz, DMSO-d6) § 10.12 (s, 1H), 8.52 (t, J = 5.6 Hz, 2H), 8.14 (d, ] =
1.4 Hz, 2H), 7.91 (t,J = 1.6 Hz, 1H), 7.80 (d, J = 9.2 Hz, 2H), 5.21 (d, J = 3.4 Hz, 2H), 4.97
(dd,J =112, 3.4 Hz, 2H), 4.54 (d, ] = 8.5 Hz, 2H), 4.06 — 3.99 (m, 7H), 3.88 (dt, J=11.2, 8.8
Hz, 2H), 3.77 (ddd, J=11.1, 5.6, 3.9 Hz, 2H), 3.62 — 3.46 (m, 22H), 3.46 — 3.38 (m, 5H), 2.77
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(t, ] =72 Hz, 2H), 2.31 (t, ] = 7.4 Hz, 2H), 2.10 (s, 7H), 1.99 (s, 7H), 1.89 (s, 7H), 1.77 (s,
7H), 1.69 — 1.54 (m, 4H), 1.40 -1.20 (m, 14H). Mass (ESI+) m/z 741.0 (M+2H).

Scheme 119 Preparation of Compound 690
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Step 1. Preparation of 12-((tert-butoxycarbonyl)amino)dodecanoic acid 684

A solution of 12-aminododecanoic acid (682) (5.0 g, 23.3 mmol), di-tert-butyl decarbonate
(683) (6.1 g, 27.9 mmol) and triethylamine (6.3 ml, 46.6 mmol) in methanol (75 ml) was
10 heated to 60°C for 3 h then at room temperature overnight. Upon completion, the solution was

concentrated in vacuo to dryness and used in the next step without further purification.
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Step 2. Preparation of benzyl 12-((tert-butoxycarbonyl)amino)dodecanoate 685

A solution of crude 12-((tert-butoxycarbonyl)amino)dodecanoic acid (684) (9.0 g, 30.0 mmol),
benzyl alcohol (685) (3.1 g, 30.0 mmol), EDC hydrochloride (6.9g, 36.0 mmol) and
triethylamine (12 ml, 90.0 mmol) in dichloromethane (100 ml) was stirred at room temperature
overnight. Upon completion, the solution was washed with saturated sodium bicarbonate
solution (100 ml) and brine (100 ml). The dichloromethane solution was dried on magnesium
sulfate, filtered and concentrated to dryness. Purification by column chromatography on silica
gel 60 (Gradient: 0 to 50% ethyl acetate in hexanes) afforded the title compound as a colorless
solid (2.0g, 21% over two steps).

Step 3. Preparation of 12-(benzyloxy)-12-oxododecan-1-aminium trifluoroacetate 687

A solution of benzyl 12-((tert-butoxycarbonyl)amino)dodecanoate (686) (2.0 g, 4.9 mmol),
dichloromethane (15 ml) and TFA (5 ml) was stirred overnight at room temperature. The
reaction mixture was concentrated to dryness to afford the product as a viscous oil (2.1 g.

quantitative).

Step 4. Preparation of (25,3S,4S,5S)-5-acetamido-6-(2-(2-(2-(3-((2-(2-(2-((BR,4R,SR,6R)-
3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy) ethyl)carbamoyl)-5-(12-((12-(benzyloxy)-12-oxododecyl)amino)-12-
oxododecanamido) benzamido)ethoxy)ethoxy)ethoxy)-2-(acetoxymethyl)tetrahydro-2H-
pyran-3,4-diyl diacetate 688

A solution of 12-((3-((2-(2-(2-(((3R,4R,5R ,6R)-3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)
tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethyl)carbamoyl)-5-((2-(2-(2-(((3S,4S,58S,6S)-3-
acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)-
ethyl) carbamoyl)phenyl)amino)-12-oxododecanoic acid (688) (750 mg, 0.54 mmol), 12-
(benzyloxy)-12-oxododecan-1-aminium trifluoroacetate (687) (225 mg, 0.54 mmol), HBTU
(210 mg, 0.54 mmol) and diisopropylethylamine (0.3 ml, 1.62 mmol) in dichloromethane (30
ml) was stirred overnight at room temperature. The solution was diluted with dichloromethane
(50 ml) and washed with saturated bicarbonate solution (100 ml). The dichloromethane was

dried on magnesium sulfate, filtered and concentrated in vacuo to dryness. The residue was
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purified by column chromatography on silica gel 60 (gradient: 0 to 10% methanol in

dichloromethane) to afford the title compound (688) as a colorless solid (605 mg, 70%).

Step S. Preparation of 12-(12-((3-((2-(2-(2-((3R,4R,5R,6R)-3-acetamido-4,5-diacetoxy-6-
(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethyl)carbamoyl)-5-((2-(2-
(2-(((35,45,55,65)-3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-

yl)oxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)amino)-12-oxododecanamido)dodecanoic

acid 689

Hydrogenation was conducted as previously described to give (689) (350 mg, 55%)

Step 6. Preparation of (25,3S,4S,5S)-5-acetamido-6-(2-(2-(2-(3-((2-(2-(2-((BR,4R,SR,6R)-
3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)-
ethoxy)ethoxy) ethyl)carbamoyl)-5-(12-0x0-12-((12-0x0-12-(perfluorophenoxy)-
dodecyl)amino) dodecanamido)benzamido)ethoxy)ethoxy)ethoxy)-2-(acetoxymethyl)-
tetrahydro-2H-pyran-3,4-diyl diacetate 690

PFP ester formation was conducted as described previously to give the required product (690)
(112 mg, 23%). 'H NMR (400 MHz, DMSO-ds) § 10.12 (s, 1H), 8.91 (s, 1H), 8.65 (t, J =5.5
Hz, 1H), 8.52 (t, J = 5.6 Hz, 1H), 8.23 (d, ] = 1.5 Hz, 1H), 8.14 (t, ] = 1.4 Hz, 2H), 7.91 (d, J =
1.6 Hz, 1H), 7.80 (d, ] = 9.2 Hz, 2H), 7.68 (t, ] = 5.6 Hz, 1H), 5.21 (d, J = 3.4 Hz, 2H), 4.97
(dd, J =112, 3.4 Hz, 2H), 4.54 (d, J = 8.5 Hz, 2H), 4.07 — 3.96 (m, 6H), 3.88 (dt, =112, 8.9
Hz, 2H), 3.81 — 3.74 (m, 2H), 3.64 — 3.36 (m, 24H), 3.15 — 3.03 (m, 6H), 2.99 (q, ] = 6.5 Hz,
2H), 2.76 (t,J = 7.2 Hz, 1H), 2.31 (t, J = 7.4 Hz, 1H), 2.10 (s, 6H), 1.99 (s, 7H), 1.89 (s, 7H),
1.76 (s, 6H), 1.70 — 1.53 (m, 3H), 1.47 (q, J = 7.1 Hz, 2H), 1.40 — 1.10 (m, 29H). Mass (ESI+)
m/z 839.7 (M+2H).
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Scheme 120 Preparation of Compound 694
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Step 1. Preparation of (25,3S,4S,5S)-5-acetamido-6-(2-(2-(2-(3-((2-(2-(2-((BR,4R,SR,6R)-
3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy) ethyl)carbamoyl)-5-(2-(12-(benzyloxy)-12-
oxododecanamido)acetamido)benzamido)ethoxy) ethoxy)ethoxy)-2-

(acetoxymethyl)tetrahydro-2H-pyran-3,4-diyl diacetate 692

A solution of 2-((3-((2-(2-(2-(((3R,4R,5R ,6R)-3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)
tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethyl)carbamoyl)-5-((2-(2-(2-(((3S,4S,58S,6S)-3-
acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)-
ethoxy)ethyl) carbamoyl)phenyl)amino)-2-oxoethan-1-aminium trifluoroacetate (691) (1.0 g,
0.8 mmol), 12-(benzyloxy)-12-oxododecanoic acid (676) (256 mg, 0.8 mmol), HBTU (341
mg, 0.9 mmol) and diisopropylethylamine (0.4 ml, 2.4 mmol) in dichloromethane (20 ml) was
stirred overnight at room temperature. Upon completion, the reaction mixture was diluted with
dichloromethane (80 ml) and washed with saturated sodium bicarbonate (100 ml). The solution
was dried on magnesium sulfate, filtered and concentrated in vacuo to dryness. The residue
was purified by column chromatography on silica gel 60 (gradient: O to 10% methanol in

dichloromethane) to afford the title compound as a colorless solid (0.8g, 68%).

Step 2. Preparation of 12-((2-((3-((2-(2-(2-(((3R,4R,5R,6R)-3-acetamido-4,5-diacetoxy-6-
(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethyl)carbamoyl)-5-((2-(2-
(2-(((35,45,55,65)-3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy)ethyl)carbamoyl)phenyl)amino)-2-oxoethyl)amino)-12-

oxododecanoic acid 693
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Compound 693 was prepared using conditions similar to those described herein for a similar

conversion (450 mg, 60%).

Step 3. Preparation of (25,3S,4S,5S)-5-acetamido-6-(2-(2-(2-(3-((2-(2-(2-((BR,4R,SR,6R)-
3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)-
ethoxy)ethyl)carbamoyl)-5-(2-(12-o0x0-12-(perfluorophenoxy)dodecanamido)acetamido)
benzamido)ethoxy)ethoxy)ethoxy)-2-(acetoxymethyl)tetrahydro-2H-pyran-3,4-diyl
diacetate 694

Compound 694 was prepared using conditions similar to those described herein for a similar

conversion (460 mg, 91%). Mass (ESI+) m/z 1537.8 (M+H).

Scheme 121 Preparation of Compound 695
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Synthesis of (2R,2'R,3R,3'R,4R,4'R,5R,5'R)-((((((((5-(2-(10-(3-((bis(4-methoxyphenyl)
(phenyl)methoxy)methyl)-4-((((2-cyanoethoxy)(diisopropylamino)phosphaneyl)-
oxy)methyl) -3,4-dimethylpyrrolidin-1-yl)-10-oxodecanamido)acetamido)-
isophthaloyl)bis(azanediyl))bis (ethane-2,1-diyl))bis(oxy))bis(ethane-2,1-diyl))bis(oxy))-
bis(ethane-2,1-diyl))bis(oxy))bis(5-acetamido-2-(acetoxymethyl)tetrahydro-2H-pyran-
6,3,4-triyl) tetraacetate 695

To a solution of (28,38,4S,5S)-5-acetamido-6-(2-(2-(2-(3-((2-(2-(2-(((3R, 4R, 5R, 6R)-3-
acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)-
ethyl) carbamoyl)-5-(2-(10-(3-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-
(hydroxymethyl)-3,4-dimethylpyrrolidin-1-yl)-10-oxodecanamido)acetamido)benzamido)-
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ethoxy)ethoxy)ethoxy)-2-(acetoxymethyl)tetrahydro-2H-pyran-3,4-diyl diacetate (672) (1.6 g,
0.9 mmol) and diisopropylethylamine (0.4 ml, 1.8 mmol) in anhydrous dichloromethane (25
ml) was added 2-Cyanoethyl N,N-diisopropylchlorophosphoramidite (0.3 ml, 1.35 mmol). The
solution was stirred for 75 minutes at room temperature then concentrated to dryness. The
residue was purified by column chromatography (gradient: 0 to 10% MeOH in DCM (0.1%
TEA)) to afford the product as a colorless solid (1.1 g, 62%). 31P NMR (400 MHz, DMSO-
d6): 6 146.76 (s), 146.42 (s, 2 overlapping signals), 146.34 (s). 1H NMR (400 MHz, DMSO-
d6) §10.20 (s, 1H), 8.54 (t, J = 5.6 Hz, 2H), 8.17 — 8.09 (m, 3H), 7.94 (s, 1H), 7.80 (d, J = 9.2
Hz, 2H), 7.39 — 7.26 (m, 4H), 7.26 — 7.17 (m, 6H), 6.91 — 6.83 (m, 4H), 5.21 (d, J = 3.4 Hz,
2H), 4.97 (dd, J = 11.2, 3.4 Hz, 2H), 4.54 (d, J = 8.5 Hz, 2H), 4.02 (s, 6H), 3.93 — 3.82 (m,
4H), 3.73 (s, 10H), 3.66 — 3.36 (m, 35H), 3.28 — 3.06 (m, 6H), 3.06 — 2.87 (m, 3H), 2.72 — 2.63
(m,J =115, 5.8 Hz, 2H), 2.10 (m, 12H), 1.99 (s, 6H), 1.89 (s, 6H), 1.77 (s, 6H), 1.47 (d, J =
7.2 Hz, 4H), 1.23 (dq, J = 13.9, 6.4 Hz, 18H), 1.17 — 1.04 (m, 10H), 0.98 (dt, ] = 13.4, 5.9 Hz,
10H).

Scheme 122 Preparation of Compound 696
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5  Step 1. Preparation of (25,3S,4S,5S)-5-acetamido-6-(2-(2-(2-(3-((2-(2-(2-((BR,4R,5R,6R)-
3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-
yl)oxy)ethoxy)ethoxy) ethyl)carbamoyl)-5-(2-(12-((10-(3-((bis(4-
methoxyphenyl)(phenyl)methoxy)methyl)-4-(hydroxymethyl)-3,4-dimethylpyrrolidin-1-
yl)-10-oxodecyl)amino)dodecanamido) acetamido)benzamido)ethoxy)ethoxy)ethoxy)-2-

10 (acetoxymethyl)tetrahydro-2H-pyran-3,4-diyl diacetate6 95

Compound 695 was prepared using conditions similar to those described herein for a similar

conversion (1.9g 61%).

15  Step 2: Preparation of (25,3S,4S,5S)-5-acetamido-6-(2-(2-(2-(3-((2-(2-(2-((BR,4R,5R,6R)-
3-acetamido-4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)-
ethoxy) ethyl)carbamoyl)-5-(2-(12-((10-(3-((bis(4-methoxyphenyl)(phenyl)methoxy)-
methyl)-4-((((2-cyanoethoxy)(diisopropylamino)phosphaneyl)oxy)methyl)-3,4-
dimethylpyrrolidin-1-yl)-10-oxodecyl)amino)dodecanamido)acetamido)benzamido)-

20  ethoxy)ethoxy)ethoxy)-2-(acetoxymethyl)tetrahydro-2H-pyran-3,4-diyl diacetate 696
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Compound 96 was prepared using conditions similar to those described herein for a similar
conversion (1.35g, 65%). >'P NMR (400 MHz, DMSO-de): § 146.79 (s), 146.76 (s), 146.42 (s),
146.36 (s). '"H NMR (400 MHz, DMSO-ds) § 10.19 (s, 1H), 8.54 (1, J = 5.6 Hz, 2H), 8.13 (dd,
J=6.1,3.5 Hz, 3H), 7.94 (s, 1H), 7.80 (d, J= 9.2 Hz, 2H), 7.71 — 7.65 (m, 1H), 7.39 — 7.25

5 (m,4H), 7.25-7.17 (m, 4H), 6.92 — 6.83 (m, 4H), 5.21 (d, J= 3.4 Hz, 2H), 4.97 (dd, /=112,
3.4 Hz, 2H), 4.54 (d, J= 8.5 Hz, 2H), 4.07 — 3.97 (m, 6H), 3.94 — 3.82 (m, 4H), 3.82 — 3.74
(m, 2H), 3.73 (s, 6H), 3.62 — 3.45 (m, 23H), 3.42 (m, 6H), 3.27 — 2.92 (m, 14H), 2.73 —2.62
(m, 2H), 2.10 (s, 8H), 1.99 (s, 9H), 1.89 (s, 6H), 1.77 (s, 6H), 1.52 — 1.42 (m, 6H), 1.22 (d, J =
8.0 Hz, 24H), 1.17 (t, J = 7.3 Hz, 11H), 1.09 (dt, J= 6.7, 3.3 Hz, 9H), 1.03 — 0.92 (m, 9H).

10
Scheme 123 General Synthesis of Conjugates of Formula I With Oligonucleotide
Coupled at the 3’ End (Compound 673)
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General method for synthesizing bidentate ASGPr targeting ligands from succinate
ligands exemplified for 4-((1-(10-((2-((3,5-bis((2-(2-2-(2-((BR,4R,5R,6R)-3-acetamido-
4,5-diacetoxy-6-(acetoxymethyl)tetrahydro-2H-pyran-2-yl)oxy)ethoxy)ethoxy)ethoxy)-
ethyl) carbamoyl)phenyl)amino)-2-oxoethyl)amino)-10-oxodecanoyl)-4-((bis(4-
methoxyphenyl) (phenyl)methoxy)methyl)-3,4-dimethylpyrrolidin-3-yl)methoxy)-4-

oxobutanoic acid 673

The succinate was loaded onto 1000A LCAA (long chain aminoalkyl) CPG (control pore
glass) using standard amide coupling chemistry. LCAA CPG (2.0g) was suspended in DCM (5
ml) and MeCN (7.6 ml). Diisopropylcarbodiimide (100 ul), N-hydroxy succinimide (110 pl,
30uM/g), pyridine (110 uL) and 656 (200 mg, 0.1 mmol) were added and the suspension was
gently mixed for 16 h at RT. The CPG was recovered by filtration, washed with DCM (x3) and
MeCN (%3) and dried under high vacuum. A solution of 5% acetic anhydride / 5% N-
methylimidazole / 5% pyridine in THF was added and the suspension agitated at RT for 2 h.
The CPG was recovered by filtration, washed with DCM (x 3) and MeCN (x 3) and dried
under high vacuum. Loading was determined to be 31.3 pmol/g (DMTr assay by UV/Vis 504
nm). The resulting GalNAc¢ loaded CPG solid support was employed in automated
oligonucleotide synthesis using standard procedures. Nucleotide deprotection followed by
removal from the solid support (with concurrent galactosamine acetate deprotection) afforded

the GalNAc-oligonucleotide conjugate 673.
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Examples 27a-27i
Using the general procedure illustrated in Scheme 123, the following conjugates (27a-

27i) were prepared, wherein R’ is the modified TTR siRNA described in Table A below.

5 Example 27a

Os_NH
0] 0]
H H
HO “NH © °
OH J— HO
(o)
(3'coupled)

MS (+VE) calculated: 8184.7; measured: 8184.2
10
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Example 27b
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OH
HO
o OH
\)\\ﬁ °
s
(o}

<

0]

J

0

O _NH
0
H H
Ho/ﬁo\/\o/\/o\/\o/\/ N\n/é\mj\/"‘
o)

HO “NH
OH }/—/
o

MS (+VE) calculated: 8212.7; measured: 8211.9
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Example 27¢

OH
N

HO_ o

o O

o} 0] H 0]
N
0 A o
o
HO
H (3'coupled)

HO °Co
HO HJ\

OH

5 MS (+VE) calculated: 8212.7; measured: 8212.8

256



WO 2020/093061

Example 27d

OH OH

HO
HNY

L

0
HN.__O
Q N
o HJ\/N
J/NH
J
J
HO °%o
HO NJ\
OH 1

MS (+VE) calculated: 8096.6; measured: 8097.0
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Example 27¢

=N H
(0] SN
7~
\©/1\/ HO “/NH °©
OH )—
(o)

MS (+VE) calculated: 8499.0; measured: 8498.7

258

PCT/US2019/059711
OH
HO, .
o] NN
)\N\“ 0o =
H o y
J/ o
;

LHWQ@F@

HO
(3'coupled)



WO 2020/093061

Example 27f
OH , R F

HO.,, (IN%

H -
O\\‘ (o) (o)

o)

F F “ 0
Xm *@3
Qo™ = _OH
OH

MS (+VE) calculated: 8284.7; measured: 8283 .8
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Example 27g
OH
H
\n/N/,' OH
0HO o OH
s
;
HO J/O
HO (0] O HN
HN\(O o
0]
HO
(3'coupled)

MS (+VE) calculated: 7596.0; measured:7596.8
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Example 27h

(3'coupled)

o

HO,, 0\/\0/\/0\/\0/\/N W
HO™ ™
HO/
5 Example 27i
HO,, O\/\O/\/O\/\N WL
/'
HO (3'coupled)
S .
(0]
HO O © (0]
HO NJ\

Schemes 124 and 125 General Synthesis of Conjugates of Formula I With
Oligonucleotide Coupled at the 5 End (Compound 698)
10
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Pentafluorophenyl esters were coupled to a Cs 5’-amino modifier with
phosphate/phosphorothioate linkage on the sense strand oligonucleotide using standard
coupling conditions. Standard cleavage and deprotection afforded the desired sense strand

conjugate. For example the pentafluorophenyl ester 681 was used to afford the conjugate 698

5  below (Scheme 124).

H
\n/ N, OAc
OHO o OAc
s

_OAc

o) NH
F 0 H P
F. O\H/\/\/\/\/\)J\H N\/\o/\/o\/\o “"OAc
F F (o] (o} 0
681
F

ﬁ/NH

s
(0]
X=Qor$ O NH _OAc
(5' coupled) H OA
Q\ C
oo s i \ !
T o M g g N ~TNo NN "OAc

o) o
698 ﬁ/

Phosphoramidites were coupled to the 5 hydroxyl of the sense strand terminal
10 nucleotide using standard phosphoramidite coupling chemistry. Standard cleavage and
deprotection afforded the desired sense strand conjugate. For example phosphoramidite 695

was used to afford the conjugate 699 below (Scheme 125).
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AcO
AcO

c
0] O o.N
AcO 0 ”J\/H\ﬂ/\/\/\/\)LN N\ g \(

AcO o J/NH 0] O
AcO” Y 0Ty o o
HN\(O o/ O
695 ?

—0

[

H 0
AcO o) N
C HJJ\/ \I(\/\/\/\)J\N O——ﬁ—o—Rs

AcO NH 0] X

X=0QorS

o) j
AcO O/\ \)O HO (5’ coupled)

699
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Examples 27j-27k
Using the general procedure illustrated in Schemes 124 and 125, the following
conjugates (27j-27k) were prepared, wherein R? is the modified TTR siRNA described in

Table A below.
5
Example 27j
H OAc on
., (o]
D
(;) 0 OAc
o}

OgNH _OAc
y: : SOV PSS
\o’)”(\o/\/\/\/ \[(\/\/\/\/\)J\H \/\0/\/ \/\o “OAC
o} (o] O~ _NH
98 ﬁ’

(5' coupled)
X=0orS

10 MS (+VE) calculated: 8056.7; measured: 8056.1

15
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Example 27k

b g
(2]
o
Q
go
02
go
I=
zZT
]
T

0

OR3p=0

o (5' coupled)
J/ X=Oor$

0

>

5]

O
_\_§
o)
o]

x

5
MS (+VE) calculated: 8254.0; measured: 8253.5
Example 28 In vivo testing of TTR siRNA conjugates co-delivered with polymer micelle
10 The conjugate of Example 27d wherein the R? is the modified TTR siRNA described in

Table 28-1 below (the Ligand) was tested for in vivo activity in a wild-type mouse model of
TTR knockdown. The Ligand is a possible treatment for the orphan disease of TTR

(Transthyretin) amyloidosis. The inclusion of a membrane-~destabilizing polyroer of formula:

L NHAc H /H
Me\\0 AN
15

with the Ligand was found to enhance endosomal release of the conjugate following cellular

H 0 oN cH CH3 CH3 CH3
0. O~ ~_N 0. CHg CH; CH, CHg CH; H
He H 75.5 4.5%) 35.9% 51.5% 12.6%
o o] 20\ o [0 o] (o o] [e i o) HO™ ~O

uptake by hepatocytes. In those afflicted with TTR amyloidosis, the misfolding and

aggregation of the Transthyretin protein is known to be associated with disease progression.
20 By using the Ligand combined with the membrane-destabilizing polymer, the amount of

misfolded/aggregated protein in the patient can be reduced with a possible result of halting the

progression of the disease.
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Table 28-1. Chemically Modified TTR siRNA duplexes

Sense strand Antisense strand

5_3 5.3

2’-0-Methyl nucleotides = lower case; 2’-Fluoro nucleotides = UPPER CASE;
Phosphorothioate linker = s; Unmodified = UPPER CASE

Both the TTR siRNA sequence & animal model were described by Nair et al. J. Am. Chem.
Soc., 2014, 136 (49), pp 16958-16961. 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
Animal Care and Use Committee (IACUC).

Treatment: Three groups of female C57BL/6 mice (n = 4) were administered a single 0.35
mg/kg dose of the Ligand combined with 10 mg/kg, 20 mg/kg or 30 mg/kg of the polymer
once on Day O (1 dose per animal) via subcutaneous injection in the scapular region. As
controls, two groups of animals were administered a 1.8 mg/kg or 0.35 mg/kg dose of Ligand

only (no polymer). Animals administered vehicle only (PBS) served as the negative control.

Collections: All animals were bled at defined time points after test article administration
(Days 2, 5, 7, 14 and 21) to determine maximum reductions in plasma TTR levels and the

duration of pharmacologic activity.

Analysis: TTR protein levels in plasma samples were determined using the Abnova
Prealbumin (Mouse) ELISA kit (Cedar Lane, catalogue number KA2070) as per the
manufacturer’s instructions. TTR plasma protein values were calculated for the individual
plasma samples and the average of each group was determined. From these averages, the TTR

protein levels relative to control (% relative to PBS treated animals) were determined.

Results: Experimental data are presented in Table 28-2. Values represent % TTR protein levels

(relative to PBS Control) on Days 2, 5, 7, 14, 21, and 28 post treatment.
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Conclusion: Animals treated with Ligand combined with as little as 10 mg/kg of polymer

PCT/US2019/059711

exhibited a marked increase in knockdown of target mRNA compared to Ligand alone.

Furthermore, the onset of activity was more rapid in the presence of the polymer and the

duration of effect was dramatically extended. Mice treated with polymer alone at the 30 mg/kg

dose did not show a reduction in TTR protein relative to PBS.

Plasma TTR protein levels in mice after single subcutaneous administration of Ligand

from Table 28-1, in the presence or absence of various polymer amounts.

TTR protein data expressed as percent of PBS treated mouse values.

Ligand Polymer Dose
Day 2 Day 5 Day 7 Day 14 | Day 21 Day 28

Dose (mg/kg) | (mg/kg)

1.8 0 28.2 13.9 14.2 29.5 46.7 65.6
0.35 0 59.0 49.1 49.8 66.4 87.0 94.7
0.35 10 14.4 7.6 7.8 16.0 41.6 54.1
0.35 20 6.9 25 23 2.6 4.7 11.4
0.35 30 9.8 3.0 2.7 3.4 7.8 12.8

0 30 84.6 110.3 102.6 973 89.3 84.5

Example 29. Dose titration of the Ligand from Example 28 co-delivered subcutaneously

with a membrane-destabilizing polymer

The Ligand from Example 28 was tested for in vivo activity in a wild-type mouse

model of TTR knockdown. A polymer of formula:

was co-delivered with the ligand.

Treatment: Female C57BL/6 mice (n = 3) were treated as a single dose subcutaneously
(scapular region) with either PBS, Ligand alone (dosed at 2.5 mg/kg, 0.50 mg/kg , and 0.05
mg/kg conjugate), and Ligand combined with polymer (conjugate dosed at 0.50 mg/kg or 0.05
mg/kg and polymer dosed at 0.3 mg/kg, 1 mg/kg, 3 mg/kg, 10 mg/kg, or 30 mg/kg).
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Collections: All animals were bled at defined time points after test article administration (days
1,2,6,9, 14 and 21) to determine maximum reductions in plasma TTR levels and the duration

of pharmacologic activity.

Analysis: TTR protein levels in plasma samples were determined using the Abnova
Prealbumin (Mouse) ELISA kit (Cedar Lane, catalogue number KA2070) as per the
manufacturer’s instructions. TTR plasma protein values were calculated for the individual
plasma samples and the average of each group was determined. From these averages, the TTR

protein levels relative to control (% relative to PBS treated animals) were determined.

Results: Experimental data are presented in Table 29-1. Values represent % TTR protein levels

(relative to PBS Control) on Days 1, 2, 6, 9, 14 & 21 post treatment.

Conclusion: Animals treated with the Ligand combined with >10 mg/kg of the polymer
exhibited a marked increase in knockdown of target mRNA relative to animals treated with
Ligand only. Titration of the polymer demonstrated that a polymer dose of 10 mg/kg or greater
enhanced endosomal release, especially at lower conjugate doses (e.g. 0.05 mg/kg). When the
polymer dose is increased to 30 mg/kg, similar TTR knockdown was observed between the
0.05 mg/kg and 0.50 mg/kg conjugate doses. Rapid onset of activity and extended duration of

effect were also observed.

Plasma TTR protein levels in mice after single subcutaneous administration of Ligand,
in the presence or absence of various polymer amounts.

TTR protein data expressed as percent of PBS treated mouse values.

Ligand Polymer Dose
Day 1 Day 2 Day 6 Day 9 Day 14 | Day 21
Dose (mg/kg) (mg/kg)
2.5 0 52.1 8.8 5.1 6.8
0.05 0 102.6 74.8 90.8 99.0
0.05 03 106.2 100.8 93.0 92.5
0.05 1 93.5 92.6 73.5 923
0.05 3 103.7 78.9 82.3 943
0.05 10 60.8 12.8 26.0 30.6
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0.05 30 253 33 2.0 24

0.50 0 77.1 413 32.5 44.6 56.2 79.7
0.50 0.3 929 309 292 38.8 51.1 79.4
0.50 1 77.5 33.2 26.7 41.1 43.0 67.3
0.50 3 70.3 16.6 18.6 28.0 38.9 65.0
0.50 10 30.5 3.1 24 5.1 3.0 16.8
0.50 30 263 3.2 2.0 24 1.7 1.8

though individually incorporated by reference. The invention has been described with

All publications, patents, and patent documents are incorporated by reference herein, as

reference to various specific and preferred embodiments and techniques. However, it should

be understood that many variations and modifications may be made while remaining within the

spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. A method for delivering a nucleic acid to a cell comprising contacting the cell with, 1)
a membrane-~destabilizing polymer; and 2) a nucleic acid conjugate of Formula (X):
A-B-C
X)
wherein: A is a targeting ligand, B is an optional linker, and C is a nucleic acid;

wherein the membrane-destabilizing polymer is a polymer of formula (XX}
T°-L-[PEGMAm-M?,}y-[DMAEMA(-PAA-BMA]w (XX)

wherein:
PEGMA is polyethyleneglycol methacrylate residue with 2-20 ethylene glycol units;
M? is a methacrylate residue selected from the group consisting of
a (C4-Cig)alkyl-methacrylate residue;
a (C4-Cig)branched alkyl- methacrylate residue;
a cholesteryl methacrylate residue;
a (C4-Cig)alkyl-methacrylate residue substituted with one or more fluorine
atoms; and
a (C4-Cig)branched alkyl-methacrylate residue substituted with one or more
fluorine atoms;
BMA is butyl methacrylate residue;
PAA is propyl acrylic acid residue;
DMAEMA is dimethylaminoethyl methacrylate residue;
m and n are each a mole fraction greater than 0, wherein m is greater than n and
m+n=1;
q is a mole fraction of 0.2 to 0.75;
ris a mole fraction of 0.05 to 0.6;
s is a mole fraction of 0.2 to 0.75;
qtr+s=1;
vis 1to 25 kDa;
wis 1to 25 kDa;
T’ is a targeting moiety; and

L is absent or is a linking moiety.
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Z. A method for delivering a nucleic acid to the cytosol of a target cell within an antmal,
the method comprising: admirustering to the animal, {a) 2 membrane-destabilizing polymer,
and (b} a nucleic acid conjugate of Formula (X):
A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid, whereis the
rucieic acid is delivered to the cyiosol of the target cell;

wherein the membrane-destabilizing polvimer is a polymer of formula (XX}
T°-L-[PEGMAm-M?,}y-[DMAEMA(-PAA-BMA]w (XX)

wherein:
PEGMA is polyethyleneglycol methacrylate residue with 2-20 ethylene glycol units;
M? is a methacrylate residue selected from the group consisting of
a (C4-Cig)alkyl-methacrylate residue;
a (C4-Cig)branched alkyl- methacrylate residue;
a cholesteryl methacrylate residue;
a (C4-Cig)alkyl-methacrylate residue substituted with one or more fluorine
atoms; and
a (C4-Cig)branched alkyl-methacrylate residue substituted with one or more
fluorine atoms;
BMA is butyl methacrylate residue;
PAA is propyl acrylic acid residue;
DMAEMA is dimethylaminoethyl methacrylate residue;
m and n are each a mole fraction greater than 0, wherein m is greater than n and
m+n=1;
q is a mole fraction of 0.2 to 0.75;
ris a mole fraction of 0.05 to 0.6;
s is a mole fraction of 0.2 to 0.75;
qtr+s=1;
vis 1to 25 kDa;
wis 1to 25 kDa;
T’ is a targeting moiety; and

L is absent or is a linking moiety.

271



WO 2020/093061 PCT/US2019/059711

3. A method comprising, administering to an animal, 1) a membrane-destabilizing
polymer; and 2) a nucleic acid conjugate of Formula (X):
A-B-C
X)
wherein A is a targeting ligand, B is an optional linker, and C is a nucleic acid,;

wherein the membrane-destabilizing polymer is a polymer of formula (XX}
T°-L-[PEGMAm-M?,}y-[DMAEMA(-PAA-BMA]w (XX)

wherein:
PEGMA is polyethyleneglycol methacrylate residue with 2-20 ethylene glycol units;
M? is a methacrylate residue selected from the group consisting of
a (C4-Cig)alkyl-methacrylate residue;
a (C4-Cig)branched alkyl- methacrylate residue;
a cholesteryl methacrylate residue;
a (C4-Cig)alkyl-methacrylate residue substituted with one or more fluorine
atoms; and
a (C4-Cig)branched alkyl-methacrylate residue substituted with one or more
fluorine atoms;
BMA is butyl methacrylate residue;
PAA is propyl acrylic acid residue;
DMAEMA is dimethylaminoethyl methacrylate residue;
m and n are each a mole fraction greater than O, wherein m is greater than n and
m+n=1;
q is a mole fraction of 0.2 to 0.75;
ris a mole fraction of 0.05 to 0.6;
s is a mole fraction of 0.2 to 0.75;
qtrts=1;
vis 1 to 25 kDa;
wis 1to 25 kDa;
T’ is a targeting moiety; and

L is absent or is a linking moiety.

4. The method of claim 1 or 2, wherein A 15 2 targeting ligand that specifically bindsto a

molecule on the surface of the warget cell.
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5. The method of claim | or 2, wherein T° specificaily binds to a molecule on the surface

of the target cell.

6 The method of claim 2 or 3, wherein the nucleic acid conjugate and the membrane-

destabilizing polymer are administered separately.

7. The method of claim 2 or 3, wherein the membrane-destabilizing polymer is
administered after administration of the nucleic acid conjugate.

3. The method of claim 2 or 3, wherein the nucleic acid conjugate and the mermbrane-

2

destabilizing polvimer are administered together within a single composition.

9. The method of claim S, wherein the targeting Hgand and T° are different and either i)
specitically bind to the same cell surface molecule or (11) specifically bind o 2 different cell

surface molecule on the target cell,

14, The method of claim S, wherein the tareeting Heand and T° are the same and each
2 bar -, LS

specifically binda to the same cell surface molecule,

il The method of any ove of clairns 1-2 and 4-10 wheretn the cell 18 a2 secretory cell, a
chondrocyte, an epithelial cell, a nerve call, a muscle cell, a blood cell, an endothelial cell, a

pericyie, a fibroblast, a ghal cell, or a dendritic cell.

12, The method of any one of claires 1-2 and 4-10, wherein the cell is a cancer cell, an
immune cell, a bacteriallyv-infected cell, a viraliv-infected cell, or a cell having an abnormal

metabolic activity,

13 The method of any of claims 1-10 wherein the targeting ligand specificaliv bindsto a
cell surface moolecule selected from the group consisting of transfernin receptor type 1
transferrin receptor type 2, the EGF receptor, HERZ/Neu, a VEGF receptor, a PDGF receptor,
an integrin, an NGF recepior, T2, CD3, OD4, CDR, CDIG, C020, CD22, CD33, £Dh43,
38, C5o, 369, the astaloglycoprotein receptor {ASGPR Y, prostate-specific membrane

antigen {PSMA), g folate receptor, and a sigma receptor.
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14, The method of any one of claims 5-13, wherein T° specifically binds to a cell surface
motecnle selected from the group consisting of transterrin receptor type 1, transferrin receptor
type 2, the BEGF receptor, HER2/Neu, a VEGF receptor, a PDGF receptor, an wotegrin, an NGF
receptor, CD2, CD3, CD4, CDE, CD19, CD20, D22, CD33, Ch43, €38, CDSs, D69, the
asialoglycoprotein receptar {ASGPR), prostate-specific membrane antigen {PSMA), a folate

recepior, and a sigma recepior

15 The method of any of claims 1-14, wherein the targeting Higand comprises a small

molecule targeting moiety.

16, The method of claim 15, wherein the small moleculs targeting moiety 18 3 sugar, a

vitamin, 2 bisphosphonate, or an analogue thereof

17, The method of claim 16, wherein the sugar is selected from lactose, galactose, N-
acetyl galactosamine (NAG), M- geetyl galactosamine denvatives, and mannose-6-phosphate

(MEP).

18, The method of claim 16, wherein the vitamin s folate.
153 The method of any of claims 1-14, wherein the targeting Hgand comprises a protein,
24, The method of claim 19, wherein the protein is an antibody, a peptide aptamer, or a

protein dernived from a natural ligand of the cell surface molecule.

2t The method of any of claims 1-14, wherein the targeting ligand comprises a peptide.
22, Themethod of claim 21, wherein peptide s an integrin-binding peptide, a LOX- 1 -

binding peptide, and epidermal growih factor (EGF} peptide, a neurctensin peptide, an NL4

peptide, or a YIGSR laminin peptide.

D2

The method of any one of claims 1-2 and 4-22 wherein the cell is g hepatooyie,
Y 3
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~

24, The method of claim 23, whersin the targeting higand specifically binds {o the
o o e } J

>

asialoglycoprotein receptor {ASGPR).

25. The method of claim 24, wherein the targeting higand comprises an N-

acetylgalaciosamine (NAG) residue.

26, The method of any one of claims 1-25 wherein M? is selected from the group consisting
of:

2,2,3,3,4,4,4-heptafluorobutyl methacrylate residue,
3,3,4,4,5,6,6,6-octafluoro-5(trifluoromethyl )hexyl methacrylate residue,
2,2.3,3,4,4,5,5,6,6,7,7,8,8,8-pentadecafluorooctyl 2-methylacrylate residue,
3,3,4,4,5,5,6,6,6-nonafluorohexyl methacrylate residue,
3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl methacrylate residue,

1,1,1 -trifluoro-2-(trifluoromethyl)-2-hydroxy-4-methyl-5-pentyl methacrylate residue, 2-[(1 ',
1", 1 '-trifluoro-2 '-(trifluoro methyl) -2 -hydroxy )propyl]-3-norbornyl methacrylate residue,
2-ethylhexyl methacrylate residue,

butyl methacrylate residue,

hexyl methacrylate residue,

octyl methacrylate residue,

n-decyl methacrylate residue,

lauryl methacrylate residue,

myristyl methacrylate residue,

stearyl methacrylate residue,

cholesteryl methacrylate residue,

ethylene glycol phenyl ether methacrylate residue,

2-propenoic acid, 2-methyl-, 2-phenylethyl ester residue,

2-propenoic acid, 2-methyl-, 2-[[(l,]-dimethylethoxy)carbonyl]amino]ethyl ester residue,
2-propenoic acid, 2-methyl-, 2-(1 H-imidazol-I-yl)ethyl ester residue,

2-propenoic acid, 2-methyl-, cyclohexyl ester residue,

2-propenoic acid, 2-methyl-, 2-[bis(I-methylethyl)amino]ethyl ester residue,

2-propenoic acid, 2-methyl-, 3-methylbutyl ester residue,

neopentyl methacrylate residue,

tert-butyl methacrylate residue,

3,3,5-trimethyl cyclohexyl methacrylate residue,
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2-hydroxypropyl methacrylate residue,
5-nonyl methacrylate residue,

2-butyl-l-octyl methacrylate residue,
2-hexyl-1-decyl methacrylate residue, and
2-(tert-butyl amino)ethyl methacrylate residue.

27, The method of claim 26, wherein PEGMA has 4-5 ethylene glycol umits or 7-8 ethylene

ziyeol units,

28, The method of claim 27, whersint L comprises a polyethylene glveol (PEG) moiety

having 2-20 ethvlene gveol units.
& J Por g8

29. The method of any one of claims 1-25, wherein the membrane destabilizing polymer is

a polvmer of formula (XY

o)
—0
4

H T2 N O i N O i W s W ;E}%
0. O~ ~N o A CHy CH, CHy CH; CH; H
LSSt O N B E i VR S = pu L U R b v
py
5, Me\f\ )/H < s

(XXD),
wherein px is an integer of from about 2 to about 50, e.g., from about 2 to about 20, e.g., from
4to0 12, e.g., from about 8 to about 16, e.g., px is about 12, and py is an integer of from about 2
to about 20, e.g., py is an integer of from about 2 to about 10, e.g., py is an integer of from

about 4 to about 5 (e.g., 4 or 5).

30. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):

(RMn

R1—L1~@ L2—R?

@
wherein:
R! ais targeting ligand,;

L!is absent or a linking group;
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L’ is absent or a linking group;

R? is the nucleic acid;

the ring A is absent, a 3-20 membered cycloalkyl, a 5-20 membered aryl, a 5-20
membered heteroaryl, or a 3-20 membered heterocycloalkyl;

each R* is independently selected from the group consisting of hydrogen, hydroxy, CN,
F, Cl, Br, I, -C1-2 alkyl-ORE, Cy.10 alkyl C.10 alkenyl, and Cz-10 alkynyl; wherein the C1.10 alkyl
C»-10 alkenyl, and C».10 alkynyl are optionally substituted with one or more groups
independently selected from halo, hydroxy, and Ci.3 alkoxy;

RBis 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

nis0,1,2,3,4,5,6,7,8 9, or 10;

or a salt thereof.

31. The method of claim 30, wherein:

R! ais targeting ligand,;

L!is absent or a linking group;

L’ is absent or a linking group;

R? is the nucleic acid;

the ring A is absent, a 3-20 membered cycloalkyl, a 5-20 membered aryl, a 5-20
membered heteroaryl, or a 3-20 membered heterocycloalkyl,

each R* is independently selected from the group consisting of hydrogen, hydroxy, CN,
F, Cl, Br, I, -C-2 alkyl-OR® and C.s alkyl that is optionally substituted with one or more
groups independently selected from halo, hydroxy, and Ci.3 alkoxy;

RBis 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

nis0,1,2,3,4,5,6,7,8,9, or 10.

32. The method of claim 30 wherein the compound of formula (I) is a compound of

formula (Ia):

wherein:
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RA
|

each D is independently selected from the group consisting of —C=— and —N=

33. The method of claim 30, wherein the compound of formula (I) is a compound of

formula (Ib):

TR

_L1 _Rz
(Ib)

wherein:
RA

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

each m is independently 1 or 2.

34. The method of claim 30, wherein the compound of formula (I) is a compound of

formula (Ic):

(RA)n
E
}E L2_R2
n1( )"2
N
!
|
R1
(Io)
wherein:
E is —O- or -CH>-;

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

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

35. The method of claim 30 wherein the compound of formula (I) is a compound of

formula (Ig):
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wherein:

G is —N- or -CH-;

PCT/US2019/059711

L?is C1.4 alkylene-O- that is optionally substituted with hydroxyl or halo; and

nis0,1,2,3,4,5 6,or7.

36. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (XXX):

R1—L1—L2—R2
(XXX)
wherein:
R! ais targeting ligand,;
L!is absent or a linking group;
L’ is absent or a linking group;
R? is a nucleic acid;

B is divalent and is selected from the group consisting of’

' ' o E—O OH (I)
**\
(0] N
NH
N N oH =~ *  HO e s
1 LTS
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HO )1,2,34 H°m0—§ N
and
o N 0%
N ¢ b
J\:IW* ok * OH

wherein:

each R’ is independently Ci.9 alkyl, C».0 alkenyl or Cz.9 alkynyl; wherein the Ci.9 alkyl,
Cr.9alkenyl or Ca.9 alkynyl are optionally substituted with halo or hydroxyl;

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 L? is absent.

37. The method of claim 32, the compound of formula (I) is selected from the group

consisting of’

HO O. 2 OH
\/5\/ R2 R\O OH o
\R2
O, (o}
Z ~Z
O‘Z
, Q'o Q'o
(o) 2
Q1 | \/_ Q Q 0] N | g\(\ooz Q
= QoA | NI
N s N ~
oYy '

Q'o
NI SN NI X oQ? NIJ\K\OQZ
Z ya

N
N\
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o

Q
N
Q'o 7 oQ?
Y4

z
Z Zz
. Y4
1 Q'o
HO o’ e o
/\@/\ NN on Nl RN 0Q2 N/
| N 2
HN Cl)\N/ z C')\f oQ
\Z Z
z Q'o 0Q?
Q'o | X
oQ? N>z SN
Z Q20
= | and Q'o 2 z
alo Ay, 0Q? |
N
wherein:
Q! is hydrogen and Q? is R%; or Q' is R? and Q? is hydrogen; and
Zis -L'-R%.
38. The method of claim 33, wherein the compound of formula (I) is selected from the
group consisting of
OQ2 OQZ Q1o
N ’d N\ N -~ N SN 0Q2
1 | > 1 | \> and |
Z Z H
wherein:
Q! is hydrogen and Q? is R%; or Q' is R? and Q? is hydrogen; and
Zis -L'-R%.
39. The method of claim 34, wherein the compound of formula (I) is selected from the

group consisting of
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, R2-0
HO, O R2-0— 2
UL o Glow )
O-R
0-R? N Ho\F,L
N | N N
% 7 Z Z

HO HO O-R
HO— }
’aj RZ-O/\‘”L(
RZ—O\W.J/\ J and
N N N
z v4

wherein: Zis -L!'-R®,

40. The method of claim 30, wherein the compound of formula (I) is selected from the

group consisting of

R2—O o_RZ
Ho, R} §R' ~A O
HO R2—O N
O-R? OH | HO NH
Q
N \ Q
I

|
Q

Q
=

HO F 2 HO
F Ho\do—R
and
) HN O_RZ
N O-R H /
| Q
Q

N
[
Q

wherein Q is -L!-R!; and
R’ is Ci.galkyl, Cr.9alkenyl or Ca.9 alkynyl; wherein the Ci.9 alkyl, C».9 alkenyl or Cs.9
alkynyl are optionally substituted with halo or hydroxyl.

41. The method of claim 30, wherein the compound of formula (I) is selected from the
group consisting of

OH O 0 o)

0—R? A~ O N
N7 N R2-0 N g
NH NH on
- HO s

Q Q

282



WO 2020/093061 PCT/US2019/059711

o )
HO i HO HO 1,2,3,4
\/\O_P_/\N/Q ,
| H O_RZ 0O—R
O

S N N
R2— '
(o) | Q
HO Q
N
\©j>_\ and
"\l O_Rz O_R2
Q OH

wherein Q is -L!-R!.

42. The method of any one of claims 30-31, wherein A is absent, phenyl, pyrrolidinyl, or
cyclopentyl.

43. The method of any one of claims 34-35, wherein each R* is independently hydroxy or
Ci-salkyl that is optionally substituted with hydroxyl.

44, The method of any one of claims 34-35, wherein each R* is independently selected

from the group consisting of hydroxy, methyl and -CH,OH.

45, The method of any one of claims 30-44, wherein L' is connected to R! through -NH-
. -0-, -S-, (C=0)-, (C=0)-NH-, -NH~(C=0)-, -(C=0)-O-, -NH-(C=0)-NH-, or ~NH~(SO)-.

46. The method of any one of claims 30-44, wherein L! is selected from the group

consisting of’

(0]
o] 0]
0 H 0 0
E)J\/Nj(\/\/\/\/\)]\f WNM
(0] (0]
T % and HL)OK/H
M Mﬁ/\e"
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47. The method of any one of claims 30-44, wherein L! is selected from the group

consisting of’

H 0O O0 o O o O O O
Ay ey Py ol

O O O O o O H
Neweny ey Sy

o o @ 0 Q o o o)
H
& N5
Pt ey e dulnghy
48. The method of any one of claims 30-44, wherein L! is selected from the group

consisting of’
o o o o o o
AR S RS SN
10 8 o) .

49.  The method of any one of claims 30-44, wherein L' is connected to B! through a
linkage selected from the group consisting of: -O-, -S-, -(C=0)-, -(C=0)-NH-, -NH-
(C=0), -(C=0)-0-, -NH-(C=0)-NH-, or -NH-(SO3)-.

50. The method of any one of claims 30-44, wherein L! is selected from the group

consisting of’
H 0O O o 0 0o o 0O o
;\érN\/\”JLM’U\:‘ eyt Yoy iy

O O O O

o O y H
51)?”*&)#* *’Sﬁfﬁ(\%\f TNMHNNWK&

o O O O
il Apdilieels by

51.  The method of any one of claims 30-50, wherein L? is connected to R? through -O-.
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52.  The method of any one of claims 30-50, wherein L? is C1.4 alkylene-O- that is
optionally substituted with hydroxy.

53. The method of any one of claims 30-50, wherein L? is -CH>0-, -CH>CH,O-, or -
CH(OH)CHO-.

54.  The method of any one of claims 30-50, wherein L? is -CH;,-O- or ~CHz-CH;-O-.

55.  The method of any one of claims 30-50, wherein L? is absent.

56. The method of any one of claims 30-44, wherein 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 —O-, -NR*-, -NR*-C(=0)-, -C(=0)-NR*- or -S-,
and wherein R*is hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally
substituted with one or more (e.g. 1, 2, 3, or 4) substituents selected from (C1-Cs)alkoxy, (Cs-
Cs)cycloalkyl, (C1-Cs)alkanoyl, (C1-Cs)alkanoyloxy, (C1-Cs)alkoxycarbonyl, (C1-Cs)alkylthio,
azido, cyano, nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and

heteroaryloxy.

57.  The method of any one of claims 30-44, wherein L! and L? are independently a
divalent, 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-, -NR*-, -NR*-C(=0)-, -C(=0)-NR*- or —S-,
and wherein R*is hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally
substituted with one or more (e.g. 1, 2, 3, or 4) substituents selected from (C1-Cs)alkoxy, (Cs-
Cs)cycloalkyl, (C1-Cs)alkanoyl, (Ci1-Cs)alkanoyloxy, (C1-Cs)alkoxycarbonyl, (C1-Cs)alkylthio,
azido, cyano, nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and

heteroaryloxy.

58.  The method of any one of claims 30-44, wherein L! and L? are independently, a
divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain, 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*-, -NR*-C(=0)-, -C(=0)-NR*- or —S-, and
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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 (C;-Cs)alkoxy, (Cs-
Cs)cycloalkyl, (C1-Cs)alkanoyl, (Ci1-Cs)alkanoyloxy, (C1-Cs)alkoxycarbonyl, (C1-Cs)alkylthio,
azido, cyano, nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and

heteroaryloxy.

59. The method of any one of claims 30-58, wherein the targeting ligand R! comprises 3-8

saccharides.

60. The method of any one of claims 30-58, wherein the targeting ligand R! comprises 3-6

saccharides.

61. The method of any one of claims 30-58, wherein the targeting ligand R! comprises 3-4

saccharides.

62. The method of any one of claims 30-58, wherein the targeting ligand R! comprises 3

saccharides.

63. The method of any one of claims 30-58, wherein the targeting ligand R! comprises 4

saccharides.

64. The method of any one of claims 30-58, wherein the targeting ligand R! has the

following formula:

saccharlde\_l_3

N TA 2
saccharide—T B\

; T
saccharide \T5\33/
/
TG

saccharide

wherein:
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B! is a trivalent group comprising about 1 to about 20 atoms and is covalently bonded
toL!, T!, and T2

B? is a trivalent group comprising about 1 to about 20 atoms and is covalently bonded
to T!, T3, 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’ is absent or a linking group; and

T® is absent or a linking group.

65.  The method of claim 64, wherein one of T! and T? is absent.

66.  The method of claim 64, wherein both T! and T? are absent.

67.  The method of claim 64, herein each of T!, T2, T3 T*, T° and TS is independently
absent or a 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 -S-,
and wherein R* 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-C6)alkoxy, (C3-
Co)cycloalkyl, (C1-C6)alkanoyl, (C1-Cé6)alkanoyloxy, (C1-C6)alkoxycarbonyl, (C1-
C6)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl,
and heteroaryloxy.

68.  The method of claim 64, wherein each of T!, T2, T3, T*, T°, and TS 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-, -NR*-, -NR*-C(=0)-, -C(=0)-NR*- or -S-,
and wherein R* 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-C6)alkoxy, (C3-
Co6)cycloalkyl, (C1-C6)alkanoyl, (C1-C6)alkanoyloxy, (C1-C6)alkoxycarbonyl, (C1-
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C6)alkylthio, azido, cyano, nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl,
and heteroaryloxy.

69.  The method of claim 64, wherein each of T, T2, T3, T*, T°, and T® is independently
absent or a branched or unbranched, saturated or unsaturated, hydrocarbon chain, having from
1 to 50 carbon atoms, wherein one or more of the carbon atoms in the hydrocarbon chain is
optionally replaced by —O- or -NR*-, and wherein R* is hydrogen or (Ci-Cs)alkyl, 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).

70.  The method of claim 64, wherein each of T!, T2, T3, 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) substituents selected from halo,

hydroxy, and oxo (=0).

71.  The method of claim 64, wherein each of T!, T2, T3, 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) substituents selected from halo,

hydroxy, and oxo (=0).

72.  The method of any one of claims 64-66, wherein at least one of T?>, T, T°, and TS is:
H
ﬁ‘(\/O\&/\OTn\/NFJ
wherein:
n=1,23.

73.  The method of any one of claims 64-66, wherein each of T3, T*, T°, and T® is

independently selected from the group consisting of:

H
L A
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wherein:

n=1,23.

74.  The method of claim 64, wherein at least one of T! and T? is glycine.

75.  The method of claim 64, wherein each of T! and T? is glycine.

76. The method of any one of claims 64-75, wherein B! is a trivalent group comprising 1 to

15 atoms and is covalently bonded to L', T!, and T?.

77. The method of any one of claims 64-75, wherein B! is a trivalent group comprising 1 to

10 atoms and is covalently bonded to L!, T, and T?.

78. The method of any one of claims 64-75, wherein B! comprises a (C1-Ce)alkyl.

79. The method of any one of claims 64-75, wherein B! comprises a Cs.s cycloalkyl.

80. The method of any one of claims 64-75, wherein B! comprises a silyl group.

81.  The method of any one of claims 64-75, wherein B! comprises a D- or L-amino acid.
82.  The method of any one of claims 64-75, wherein B! comprises a saccharide.

83. The method of any one of claims 64-75, wherein B! comprises a phosphate group.
84. The method of any one of claims 64-75, wherein B! comprises a phosphonate group.
85. The method of any one of claims 64-75, wherein B! comprises an aryl.

86. The method of any one of claims 64-75, wherein B! comprises a phenyl ring.

87. The method of any one of claims 64-75, wherein B! is a phenyl ring.

88. The method of any one of claims 64-75, wherein B! is CH.
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89. The method of any one of claims 64-75, wherein B! comprises a heteroaryl.

90. The method of any one of claims 64-75, wherein B! is:

O O o 0 o)
% ég ‘QLJ\/\/U\; and 'HL)M%‘:«.
HN. HN. ¢ 0
NH IHJ Hﬁ
%
91. The method of any one of claims 64-90, wherein B? is a trivalent group comprising 1 to

15 atoms and is covalently bonded to T!, T°, and T*.

92. The method of any one of claims 64-90, wherein B? is a trivalent group comprising 1 to

10 atoms and is covalently bonded to T!, T°, and T*.

93. The method of any one of claims 64-90, wherein B* comprises a (C1-Cs)alkyl.

94, The method of any one of claims 64-90, wherein B? comprises a Cs.s cycloalkyl.

95. The method of any one of claims 64-90, wherein B comprises a silyl group.

96.  The method of any one of claims 64-90, wherein B> comprises a D- or L-amino acid.
97.  The method of any one of claims 64-90, wherein B> comprises a saccharide.

98. The method of any one of claims 64-90, wherein B* comprises a phosphate group.
99. The method of any one of claims 64-90, wherein B* comprises a phosphonate group.

100. The method of any one of claims 64-90, wherein B comprises an aryl.

101.  The method of any one of claims 64-90, wherein B> comprises a phenyl ring.
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102.  The method of any one of claims 64-90, wherein B? is a phenyl ring.
103.  The method of any one of claims 64-90, wherein B is CH.
104.  The method of any one of claims 64-90, wherein B> comprises a heteroaryl.

105.  The method of any one of claims 64-90, wherein B? is selected from the group

consisting of’

0 o o O o o o
ek %% O
HN.

NH >
'Y HN

HN}ﬂJ O

106.  The method of any one of claims 64-105, wherein B is a trivalent group comprising 1

to 15 atoms and is covalently bonded to T2, T°, and T®.

107.  The method of any one of claims 64-105, wherein B is a trivalent group comprising 1

to 10 atoms and is covalently bonded to T2, T°, and T®.

108.  The method of any one of claims 64-105, wherein B* comprises a (C1-Cs)alkyl.

109. The method of any one of claims 64-105, wherein B* comprises a C3-s cycloalkyl.
110. The method of any one of claims 64-105, wherein B* comprises a silyl group.

111.  The method of any one of claims 64-105, wherein B* comprises a D- or L-amino acid.
112.  The method of any one of claims 64-105, wherein B* comprises a saccharide.

113.  The method of any one of claims 64-105, wherein B* comprises a phosphate group.

114.  The method of any one of claims 64-105, wherein B* comprises a phosphonate group.
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115. The method of any one of claims 64-105, wherein B*> comprises an aryl.

116. The method of any one of claims 64-105, wherein B> comprises a phenyl ring.
117. The method of any one of claims 64-105, wherein B is a phenyl ring.

118.  The method of any one of claims 64-105, wherein B* is CH.

119. The method of any one of claims 64-105, wherein B*> comprises a heteroaryl.

120. The method of any one of claims 64-105, wherein B is selected from the group

consisting of’

% é; 1&% %JJ\_/\/U\‘;‘ and ‘Q_J\(\/\W%*-l
HN?_A
«%{NH Hl}l

HN}'_EJ O

121.  The method of any one of claims 30-58, wherein R! is:

Ho OH
o) o) 0
P N W V4
HO 0 o _>
NH HN
o=§ o)
OH
HO o H
o] O\/\O/\/O\/\O/\/N %
NH o
o=§
o)
Ho OH HN
° O~ O J
HO (0] 0

NH

o

122.  The method of any one of claims 30-58, wherein R! is:
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RCO

wherein:

G is -NH- or -O-;

RC is hydrogen, (C1-Cs)alkyl, (C1-Cs)haloalkyl, (C1-Cs)alkoxy, (C1-Ce)alkanoyl, (Cs-
Cao)cycloalkyl, (C3-Cao)heterocycle, aryl, heteroaryl, monosaccharide, disaccharide or
trisaccharide; and wherein the cycloalkyl, heterocyle, ary, heteroaryl and saccharide are
optionally substituted with one or more groups independently selected from the group
consisting of halo, carboxyl, hydroxyl, amino, (C1-C4)alkyl, (C1-C4)haloalkyl, (C1-C4)alkoxy
and (C-Cs)haloalkoxy.

123. The method of claim 122, wherein R® is:
HO.__O

OHo

OH

HO.__O
o

OHO

OH OH

124.  The method of claim 122, wherein R® is:
o)

v

125.  The method of any one of claims 30-58, wherein R! is:
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126.  The method of any one of claims 122-125, wherein G is -NH-.

127. The method of any one of claims 30-58, wherein R! is:

128.  The method of any one of claims 30-58, wherein R! is:

RPO"
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wherein each R is independently selected from the group consisting of hydrogen, (C;-
Ce)alkyl, (Co-Cao)alkylsilyl, (RW)3Si-, (C2-Ce)alkenyl, tetrahydropyranyl, (C1-Cs)alkanoyl,
benzoyl, aryl(Ci-Cs)alkyl, TMTr (Trimethoxytrityl), DMTr (Dimethoxytrityl), MMTr
(Monomethoxytrityl), and Tr (Trityl); and

each RY is independently selected from the group consisting of (C1-Cs)alkyl and aryl.

129.  The method of any one of claims 30-58, wherein R! is selected from the group

consisting of’

ZI

Rs/ 8 “RS
o NH o}
RS
RS
HN/
RS RS
“NH 0 o) “NH o)
(o] (@) RS/ %
0
HN
RS HN\RS
0
HN\
S 8
HN NH
and 0] o
H
H 0 o
N H H N\ S
s~ N R
R I MNJLN I
O H H
o) o)
o o}
HN NH
RS RS
wherein:

R3is O:<
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nis 2, 3, or 4; and

x1is 1 or 2.

130.  The method of any one of claims 30-58, wherein R'is —C(H)-p)(L*-saccharide?)p,
wherein each L* is independently a linking group; p is 1, 2, or 3; and saccharide?® is a

monosaccharide or disaccharide.

131.  The method of claim 130, wherein each L’ is independently a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 0 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 —S-, and wherein R¥is
hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally substituted with
one or more substituents selected from (C1-Cs)alkoxy, (Cs-Cs)cycloalkyl, (C1-Cs)alkanoyl, (Ci-
Ce)alkanoyloxy, (C1-Cs)alkoxycarbonyl, (C1-Cs)alkylthio, azido, cyano, nitro, halo, hydroxy,
oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

132.  The method of claim 130, wherein each L* is independently a divalent, 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-, -NR*- -NR*-C(=0)-, -C(=0)-NR*- or —S-, and wherein R¥is
hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally substituted with
one or more (e.g. 1, 2, 3, or 4) substituents selected from (C1-Cs)alkoxy, (Cs-Cs)cycloalkyl,
(C1-Cs)alkanoyl, (C1-Ce)alkanoyloxy, (C1-Cs)alkoxycarbonyl, (C1-Ce)alkylthio, azido, cyano,
nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

133. The method of claim 130, wherein L? is:

H
o .

134.  The method of any one of claims 59-120, wherein each saccharide is independently:

296



WO 2020/093061 PCT/US2019/059711

wherein:

X is NR? and Y is selected from -(C=0)R*, -SO;R>, and -(C=O)NR°R”; or X
is -(C=0)- and Y is NR®R’;

R’ is hydrogen or (C1-Cs)alkyl;

R* R’ R® R’ R®and R’ are each independently selected from the group consisting of
hydrogen, (C1-Csg)alkyl, (C1-Cg)haloalkyl, (Ci-Cg)alkoxy and (Cs-Cs)cycloalkyl that is
optionally substituted with one or more groups independently selected from the group
consisting of halo, (C1-Cy4)alkyl, (C1-Cs)haloalkyl, (Ci-Cs)alkoxy and (C1-Cs)haloalkoxy;

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, hydroxyl,

carboxyl, amino, (C1-Cs)alkyl, (C1-Cs)haloalkyl, (C1-Cs)alkoxy and (C1-C4)haloalkoxy.

135. The method of any one of claims 59-120, wherein each saccharide is independently

selected from the group consisting of:

136. The method of any one of claims 59-120, wherein each saccharide is independently:

HO OH HO OH

HO o) or HO o
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137.  The method of any one of claims 1-136, wherein T? is:

R10 R11
R 0
X o
Y

wherein:

X is NR? and Y is selected from -(C=0)R*, -SO;R>, and -(C=O)NR°R”; or X
is -(C=0)- and Y is NR®R’;

R’ is hydrogen or (C1-Cs)alkyl;

R* R’ R® R’ R®and R’ are each independently selected from the group consisting of
hydrogen, (C1-Csg)alkyl, (C1-Cg)haloalkyl, (Ci-Cg)alkoxy and (Cs-Cs)cycloalkyl that is
optionally substituted with one or more groups independently selected from the group
consisting of halo, (C1-Cy4)alkyl, (C1-Cs)haloalkyl, (Ci-Cs)alkoxy and (C1-Cs)haloalkoxy;

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, hydroxyl,

carboxyl, amino, (C1-Cs)alkyl, (C1-Cs)haloalkyl, (C1-Cs)alkoxy and (C1-C4)haloalkoxy.

138.  The method of any one of claims 1-136, wherein T’ is selected from the group

consisting of’

OH OH HO OH HO OH HO OH
OH 0 HO 0 HO 0 HO 0
o ~ O \- ﬁ ~ F
NH  0—% YN o —S—NH o—% F)—S—NH ©0—%
FsC o) F O
HO 0 HO o and
0 SN

139.  The method of any one of claims 1-136, wherein T is:

298



WO 2020/093061 PCT/US2019/059711

HO OH HO OH

HO o) or HO o

140.  The method of any one of claims 130-133, wherein saccharide® is:

wherein:

X is NR? and Y is selected from -(C=0)R*, -SO;R>, and -(C=O)NR°R”; or X
is -(C=0)- and Y is NR®R’;

R’ is hydrogen or (C1-Cs)alkyl;

R* R’ R® R’ R®and R’ are each independently selected from the group consisting of
hydrogen, (C1-Csg)alkyl, (C1-Cg)haloalkyl, (Ci-Cg)alkoxy and (Cs-Cs)cycloalkyl that is
optionally substituted with one or more groups independently selected from the group
consisting of halo, (C1-Cy4)alkyl, (C1-Cs)haloalkyl, (Ci-Cs)alkoxy and (C1-Cs)haloalkoxy;

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, hydroxyl,

carboxyl, amino, (C1-Cs)alkyl, (C1-Cs)haloalkyl, (C1-Cs)alkoxy and (C1-C4)haloalkoxy.

141.  The method of any one of claims 130-133, wherein saccharide® is selected from the

group consisting of

OH OH HO OH HO OH HO OH
OH 0 HO 0 HO 0 HO 0
SR 0N > 9 . NN
1
0 o}
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142.  The method of any one of claims 130-133, wherein saccharide® is:

HO OH HO OH
HO 0 or HO 0

o o )

>—NH o— 4}— o+

NH

143.  The method of claim 30, wherein the compound of formula (1) is selected from the

group consisting of

NHR'

o} '
NHR')J\/O H
o N\/\ )LMJL

NHR'Y

o)
Re HO 0o o\/\o/\/o\/\o/\/‘z"-
HO “’NHAc
OH 142

OH

Yooy W
HO “’NHAc %

OH

O\RZ

Yoty MD“

HO “’NHAc
OH 150 3
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LS

O- R2 HN\/\O R2
oH 153 158
HO & OH
0._0 N N N
N 0-R2
HO “’NHAc H R2-0
OH 163 168
y OH
H 0 OR?

OAc

o Of~o /)\/N J\,NM »MJL
AcO “’NHAc %
OAc
H
N o,R2
o]
OH
o TFA
OH 0 |, M H ©
HJI\/N\[(.\/\H/N\)L

H
(o)
O(\/\o,)r\/N
(0]

3

OH

J
N\/‘(\o/\%OU
HO “’NHAc 0 AcHN “'OH
OH 3 179 OH

Iz

OH

OH
HO,, (INHAc AcHN,, OH
oty ool

SN
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OH
HO,,
. OH
HO" : n/
“OH
NHAc H
HO,, O~ N0 OH
HO™ ™ ° ” H
< o] N N 0-R2
OH - g
NHAc jJ/ HN" Y0 © H °©
HO,, 0 OW/\WN
V\O N X \’F\O/y\/o OH
Hov SO /QT/NH o] o |
e n i
:  AcHN o I, '
HO/ o] AcHN .,
. i OH
HO: o 191,n=2,x=1 HO
o' 194, n=3,x=1
. 197, n=4,x=1
OH 200, n=3 x=2
HO,,
o) OH
Y N .
_R
N So © ° 0

203,n=3,x
206, n=4,x

1
1
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NHAc
HO,, o\(/\o/\)\/ o,
Ho O “N
: x H H
b ° ”M”
> .o %o D_\
NHAc o HO 0O-R2
X
(0]

i OH
\__P° 209,n=3,x=1 HO
HO % o
NHAc
HO, o N
\’k\o/\)\/ 0 /&\
. (o] N
HO™ ™ N)L(V)’ﬁ(
2 \cral/\H [
“OH

o' O NH 0 oo oA
n W
> AcHN o ‘
HO™ C O\J(\ n ACHND
HOmC H 212,n=3,x=1 Ao OAC
S 215,n=4,x=1
HO =
~OH
OH

HO

218,n=2

oH OH 221,n=3

o ove\o/\)\/n AcHN,, OH
n
HO “’NHAc o ”/\(\/O\*\o o
n

OH

OH
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NHAc
O\V\o/\)*/ °q
HO™ ™
“OH ° M % 0-R?
NHAc ?J/
0. AN Ot o m o
Hov O /QT/ X oo OH
: o)
o’ AcHN o f™ n AcHNI/z
Ho,..@ hg OH
& 224, n=3,x=1
MO —on
OH OH
HO,,, (INHAC AcHN,, OH
o}
Y \*\N /\@/ \*\o 0
OH OH
NH OH
o NA T
0o
N SR
H 7
OH ° o
HO,,, NHAc HN
231,n=3
/\(\/O\JAN N OH
OH O  AcHN,, OH
o ﬁ/*/o\*\o o)
and n OH
144,  The method of claim 30, wherein the compound of formula (I) is a compound
formula (Id):
O\de
H
R19 x4 N O34
T M R
n
O O
(Id)
wherein:
Rld

is selected from:
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0]
NH 0 (o)
HO 0/\/ \/\0/\/ ‘>
o
nd & HN .
Ho OH
O o) 0 H H
HO \/\O/\/ \/\O/\/ N_E_
NH o)
o=<
O
Ho OH HN
O
HO O\/\O/\/o\/\OJ
NH
o:<
and
0O
NH 0 0
HO o \/\O/\/ _>
(0]
Hd o HN .
Ho OH o H o
HO O\/\O/\/O\/\O/\/N NJI\/N'é'
NH H
o=< °
0]
HQ OH HN
0
NH

X% is Ca-10 alkylene;
n%is 0 or I;
R is a nucleic acid; and

R isH.

145. The method of claim 144, wherein R' is:

305



WO 2020/093061 PCT/US2019/059711

0]
NH 0 (o)
HO o i e N _>
0]
HN
HO oH 0
Ho OH
H
=2 o 0 N ‘
HO \/\O/\/ \/\o/\/ N-g-
NH 0
o=<
0]
Ho OH HN
0]
HO O\/\O/\/O\/\O_)
NH
o:<
146. The method of claim 144, wherein R'¢ is:
o
NH 0 0
HO e N N _>
(0]
HN
HO oH o
OH
HO o H 0] H %
HO o\/\o/\/o\/\o/\/ N
NH 0o H
o=<
0]
HQ OH HN
0]
HO O\/\o/\/o\/\o_)

147.  The method of any one of claims 144-146, wherein X% is Csalkylene.

148.  The method of any one of claims 144-146, wherein n is 0.

149.  The method of any one of claims 144-148 wherein R is H.

150. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I) that is selected from the group consisting of’
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HO OH

L ooy
HO
NH
(0]

Ho OH :<

mO\/\O/\/O\/\O/\/ N )W( oH

NH
o=<

Ho OH OR?
o]
Hmo\/\o/\/o\/\
NH
o:<
Ho OH o
0 o/\/o\/\o/\/
HO HN
NH 2
O:< o HO OR
HO OH H (@] O

o) H
N
HMO\/\O/\/O\/\O/\/ N)J\/Nj(\/\/\/\)kN
NH o) H o H
o=§
o
Ho OH HN

(0]
NH

o:<
and

Ho OH

o) o Y
AL oy

HN HO

NH
o=§_ )
Ho, OH

(o} [0}
o) H H
N
Hmo\/\o/\/o\/\o/\/ HJJ\/NW(W\/\)kN
o =<“i o) o) H OR?

o
Ho OH HN

0}
Hmo\/\o/\/o\/\o_)

NH

=

307



WO 2020/093061 PCT/US2019/059711

151. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I) that is selected from the group consisting of:

Ho OH o
O/\/O\/\o/\/ _>
NH HN

o=§ o)

HO

Ho OH " o OH
Ny NP 0
HO O\/\o/\/o\/\o/\/ N \n/\/\/\/\/\/
o NH o} H 0
o
Ho, OH HN
° O O
HO O o)
NH
o]
Ho, OH o
0] (0]
1O 0 O oY
NH HN

(0]
Ho OH =< H
0]
Hmo\/\o/\/o\/\o/\/ N J\/ N \”/\/\/\/\)L
NH

o:< © L_oR?

(0]
Ho OH HN
o]
HO o\/\o/\/o\/\OJ
NH
o=<
Ho OH
A0 /\/03
HO (0] O
NH HN
(o]
Ho QH =< H
(o]
H()&Q/O\/\o/\/o\/\o/\/N Jl\/N\r(\/\/\/\/\)L ~OH
NH o
lo) \\‘
O
Ho, OH HN
(o)}
HO O\/\o/\/o\/\o_)

NH
0]
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OH

152.  The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I) that is selected from the group consisting of:

H (o]
N\(\/\(\,)JLN OH
0 °© o
= H
Y\H/\H/N
X 0
Y © />,n\/o o /"
o
L)
s OH
185,n=3,x=1 HO °
188,n=4,x=1
OH
“mb/@o—w
X
o (o] 6 (o]
= H
OW/\H/N
X o] OH
~ © />nL/O O ./
ol
AcHN 5
i OH
HO °

numunn
whWN
X X X X
nmnnin
N = =
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HO,,
HO™
RZ
HO,,

. OH
HOY ID“\\/
HO

OH
NHAc
HO,,,
WL _O
o) o) o2
NHAc HN S0 © HO 0-R
HO,, OY:\H/\H/N \'F\
L0 NH * 0 oo o OH
HO T /4,./ n l“\/
HO™ AcHN |
HOI:. 5 ,OH
\__° 209,n=3,x=1 HO
HO %
©  *—on

NHAc H
HO,, O\’k\o/\)?]/N o o

OH
H o
L__o : N )WN 0-R2
HOY ™ “N
TN,
o) o)

: X H
: )
SOH
NH
NHAc jf HN™ "0
HO, AN O~ N NA
: 0
Ho\‘.éo( n /QT/NH * 0 Ly S o, pPhe
= n "
: o '
o’ AN oX° 'n AcHNI/Z
HOw '\ 212,n=3 x=1 AS  OAC
\ 215, n=4,x=1
HO' % on
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NH
218, n=2
221,n=3

HO “'NHAc o ”/\(\/0\*\0 o)
n

224, n=3,x=1
HO z
~OH
OH OH
HO, (INHAc o o AcHN,,
. o
wNo o Oy NSO 00
| n H H n
OH
NH OH
o) Nﬁ\ﬂ/
00
2
NS R
7
OH ° O
HO,,, _~__,NHAc HN
(\/E 0 H 231,n=3
. N
l\\ o 0/\(\/0\);\,\1 OH
OH H O  AcHN, OH
o
0 H/*/ ~~o"o
n

and
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153. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I) that is:

HO OH o
HO
NH HN

o=< o o)
Ho OH H o \
0O H
Hmo\/\o/\/o\/\o/\/ N NJ\/NMQ
NH H 6

o]
Ho OH o HN 233
HO O\/\O/\/O\/\OJ or
NH
Ho OH o
o)
NH HN 0-R2
o=< 0
Ho OH H o) 0
= N IR oH
HO O\/\O/\/O\/\o/\/ N N
NH S H 8 7 H
o
o
Ho OH HN
o)
Hmo\/\o/\/o\/\oj 235
NH

~

154. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):
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NHAc ’
, N__O
" "CY"N“O/W% 0 o
wS_O0 o racemic (cis)
HO H X H H o2
~ 0] N N O-R
or Y MY
NHAGc jf NH N So © H ©
HO, : N
OO0 M A
L__0 n NH * 0 oo OH
HO™ ™ /QT/ n O /
E o o
wo” AN o KTO AcHN ”
" i OH
HO! o) n=2x=1 HO
HO Q\OH

155. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):

NHAc
HO/, O\’k\ OH
‘ (o]
. o s
HO™ ™ racemic (cis)
= o_RZ
“OH
NHAc
HO,, o)
| o A OH
. 0]
HO\\ - O O “
> AcHN
HO/ s 7
HOw. g °oH
HO\\ -

156. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):
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NHAc
o 0] racemic (cis)
HO H X ” H 5
~ o N N O-R
OH X

NHAc

o. é/o\e/\ojf M

HO™ ™ /<}/ o_ ./
H o)
o AcHN o k™ AcHN_;Z:;;Z

HOw- n=2x=1 HO
HO %
—OH

157. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):

NHAc
HO N ’ racemic (cis)
Ol M N O-R?
OH > m

NHAc

HO O\‘/\O?f W/\m
(0]

/QY’ Mo o OH

HO n

0

oo AcHN o-X" n AcHN_:Z;;;(/J
HO ud  OH

o) n=2,x=1

HO
OH

158.  The method of any one of claims 1-29, wherein the compound of formula (X) is a
compound of formula (I):
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NHAc

HO,,: é/oxk\ o}

HO™ ™ °
Son M Ty
NHAc ?J/
HOI, O\e/\
' o)
HOY 0 \#\O/X/O OH

O /
H n W
= AcHN O/AT/ "
HO/ c ( )\J(\ n Acl |ND

HOll-

H
N

0 n=3x=1 HO

HO =
~—OH

159. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):

NHAc
o\g\o/\p o,

OH
H o
o N J%\%«TVN 0-R2
HO™ ™ N N
: TN Y

~ O 0]

racemic (cis)

NHAc

Cy%ﬁoaf M

HO™ ™ /<¥/ © /2$/O 0 \PAC
H 0O
HO/ AcHN O\J(\ AcHN 5
Hom(™ n=3x=1 As
HO =
—OH

160. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):
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NHAc H OH
HO, N__O ic (ci
o, é/o\,k\o/\)ﬁ/ 0 ’ o /&r\acemlc (cis)

v 0-R2

HO™ ™ © N N\n/\N N

= (o) X H fo) H 7 o)

OH

o) n=4,x=1 AcO

161. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):

OH H
OO A~ F N0 ¢ AcHN,,
n
HO “’NHAG N YO0
OH H n
OH
O. _NH racemic (cis)
o) R
H)LM/\WN ©
o) [}
NH
n=2
OH H OH
, H
OO~ N AcHN,, lo)
n
HO “’NHAG %6 H/\Q/O\*\o 0
OH n OH

162.  The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):
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OH H OH
N__O AcHN, OH
O Ot~ 0 ol
n
HO “NHAC H/\@/o\*\o o
n
OH oH OH
O._ _NH racemic (cis)
o) R?
AN
o) 75
NH
n=3
OH H OH
AcHN, H
o) O\/%\O/*/N cHN,, ()
n
) o)
HO ‘NHAC %o H/\é/ ~ o o
OH n OH

163. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):

164. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):
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OH OH

HO,, (INHAC o AcHN,, OH
o o/\(\/o\/)’n\” /\@/o\*\o 0

OH OH

NH OH
0 Nl-{\ﬂ/ racemic (cis)

M e

OH o
HO,,, NHAc HN
H n=3
N
/\@/0\/)/\,\, W) OH
OH O  AcHN, OH

o) H/\Q/O\/)/\o o)
n

OH

165. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):

OH

OH
HO,,, (INHAC AcHN,,. OH
/\(\/O\*\N N/\Q/O\*\o o
oH

OH
NH
}Nm &?emlc (cis)

HO,,, (INHAC \
n=
o P \/)’\N N\”) OH

o|-| O  AcHN,, OH

o) Hﬂ/o\/)’\o o)
n

OH

166. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula (I):
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OH OH
HO NHAc o o AcHN OH
o
0" o O H/\@/ ~ oo
OH n H n OH
NH OH
o NI-{\H/
00
2
7
OH 0 o
HO NHAc HN
(o] H n=3
N
(o) o/\(\/o\/);\N OH
OH H O  AcHN OH
o N O~ o0
H n OH

167. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula:

HO,, (INHAC ° o AcHN,, OH
o o/\(\/o\/)g\n H/\Q/O\t\o o

OH OH
NH
o NO Y RM
o)
H_L1_ L2_R2
OH ©
HO, _A_ ,NHA
A
OH
o)
wherein:

L!is absent or a linking group;

L’ is absent or a linking group;

R? is a nucleic acid;

the ring A is absent, a 3-20 membered cycloalkyl, a 5-20 membered aryl, a 5-20
membered heteroaryl, or a 3-20 membered heterocycloalkyl;

each R* is independently selected from the group consisting of hydrogen, hydroxy, CN,
F, Cl, Br, I, -C1-2 alkyl-ORE, Cy.10 alkyl C.10 alkenyl, and Cz-10 alkynyl; wherein the C1.10 alkyl
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C».10 alkenyl, and C».10 alkynyl are optionally substituted with one or more groups
independently selected from halo, hydroxy, and Ci.3 alkoxy;

RBis 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

nis0,1,2,3,4,5,6,7,8,9, or 10.

168.  The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula:

OH OH

HO,,, NHAC AcHN,,, OH

/\Q/O\*\N /\@/o\*\o o)

OH OH

NN R

00
_R2
OH
HN
H\”)
N

OH
OH O  AcHN, OH

o) H/\@/O\/);\o o)

OH

wherein:

L’ is absent or a linking group;

R? is a nucleic acid;

the ring A is absent, a 3-20 membered cycloalkyl, a 5-20 membered aryl, a 5-20
membered heteroaryl, or a 3-20 membered heterocycloalkyl;

each R* is independently selected from the group consisting of hydrogen, hydroxy, CN,
F, Cl, Br, I, -C1-2 alkyl-ORE, Cy.10 alkyl C.10 alkenyl, and Cz-10 alkynyl; wherein the C1.10 alkyl
C»-10 alkenyl, and C».10 alkynyl are optionally substituted with one or more groups
independently selected from halo, hydroxy, and Ci.3 alkoxy;

RBis 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

nis0,1,2,3,4,5,6,7,8,9, or 10.
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169.  The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula:

OH OH

HO,,, (INHAC ° o AcHN,, OH
o o/*/o\%;\N N0 0

OH H H 2 OH
OH

NH
o Nﬂ (racemic (cis
N SR
oH OYFE TS
< \r;N

HO, NHAc
. N
o o/\(\/o\/);\N OH
OH H O  AcHN,, OH

o) H/\@/o\/);\o o)

OH

170. The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula:

OH OH
NHAc AcHN,, OH

o o™ O N N0 00
OH 2H H 2 OH
OH

NH
0 NF{O\([)]/ racemic (cis)
NMN Rz
H 7
OH © o

HO,, NHAc
X P
. o) N
o o \hN OH
OH H O  AcHN, OH

o) H/\Q/O\*\o o)

OH
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171.  The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula:

OH OH
AcHN OH
HO NHAG o o c
0 o/\é/o\*;N N0 00
OH H 2 OH
NH OH
o NA Y
00
N N R,
7
OH 0 o)
HO NHA
c o y HN
N
0 o/*/o\*;N OH
OH H O  AcHN OH
o N O 0
OH

172.  The method of any one of claims 1-29, wherein the compound of formula (X) is a

compound of formula:

Rlc-L1 LZC-RZC
(R*)nc
L3c4C_R3c

wherein:

R'¢is a saccharide;

L' is a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain,
having from O to 20 carbon atoms, wherein one or more of the carbon atoms in the
hydrocarbon chain is optionally replaced by -O-, -NR*-, -NR*-C(=0)-, -C(=0)-NR*- or -S-,
and wherein R*is hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally
substituted with one or more substituents selected from oxo (=0) and halo;

B€is a 5-10 membered aryl or a 5-10 membered heteroaryl, which 5-10 membered aryl
or 5-10 membered heteroaryl is optionally substituted with one or more groups independently

selected from the group consisting of halo, hydroxy, cyano, trifluoromethyl, trifluoromethoxy,
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(C1-Ce)alkyl, (Ci-Ce)alkoxy, (C1-Cs)alkoxycarbonyl, (Ci-Cs)alkanoyloxy, (Cs-Cs)cycloalkyl,
and (Cs-Ce)cycloalkyl(C1-Ce)alkyl

L% is a divalent, branched or unbranched, saturated or unsaturated, hydrocarbon chain,
having from O to 20 carbon atoms, wherein one or more of the carbon atoms in the
hydrocarbon chain is optionally replaced by -O-, -NR*-, -NR*-C(=0)-, -C(=0)-NR*- or -S-,
and wherein R*is hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally
substituted with one or more substituents selected from oxo (=0) and halo;

R* is a saccharide;

L is absent or a linking group;

A®is a 3-20 membered cycloalkyl, a 5-20 membered aryl, a 5-20 membered heteroaryl,
or a 3-20 membered heterocycloalkyl;

each R*° is independently selected from the group consisting of hydrogen, hydroxy,
CN, F, Cl, Br, I, -Ci-2 alkyl-OR?, Ci.10 alkyl C».10 alkenyl, and C».10 alkynyl; wherein the Ci.10
alkyl Cj.10 alkenyl, and C;.10 alkynyl are optionally substituted with one or more groups
independently selected from halo, hydroxy, and Ci.3 alkoxy;

ncis0, 1,2, 3,4,5,6,7,8 9, or 10;

L% is absent or a linking group;

R* is a nucleic acid;

R*is hydrogen; and

L*is a linking group.
173.  The method of claim 172, wherein B¢ is a 5-10 membered aryl.
174.  The method of claim 172, wherein B¢ is naphthyl or phenyl.
175.  The method of claim 172, wherein B¢ is phenyl.

176.  The method of claim 172, wherein the group:

R'e-L! ﬁ L2e-R2e

NN

is:
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Rlc-Llc l ch'RZC

[

177.  The method of claim 172, wherein B€ is a 5-10 membered heteroaryl.

178. The method of claim 172, wherein B is pyridyl, pyrimidyl, quinolyl, isoquinolyl,

imidazolyl, thiazolyl, oxadiazolyl or oxazolyl.

179.  The method of claim 172, wherein the group:

R1c-L1 ﬁ |_2°—R2c

l/\llw
is:
R1c-L! c/ L2e-ges  RieLIC_N___L%-Ree
|

180. The method of claim 172, wherein the group:

R1c-L1 ﬁ |_2°-R2c

v

|
is:

R1C_L1\c LZC-RZC
=

N?\v(wS

181. The method of any one of claims 172-180, wherein L!° is a divalent, unbranched,
saturated hydrocarbon chain, having from 0 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-, -NR*-, -
NRX-C(=0)-, -C(=0)-NRX*- or —S-, and wherein R*is hydrogen or (C1-Cs)alkyl, and wherein
the hydrocarbon chain, is optionally substituted with one or more substituents selected from

oxo (=0) and halo.
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182. The method of any one of claims 172-180, wherein LI is a divalent, unbranched,
saturated hydrocarbon chain, having from 0 to 12 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*-
C(=0)-, or -C(=0)-NR*- | and wherein R¥ is hydrogen or (C;-Cy)alkyl.

183.  The method of any one of claims 172-180, wherein L!¢ is:
—C(=O)N(H)-CH,CH,0OCH,CH,OCH:CH:-,
-C(=0O)N(H)-CH,CH,OCH,CH,OCH,CH,OCH2CH;-,
—C(=0)N(CH3)-CH2CH20OCH2CH20OCH,CH2>-, or
—C(=0)N(CH3)-CH,CH,OCH,CH>OCH,CH,OCH>CH>-.

184.  The method of any one of claims 172-183, wherein L*° is a divalent, unbranched,
saturated hydrocarbon chain, having from 0 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-, -NR*-, -
NRX-C(=0)-, -C(=0)-NRX*- or —S-, and wherein R*is hydrogen or (C1-Cs)alkyl, and wherein
the hydrocarbon chain, is optionally substituted with one or more substituents selected from

oxo (=0) and halo.

185. The method of any one of claims 172-183, wherein L*® is a divalent, unbranched,
saturated hydrocarbon chain, having from 0 to 12 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*-
C(=0)-, or -C(=0)-NR*- | and wherein R¥ is hydrogen or (C;-Cy)alkyl.

186.  The method of any one of claims 172-183, wherein L* is:
—C(=O)N(H)-CH,CH,0OCH,CH,OCH:CH:-,
-C(=0O)N(H)-CH,CH,OCH,CH,OCH,CH,OCH2CH;-,
—C(=0)N(CH3)-CH2CH20OCH2CH20OCH,CH2>-, or
—C(=0)N(CH3)-CH,CH,OCH,CH>OCH,CH,OCH>CH>-.

325



WO 2020/093061 PCT/US2019/059711

187. The method of any one of claims 172-186, wherein R¢ is:

R28 R29
R?7 0
X 0%
Y

wherein:

X is NR*® and Y is selected from —(C=0)R*', -SO,R*, and -(C=0)NR*R**; or X is —
(C=0)- and Y is NR*R?; or X is -NR*'R*® and Y is absent

R? is hydrogen or (C1-Cs)alkyl,

R, R?? R¥® R* R? and R? are each independently selected from the group
consisting of hydrogen, (Ci-Cs)alkyl, (Ci-Cg)alkoxy and (Cs-Cs)cycloalkyl, wherein any (Ci-
Cs)alkyl, (Ci1-Cg)alkoxy and (Cs-Cs)cycloalkyl is optionally substituted with one or more
groups independently selected from the group consisting of halo, (C1-Cs)alkyl, and (Ci-
Cy)alkoxy;

R*" is —OH, -NR*R?® or -F;

R is —OH, -NR*R?® or -F;

R¥ is -OH, -NR?’R*_ -F, -N3, -NR*R*, or 5 membered heterocycle that is optionally
substituted with one or more groups independently selected from the group consisting of halo,
hydroxyl, carboxyl, amino, (Ci1-Cs)alkyl, aryl, and (Ci-Cs)alkoxy, wherein any (Ci-Cq4)alkyl,
and (C1-Cs4)alkoxy is optionally substituted with one or more groups independently selected
from the group consisting of halo, and wherein any aryl is optionally substituted with one or
more groups independently selected from the group consisting of halo, hydroxyl, nitro, cyano,
amino, (Ci-Cglalkyl, (Ci-Cg)alkoxy, (Ci-Cg)alkanoyl, (Ci-Cs)alkoxycarbonyl, (Ci-
Cs)alkanoyloxy, and (Cs-Cs)cycloalkyl, wherein any (Ci1-Cg)alkyl, (Ci-Cg)alkoxy, (Ci-
Cs)alkanoyl, (Ci-Cg)alkoxycarbonyl, (Ci-Cg)alkanoyloxy, and (Cs-Cs)cycloalkyl is optionally
substituted with one or more groups independently selected from the group consisting of halo,
(C1-Cy)alkyl, and (C1-Cs)alkoxy;

each R* and R* is independently selected from the group consisting of hydrogen, (Ci-
Cslalkyl, (C1-Cs)alkoxy and (Cs-Cs)cycloalkyl, wherein any (C1-Cg)alkyl, (C1-Cs)alkoxy and
(Cs5-Ce)cycloalkyl is optionally substituted with one or more groups independently selected
from the group consisting of halo and (C1-Cs)alkoxy; or R*> and R* taken together with the
nitrogen to which they are attached form a 5-6 membered heteroaryl ring, which heteroaryl

ring is optionally substituted with one or more groups independently selected from the group
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consisting of (C1-Cg)alkyl, (C1-Cg)alkoxy, aryl, and (Cs-Cs)cycloalkyl, wherein any aryl, and
(C3-Co)cycloalkyl is optionally substituted with one or more groups R¥;

each R*” and R* is independently selected from the group consisting of hydrogen, (Ci-
Cslalkyl, (C1-Cs)alkoxy, (Ci1-Cg)alkanoyl, (Ci-Cg)alkoxycarbonyl, (Ci-Cg)alkanoyloxy, and
(Cs5-Ce)cycloalkyl, wherein any (C1-Cs)alkyl, (C1-Cg)alkoxy, (Ci-Cg)alkanoyl, (Ci-
Cg)alkoxycarbonyl, (C1-Cs)alkanoyloxy, and (Cs-Ce)cycloalkyl is optionally substituted with
one or more groups independently selected from the group consisting of halo, (Ci-Cs)alkyl,
and (C1-Cs)alkoxy; or R>” and R* taken together with the nitrogen to which they are attached
form a 5-8 membered heterocycle that is optionally substituted with one or more groups
independently selected from the group consisting of halo, hydroxyl, carboxyl, amino, oxo
(=0), (C1-Cy)alkyl, and (C1-C4)alkoxy, wherein any (Ci-Cs)alkyl, and (C1-C4)alkoxy is
optionally substituted with one or more groups independently selected from halo; and

each R¥ is independently selected from the group consisting of (C1-Cs)alkyl, (C:-
Cs)alkoxy and (C3-Cs)cycloalkyl, wherein any (Ci-Cg)alkyl, (C1-Cg)alkoxy and (Cs-
Cs)cycloalkyl is optionally substituted with one or more groups independently selected from

halo.

188.  The method of any one of claims 172-186, wherein R¢ is:

OH OH HO OH HO OH HO OH
0
\ \ \ o
11 |
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190. The method of any one of claims 172-186, wherein R'¢ is:

HO OH HO, OH HO, OH HO OH
HO o HO 0 HO o HO 0
o) \ o) A o o) \
N Y _ >_ R

OH

191.  The method of any one of claims 172-186, wherein R is

AcO OAc AcO OAc AcO OAc AcO OAc
ACO O ACO O ACO O Aco O
0 (0] ) (o] R o \
> - : NH

192.  The method of any one of claims 172-186, wherein R*° is:
R28 R29

R27 0

wherein:

X is NR* and Y is selected from -(C=0)R*!, -SO,R*?, and -(C=0)NR*R**; or X

is -(C=0)- and Y is NR*R?®; or X is -NR*'R** and Y is absent
R? is hydrogen or (C1-Cs)alkyl,
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R, R?? R¥® R* R? and R? are each independently selected from the group
consisting of hydrogen, (C1-Cs)alkyl, (Ci-Cg)alkoxy and (Cs-Cs)cycloalkyl, wherein any (Ci-
Cs)alkyl, (Ci1-Cg)alkoxy and (Cs-Cs)cycloalkyl is optionally substituted with one or more
groups independently selected from the group consisting of halo, (C1-Cs)alkyl, and (Ci-
Cy)alkoxy;

R* is -OH, -NR*R?® or -F;

R is -OH, -NR*R?® or -F;

R¥ is -OH, -NR*R?® -F, -N3, -NR**R%*, or 5 membered heterocycle that is optionally
substituted with one or more groups independently selected from the group consisting of halo,
hydroxyl, carboxyl, amino, (C1-Cs)alkyl, aryl, and (Ci-Cs)alkoxy, wherein any (Ci1-Ca4)alkyl,
and (C1-Cs)alkoxy is optionally substituted with one or more groups independently selected
from the group consisting of halo, and wherein any aryl is optionally substituted with one or
more groups independently selected from the group consisting of halo, hydroxyl, nitro, cyano,
amino, (Ci-Cglalkyl, (Ci-Cg)alkoxy, (Ci-Cg)alkanoyl, (Ci-Cs)alkoxycarbonyl, (Ci-
Cs)alkanoyloxy, and (Cs-Cs)cycloalkyl, wherein any (Ci1-Cg)alkyl, (Ci-Cg)alkoxy, (Ci-
Cs)alkanoyl, (Ci-Cg)alkoxycarbonyl, (Ci-Cg)alkanoyloxy, and (Cs-Cs)cycloalkyl is optionally
substituted with one or more groups independently selected from the group consisting of halo,
(C1-Cy)alkyl, and (C1-Cs)alkoxy;

each R* and R* is independently selected from the group consisting of hydrogen, (Ci-
Cslalkyl, (C1-Cs)alkoxy and (Cs-Cs)cycloalkyl, wherein any (C1-Cg)alkyl, (C1-Cs)alkoxy and
(Cs5-Ce)cycloalkyl is optionally substituted with one or more groups independently selected
from the group consisting of halo and (C1-Cs)alkoxy; or R*>> and R* taken together with the
nitrogen to which they are attached form a 5-6 membered heteroaryl ring, which heteroaryl
ring is optionally substituted with one or more groups independently selected from the group
consisting of (C1-Cg)alkyl, (C1-Cg)alkoxy, aryl, and (C3-Cs)cycloalkyl, wherein any aryl, and
(C3-Co)cycloalkyl is optionally substituted with one or more groups R¥;

each R*” and R* is independently selected from the group consisting of hydrogen, (Ci-
Cslalkyl, (C1-Cs)alkoxy, (Ci1-Cg)alkanoyl, (Ci-Cg)alkoxycarbonyl, (Ci-Cg)alkanoyloxy, and
(Cs5-Ce)cycloalkyl, wherein any (C1-Cs)alkyl, (C1-Cg)alkoxy, (Ci-Cg)alkanoyl, (Ci-
Cg)alkoxycarbonyl, (C1-Cs)alkanoyloxy, and (Cs-Ce)cycloalkyl is optionally substituted with
one or more groups independently selected from the group consisting of halo, (Ci-Cs)alkyl,
and (C1-Cs)alkoxy; or R>” and R* taken together with the nitrogen to which they are attached
form a 5-8 membered heterocycle that is optionally substituted with one or more groups

independently selected from the group consisting of halo, hydroxyl, carboxyl, amino, oxo
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(=0), (C1-Cy)alkyl, and (C1-C4)alkoxy, wherein any (Ci-Cs)alkyl, and (C1-C4)alkoxy is
optionally substituted with one or more groups independently selected from halo; and

each R¥ is independently selected from the group consisting of (C1-Cs)alkyl, (C:-
Cs)alkoxy and (C3-Cs)cycloalkyl, wherein any (Ci-Cg)alkyl, (C1-Cg)alkoxy and (Cs-
Cs)cycloalkyl is optionally substituted with one or more groups independently selected from
halo.

193.  The method of any one of claims 172-186, wherein R*° is:

194.  The method of any one of claims 172-186, wherein R*° is:

HO OH HO OH
HO 0 or HO 0
R R

>—NH 03 _>—NH o+
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196.  The method of any one of claims 172-186, wherein R* is

AcO OAc AcO OAc AcO OAc
ACO o AcO 0 AcO 0
o\ o\
N NH 0—% >—N\H 0%
>—NH o0—%
. FsC

F

o
H CH
—0 N N 3
=N @) '
or N ©
OAc
OAc )

197. The method of any one of claims 172-196, wherein L* is a divalent, branched or

AcO OAc

AcO
(0] R
4>—NH O—§

unbranched, saturated or unsaturated, hydrocarbon chain, having from 0 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 —S-, and wherein R¥ is
hydrogen or (Ci1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally substituted with
one or more (e.g. 1, 2, 3, or 4) substituents selected from (C;-Cs)alkoxy, (C3-Cs)cycloalkyl,
(C1-Cs)alkanoyl, (C1-Ce)alkanoyloxy, (Ci-Cs)alkoxycarbonyl, (C1-Ce)alkylthio, azido, cyano,
nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

198. The method of any one of claims 172-196, wherein L* is a divalent, 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-, -NR*-, -NR*-C(=0)-, -C(=0)-NR*- or —S-, and wherein R¥ is
hydrogen or (Ci1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally substituted with
one or more (e.g. 1, 2, 3, or 4) substituents selected from (C;-Cs)alkoxy, (C3-Cs)cycloalkyl,
(C1-Cs)alkanoyl, (C1-Ce)alkanoyloxy, (Ci-Cs)alkoxycarbonyl, (C1-Ce)alkylthio, azido, cyano,
nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

199. The method of any one of claims 184-196, wherein L* is a divalent, branched or

unbranched, saturated or unsaturated, hydrocarbon chain, having from 1 to 30 carbon atoms,
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wherein one or more of the carbon atoms is optionally replaced by —O-, -NR*-, -NR*-C(=0)-,
-C(=0)-NR*- or -S- and wherein R* is hydrogen or (Ci-Ce)alkyl, and wherein the

hydrocarbon chain, is optionally substituted with one or more halo or oxo (=0).

200. The method of any one of claims 172-196, wherein L*¢ is:
o

H
E/N\[o]/\njk/\/\/\/\ﬁ%

o)

201. The method of any one of claims 172-196, wherein L* is connected to B through -NH-
, -O0-, -S-, -(C=0)-, -(C=0)-NH-, -NH-(C=0)-, -(C=0)-0-, -NH-(C=0)-NH-, or -NH-(SO2)-.

202. The method of any one of claims 172-201, wherein L* is a divalent, branched or

unbranched, saturated or unsaturated, hydrocarbon chain, having from 0 to 50 carbon atoms,
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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 —S-, and wherein R¥is
hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally substituted with
one or more (e.g. 1, 2, 3, or 4) substituents selected from (C1-Cs)alkoxy, (Cs-Cs)cycloalkyl,
(C1-Cs)alkanoyl, (C1-Ce)alkanoyloxy, (C1-Cs)alkoxycarbonyl, (C1-Ce)alkylthio, azido, cyano,
nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

203. The method of any one of claims 172-201, wherein L* is a divalent, 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-, -NR*- -NR*-C(=0)-, -C(=0)-NR*- or —S-, and wherein R¥is
hydrogen or (C1-Ce)alkyl, and wherein the hydrocarbon chain, is optionally substituted with
one or more (e.g. 1, 2, 3, or 4) substituents selected from (C1-Cs)alkoxy, (Cs-Cs)cycloalkyl,
(C1-Cs)alkanoyl, (C1-Ce)alkanoyloxy, (C1-Cs)alkoxycarbonyl, (C1-Ce)alkylthio, azido, cyano,

nitro, halo, hydroxy, oxo (=0), carboxy, aryl, aryloxy, heteroaryl, and heteroaryloxy.

204. The method of any one of claims 172-201, wherein L* is a divalent, branched or
unbranched, saturated or unsaturated, hydrocarbon chain, having from 1 to 30 carbon atoms,
wherein one or more of the carbon atoms is optionally replaced by —O-, -NR*-, -NR*-C(=0)-,
-C(=0)-NR*- or -S-, and wherein R* is hydrogen or (Ci-Ce)alkyl, and wherein the

hydrocarbon chain, is optionally substituted with one or more halo or oxo (=0).

205. The method of claim 172, wherein the group:

(R*)ne

is selected from the group consisting of:

R3¢—0 HO

F
Ho Rl Rl F
N OH ww NIW
.y N '
! doe
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wherein
each R’ is independently Ci.9 alkyl, Cz9 alkenyl or Cz.9 alkynyl; wherein the Ci.9 alkyl,
C»r.9alkenyl or Cz.9 alkynyl are optionally substituted with halo or hydroxyl.

206. The method of claim 172, wherein the group:
(RAc)nc

is selected from the group consisting of:

w$-0  OH Ho GF
o RI? fR' 0_§ i \_i_) ; w &F
*%x ~
o N N o;‘-{ *k

N", N OH = * wehos
~y e * !
HO Ho% HO
HO f‘ ? o-§ \ﬁ o
o O‘ N 3 *h
N . N g ~ o
N i o
.
I o*
HO O_ sk ‘Z?:L
HO m | and )
] y A7 0
N \ . OH
\I\:IVV; rrfr**
wherein:

each R’ is independently Ci.9 alkyl, Cz9 alkenyl or Cz.9 alkynyl; wherein the Ci.9 alkyl,
Cr.9alkenyl or Ca.9 alkynyl are optionally substituted with halo or hydroxyl;
the valence marked with * is attached to L, and

the valence marked with ** is attached to R*°.

207. The method of claim 172, wherein the group:

(R*)ne

is:

334



WO 2020/093061 PCT/US2019/059711

208.  The method of any one of claims 172-204, wherein L* is attached to R* through -O-.

209. The method of any one of claims 172-204,wherein R* is attached to the reminder of

the conjugate through the oxygen of a phosphate of the nucleic acid molecule.

210. The method of any one of claims 172-204,wherein R* is attached to the reminder of
the conjugate through the oxygen of a phosphate at the 5’-end of a sense or the antisense

strand.
211.  The method of any one of claims 172-204, wherein R* is attached to the reminder of
the conjugate through the oxygen of a phosphate at the 3’-end of a sense or the antisense

strand.

212.  The method of any one of claims 172-204,wherein R* is attached to the reminder of

the conjugate through the oxygen of a phosphate at the 3’-end of a sense strand.

213.  The method of any one of claims 1-29, wherein the compound of formula (X) is

selected from the group consisting of’
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O
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OH OH

HO
HNY

Ao OIO

O\
HN (@]
J/NH
;
;
HO o 0 (o)
HO ’HJ\
OH
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=1 H
HO,, (\/EN\H)Q
o\L
O\
o\L
2
NH 0 OR
H )WM(N OH
o) N
N
o) o]
(3'coupled)
;\l o
s
j
s
FRF gy ©
N
Ao
Qo ., OH
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H OH
\n/N,,, OH
0 OH
; O
s
;
HO o
! J
© (0] 0 HN
HO ; O/\/O\/\O/\/o\/\u 0O
HN
Y i
HN
o]
HO
(3'coupled)
OH OH
|’l'. A .\\OH
I
;
s
o (3'coupled)
H OH pR2
(0] NH %
HN (@] H H N
HO':.@/O\/\O/\/O\/\O/\/N NWO
- O (0]
HOY ™ ©
HO~
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HNLO

O H o
) N
HO . O\/\O/\/O\/\N \r(\/\/\/\)J\N OH
0 H 0
HO™ ™ OR?
s
HO ?‘ o (3'coupled)
s
;
HO O ° 0]
HO HJ\
OH
AcO
AcO
¢ 0

H 0
AcO 0] N
C ”)j\/ MN O——I:::’—O—Rz
X

O J/
AcO O/\ \)O HO (5' coupled)

X=0o0rS

and
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_OAc

o] NH
Q H Q H o
2 .
R\o,slz’l(\o/\/\/\/N\n/\/\/\/\/\)]\H No~o™~On0 "OAG
o (o] Os _NH
(5' coupled) j/

X=Oor$S

214.  The method of any of clairos 1-213, wherein the nucleic acid 1 an siRNA

215 The method of claim 214 wherein the siRNA 1s linked 1o the remainder of the

compound of formula (X}, through the 37-end of 2 sense strand.

2146, The method of ¢laim 214 wherein the siRNA is linked 1o the remainder of the

compound of formula (X}, through the 5 -end of a sense strand.

217 The method of claim 214 wherein the siRNA is Hnked to the remainder of the

compound of formuls (X}, through the 37-end of an antisense strand.

218 The method of claim 214 wherein the siRNA 15 linked 1o the remainder of the

compound of formula (X, through the 8 -end of an antisense strand.

219 The method of any one of claims 214-218, wherein the siRNA 13 linked to the

remainder of the compound of tormula (X} through a phosphate on the siRNA.

226, A composition comprising:
& nucleic acid conjugate of formula (X) as described in any one of claims 1-219;
s membrane-destabnilizing polymer as described in any one of claims 1-3 and 26-29;

and
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a pharmaceutically acceptable carrier,

221 The composition of claim 220 that is formulated for administration by injection.

222, The composition of claim 220 that 13 formoulated for admirgstration by subcutaneous

injection,

223 A method for treating a disease characterized by overexpression of a polypeptide,
comprising administering to a subject having the disease a therapeutically effective amount of
(a) a nucleic acid conjugate of formula (X) as described in any one of claims 1-219, wherein C
is a residue of siRNA that targets expression of the overexpressed polypeptide, and (b) a

membrane-destabilizing polymer as described in any one of claims 1-3 and 26-29.

224. A method to deliver an siRNA to the liver of an animal, comprising administering to
the animal, 2 membrane-destabilizing polymer as described i any one of claims 1-3 and 26-
29; and a nucleic acid conjugate of formula (X) a3 described in any one of claims 1219,
wherein the targeting ligand is selected to promote hepatocyte-specific delivery of the

conjugate, and wherein the nucleic acid is the siRNA.

225. A method to treat a hepatitis B viral infection in an animal, comprising administering to
the animal, a) a nucleic acid conjugate of formula (X) as described in any one of claims 1-219;
wherein the targeting ligand is selected to promote hepatocyte-specific delivery of the
conjugate, and wherein the siRNA is useful to treat the hepatitis B viral infection; and b) &

membrane-destabilizing polvimer as described in any one of claims 1-3 and 26-29.

226. A kit comprising: 1) a membrane-destabilizing polymer as described in any one of
claims 1-3 and 26-29; 2) a nucleic acid conjugate of Formula (X) as described in any one of
claums 1-219; and 3) instructions for delivering a nucleic acid to a cell comprising contacting

the cell with the nucleic acid conjugate and the membrane-destabilizing polyier.
227. A kit comprising: 1) a membrane-destabilizing polymer as described n any one of

claims 1-3 and 26-29; 2) a nucleic acid conjugate of Formula (X) as described in any one of

claims 1-219; and 3) instructions for defivering a mucleic acid to the cviosot of a targst cell
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within a subject by administering the nucleic acid conjugate and the membrane-desiabilizing

polymer to the subject.

228.  The kit of claim 227 wherein the menthrane-destabilizing polymer 1s a polvmer as

described 1o any one of claims anv ove of claires 1-3 apd 26-29.

229. A kit comprising: 1) a membrane-~-destabilizing polyroer as described in any ove of
claims 1-3 and 26-29; 2) a nucleic acid conjugate of Formula (X) as described i any one of
claims 1-219; and 3) instructions for administering the nucleic acid conjugate and the

membrane-deatalniizing polymer to an animal,

230. A membrane-destabilizing polvmer as described in any one of claims 1-3 and 26-29;
and a nucleic acid conjugate of Formula (X) as described in any one of claims 1-219; for use in

medical therapy.

231. A nucleic acid conjugate of Formula (X) a a3 described in any ove of clairas 1-219; for
the prophylactic or therapeutic treatment of a disease treatable with the nucleic acid, in
combination with a mermbrane-destabilizing polymer as described in any one of claims 1-3 and

2629,

232.  The use of a nucleic acid conjugate of Formula (X) as deacribed in any one of claims 1-
2149 to prepare a medicament for treating a disease treatable with the nucleic acid, in
combination with a membrane-destabiliving polvmer as described in any one of claims 1-3 and

26-29.

233. A nucleic acid conjugate of Formula (X) as described in any one of claims 1-219; that
is associated non-covalently with a membrane-destabilizing polymer as described 1n any one of

claims 1-3 and 26-29.
234. A nucleic acid conjugate of Formula (X) as described in any one of claums 1-219, that

is partially or fully encapsulated by a micelle that comprises a plurality of merbrane-

destabihzing polyroers, as deseribed in any ove of clairos 1-3 and 26-29,
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235. A nucleic acid conjugate of Formula (X) as described iy any one of claims 1-219; that
is partially encapsulated by a micelle that comprises a plurality of menthrane-destabilizing

polymers, as described in any one of clatms 123 and 26-29.

236. A nucleic acid conjugate of Formula (X) as described iy any one of claimus 1-219; that
is fully encapsulated by a micelle that comprises a plurality of membrane-destabulizing

polyroers, as described in any one of claires 123 and 26-29

237. A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a
nucleic acid conjugate of Formula (X) as described tn any one of ¢laims 1-219; that is partially
or fully encapsulated by a micelle that comprises a plurality of membrane-destabilizing

polymers, as described in any one of clatms 123 and 26-29.

238, The method of any one of daims 1-6 and 9-221, wherein the nucleic acid conjugate i3

administered after administration of the membrane-destabilizing polymer.
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Claims 1-9 have been analyzed subject to the restriction that the claims read on a method for delivering a nucleic acid to a cell
comprising contacting the cell with, 1) a membrane-destabilizing polymer; and 2) a nucleic acid conjugate of Formula (X): A-B-C (X)
wherein: A is a targeting ligand, wherein the targeting ligand specifically binds to a cell surface molecule selected as transferrin receptor
type 1; B is an optional linker, wherein the linker is optionally not present; and C is a nucleic acid, wherein the nucleic acid is an siRNA;
wherein the membrane destabilizing polymer is a polymer of formula (XXI), as in instant claim 29, wherein px is an integer 2, and py is
an integer 2.

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group i+: claims 1-10 are drawn to methods for delivering a nucleic acid to a cell, methods for dellvenng a nucleic acid to the cytosol of
a target cel! within an animal thereof, and methods thereof.

The first invention of Group I+ is restricted to a method for delivering a nucleic acid to a cell comprising contacting the cell with, 1) a
membrane-destabilizing polymer; and 2) a nucleic acid conjugate of Formula (X): A-B-C (X) wherein: A is a targeting ligand, wherein the
targeting ligand specifically binds to a cell surface molecule selected as transferrin receptor type 1; B is an optional linker, wherein the
linker is optionally not present; and C is a nucleic acid, wherein the nucleic acid is an siRNA; wherein the membrane destabilizing
polymer is a polymer of formula (XXI), as in instant claim 29, wherein px is an integer 2, and py is an integer 2; methods for delivering a
nucleic acid to the cytosol of a target cell within an animal thereof; and methods comprising, administering to an animal thereof. It is
believed that claims 1-9 read on this first named invention and thus these claims will be searched without fee to the extent that they read
on the above embodiment.

Applicant is invited to elect additional formula(e) for each additional compound to be searched in a specific combination by paying an
additional fee for each set of election. Each additional elected formula(e) requires the selection of a single definition for each compound
variable. An exemplary election would be a method for delivering a nucleic acid to a cell comprising contacting the cell with, 1) a
membrane-destabilizing polymer; and 2) a nucleic acid conjugate of Formula (X): A-B-C (X) wherein: A is a targeting ligand, wherein the
targeting ligand specifically binds to a cell surface molecule selected as transferrin receptor type 2; B is an optional linker, wherein the
linker is optionally not present; and C is a nucleic acid, wherein the nucleic acid is an siRNA; wherein the membrane destabilizing
polymer is a polymer of formula (XXI), as in instant claim 28, wherein px is an integer 2, and py is an integer 2; methods for delivering a
nucleic acid to the cytosol of a target cell within an animal thereof; and methods comprising, administering to an animal thereof.
Additional formula(e) will be searched upon the payment of additional fees. Applicants must specify the claims that read on any
additional elected inventions. Applicants must further indicate, if applicable, the claims which read on the first named invention if different
than what was indicated above for this group. Failure to clearly identify how any paid additional invention fees are to be applied to the “+"
group(s) will result in only the first claimed invention to be searched/examined. i

The inventions listed in Groups [+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups |+ formulae do not share a significant structural element requiring the selection of alternatives for the compound variables A,
B,C,T5 L m M2 n,v,q,r, s, wand accordingly these groups lack unity a priori. .

Additionally, even if Groups I+ were considered to share the technical features of a method for delivering a nucleic acid to a cell
comprising contacting the cell with, 1) a membrane-destabilizing polymer; and 2) a nucleic acid conjugate of Formula (X): A-B-C (X)
wherein: A is a targeting ligand, B is an optional iinker, and C is a nucleic acid; wherein the membrane destabilizing polymer is a polymer
of formula (XX); method for delivering a nucleic acid to the cytosol of a target cell within an animal, the method comprising: administering
to the animal, (a) a membrane-destabilizing polymer, and (b) a nucleic acid conjugate of Formula (X): A-B-C (X) wherein A is a targeting
ligand, B is an optional linker, and C is a nucleic acid, wherein the nucleic acid is delivered to the cytosol of the target cell; wherein the
membrane-destabilizing polymer is a polymer of formula (XX); a method comprising, administering to an animal, 1) a
membrane-destabilizing polymer; and 2) a nucleic acid conjugate of Formula (X): A-B-C (X) wherein A is a targeting ligand, B is an
optional linker, and C is a nucleic acid; wherein the membrane-destabilizing polymer is a polymer of formula (XX), these shared technical
features do not represent a contribution over the prior art as disclosed by US 2016/0206750 A1 to Phaserx, Inic.

US 2016/0206750 A1 to Phaserx, Inic. teaches a method for delivering a nucleic acid to a cell comprising contacting the cell (Claim 269)
with, 1) a membrane-destabilizing polymer (Claims 1 and 355; Para. [0251]); and 2) a nucleic acid conjugate of Formula (X): A-B-C (X)
(Claim 5) wherein: A is a targeting ligand (Claim 5), B is an optional linker (Claim 5), and C is a nucleic acid (Claims 5, 12, and 13);
wherein the membrane destabilizing polymer is a polymer of formula (XX) (Claims 1 and 355; Para. [0251]); a method for delivering a
nucleic acid to the cytoso! of a target cell within an animal (Claim 269; Paras. [0252] and [0253]), the method comprising: administering
to the animal (Paras. [0252] and [0253]), (a) a membrane-destabilizing polymer (Claims 1 and 355; Para. [0251}), and (b) a nucleic acid.
conjugate of Formula (X) (Claim 5): A-B-C (X) wherein A is a targeting ligand (Claim 5), B is an optional linker (Claim 5), and Cis a
nucleic acid (Claim 5), wherein the nucleic acid is delivered to the cytosol of the target cell (Claim 269; Para. [0252]); wherein the
membrane-destabilizing polymer is a polymer of formula (XX) (Claims 1 and 355; Para. [0251]); a method comprising, administering to
an animal (Claim 269; Paras. [0252] and [0253]), 1) a membrane-destabilizing polymer (Claims 1 and 355; Para. [0251]); and 2) a
nucleic acid conjugate of Formula (X) (Claim 5): A-B-C (X) wherein A is a targeting ligand (Claim 5), B is an optional linker (Claim 5), and
C is a nucleic acid (Claim 5); wherein the membrane-destabilizing polymer is a polymer of formula (XX) (Claims 1 and 355; Para.
[0251]).

The inventions listed in Groups I+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical feature.
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