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INTEGRIN TARGETING LIGANDS AND USES THEREQF

{ROSS BRFERENCE TO RELATED APPLICATIONS

180681} This application claims priority to U.S. Provisional Patent Application Nos.
62/663,763, filed on April 27, 2018, and 62/790,372, filed on January 9, 2019, the entirety of

which are incorporated by reference herein.

FieLn OF INVENTION
[6602] Disclosed herein are compounds that have affinity for integrins, methods of synthesis
of such compounds, and the use of such compounds as ligands to deliver cargo molecules in

VIVO.

BACKGROUND

6003} Integrins are transmembrane glvcoproteins that mediate cell-cell and cell-matrix
mteractions. The integrins alpha-v beta-3 (avp3) and alpha-v beta-5 (uvp3) are members of
the integrin superfamily of adhesion molecules and are known for being receptors for the
extracellular matrix (ECM)} protein vitronectin, (Horton, MA, 29(5) /nt. J. Biochem. Cell Biol
721-725 (1997)). Altered expression of certain integrins, mncluding integrin avp3 and integrin
avP3, are believed to contribute to tumor progression, imvasiveness, and metastases.

[0004] Indeed, overexpression of mntegrins, including integrins avp3 and avf5, have been
reported in many tumor cells. (Desgrosellier, JS et al., Nat Rev Cancer, 10{1¥9-22 (2010},
Antagonisis of avP3 (and to a lesser extent avBS) have been considered for use i a variety of
diseases associated with altered integrin function. For example, attempts have been made to
develop avB3 mhibitors as potential cancer treatments, as the inhibition of the avp3 receptor
has been shown to inhibit angiogenesis, thereby preventing the formation of new blood vesseis
which are believed to be necessary for tumor growth, (See, e.g., Brooks et al., 79 Ce/l 1157-
1164 (1994); Mas-Moruno et al., Anticancer Agents Med Chem, 10(10).753-768). However,
one leading example of an avpP3 inhibitor, the antagonist Cilengitide, was shown to be non-
efficacious in clinteal irials aimed at lmiting tumor angiogenesis and progression in patients
with ghioblastoma. (See, eg, Ley et al., Iregrin-based Therapeutics: Biological Basis,

Clinical Use and New Drugs, 15(3) Nat. Rev. Drug Discov. 173-183 (2016)).
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{6605] In general, the delivery of cargo molecules in vivo, including therapeutically effective
pharmaceutical corapounds or active pharmaceutical ingredients, to desired cells and/or tissues,
continues to be a general challenge in the development of therapeutically viable drug products.
There confinues to exist a need for stable and effective targeting compounds that have affimity
for and/or are able to selectively bind to specific cells and tissues, which can be atilized or
emploved as ligands to facilitate the delivery of therapeutic cargo molecules to those specific
celis or tissues. Moreover, there exists a specific need for compounds that are capable of
selectively targeting iniegrin alpha-v beta-3 and which are suitable to be conjugated to cargo
molecules and deliver the cargo molecules to cells expressing such iniegrins, such as tumor
cells, in vivo. For oligonucleotides and oligonucleotide-based therapeutics in particular (e.g.,
an ofigonucieotide-based compound such as an antisense oligonucieotide or an RNAI agent),
there continues to exist a need for ligands that are able to target integrin alpha-v beta-3 and/or
mtegrin alpha-v beta-S and facilitate the delivery of these oligonucleotide-based compounds to

cells expressing such integrins.

SUMMARY
16006} Described herein are compounds that have affinity for certain integrins, including ovfi3
and avps, which can be emploved as ligands (referred to herein as “mitegrin targeting ligands,”
“ovB3 mtegrin targeting ligands,” “avB3 ntegrin hgands,” or simply “integrin ligands™) to
selectively direct compounds or other molecules to which they are attached to cells or tissues
that express integrin avp3 and/or avB5. The integrin targeting ligands disclosed herein are
stable in serum and have affinity for, and can bind with specificity to, these integrins. The
integrin targeting ligands disclosed herein can be conjugated to cargo molecule(s) to facilitate
the delivery of the cargo molecule(s) to cells or tissues that express integrin avf3 and/or avfs.
6007} In another aspect, described herein are methods of delivering a cargo molecule to a
fissue and/or cell expressing integrin ovp3 and/or integrin avf5 in vive, wherein the methods
include administering 1o a subject one or more integrin targeting ligands disclosed herein that
has been conjugated to one or more cargo molecules. Further disclosed herein are methods of
treatment of a subject having a disease, symptom, or disorder for which the delivery of a
therapeutic cargo molecule (e g.. an active pharmaceutical ingredient) to a cell expressing av33
integrin and/or avP5 integrin is capable of treating the subject, wherein the methods inchade
administering to a subject one or more integrin targeting higands disclosed herein that has been

conjugated to one or more therapeutic cargo molecules.
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{6608 Further described herein are methods of inhibiting expression of a target gene in a cell
in vitra or in vivo, wherein the methods include administering to the cell an effective amount
of a conjugate that includes one or more integrin targeting ligands disclosed herein that have
been conjugated {o one or more oligonuclestide-based therapeutics, such as an RNAi agent,
that are capable of inhibiting expression of a target gene in a cell. In some embodiments,
described herein are methods of intubiting expression of a target gene in a cell of a subject,
wherein the subject is administered an effective amount of one or more oligonucleotide-based
therapeutics (such as an RNAi agent) that has been conjugated to one or more integrin targeting
higands disclosed herein.

6009 In vet another aspect, described herein are comapositions that include the integrin
targeting ligands disclosed herein. The compositions described herein can be pharmaceutical
compositions or medicamenis that include one or more integrin targeting higands disclosed
herein conjugated to one or more therapeutic cargo molecules, such as an RNAi agent or other
cargo molecule or therapeutic substance.

{6618} In some embodiments, described herein are methods of treatment of a subject having a
disease or disorder mediated al least in part by expression of a target gene in a cell that
expresses integrin avP3, wherein the methods include adnunistering to a subject in need thereof
an effective amount of a pharmaceutical composition, wherein the pharmaceutical composition
includes one or more oligonucleotide-based therapeutics capable of inhibiting expression of a
targeted gene, such as an RNA1 agent, that 1s conjugated to one or more mfegrin targeting
ligands disclosed herein. In some embodiments, described herein are methods of treatment of
a subject having a disease or disorder mediated at least in part by expression of a target gene
i a tumor cell, wherein the methods include administering o a subject in need thereof an
effective amount of a pharmaceutical composition, wherein the pharmaceutical compaosition
includes one or more oligonucleotide-based therapeutics capable of inhibiting expression of a
targeted gene, such as an RNAI agent, conjugated to one or more integrin targeting ligands
disclosed herein. In some embodiments, described herein are methods of treatment of a subject
having a disease or disorder mediated at least in part by exprassion of a target gene in a kidnay
tumor ¢ell, such as a clear cell renal carcinoma tumor cell, wherein the methods include
administering to a subject in need thereot an effective amount of a pharmaceutical composition,
wherein the pharmaceutical composition includes one or more oligonuciectide-based
therapeutics capable of inhibiting expression of a targeted gene. such as an RNAi agent,
conjugated o one or more infegrin targeting higands disclosed herein,

{3011} In a first aspect, this disclosure provides synthetic integrin targeting ligands.

3
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6012} In some embodiments, an integrin targeting ligand disclosed herein includes the

structure of the following formula:

R' O
N N '~
e
R2 {Formula 1},
or a pharmaceutically acceptable salt thereof, wherein,
3 "O
R? Q £y

Xis -C{R*p-. -NR*-. O R , Of R
Y is optionally substituted C1-Cs alkylene;
Zi5s O, NRY or §;

n is an integer from 1 to 8;

Aty Ay W

R' is optionally substituted aryl, optionally substituted heteroaryl, optionally

substituted heterocyclyl, optionally substituted cycloalkyl or R! comprises a cargo molecule;

R? is H. optionally substituted alkyl, or R® comprises a cargo molecule;

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

optionally substituted alkyl, or R¥ comprises a cargo molecule;

R* is H or optionally substituted alkyl; and

wherein at least one of Y, R}, R?, any instance of R®, and R* comprises a cargo

molecule.

10013} Any of the integrin targeting higands disclosed herein can be linked to a cargo molecule,

a reactive group, and/or a protected reactive group. Linking to a reactive group, for example,

can be used to facilitate conjugation of the integrin targeting ligand to a cargo molecule. The

mtegrin targeting ligands disclosed herein can increase targeting of a cargo molecule to a cell

expressing an integrin, including avpB3 integnn and/or avf5 infegrin. A cargo molecule can be,

but is not limited to, a pharmaceutically active ingredient or compound, a prodrug, or another

substance with known therapeutic benefit. In some embodiments, a cargo molecule can be, but

is not linmted to, a small molecule, an antibody, an antibody fragment, an immunoglobulin, a

monoclonal antibody, a label or marker, a lipid, a natwral or modified oligonucleotide, a

modified oligonucleotide-based compound {e.g., an antisense oligonuclectide or an RNAI

agent), a natural or modified mucleic acid, a peptide, an aptamer, a polymer, a polyvamine, a

protein, a toxin, a vitaroin, a polyethylene glycol, a hapten, a digoxigenin, a biotin, aradioactive

4
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atom or molecule, or a fluorophore. In some embodiments, a cargo molecuie includes a
pharmaceutically active ingredient or a prodrug. In some embodiments, a cargo molecule is or
includes an oligonucleotide-based therapeutic, such as an antisense compound or an RNAi
agent. In some embodiments, a cargo molecule is or includes an oligonucieotide-based
compound that is a pharmaceutically active mgredient. In some embodiments, a cargo
maolecule 1s or includes an RNAj agent that 15 a pharmaceutically active ingredient.

[6614] Described herain is the use of the described av3/5 integrin targeting ligands to target
and deliver a cargo molecule o a cell that expresses integrins. The cargo molecule can be
delivered to a cell in vitro, in situ, ex vivo, or in vivo.

16615} In another aspect, this disclosure provides compositions that include one or more of the
integrin targeting ligands described herein. For example, in some embodiments, composttions
comprising one or more mniegrin fargeting ligands disclosed herein include one or more
oligonucleotide~-based compounds, such as one or more RNA1 agents, 1o be delivered 1o g cell
invivo. In some embodiments, described herein are compositions for delivering an RN Ai agent
to a cell in vivo, wherein the RN A1 agent 1s linked to one or more integrin targeting ligands.
16616} Compositions that include one or more integrin targeting ligands are described. In some
embodiments, a composition comprises a pharmaceutically acceptable excipient. In some
embodiments, a composition that includes one or more integrin targeting ligands comprises
one or more other pharmaceutical substances or pharmaceutically active ingredients or
compounds. In some embodirsents, medicaments that include one or more integrin targeting
ligands are described herein.

[6617] Compositions that include one or more integrin targeting ligands disclosed herein can
be delivered in vivo or in vitro to vasious cancer cells, including for example, clear cell renal
carcinoma tumor cells {e.g., A49R), other kidney cancer cells {e.g., ACHN, CAKI-2, 769-P,
7%6-0), melanoma cells (e.g., A375), glichlastoma cells (e g, U87MG), pancreatic cancer calis
{e.g., (PANC-1), lung cancer cells (e.g., H460, H6GT, H1573, H2126), colon cancer cells (e g.,
HT29, HCT116), hiver cancer cells {e.g., Hep2G, Hep3B), breast cancer cells (e g, MCF7, SK-
BR3), prostate cancer cells (e.g., DU45, PC3, LNCaP, MDA-PCa-2b}, oral cancer cells (e g,
KB), tongue cancer cells (g.g., CALZ7, SCCY), pharynx cancer cells {(e.g., Detroit362), and/or
ovarian cancer cells (e.g., OVCAR3, SKOV3, A2780) and/or other patient derived senografis.
16618} In another aspect, the present disclosure provides methods that include the use of one
or more integrin targeting ligands and/or compositions as described herein and, if desired,
bringing the disclosed integrin targeting ligands and/or compositions into a form suitable for
admanistration as a pharmaceutical product.  In other embodiments, the disclosure provides

5
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methods for the manufacture of the higands and compositions, e.g., medicamenis, described
herein.

16619] Compositions that include one or more integrin targeting ligands can be administered
to subjects in vivo using routes of adminisiration known in the art to be suitable for such
administration in view of the cargo molecule sought to be admanistered, including, {or example,
subcutaneous, intravenous, miratumoral, inhaled (aerosol or drv powder formulations),
intranasal, intraperitoneal, intradermal, transdermal, oral, sublingual, or topical administration.
In some embodiments, the compositions that include one or more integrin targeting higands
may be adovunistered for systemuc delivery, for example, by intravenous or subculaneous
advumistration.

{6628 In some embodiments, disclosed herein are methods for delivering one or more desired
cargo molecule(s) to a clear cell renal carcinoma tumor cell in vivo, wherein the methods
mclude admunistering to the subject one or more integrin targeting ligands conjugated to one
or more cargo molecules.

(6621 In some embodiments, disclosed herein are methods of delivering an oligonucleotide-
hased compound to a tumor cell in vive, wherein the methods include administering to the
subject one or more integrin targeting ligands conjugated to the one or more oligonucleotide-
based compounds. In some embodiments, disclosed herein are methods of delivering an RNA
agent to a turnor cell in vivo, wherein the methods include adimnistering to the subject one or
more integrin targeting ligands conjugated to the one or more RNAi agents. In some
embodiments, disclosed herein are methods of inhibiting the exprassion of a target gene in a
clear cell renal carcinoma tumor cell in vivo, wherein the methods include administering o the
subject an RN A1 agent conjugated to one or more ligands having affinity for avB3 integrin
and/or avP5 integrin,

[6622] Other objects, features, aspects, and advaniages of the invention will be apparent from

the following detailed deseription and from the claims.

DETAILED DESCRIPTION
Integrin Targeting Ligands
16023} Described herein are compounds that have affinity for integrins, exhibit seram stability
in vive, and can be used as ligands to facilitate the delivery of cargo molecules to cells and/or
tissues that express integrins, such as integrin avp3 and/or integrin avB5. The integrin targeting

ligands can be used to target cells that express integrins in vifro, in situ, ex vivo, and/or in vivo.
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16624] In some embodiments, the integrin targeting ligands disclosed herein can be conjugated
to one or more cargo molecules to preferentially direct and target the cargo molecules to cells
or tissues that express integrins, including integrin avf3 and/or integrin avfsS. In some
embodiments, the cargo molecules include or consist of pharmaceutically active compounds.
In some emwbodiments, the cargo molecules mclude or cousist of oligonucleotide~based
compounds, such as RNA1 agents. In some embodiments, the integrin targeting ligands
disclosed herein are conjugated to cargo molecules to direct the cargo molecules to tumor cells
in vivo. In some embodiments, the integrin targeting ligands disclosed herein are conjugated
1o cargo molecules 1o direct the cargo molecules to clear cell renal carcinoma tumor cells in
vivo,

Formula {

[3025] In one aspect, the invention provides integrin ligands of the structure:

1
§ . R' O
4 [ X ZR4
H / .
R (Formula I},
wherein,
g 3
R o N
N N+
f{rr \:‘f Sgii"i}j)%:@ RBJ\<
Xis -C(Rp-, -NR*, O . R* or R .

Y is optionally substituted alkylene;

Zis O, NR? or5;

n is an uieger from 1 to 8;

R! is optionally substituied aryl, optionally substituted heteroaryl, optionally
substituted heterocyelyl, optionally substituted cycloalkyl or R} comprises a cargo molecule;

R? is H, optionally substituted alkyl, or R? comprises a cargo molecule;

each instance of R* is independently selected from the group consisting of H and
optionally substituted alkyl, or R? comprises a cargo molecule;

R*is H or optionally substituted alkyl, and

wherein at least one of Y, RL, R?, any instance of R®, and R* comprises a cargo molecule.

-3
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[6626] In some embodiments of Formula I, R’ is selected from the group consisting of;

g CM CM u\/CM
¥ w,, =/
%‘1?’% ) P, ,and M, . wherein g indicates the point of attachment and CM

comprises a cargo molecule.

16627 In some embodiments of Formula {, Y is C1 1o Ce alkylene,

Fermula I1
16028} In some embodiments of Formula 1, an integrin targeting ligand disclosed herein

includes the structure of the foliowing formula:

{(Formula I},
or a pharmaceutically accepiable salt thereof, wherein
n s an integer from 1 to §;
R'is optionally substituted arvl, optionally substituted heteroarvl, optionally
substituted heterocyclyl, optionally substituted cycloalkyl or R' comprises a cargo molecule;
R? is H, optionally substituted alkyl, or R? comprises a cargo molecule;
R*is H or optionally substituted alkyl; and

wherein at least one of R! or R? comprises a cargo molecule.

Formula 11
0029} In some embodiments of Fornmwla I, an mtegrin targeting higand disclosed herein

includes the structure of the following formula:

» G
i \ 4
A .R° RO ,
R® (Formula I},

or a pharmaceutically accepiable salt thereof, wherein

nis an integer from 1 to §;

R!is optionally substituted arvl. optionally substituted heteroarvl. optionally
substituted heterocyclyl, optionally substituted cycloalkyl or R' comprises a cargo molecule;

R? is H, optionally substituted alkyl, or R? comprises a cargo molecule;
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R’ is selected from the group consisting of H and optionally substituted atkyl, or R
comprises a cargo molecule;
R*is H or optionally substituted alkyl; and

wherein at least one of RY, R? and R’ comprises a cargo molecule.

Fermula 1V
8638} In some embodiments of Formula I, an mtegrin targeting ligand disclosed herein

includes the structure of the following formula:

H R
NN S N OR*
PP o m / \
=4 {Formula IV},

or a pharmaceutically acceptable sali thereof, wherein

n is an uieger from 1 to 8;

R!is optionally substituted arvi, optionally substituted heteroarvl, optionally
substituted heterocvelyl, optionally substituted cycloalkvi or R} comprises a cargo molecule;

R? is H, optionally substituted alkyl, or R? comprises a cargo molecule;

R’ is selected from the group consisting of H and optionally substituted alkyl, or R*
comprises a cargo molecule;

R*is H or optionally substituted alkyl, and

wherein at least one of RY, R? and R comprises a cargo molecule.
Formula ¥V

0031} In some embodiments of Formula I, an mtegrin targeting ligand disclosed herein

mcludes the structure of the following formula:

oRrR?

(Formula V),
or a pharmaceutically acceptable sali thereof, wherein

n i3 an integer from 1 to 8,

R} is optionally substituted arvl, optionally substituted heteroarvl, optionally
substituted heterocyclyl, optionally substituted cycloatkyl or R} comprises a cargo molecule;

R? is H, optionally substituted alkyl, or R? comprises a cargo molecule;
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gach instance of R? is independently selected from the group consisting of H and
optionally substituted alkyl, or R comprises a cargo moleculs;
R*is H or optionally substituted alkyl; and

wherein at least one of RY, R? and R’ comprises a cargo molecule.

Fermula Vi
8632} In some embodiments of Formula I, an mntegrin targeting ligand disclosed herein

includes the structure of the following formula:

o R' O
i
N |N\ F}JMGR“

nig
L R ]
R? {Formula VI,

or a pharmaceutically acceptable sali thereof, wherein

n is an uieger from 1 to 8;

R!is optionally substituted arvi, optionally substituted heteroarvl, optionally
substituted heterocvelyl, optionally substituted cycloalkvi or R} comprises a cargo molecule;

R? is H, optionally substituted alkyl, or R? comprises a cargo molecule;

each instance of R’ is independently selected from the group consisting of H and
optionally substituted alkyl, or R? comprises a cargo molecule;

R*is H or optionally substituted alkyl, and

wherein at least one of RY, R? and R comprises a cargo molecule.

Formula VI
6033} In some embodiments of Formula I, an mtegrin targeting ligand disclosed herein
mcludes the structure of the following formula:
RS R' O
| = ORrR*
F {(Formula Vi),

or a pharmaceutically accepiable salt thereof, wherein

R1is optionally substituted arvl, optionally substituted heteroarvl, optionally
substituted heterocvelyl, optionally substituted cycloalkyl or R' comprises a cargo molecule;

R? is H, optionally substituted alkyl, or R? comprises a cargo molecule;

R* is H or optionally substituted alkvi; and

wherein at least one of RY, R* and R” comprises a cargo molecule.

16
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R,i
10634 In embodimenis of Formula I, R'is optionally substituted arvi, optionally substituted
heteroarvl, optionally substituted heterocvelyl, optionally substituted cycloalkyl or R!

comprises a cargo molecule. In some embodiments, R} is selected from the group consisting

F O"—-\\—-"O - O
J_/ }-'N*' /§ \M\‘o- \Y "
= g O
J‘\ﬂgm . e L,
O
nOd. O
= / cM '
/5 \ O%_%CN

4 O

\?'\’@i;/x / \ \{} ?%}—c:va OCHs

{“\, F J\/ %/ F Of\,‘OJ

N p
§ “om 2 o 4 % ow

R

O/\\/O\/"\D/‘\/O\v/’\@m 0
a| /? @
CM
—
i \O

, wherein % indicates the point of

attachment and CM comprises a cargo molecule.
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Integrin Targeting Ligand Precursors

[6635] In some embodiments, the mvention provides infegrin targeting ligand precursors
which can be used to attach an integrin targeting ligand to a moiety comprising a cargo

molecule. Provided herein are integrin targeting Hgand precursors of the formula:

R? (Formula Ip),

wherein,

. o A
At Alse o~

Xis -C{R*)p-, -NR*-,  © R , OF R -

Y is optionally substituted atkylene;

Zis 0, NRY, or 8:

n is an integer from 1 to 8;

R' is optionally substituted aryl, optionally substituted heteroaryl, optionally
substituted heterocyclyl, optionally substituted cycloalkyl or R! comprises a cargo molecule;

R’ is H., optionally substituted alkyl, or R* comprises a cargo molecule;

each instance of R° is independently selected from the group consisting of H and
optionally substituted alkyl, or R¥ comprises a cargo molecule;

R*is H or optionally substituted alkvl; and

wherein at least one of Y, R!, R?, any instance of R, and R* comprises a reactive group.

[6636] In some embodiments of compounds of Formula Ip, the reactive group comprises an
azide.

Compounds of Formula |

16637} Tn some embodiments, the tegrin targeting higands disclosed herem have structures
that include, consist of, or consist essentially of, anv of the structures represented by the

following:
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T
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{Structure 2.2a);

fRe “’O“W
OZJMLJM

{Structure 2.3a);
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H
N N
§ =
e

OH {Structure 2.4a);

H
N N
3 e
/

OH (Structure 2.5a);

(Structure 2.7a};

H O /Y 1q S
N N /ll\ T
z L M\"‘q
OH (Structure 2 8a};
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" 0
NN, A
Y

o haa

S AN
¢

OH {(Structure 2 9a);

H
N._ N
i N
o5
{Structure 2.10a);
H
N. N ”
l - \_’:';Nrr
£

{Structure 28a);
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{Structure 29a);

H :
N\TN N/\)J\QH

2
. l

{Siructure 32a);
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{(Structure 37a);
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{Structure 38a);

EWQWQ/\\/O%X;

N

{Structure 41a).

16638 In some embodimenis, an integrin targeting ligand disclosed herein can be conjugated
tooneor more{e.2.,2,3,4,5,6,7,89 10 0ort 1010, 21010, 1109, 1108, 1t07, 1106, 1
toS5, tiod, 1to3, 1102, 2t010,31t0 10,410 10,510 10,2105, 2104, or 3 {0 5) cargo
molecules (e.g.. any of the cargo molecules described herein or known in the art).

[6639] In some embodiments, more than one integrin targeting ligand disclosed herein {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, or
3 0r1to30, 11025, 11020, 11015, 11010, 1105, 510 30, 51025, 510 20, 510 15, 310 10,
1010 30, 1010 25, 1010 20, 1010 15, 1510 30, 1510 25, 1510 20, 2010 30, 2010 23, or 25 10
30 integrin targeting ligands) can be conjugated {0 one cargo molecule (e.g., any of the cargo

molecules described herein or known in the art),

18
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16040} In some embodiments, the integrin targeting ligands disclosed heremn are optionally
conjugated to one or more cargo molecules via a linking group, such as, for example, a
polyethylene glycol (PEG) group.

6841} In some embodiments, the integrin targeting ligands disclosed herein are optionally
conjugaied to one or more cargo molecules via a scaffold that includes at least one attachment
pointt for each ligand and at least one attachment point for each cargo molecule. In some
embodiments, the integrin targeting ligands comprise, consist of, or consist essentially of, an
integrin targeting ligand conjugaied to one cargo molecule. In some embodiments, the integrin
targeting higands comprise, consist of, or consist essentially of, an integrin targeiing ligand
conjugated to more than one cargo molecule.

In some embodiments, the integrin targeting ligand comprises, consists of, or consisis
essentially of, any of Structure la, Structure 2a, Structure 2.1a, Structure 2.2a, Stracture 2.3a,
Structure 2.4a, Structure 2. 5a, Structure 2.6a, Structure 2.8a, Structure 2.9a, Structure 2.10a,
Structure 2.11a, Structure 28a, Structure 29a, Structure 30a, Structure 31a, Structure 3Za,
Structure 333, Structuwre 34a, Structure 36a, Structure 373, Structwre 38a, Structure 39a,
Structure 40a, and Structure 41a each as disclosed heren.

10642} Tn some embodiments, an integrin targeting ligand disclosed herein comprises the

following structure:

O
H ,
s NA T
L/

4 ANy

OH {Structure 1a).

16043} In some embodiments, the mtegrin targeting ligand of Structure tais linked to one or
more cargo molecules (e.g., RNAI agent(s)).

6644] In some embodiments, an integrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecile, and comprises the following

structure:
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OH (Structure 1b),
wherein X includes a reactive group, a protected reactive group, or a cargo molecule (e.g., an
RNAJ agent).
[6645] In some embodiments, an integrn targeting ligand precursor can be synthesized to

include an azide reactive group, and comprises the following structure:

OH {Structure I¢).
[3846] A reactive group (or protected reactive group) can be used o facilitate the conjugation
of the imtegrin targeting ligand to a molecule of interest, e.g., to a cargo molecule (either directly

or via one or more scaffolds and/or linkers).

8647} In some embodiments, an integrin targeting ligand disclosed herein comprises the
2 £ 2 g P

following structure:

J\\MO
w/\t ’v< e
{Structure Za}.
[6648] In some embodiments, the integnin targeting ligand of Structure 2a is hinked o one or
more cargo molecules (e.g., RNAI agent{s)).
16649} Tn some embodiments, the integrin targeting ligand can be synthesized to include a
reactive group, a protectad reactive group, or a cargo molecule, and comprises the following

structure:
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FX
7N
NN [ =
3\ NN_”Q

OH (Structare 2b),
wherein X includes a reactive group, a protected reactive group, or g cargo molecule {e.g., an

RNAj agent).

[6650] In some embodiments, the integrin targeting ligand can be synthesized 1o include an

azide reactive group, and comprises the fallﬁwing structure:

'“\WQ

UJ’MLJ <4 I

{Structure 2¢).
808511 In some embodiments, an integrin targeting heand disclosed herein comprises the
& o

following structure:

{Structure 2.1a).

[6652] In some embodiments, the integrin targeting ligand of Structure 2.1a is hinked to one
or more cargo molecuies (e.g., RNA1 agent(s)).

6053} In some embodiments, the mitegrin targeting higand can be synthesized to include an

azide reactive group, and comprises the following structure:

N

OH {Structure 2.1¢).
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08054 In some embodiments, an integrin targeting ligand disclosed herein comprises the
2 £ 2 g P

following structure:

) o |
s AT g
P L/ A
O

(0055} In some embodiments, the integrin targeting ligand of Structure 2.2a 1s hinked to one

H {Structure 2.2a).

or more cargo molecules (e g, RNA1 agent(s)).
16056} In some embodiments, the mtegrin targeting higand can be synthesized to include an

azide reactive group, and comprises the following structure:

{Structure 2.2¢).

[6657] In some embodiments, an integrin targeting ligand disclosed herein comprises the
O
/ rw\\hw<::>‘m NH
e W
H O N/ G ;ﬁﬁ
N._-N /( g
E Ry N N > O

OH (Structure 2.3a).

following structure:

(0088} In some embodiments, the integrin targeting ligand of Structure 2.3a 1s hinked to one
or more cargo molecules {e.g., RNAI agent(s)).
{6659 In some embodiments, the integrin targeting ligand can be synthesized o include an

azide reactive group, and comprises the following structure:
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y o f
NN A
P /N
OH

[30868] In some embodiments, an integrin {argeiing ligand disclosed herein comprises the

(Structure 2.3¢).

following structure:

{Structure 2.4a).
[6661] In some embodiments, the integrin targeting ligand of Structure 2.4a is linked to one
or more cargo molecules {e g, RNA1 ageni(s)).

0062} In some embodiments, the integrin targeting higand can be synthesized to include an

azide reactive group, and comprises the following structure:

{Structure 2.4c¢).

[30863] In some embodiments, an integrin targeting ligand disclosed herein comprises the

following structure:

{Structure 2.5a).
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[6664] In some embodiments, the integrin targeting ligand of Structure 2.5 is linked to one
or more cargo molecules (e g, RNA1 agent(s)).
16065} In some embodiments, the integrin targeting figand can be synthesized to include an

azide reactive group, and comprises the following structure:

2L
e

2

s

{(Structure 2.5¢}.
[6666] In some embodiments, an integrin targeting ligand disclosed herein comprises the

following structure:

oA

{Structure 2.6a).

[6667] In some embodiments, the integrin targeting ligand of Structure 2.6a is linked fo one
or more cargo molecules {e g, RNA1 ageni(s)).

[B068] In some embodiments, the integrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecule, and comprises the following

structure:

(Structure 2.6b),
wherein X includes a reactive group, a protected reactive group, or g cargo molecule {e.g., an

RNAj agent).
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[666%] In some embodiments, the integrin targeting ligands can be synihesized to include an

azide reactive group, and comprises the following structure:

(Structure 2.6¢).

16676] A reactive group (or protected reactive group) can be used to facilitate the conjugation
of the integrin targeting ligand to a molecule of interest, e.g., t0 a cargo molecule {either directly
or via one or more scaffolds and/or linker).

{0071} In some embodiments, an integrin targeting hgand disclosed herein comprises the

following structure:

o

[6672] In some embodiments, the integrin targeting ligand of Structure 2.7a is linked to one

{Structure 2.7a).

or more cargo molecules {e g, RNA1 ageni(s)).
{0073} In some embodiments, the integrin targeting ligand can be synthesized to mclude a
reactive group, a protected reactive group, or a cargo molecule, and comprises the following

structure:

21
=z
V4

A
P L/

{(Structure 2.7b),
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wherein X inciudes a reactive group, a protected reactive group, or a cargo molecule {e.g.. an

RNA1 agent).

16674} Tn some embodiments, the integrin targeting higands can be synthesized to include an

azide reactive group, and comprises the following structure:

{Structure 2.7¢).
[6675] A reactive group (or protected reactive group) can be used to facilitate the conjugation
of the integrin targeting ligand to a molecule of interest, e.g., to a cargo molecule (sither directly
or via one or more scaffolds and/or hinker).

16676] In some embodiments, an integrin targeting ligand disclosed herein comprises the

following structure:

OH (Structure 2.8a).
16677} Tn some embodiments, the integrin targeting ligand of Structure 2.8a 15 linked to one
or more cargo molecules (e g., RNA1 ageni(s)).
[6G78] In some embodiments, the integrin targeting ligands can be synthesized to include an

azide reactive group, and comprises the following structure:

OH {Structure 2.8¢).
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[6679] A reactive group (or protected reactive group) can be used to facilitate the conjugation
of the integrin targeting ligand to a molecule of interest, e.g , to a cargo molecule (either directly
or via one or more scaffolds and/or linker).

3080} In some embodiments, an integrin targeting ligand disclosed herein comprises the

R Of\_ﬂo
7

following structure:

& 23
H -
N. N Mok
SR NT =
. P LJ ”\’J[(
CH {Structure 2.9a).

[6681] In some embodiments, the integrin targeting ligand of Structure 2.9a is linked fo one
or more cargo molecules {e g, RNA1 ageni(s)).

[30682] In some embodiments, the integrin targeting ligands can be synthesized to mclude an

azide reactive group, and comprises the following structure:

H a
N NWNJ\(\N B o

OH {Structure 2.9¢).

[BB83] A reactive group (or protecied reactive group) can be used io facilitate the conjugation
of the integrin targeting ligand to a molecule of interest, e. g, to a cargo molecule {either directly
ot via one or more scaffolds and/or linker).

[6684] In some embodiments. an integrin targeting ligand disclosed herein comprises the

ral

/ '

following structure:

NN -
- s
| = N ey O
= \’4
OH (Structure 2.10a).

[GGRS] In some embodiments, the integrin targeting ligand of Structure 2.10a is linked to one

or more cargo molecuies (e.g., RNA1 agent(s)).
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[6686] In some embodiments, the integrin targeting ligands can be synihesized to include an

azide reactive group, and comprises the following structure:

N N =
Y - N = O
OH

[GG87] A reactive group (or protected reactive group) can be used to facilitate the conjugation

{Structure 2.10c¢).

of the integrin targeting ligand to a molecule of interest, e.g., to a cargo molecule (sither directly
or via one or more scaffolds and/or linker).
I6088] In some embodiments, an integrin targeting ligand disclosed herein comprises the

following structure:

O O
H J—
NN M o
[ NP 'y
o L../
OH (Structure 2.11a).

16089} Tn some embodiments, the integrin targeting ligand of Structure 2.11a 15 linked to one
or more cargo molecules (e g., RNA1 ageni(s)).
[669¢] In some embodiments, the integrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecule, and comprises the following

structure:

H
NNy A

N
w o,

OH (Structure 2.11b),
wherein X includes a reactive group, a protected reactive group, ot a cargo molecule (e.g., an

RNAJ agent).

[6691] In some embodiments, the integrin targeting ligand can be synthesized 1o include an

azide reactive group, and comprises the following structure:
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ZT
=
7
=

[6092] OH {Structure
2. ¢

[6693] A reactive group (or protected reactive group) can be used to facilitate the conjugation
of the mtegrin targeting ligand to a molecule of interest, e.g., to a cargo molecule (either directly
or via one or more scaffolds and/or hinker).

10694} Tn some embodiments, an integrin targeting ligand disclosed herein comprises the

following structure:

{Structure 28a).
{6695 In some embodiments, the integrin targeting ligand of Structure 28a 1s linked to one
or more cargo molecules (e.g., RNAt agent(s)).

16696} Tn some embodiments, the integrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecule, and comprises the following

structure:

(Structure 28b),

wherein X includes a reactive group, a protected reactive group, or a cargo molecule (e.g., an
RNAJ agent).

0097} In some embodiments, the mntegrin targeting higand can be synthesized to include an

azide reactive group, and comprises the following structure:

29
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07 O N O

{Structure 28c).
[G098] In some embodiments, an integrin targeting ligand disclosed herein comprises the

following structure:

{(Structure 29a).
{6699 In some embodiments, the integrin targeting Higand of Structure 29a 15 linked to one
or more cargo molecules {e.g., RNAI agent(s)).

[G1008] In some embodiments, the integrin targeting ligand can be synthesized {0 include a
reactive group, a protected reactive group, or a cargo molecule, and comprises the following

structure:

{Structure 29b),
wherein X includes a reactive group, a protected reactive group, or a cargo molecule (e.g., an

RINA1 agent).

$101] In some embodiments, the integrin targeting ligand can be svnthesized to include an
g geung lig |

azide reactive group, and comprises the following structure:

30
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{Structure 29¢}.
[6102] In some embodiments, an integrin {argeiing ligand disclosed herein comprises the

following structure:

{Structure 30a).
16103 In some embodiments, the integrin targeting Heand of Structure 303 1s linked to one
or more cargo molecules {e g, RNA1 ageni(s)).
[3184] In some embodiments, the integrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecule, and comprises the following

structure:

{Structure 30b},
wherein X includes a reactive group, a protected reactive group, or a cargo molecule {e.g., an

RMNAJ agent).

{6105 In some embodiments, the integrin targeting ligand can be synthesized o include an

azide reactive group, and comprises the following structure:

31
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N/WO\»/\OWQ%NS

{Structure 30¢).
3186} In some embodiments, an integrin targeting higand disclosed herein comprises the

following structure:

~OH

{Structure 31a).
[6107] In some embodiments, the integrin targeting Heand of Structure 313 1s linked to one
or more cargo molecules {e g, RNA1 ageni(s)).
[3108] In some embodiments, the integrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecule, and comprises the following

structure:

{Structure 31b},
wherein X includes a reactive group, a protected reactive group, or a cargo molecule {e.g., an

RMNAJ agent).

16169} In some embodiments, the mtegrin targeting higand can be synthesized to include an

azide reactive group, and comprises the following structure:
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{Structure 31c).
6116} In some embodiments, an inlegrin targeting higand disclosed herein comprises the

following structure:

{(Siructure 32a).
[611%] In some embodiments, the integrin targeting Hgand of Structure 32a 18 Hinked {0 one
or more cargo molecules (e g, RNA1 agent(s)).
16112 In some embodiments, the integrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecile, and comprises the following

structure:

(Structure 32b),

wherein X includes a reactive group, a protected reactive group, or a cargo molecule (e.g., an

RNAj agent}.

0113} In some embodiments, the ntegrin targeting higand can be synthesized to include an

azide reactive group, and comprises the following structure:

33



WO 2019/210200 PCT/US2019/029393

(Structure 32¢).

I6114] In some embodiments, an integrin targeting ligand disclosed herein comprises the

following structure:

e
\(\/ W {Structure 33a).

[6115] In some embodiments, the integrin targeting Hgand of Structure 33a 18 Hinked {0 one
or more cargo molecules (e g, RNA1 agent(s)).

I6116] In some embodiments, the integrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecile, and comprises the following

structure:

=

y o Y o
N N ~
W&MOH
& A {(Structure 33b),

wherein X includes a reactive group, a protected reactive group, or a cargo molecule {e.g.. an

RINA1 agent}.

#1171 In some embodiments, the integrin targeting ligand can be svnthesized to include an
& b=l o R

azide reactive group, and comprises the following structure:

34
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N
o
\%;\N?ﬁ {Structure 33¢).

I6118] In some embodiments, an integrin targeting ligand disclosed herein comprises the

following structure:

z O
H :
[\N/\ENJ/\A/\W\OH
P { O !
' \/f:\f {Structure 34a).

[6119] In some embodiments, the integrin targeting tigand of Structure 34a 1s linked {0 one

or more cargo molecuies (e.g., RNA1 agent(s)).

[6128] Tn some embodiments, the imtegrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecule, and comprises the following

structure:

N N\ i‘?i OH

Z X (Structure 34b),

wherein X includes a reactive group, a protected reactive group, or a cargo molecule (e.g., an
RNAJ agent).

0121} In some embodiments, the ntegrin targeting higand can be synthesized to include an

azide reactive group, and comprises the following structure:

o
H -
N | N N/\/EKOH
Y
- AT

3 (Structure 34c¢).
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8122} In some embodiments, an integrin targeting ligand disclosed herein comprises the
2 £ 2 g P

following structure:

(Structure 36a).
(0123} In some embodiments, the integrin targeting ligand of Structure 36a is linked to one
or more cargo molecules (e g, RNA1 agent(s)).
16124} In some embodiments, the integrin targeting ligand can be synthesized {o nclude a
reactive group, a protected reactive group, or a cargo molecule, and comprises the following

structure:

{Structure 31b),
wherein X includes a reactive group, a protected reactive group, or a cargo molecule (e.g., an

RNAj agent}.

$125] In some embodiments, the integrin targeting ligand can be synthesized fo ncludes an
k > & o dancd toe) J

azide reactive group, and comprises the following structure:

o
o \/Z\Ng
F

J

{Siructure 31c).
[6126] In some embodiments, an infegrin targeiing higand disclosed herein comprises the

following structure:

36
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{Structure 37a).
[6127] In some embodiments, the integrin targeting Higand of Structure 37a 15 linked to one
or more cargo molecules {e g, RNA1 ageni(s)).
[0128] In some embodiments, the integrin targeting ligand can be synthesized to mclude a
reactive group, a protected reactive group, or a cargo molecule, and comprises the following

structure:

{Structure 37b},
wherein X inciudes a reactive group, a protected reactive group, or a cargo molecule {e.g.. an

RMNA1 agent).

16129} Tn some embodiments, the integrin targeting higand can be synthesized fo include an

azide reactive group, and comprises the following structure:

{Structure 37¢).

8138} In some embodiments, an integrin targeting ligand disclosed herein comprises the
2 £ 2 g P

following structure:

37



WO 2019/210200 PCT/US2019/029393

9] Q\/\OA\/O\/’“\;

NTN

{Structure 38a).
[6131] In some embodiments, the integrin targeting tigand of Structure 38a 1s linked {0 one
or more cargo molecuies (e.g., RNA1 agent(s)).
[6132] In some embodiments, the imtegrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecule, and comprises the following

structure:

{Structure 38b),

wherein X includes a reactive group, a protected reactive group, or a cargo molecule (e.g., an

RINA1 agent).

[3133] In some embodiments, the integrin targeting ligand can be synthesized o include an
azide reactive group, and comprises the following structure:

H
G N\/“’\O/\/O\,/\ M.
3

(Structure 38¢).
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i6134] In some embodiments, an integrin targeting ligand disclosed herein comprises the

following structure:

H
N C)\//\ Q/\\/O\/’\
™ /
N™ YN

c

O

ZL
Z
/i

| OH

{(Siructure 39a).
16135} In some embodiments, the integrin fargeting ligand of Structure 3%a 1s linked o one
or more cargo molecules (e g, RNA1 agent(s)).
16136] In some embodiments, the integrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecile, and comprises the following

structure:

{(Structure 39b),
wherein X includes a reactive group, a protected reactive group, or a cargo molecule (e.g., an

RNAJ agent).

[6137] In some embodiments, the integrin targeting ligand can be synthesized 1o include an

azide reactive group, and comprises the following structure:

H
N\]/\/O\//‘\ PN O NN
i o N3
Q.
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{Siructure 39¢).
3138} Iv some embodimenis, an mtegrin targeting ligand disclosed herein comprnises the
bl pa o Pl &

following structure:

{Structure 40a).
16139} In some embodiments, the integrin targeting ligand of Structure 40a 1s Hinked o one
or more cargo molecules (e g., RNA1 agent(s)).
163146 In some embodiments, the integrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecule, and comprises the following

structure:

{Structure 40b),
wherein X includes a reactive group, a protected reactive group, or a cargo molecule (e.g., an

RINA1 agent).

[6141] In some embodiments, the integrin targeting ligand can be synthesized io include an
azide reactive group, and comprises the following structure:

Nz

{Structure 40c¢).
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8142} In some embodiments, an integrin targeting ligand disclosed herein comprises the
2 £ 2 g P

following structure:

{Structure 41a).
16143} In some embodiments, the integrin targeting ligand of Structure 41a 15 hinked 1o one
or more cargo molecules (e g, RNA1 agent(s)).
3144 In some embodiments, the integrin targeting ligand can be synthesized to include a
reactive group, a protected reactive group, or a cargo molecile, and comprises the following

structure:

(Structure 41b),
wherein X includes a reactive group, a protected reactive group, or a cargo molecule (e.g., an

RINA1 agent).

#145] In some embodiments, the integrin targeting ligand can be svnthesized to include an
B & b=l o P

azide reactive group, and comprises the following structure:

{Structure 41¢).

41
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{6146] The azide reactive group as disclosed in anv of Structure 1¢, Structure 2¢, Structure
2.1¢, Structure 2.2¢, Structure 2.3¢, Structure 2.4¢, Structure 2.5¢, Structure 2.6¢, Structure
2.7¢c, Structure 2.8¢, Structure 2.9¢, Structure 2.10c¢, Structure 2.11¢. Structure 28¢, Structure
29¢, Structure 30¢, Structure 3¢, Structure 32¢, Structure 33¢, Structure 34c¢, Structure 36¢,
Structure 37¢, Siructure 38¢, Structure 39¢, Structure 40¢, and Struciure 41¢ can be used to
attach the integrin targeting ligand to a roolecule of interest, 1.e., to a cargo molecule such as
an RNA1 agent. The cargo molecule can be any molecule that is desired to be targeted to an
imtegrin-expressing cell.

[6147] As used herein, the term “alkyl” refers to a saturated aliphatic hvdrocarbon group,
straight chain or branched, baving from 1 to 10 carbon atoms unless otherwise specified. For
example, “C1-Ce alkyl” inchudes alkyi groups having 1, 2, 3, 4, 5, or 6 carbons in a linear or
branched arrangement. Non-limiting examples of alkyl groups nclude mwethyl, ethyl, iso-
propvl, fert-butvl, n-hexyl As used herein, the term “aminoalkyl” refers to an alkyl group as
defined above, substituted at any posiion with one or more amino groups as permitted by
normal valency. The amino groups may be unsubstituted, monosubstituted, or di-substitited.
MNon-hmiting examples of aminoalkyl groups include aminomethyl, dimethvlamimomethyl, and
2~aminoprop-~1-vL

[3148] As used herein, the term “cycloalkyl” means a saturated or unsaturated nonaromatic
hydrocarbon ring group having from 3 to 14 carbon atows, unless otherwise specified. Non-
lirniting examples of cvcloalkyl groups include, but are not himited to, cyclopropyl, methvi-
cyclopropyl, 2,2-dimethyi-cyclobutyl, Z-ethyl-cyclopentyl, and cyciohexyl. Cycloalkyls may
include multiple spiro- or fused rings. Cyclealkyl groups are optionally mono-, di-, tri-, tetra-
, or penia~substituied on any position as permitied by normal valency.

[6149] As used herein, the termo “alkenvl” refers to a non-aromatic hydrocarbon radical,
straight, or branched, contaming at least one carbon-carbon double bond, and having from 2 to
10 carbon atoms unless otherwise specified. Up to five carbon-carbon double bonds may be
present in such groups. For example, “Cx-Ce” alkenyl is defined as an alkeny! radical having
from 2 to 6 carbon atoms. Examples of alkenvl groups mclude, but are not imited to, ethenyl,
propenyl, butenyl, and cyvclohexenvl The straight, branched, or cvelic portion of the alkenyl
group may contain double bonds and is optionally mono-, di-, tri-, tetra-, or penta-substituted
on any position as permutied by normal valency. The terro “cycloatkenyl” means a roonocyclic
hydrocarbon group having the specified number of carbon atoms and at least one carbon-carbon

double bond.
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[G158] Asused herein, the term “alkynyi” refers to a hydrocarbon radical, straight or branched,
contamning from 2 to 10 carbon atorus, unless otherwise specified, and containing at least one
carbon-carbon tripie bond. Up to 5 carbon-carbon triple bonds may be present. Thus, “Ci-Cs
alkvavl” means an alkvnvl radical having from 2 to 6 carbon atoms. Examples of alkynyl
groups include, but are not limited to, ethynyl, 2-propynyl, and 2-butynyl. The straight or
branched portion of the alkvoyl group may be optionally mouvo-, di-, tri-, tetra-, or penta-
substituted on any position as permitied by normal valency.

[615%] As used herein, “alkoxy]” or “alkoxy™ refers to -0-alkyl radical having the indicated
number of carbon atoms. For example, Ci—s alkoxy 15 intended to include C1, Cz, Cs, C, Cs,
and (s alkoxy groups. For example, Ci— alkoxy, 15 intended to include Cy, Co, C3, Co, Cs, Cs,
(7, and Cs alkoxy groups. Examples of afkoxy include, but are not limited to, methoxy, ethoxy,
n—propoxy, i-—propoxy, n-buioxy, s—butoxy, i—butoxy, n—pentoxy, s—pentoxy, n—heptoxy, and
0-0Cioxy.

8152} As used herein, “keto” refers to anv alkyl, alkenvl, alkyvoyl, cycloatkyl, cycloalkenyl,
heterocycivl, heteroarvl, or aryl group as defined herein attached through a carbonyl bridge.
Examples of keto groups include, but are not himited to, alkanovl (e.g., acetyl, propionyl,
butanoy!, pentanovi, or hexanovl), alkenoyl (eg., acwvloyh) alkvoovl {eg. ethynoyl,
propynovl, butynoyl, pentynovl, or hexvnovil, arvioyl (e.g., benzoyl), hetercarylovi (eg.,
pyrrolovl, imdazolovl, quinolinoyl, or pyridinovl).

[3153] As used herein, “alkoxycarbonyl” refers to any alkoxy group as defined above attached
through a carbonyl] bridge (1.2, -C{OY0-alkyly. Examples of alkoxycarbonyl groups include,
but are not limited to, methoxvearbonyl, ethoxvcarbonvi, iso-propoxycarbonyl, n-
propoxycarbonvl, t-butoxy carbonyl, bensyvioxycarbonyl, or n-pentoxycarbonyt

16154} As used herein, “aryioxycarbonvl” refers to any arvl group as defined herein attached
through an oxycarbonyl brdge (i.e, -C{(OYO-arvl). Examples of arvioxycarbonyl groups
mclude, but are not limited to, phenoxycarbonyl and naphthyloxycarbonyl,

0155} As used heremn, “heteroaryloxycarbouyl” refers to any heteroaryl group as defined
herein attached through an oxvcarbonyli bridge (ie., -C{O}O-hetercaryl}) Examples of
hetercaryioxvcarbonvl groups include, but are not hmited to, 2-pyndyloxycarbonyi, 2-
oxazolvloxycarbonyl, 4-thiazolvioxycarbonyl, or pyrinudinyloxvearbonyl.

16156} As used herem, “aryl” or “aromatic” means any stable monocyclic or polycychic carbon
ring of up to 6 atoms in each ring, wherein at least one ring is aromatic. Examples of aryl
groups include, bwt are not limited o, phenyl, naphthyl, anthracenyl, tetrahvdronaphthyl,

mndanyvl, and biphenvl In cases where the aryvl substituent is bicvche and ove ring 1s non-
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argmatic, it 1s understood that attachment is via the aromatic ring.  Arvl groups are optionally
mono-~, di-, tri-, tetra~-, or penta~substituted on any postiion as permitted by normal valency.
13187] As used heremn, the term “heteroaryl” represents a stable monocyclic or polveyelic ring
of up to 7 atoms in each ring, wherein at least one ring is aromatic and contains from 1 to 4
hetercatoms selected from the group consisting of O, N, and S. Examples of heteroarvi groups
meclude, but are not limited to, acnidinyl, carbazolyl, cinnolinyl, quinoxalinyl, pyrrazolyvl,
indolyl, benzotriazolyl, furanyl, thienvl benzothienyl, benzofuranyl, benzimidazolonyl,
benzoxazolonvl, quinolinvl, isoquinolinyl, dihydroisoindolonyl, imudazopyridinyl,
isoindolonyl, indarolyl, oxazolyl, oxadiazolvl, isoxarzolyl, mdolyl, pyrazinyl, pyndazinyl,
pyndinyl, pyrimidinyl, pyrrolvl, and tetrabydroquinoline. “Heteroaryl” is also undersiood to
include the N-oxide denivative of any nitrogen-containing hetercaryl. In cases where the
heteroarvl substituent 1s bicyclic and one ring 1s non-aromatic or containg no heteroatoms, it is
undersiood that attachment 15 via the aromatic ning or via the heteroatom containing nng.
Heteroary!l groups are optionally mono-, di-, tri~, tetra-, or penta-substituted on any position as
permitted by normal valency.

[6158] As used herein, the term “heterocyele,” “heterocyclic,” or “heterocyclyl” means a 3- to
14-membered aromatic ot nonaroroatic heterocycle containing from 1 to 4 heteroatoms selected
from the group consisting of GO, N, and S, including polveyclic groups. As used herein, the term
“heterocyclic” s also considered to be synonyvmous with the terms “heterocyele” and

L

“heterocyelvl” and 15 understood as also having the same defintions set forth heremn
“Heterocvely!” includes the above mentioned heteroarvls, as well as dihvdro and tetrahydro
analogs thereof Examples of heterocyclvl groups include, but are not limited to, aretidingl,
benzoimidazolvl,  benzofuranyl,  benzofurazanvl,  benzopyrazolvl,  benzotnazolyl,
henzothiophenvl, benzoxazolyl, carbarolyl, carbolinvl, cinnolinyl, furanyl, wudazolyl,
indolinvl, indolyl, indolazinyl, indazolvl, isobenzofuranyl. isoindolyl, isoquinolyl, isothuazolyl,
tsoxazolyl, wvaphthpyridinvl,  oxadiazolvl, oxoosazohidinvl, oxazolyl, oxazoline,
oxopiperazinyl, oxopyrrohdinyl, oxomorpholinyl, isoxazoline, oxetanyl, pyvranvl, pyrazinyl,
pvrazolvl, pvndazioyl, pyndopyridinyl, pyridazinyl, pyndyl, pyndinonyl, pyrimidyl

pvrimidinonyl,  pvrrolyl, quinazolinvl, qunolvl, qunoxalinvl, tetrahvdropyranyl,

tetrahydrofuranyl, letraby drothiopyranyl, tetrahydroisogquinolinyl, tetrazolyl, tetrazolopynidyl,
thiadiarolyl, thiazolvl, thienyl, inazolyl, 1,4-dioxanvl, hexahydroazepinyl, piperazinyl,
piperidinyi, pyrdin-2-onyl, pyrrohidinyl, morpholinyl, thiomorpholinyl,

dihy drobenzoimidazolyl diby drobenzofuranyi,dihy drobenzothiophenyi,

B

dihydrobenzoxazolvl, dihvdrofuranyl, dibydrotmmdazolyi, dibvdroindolyl, dihvdroisooxazolyl,
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dihydroisothiazolyl, dihydrooxadiazolyl dihydrooxazolyl, dihydropyrazinyl,

dihvdropyrazolyl, dihvdropyridinyl, dibydropyrnmoidinyl, dihydropyrrolvl, dihvdroquinolinyl,
dihydrotetrazolyl, dihvdrothuadiazolyl, dihydrothiazolyl, dihvdrothienyl, dihvdrotriazolyl,
dihydroazetidinyl, dioxidothiomorpholinyl, methyviensdioxybenzovl, tetrahydrofuranyl, and
tetrahvdrothienyl, and N-oxides thereof  Attachment of a heterocvelyl substituent can ocour
vig a carbon atom or via a hetercatom. Heterocvelvl groups are optionally mono-, di-, fri-,
tetra-, o1 penta-substituted on any position as permitted by normal valency.

[3159] As used herein, the terms “treat,” “{reatment,” and the like, mean the methods or steps
taken to provide relief from or alleviation of the number, seventy, and/or frequency of one or
more symptoms of a disease in a subject. As used herein, “treat” and “treatment” may include
the prevention, management, prophylactic treatment, and/or inhubition of the number, severity,
and/or frequency of one or more symptoms of a disease in a subject.

[3160] As used herain, the phrase “deliver to a cell,” and the like, when referting to a cargo
molecule, means functionally delivering the cargo molecule to the cell The phrase
“functionally delivering,” means delivering the cargo molecule to the cell i a manner that
enables the cargo molecule to have the expected biological activity. When specifically
referring to a carge molecule that is an RNA1 agent, the expected biological activity is, for

example, sequence-specific inhibition of gene expression.

e

X ‘
8161} Unless stated otherwise, use of the symbol ™ as used herein means that any group

or groups may be linked thereto that is in accordance with the scope of the inventions described
herein.

161621 As used herein, the term “isomers”™ refers to compounds that have 1dentical molecular
formulae, but that differ in the nature or the sequence of bonding of their atoms or in the
arrangement of their atoms in space. [somers that differ in the arrangement of their atoms in
space are termed “stereotsomers.” Sterecisorvers that are not muarror tmages of one another are
termed “diasterecisomers,” and stereoisomers that are non-superimposable nurror images are
termed “enantiomers,” or sometimes optical isomers. A carbon atom bonded to four non-
identical substituents is termed a “chiral center.”

16163} As used herein, a linking group is one or more atoms that connects one molecule or
portion of a molecule to another to second molecule or second portion of a molecule. In the art,
the terms linking group and spacers are sometimes used interchangeably. Similarly, as used in

the art, the terro scaffold is sometimes used interchangeably with a inking group. In some
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embodiments. In some embodiments, a linking group can mclude or consist of 8 PEG group
or PEG motety.

3164] As used herein, the term “linked” or “conjugated” when referring to the connection
between two molecules means that two molecules are joined by a covalent bond or that two
molecules are associated vianoncovalent bonds {e.g., hvdrogen bonds or ionic bonds). In some
examples, where the term “linked” refers to the association between two molecules via
noncavalent bonds, the association between the two different molecules has a Ko of less than
1x 10 M (eg., less than 1 x 10° M, less than 1 x 10 M, or less than 1 x 107 M) in
physiologically acceptable buffer (e g., phosphate buffered saline). Unless stated, the term
linked as used herein may refer to the connection between a first compound and a second
compound either with or without any intervening atoms or groups of atoms.

[3165] The person of ordinary skill in the art would readily understand and appreciate that the
compounds and compositions disclosed herein may have cerfain atoms (e.g., N, O, or 8 atoms)
in a protonated or deprotonated state, depending upon the environment in which the compound
or composition is placed. Accordingly, as used herein, the structures disclosed herein envisage
that certain functional groups, such as, {or example, OH, SH, or NH, may be protonated or
deprotonated. The disclosure herein 15 wmiended to cover the disclosed compounds and
compositions regardless of their state of protonation based on the pH of the environment, as
would be readily undersiood by the person of ordinary skill in the art.

[0166] As used mn a claim herein, the phrase “consisting of” excludes anv element, step, or
ingredient not specified in the claim. When used in a claim herein, the phrase “consisting
essentially of” limits the scope of a claim to the specified materials or steps and those that do
not maierially affect the basic and novel charactensiic{s} of the claimed invention.

16167] Unless otherwise defined, all techrical and scientific tevms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this mvention
belongs. Although methods and materials stmilar or equivalent to those described hergin can
be used in the practice or testing of the present invention, suttable methods and matenals are
described below. All publications, patent applications, patents, and other references mentioned
herein are mcorporated by reference in their entirety. In case of conflict, the present
specification, including definitions, will control.  In addition, the matenials, methods, and

examples are lustrative ondy and not intended to be imiting.

Multidentate avB3 Integrin Ligands and Scaffolds
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{6168] As disclosed herein, in some embodiments, one or more avP3/5 integrin Higands may
be linked to one or more cargo molecules. In some embodiments, only one integrin ligand is
conjugated to a cargo molecule (referred to herein as a “monodentate” or “monovalent”™ ligand).
in some embodiments, two integrin ligands are conjugated fo a cargo molecule (referred to
herein as a “bidentate” or “divalent” targeting group). In some embodiments, three integrin
ligands are comjugated to a cargo molecule (referred to herein as a “tridentate” or “trivalent”
targeting group). In some embodiments, four integrin ligands are conjugated to a cargo
molecule (referred to herein as a “tetradentate” or “letravaleni” targeting group). In some
embodiments, more than four imtegrin ligands are conjugated to a cargo molecule.

16169} In some embodiments, where only one integrin ligand 1s conjugated to a cargo molecule
{(referred to herein as a “monodentate” ligand), the integrin ligand mav be conjugated directly
to the cargo molecule. In some embodiments, an mtegrin higand disclosed herein can be
conjugated to a cargoe molecule via a scaffold or other linker structure.

18170} In some embodiments, the mtegrin ligands disclosed herein inchude one or more
scaffolds. Scaffolds, also sometimes referred 10 in the art as linking groups or linkers, can be
used to facilitate the hinkage of one or more cargo molecules {o one or more integrin ligands
disclosed heremn. Useful scaffolds compatible with the ligands disclosed herein are generally
known in the art. Non-limiting examples of scaffolds that can be used with the avp3 integrin
ligands disclosed herein include, but are not imated to polvmers and polyamino acids (e.g., bis-
glutamic acid, polv-L-lvsine, etc.). In some embodiments, scaffolds may mclude cysieine
linkers or groups, DBCO-PEG;.24-NHS, Propargyl-PEG124-NHS, and/or multidentate DBCO
and/or propargyi moieties.

[617%] In some embodiments, the scaffold used for linking one or more mitegrin higands

disclosed herein to one or more cargo molecules has the following structure:
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O (8]
(8] /K

¥}
fL
- (Scaffold 1)

16172] The use of Scaffold 1, for example, facilitates efficient conjugation with both the

integrin ligand monomers and the one or more cargo molecules. Scaffold 1 includes an amine
reactive p-nitrophenol (also called 4-nitrophenol) ester, an amide linkage, and three PEG? unit
arms, as well as terminal alkynes. The 4-mitropheno! ester can be conjugated with the primary
anune on a cargo molecule, such as the primary anune on an RNA trigger fornulated with a
terminal amine group {e.g., NH2-(CHa2)s), through amide formation. The terminal alkyne can
be conjugated with azido modified higands (both peptides and small molecules) through
copper-catalyzed click chemistry.

[6173] In some embodiments, the cargo molecule is an RN A1 agent. In some embodiments,
Scaffold 1 may be attached to the terminal end of an RNAI agent, such as to the 57 terminal
end of the sense strand of an RNAt agent. For example, the 37 terminal end of the sense strand
of an RNAI agent may be modified to include a Co amine (-{{CHz)e-NH?) attached to the 5" end
of the 5° terminal nucleotide of the RNAI1 agent An RINAi1 agent having such a Cs amine
modification {or another other modification resulting in a terminal amine} may be readily

conjugated to Scaffold 1, as shown by the representation in the following structure:
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(Structure 380}, wherein Y %\g indicates an RNAi# agent.

[6174] The alkyne groups of Structure 380, above, may then be conjugated to the mtegrin
ligands disclosed herein to form tridentate integrin targeting groups.
[6175] In some embodimenis, a scaffold may be synthesived using DBCO

{dibenzocyclooclyne), which can be represented by the following struciure:

(Structure 381), wherein g
indicates attachment o a reactive group or a moiely comprising cargo molecule,
[6176] In some embodiments, triazole groups are formed between the RNAI agent and the

mtegrin hgands disclosed herein, as shown in the following general structure:
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avhs ligand

{Struciure 390), wherein YWIWMMAAA indicates any suttable scaffold or Iinker that can be

used to bind a ligand to an RNAI agent, and AV . indicates an RNAI agent,
[6177] In some embodiments, a scaffold may be synthesized as a phosphoramidite compound,

an exarnple of which is shown in the following structure:

[ E (Structure 4003,

[G178] The trialkvne compound of Structure 400 allows for a tridentate ligand to be readily
coupled to the 57 termunal end of the sense strand of an RN A1 agent through a click reaction of
an alkyne with a targeting ligand comprising an azide.

16179 In some embodiments, an integrin targeting group disclosed hergin comprises Structure
la, Structure 2a, Structure 2.1a, Structure 2.2a, Structure 2.3a, Structure 2.4a, Structure 2.5a,
Structure 2.6a, Struchure 2.7a, Structure 2.8a, Structure 2.9a, Structure 2. 10a, Structure 2.11a,
Structure 28a, Structure 29a, Structure 30a, Structure 3la, Structure 32a, Structure 33a,
Structure 34a, Structure 36a, Structure 37a, Structure 38a, Structure 39a, Structure 40a, and
Structure 41a, wherein the avf3 integrin iargeting group is a tridentate targeting group and
comprises three ligands.

13186 In some embodiments, an av(3 tridentate targeting group disclosed herein comprises

three ligands of Structure 2a, and can be represented by the following structure:
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(Structure 700)
[G181] In some embodiments, a iridentate targeting group disclosed herein comprises three

higands of Structure 2a, and can be represented by the following structure:
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(Structure 701)

[3182] In some embodiments, a tridentate targeting group disclosed herein comprises three

ligands of Structure 2a, and can be represented by the following structure:
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{Structure 701a)
13183} In some embodiments, a tridentate targeting group comprising a glutaric linker

comprises three ligands of Structure 2a, and can be represented by the following structure
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16184 In some embodiments, a tridentate targeting group disclosed herein comprises three

ligands of Structure Za, and can be represented by the following structure:
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{Structure 701c),

wherein - indicates an RNAt agentand X =0 or S.
[G185] In some embodiments, a iridentate targeting group disclosed herein comprises three

higands of Structure 2a, and can be represented by the following structure:
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{Structure 7014},
wherein wwwoewen indicates any suitable scaffold or linker that can be used to bind a ligand
and a cargo molecule.
[3186] In some embodiments, an av3 tndentate targeting group conjugated to an RN A1 agent

comprises three ligands of Structure 2a, and can be represented by the following structure:
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{Structure 701e),

wherein wwwowenn inndicates any suitable scaffold or linker that can be used to bind a ligand

and a RNAI agent, and < indicates a RN A1 agent.

Reactive groups and protecied reaciive groups.

16187} Reactive groups are well known in the art and provide for formation of covalent
linkages between two molecules or reactants. Suitable reactive groups for use in the scope of
the inventions herein include, bul are not imiled (o; amino groups, amide groups, carboxylic
actd  groups, andes, alkynes, propargvl  groups, BCN(biclclo[6.1 0]nonvne,

DBCO(dibenzocyclooctyne)  thiols, maleinude groups, aminooxy  groups, N-

W
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hydroxysuccinimide (NHS) or other activated ester (for example, PNP, TFP, PFP), bromo
groups, aldehvdes, carbonates, tosvlates, tetrazines, trans-cyclooctene {(TCO), hvdrazides,
hydroxvl groups, disulfides, and orthopyridvl disulfide groups.

[¢188] Incorporation of reactive groups can facilitate conjugation of an integrin ligand
disclosed herein {0 a cargo molecule. Congugation reactions are well known in the art and
provide for formation of covalent linkages between two molecules or reactants. Suitable
conjugation reactions for use in the scope of the inventions herein include, but are not limited
to, amide coupling reaction, Michael addition reaction, hydrazone formation reaction and click
chemustry cycloaddition reaction.

16189 In some embodiments, the integrin targeting ligands disclosed herein are synthesized
as a tetrafluorophenyl {TFP) ester, which can be displaced by a reactive amino group to attach
a cargo molecute. In some embodiments, the integrin targeting ligands disclosed herein are
synthesized as an azide, which can be conjugated to a propargyl or DBCO group, for example,
via click chemistry evcloaddition reaction, to attach a cargo molecule,

[6196] Protected reactive groups are also commonly used in the art. A protecting group
provides temporary chemical transformation of a reactive group into a group that does not react
under conditions where the non-protected group reacts, e.g, to provide chemo-selectivity in a
subsequent chemical reaction. Suitable protected reactive groups for use in the scope of the
mventions herein include, but are not limited o, BOC groups (-butoxyecarbonyl), Fmoc (9-
Huorenylmethoxycarbonyvl), carboxybenzyl (CBZ) groups, benzy! esters, and PBF (2,2.4,6.7-

pentamethyldihy drobenzofuran-S-sulfonyl).

Cargo Molecules (including RNA1 agents)

[6191] A cargo molecule is any molecule which, when detached from the integrin higands
described herein, would have a desirable effect on a cell comprising an integrin receptor. A
cargo molecule can be, but 18 not limited to, a pharmaceutical ingredient, a drug product, a
prodrug, a substance with a known therapeutic benefit, a small molecule, an antibody, an
antibody fragment, an immunoglobulin, a monoclonal antibody, a label or marker, a lipid, a
natural or modified nucleic acid or polvmucleotide, a peptide, a polymer, a polvamine, a protein,
an aptamer, a {oxin, a vilamin, a PEG, a hapten, a digoxigenin, a biotin, a radioactive atom or
mwolecule, or a fluorophore. In some embodiments, one or more cargo molecules (e.g., the same
or different cargo molecules) are linked to one or more integrin ligands to target the cargo

molecules 1o a cell expressing integrin avB3 and/or integrin avs.
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16192 In some embodiments, the one or more cargo molecules is a pharmaceutical ingredient
or pharmaceutical composition. In sorue embodiments, the one or more cargo molecules 15 an
oligonucleotide-based compound. As used herein, an “oligonucleotide-based compound”is a
nucleotide sequence containing about 10-50 {e.g.. 1010 48, 101046, 10to 44, 101042, 10 1o
40, 1010 38, 10 to 36, 10 10 34, 10 10 32, 1010 30, 10 to 28, 10 10 26, 10 to 24, 1010 22, 10 to
20, 10t0 18, 1010 16, 10140 14, 1010 12, 121050, 121048, 121046, 121044, 121042, 1210
40, 121038, 121036, 121034, 12032, 121030, 121028, 121026, 12t0 24, 121022, 1210
20,1210 18, 1210 16, 1210 14, 1416 50, 14 10 48, 14 t0 46, 14 10 44, 1410 42, 1410 40, 1410
38, 141036, 141034, 141032, 141030, 1410 28, 1410 26, 14 t0 24, 1416 22, 1410 20, 14 10
18, 1410 16, 16 t0 50, 161048, 161046, 161044, 161042, 161040, 1610 38, 1610 36, 1610
34 161032, 1610 30, 1610 28, 161026, 1610 24, 1610 22, 16 10 20, 1610 18, 18 10 50, 18 to
48, 18 10 46, 18 to 44, 18 10 42, 18 10 40, 18 10 38, 1810 36, 18 10 34, 18 t0 32, 18 10 30, 18 to
28, 1810 20, 18 10 24, 1810 22, 1810 20, 20 10 50, 20 10 48, 20 {0 46, 20 to 44, 20 10 42, 20 to
40, 20 to 38, 20 t0 36, 20 to 34, 20 to 32, 20 to 30, 20 to 28, 20 to 26. 20 to 24, 20 10 22, 22 10
50,2210 48,22 t0 46,22 1044, 221042, 2210 40, 22 t0 38, 22 t0 36, 22t0 34, 2210 32, 22 to
30, 22 10 28, 22 10 26, 22 10 24, 24 to 50, 24 to 48, 24 to 46, 24 10 44, 24 10 42, 24 10 40, 24 to
38, 2410 36, 24 10 34, 24 10 32, 24 10 30, 24 10 28, 24 t0 26, 26 t0 30, 26 10 48, 26 {0 46, 26 to
44 261042, 26 1o 40, 26 10 38, 26 to 36, 26 10 34, 26 to 32, 26 10 30, 26 to 28, 28 10 50, 28 to
48, 28 10 46, 28 to 44, 28 10 42, 28 1o 40, 28 10 38, 28 to 36, 28 1o 34, 28 to 32, to 28 to 30, 30
10 50, 30 10 48, 30 to 46, 30 to 44, 30 to 42, 30 10 40, 30 to 38, 30 1o 36, 30 {0 34, 30 {0 32, 32
to 50. 32 t0 48, 32 10 46, 32 to 44, 32 to 42, 32 10 40, 32 10 38, 32 t0 36. 32 to 34, 34 10 50, 34
1048, 34 {0 46, 34 10 44, 34 10 42, 34 10 40, 34 {0 38, 34 10 36, 36 10 50, 36 10 48, 36 to 46, 36
10 44, 36 t0 42, 36 to 40. 36 10 38, 38 10 50, 38 10 48, 38 10 46, 38 to 44, 38 10 42, 38 10 40, 40
10 50, 40 to 48, 40 to 406, 40 t0 44, 4010 42, 42 10 50, 42 to 48, 42 10 406, 42 {0 44, 44 t0 530, 44
10 48, 44 10 46, 46 to 50, 46 10 48, or 48 to 50} nucleotides or nucleotide base pairs. In some
embodiments, an oligonuclectide-based compound has a nucleobase sequence that 1s at least
partially complementary to a coding sequence in an expressed target nucleic acid or target gene
{e.g., the gene transcript or mRNA of a target gene) within a cell. In some embodiments, the
oligonucleotide-based compounds, upon delivery to a cell expressing a gene, are able o inhibit
the expression of the undeslving gene, and are referred to herein as “expression-inhibiting
ohgonucleotide-based compounds.” The gene expression can be inhibited in vitro or in vivo.

16193] “Gligonucleotide-based compounds™ include, but are not limited to: single-stranded
oligonucleotides, single-stranded antisense oligonucieotides, short or small inter{fering RNAs

(siRNAs), double-strand RNAs (dsBRNA), micro RNAs (miRNAs), short hairpin RNAg
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{shRNA), ribozymes, interfering RNA molecules, and dicer subsirates. In some embodiments,
an ohigonucleotide-based compound is a single-stranded ohigonucleotide, such as an antisense
oligonucleotide. In some embodiments, an oligonucleotide-based compound is a double-
stranded oligonucieotide. In some embodiments, an oligonucleotide-based compound is a
double-stranded oligonuclectide that 13 an RN A1 agent.

[0194] In some embodiments, the one or more cargo molecules 1s/are an “RNAi agent,” which
as defined herein is a chemucal composition that includes an RNA or RNA-like {e g,
chemically modified RWA) oligonucieotide molecule that is capable of degrading or inhibiting
translation of messenger RNA {mRNA) transcripts of a target mRNA in a sequence specific
manner. As used herein, RNA1 agents may operate through the RNA mierference mechanism
(e, inducing RNA interference through interaction with the RNA interference pathway
machinery (RNA-induced silencing complex or RISC) of mammalian cells), or by any
alternative mechanism{s) or pathway(s). While it 1s believed that RN A1 agents, as that term 1s
used herein, operate primanly through the RNA interference mechanism, the disclosed RNAG
agents are not bound by or limited to anv particular pathway or mechanism of action. RNAi
agents disclosed herein are comprised of a sense sirand and an antisense strand, and include,
but are not limited to: short or small interfering RNAs (siRNAs), double-strand RNAs
(dsRNA), micro RNAs (miRNAgs), short hairpin RNAs (shRNA), and dicer subsirates. The
antisense strand of the RINA1 agents described herein 15 at least partially complementary to the
mRNA being targeted. RNAj1 agents can include one or more modified nucleotides and/or one
or more non-phosphodiester linkages.

16195} Typically, RN A1 agents can be comprised of at least a sense strand (also referred to as
a passenger strand) that includes a first sequence, and an anfisense strand (also referred to as a
guide strand) that includes a second sequence. The length of an RNAI1 agent sense and
antisense strands can each be 16 to 49 nucleotides in length. In some embodiments, the sense
and antisense strands of an RNAi1 agent are independently 17 to 26 nucleotides in length. In
some embodiments, the sense and antisense strands are independently 19 to 26 nucleotides in
length. In some embodiments, the sense and antisense strands are independently 21 to 26
nucleotides i length. In some embodiments, the sense and antisense strands are independently
21 1o 24 nucleotides m length. In some embodiments, the sense and antisense strands are each
21 nucleotides in length. The sense and antisense strands can be either the same length or
different lengths. The RN A1 agents include an antisense strand sequence that is at least partially
complementary (0 a sequence in the target gene, and upon delivery to a cell expressing the
target, an RN A1 agent moay inhibit the expression of one or roore target genes in vivo or in vitro,
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16196] Cligonucleotide-based compounds generally, and RNAI1 agents specifically, may be
comprised of modified nucleotides and/or one or more non-phosphodiester linkages. As used
herein, a “modified nucleotide” is a nucleotide other than a ribonucleotide (2'-hydroxyl
nucleotide}. In some embodiments, ai feast 50% (e.g., at least 60%, at least 70%, at least 80%,
at least 90%, at least 959%, at least 97%, at least 98%, at least 99%, or 100%)} of the nucleotides
are modified nucleotides. As used herein, modified nucleotides include, but are not imited to,
deoxyribonucieotides, nucleotide mimics, abasic nucleotides, 2'-modified nucleotides, 3’ to 3’
hinkages (inverted) nucleotides, non-natural base-comprising nucleotides, bridged nucleotides,
peplide nucleic acids, 2'.3"-seco nucleotide mumics (unlocked nuclecbase analogues, locked
nucleotides, 3'-O-methoxy (2" intemucieoside linked) nucleotides, 2'-F-Arabino nucleotides,
5-Me, 2'-fluoro nucleotide, morpholino nucleotides, vinyl phosphonate deoxyribonucleotides,
vinyl phosphonate contamming nucleotides, and cyclopropyl phosphonate  containing
nucleotides. 2'-modified nucleotides (i.e. anucleotide with a group other than a hvdroxyl group
at the 2’ position of the five-membered sugar ring) include, but are not limited to, 2'-O-methy!
nucleotides, 2'-deoxy-2'-fluoro nucleotides, 2'-deoxv nucleotides, 2'-methoxvethyl (2'-G-2-
methoxyiethyl} nucleotides, 2'-amino nucleotides, and 2'-alkyvl nucleotides.

16197} Moreover, one or more nucleotides of an oligonucleotide-based compound, such as an
RINAi agent, may be linked by non-standard linkages or backbones (e, modified
intemucleoside hinkages or modified backbones). A modified miemnucleoside linkage may be
a non-phosphate-containing covalent internucleoside linkage. Maodified internucleoside
linkages or backbones include, but are not limited to, 5'-phosphorothicate groups, chiral
phosphorothioates, thiophosphates, phosphorodithioates, phosphoinesters, aminoalkvi-
phosphotriesters, alkyl phosphonates {e.g., methy! phosphonaies or 3'-alkvlene phosphonates),
chiral phosphonates, phosphinates, phosphorarmidates {(e.g., 3'-anuno phosphoramidate,
aminoalkylphosphoranudates, or thionophosphoramidates), thioncalkyl-phosphonates,
thionoalkviphosphotriesters, morpholino linkages, boranophosphates having normal 3-8
linkages, 2'-5'" linked analogs of boranophosphates, or boranophosphaies having inverted
polarity wherein the adjacent pairs of nucleoside units are linked 3'-3"t0 5'-3" or 2'-5" t0 5'-2".

[G198] 1t is not necessary for all positions in a given compound fo be umiformly modified.
Conversely, more than one modification may be incorporated in a single ohigonuclectide-based
compound or even in a single nucleotide thereof.

163199 In some embodiments, the cargo molecule 13 an RN A1 agent for inhibiting HIF-2 alpha

(EPASTY gene expression. The cargo molecule mav be an RNAIL agent described in
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International Patent Application Publication No. WO 2016/196239 and WO 2014/134255,
each of whuch is herein incorporated by reference in its entirety.

16200] The RNAI agent sense strands and antisense strands may be synthesized and/or
modified by methods known in the art. For example, the disclosure of RNAI agents directed 1o
the inhibition of HIF-2 alpha gene expression may be found, for example, in International
Patent Application Publication No. WO 2016/196239, which 1s incorporated by reference
herein n its entirety.

i6261] In some embodiments, the one or more cargo molecule(s) can include or consist of a
PEG moiety that can acis as a pharmacokinetic (PK) enhancer or modulator. In some
embodiments, the one or more cargo molecules can include a PEG moiety having about 20-
900 ethylene oxide (CHz~CH»~0) units {e.g., 20 to 850, 20 to 800, 20 t6 750, 20 to 700, 20 to
630, 20 10 600, 20 {0 550, 20 1o 500, 20 {0 450, 20 to 400, 20 10 350, 20 {o 300, 20 {0 250, 20
10 200, 20 to 150, 20 1o 100, 20 10 75, 20 to 50, 100 1o 850, 100 to 800, 100 to 750, 100 1o 700,
100 to 650, 100 to 600, 100 1o 550, 100 to 500, 100 to 450, 100 to 400, 100 to 350, 100 to 300,
100 to 250, 100 t0 200, 100 to 150, 200 to 850, 200 to £00, 200 to 750, 200 to 700, 200 1o 650,
200 1o 600, 200 to 550, 200 to 500, 200 to 450, 200 to 400, 200 10 330, 200 {0 300, 200 {o 250,
250 10 900, 250 to 850, 250 to 800, 250 to 750, 250 to 700, 250 1o 630, 250 to 600, 250 {0 550,
250 to 500, 250 10 450, 250 {0 400, 250 10 350, 250 to 300, 300 1o 800, 300 to 830, 300 10 800,
300 1o 750, 300 to 700, 300 10 650, 300 (o 600, 300 10 550, 300 o 500, 300 to 450, 300 1o 400,
300 to 350, 350 10 900, 35010 850, 350 10 R0O, 35010 750, 350 1o 700, 350 to 650, 350 10 600,
350 to 550. 350 to 500, 350 1o 450, 350 to 400, 400 to 900, 400 to 850, 400 to 800, 400 to 750,
400 to 700, 400 to 650, 400 to 600, 400 to 350, 400 to 500, 400 to 450, 450 to 900, 450 to 830,
450 1o 800, 450 to 750, 450 10 700, 450 to 650, 430 to 600, 450 10 330, 450 1o 500, 500 1o 900,
500 10 850, 500 to B00, 500 1o 750, 500 to 700, 300 10 630, 500 1o 600, 500 to 550, 550 10 900,
550 10 850, 550 to 800, 550 to 750, 550 to 700, 550 to 650, 550 to 600, 600 to 900, 600 to 850,
600 to 800, 600 to 750, 600 1o 700, 600 (o 630, 650 10 300, 650 to 850, 650 to 804, 650 10 730,
650 to 700, 700 to 900, 700 1o 850, 700 to R0O, 700 10 750, 750 1o 900, 750 to 850, 750 10 800,
800 10 900, 850 to 900, or 850 to 900 ethvlene oxide units). In some embodiments, the one or
more cargo molecule(s) consist of a PEG moiety having approximately 455 ethylene oxide
units (aboul 20 kilodalton (kDa) molecular weight). Tn some embodiments, a PEG moiety has
a molecular weight of about 2 kilodalions. In some embodiments, a PEG moiety has a
molecular weight of about 20 kilodaltons. In some embodiments, a PEG moiety has a
molecular weight of about 40 kilodaltons. The PEG mwoteties described herein may be linear
or branched. The PEG moieties may be discrete {monodispersed) or non-discrete
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{polvdispersed). PEG moieties for use as a PK enhancing cargo molecule may be purchased
commercially. In some embodiments, the one or more cargo molecule(s) include a PEG moiety
that can act as a PK modulator or enhancer, as well as a different cargo molecule, such as a
pharmaceutically active mgredient or compound.

[6202] The described integrin Hgands include salts or solvates thereof. Scolvates of an integrin
ligand is taken o mean adductions of inert solvent molecules onto the integrin ligand which
form owmng to their mutual attractive force. Solvates are, for example, mono- or dihydrates or
addition compounds with alcohols, such as, for example, with methanol or ethanol.

[6203] Free amino groups ot free hydroxyl groups can be provided as substituents of integrin
higands with corresponding protecting groups.

[6204] The avp3 integrin ligands also include, e.g., denivatives, i.e., integrin ligands modified
with, for example, alkyl or acy! groups, sugars or cligopeptides, which are cleaved either in
Vitro or in an organisin.

[G205] In some embodiments, an integrin ligand disclosed herein facilitates the delivery of a
cargo molecule into the cytosol of a cell presenting integrin avB3 and/or integrin avB3 on s
surface, etther through ligand-mediated endocytosis, pinocytosis, or by other means. In some
erobodiments, an indegrin ligand disclosed heremn facilitates the delivery of a cargo molecule

to the plasma membrane of a cell presenting integrin avp3 and/or integrin avis.

Pharmaceutical Compaositions

[6206] In some embodiments, the present disclosure provides pharmaceutical compositions
that include, consist of, or consist essentially of, one or more of the integrin ligands disclosed
herein.

16207] As used herein, a “pharmaceutical composition” comprises a pharmacologically
effective amount of an Active Pharmaceutical Ingredient {AP1), and optionally one or more
pharmaceutically acceptable excipients. Pharmaceutically acceptable excipients {excipients)
are substances other than the Active Pharmaceutical ingredient (APL, therapeutic product) that
are intentionally included i the drug delivery system. Excipients do not exert or are not
intended o exert a therapeutic effect at the intended dosage. Excipients may act to a) aid in
processing of the drug delivery system during manufacture, b) protect, support or enhance
stability, bicavailability or patient acceptability of the API, ¢} assist in product identification,
and/or d) enhance any other attribute of the overall safety, effectiveness, of delivery of the AP1
during storage or use. A pharmaceutically acceptable excipient may or may not be an inert

substance.
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{6208] Excipients include, but are not limited to: absorption enhancers, anti-adherents, anti-
foaming agents, anti-oxidants, binders, buffering agents, carrniers, coating agents, colors,
delivery enhancers, delivery polymers, dexiran, dextrose, diluents, disintegrants, emulsitfiers,
extenders, fillers, flavors, glidants, humectants, lubricants, oils, polvmers, preservatives, saling,
salts, solvents, sugars, suspending agents, sustained release matrices, sweeteners, thickening
agents, tonicity agents, vehicles, water-repelling agents, and wetting agents.

16209} The pharmaceutical compositions described herein can contain other additional
components commonly found in pharmaceutical compositions. In some embodiments, the
additional component is a pharmaceutically-active material. Pharmaceuticallyv~-active materials
imclude, but are not lirnited to: anti-pruritics, astringents, local anesthetics, or anti-imnflammatory
agents (e.g., antihistamine, diphenhydramine, etc.), small molecule drug, antibody, antibody
fragment, aptamers, and/or vaceine,

0218} The pharmaceutical compositions may also contain preserving agents, solubilizing
agents, stabilizing agents, wetting agents, emulsifiers, sweeteners, colorants, odorants, salts for
the variation of osmotic pressure, buffers, coating agents, or antioxidants. They may also
contain other agent with a known therapeulic benefit.

16211} The pharmaceutical compositions can be administered in a number of ways depending
upon whether focal or sysiemic treaiment is desired and upon the area to be ireated.
Admunistration can be made by any way commonly known in the art, such as, but not hmited
to, topical (e.g., by a transdermal patch), pulmonary (e.g., bv inhalation or insufflation of
powders or aerosols, including by nebulizer, intratracheal, intranasal), epidermal, transdermal,
oral or parenteral. Parenteral admimistration includes, but is not limited {o, intravenous,
mitraarierial, subcutaneous, intraperitoneal or intramuscular imjection or mfusion; subdermal
{e.g.. via animplanted device), intracramial, intraparenchyroal, intrathecal, and intraventricular,
administration. In some embodiments, the pharmaceutical compositions described herein are
adminisiered by initravenous injection or infusion or subcuwtaneous injection. The
pharmaceutical compositions may be admunistered orally, for example in the form of fablets,
coated tablets, dragées, hard or soft gelatine capsules, solutions, emulsions or suspensions.
Adminisiration can also be carned out rectally, for example using suppositories; locaily or
percutaneously, for example using ointrments, creams, gels, or solutions; or parenterally, for
exanmple using mjectable solutions.

{6212} Pharmaceutical compositions suifable for injectable use include sterile agueous
solutions {where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For intravenous adronistration,
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suitable carriers inciude physiological saline, bacteriostatic water, Cremophor ELTM {BASF,
Parsippany, NJ) or phosphate buffered saline. It should be stable under the conditions of
mamifactire and storage and should be preserved against the comtaminating action of
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion medium
containing, for example, water, ethanol, polyvol (for example, glycerol, propylene glycol, and
liquid polyethylene glycol), and swtable mixtures thereof. The proper flmdity can be
maintained, for example, by the use of a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use of surfactants. In many cases, it
will be preferable to include isotonic agents, for example, sugars, polyalcohols such as
mannitol, sorbitol, and sodium chloride n the composition.  Prolonged absorption of the
injectable compositions can be brought about by including in the composition an agent which
delays absorption, for example, aluminum monostearate and gelatin,

(6213} Sterile injectable solutions can be prepared by incorporating the active compound in
the required amount in an appropriate solvent with one or a combination of ingredients
emuneraied above, as required, followed by filter sterilization. Generally, dispersions are
prepared by incorporating the active cornpound into a sterile vehicle which contains a basic
dispersion mediurn and the required other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile injectable solutions, methods of preparation
mclude vacuum drying and freeze~-drying which vields a powder of the active ingredient plus
any additional desired ingredient from a previously sterile-filtered solution thereof.

[6214] Formulations suitable for mtra-articular administration can be in the form of a sterile
agueous preparation of any of the ligands described herein that can be in microcrystalline form,
for example, in the form of an aqueous microcrystalline suspension. Liposomal formudations
or biodegradable polymer systerns can also be used to present any of the ligands described
herem for both intra-articular and ophthalmic administration.

[6218] The active compounds can be prepared with carners that will protect the compound
against rapid elinunation from the body, such as a controlled release formulation, including
implants and microencapsulated delivery systems. Biodegradable, biocompatible polvmers
can be used, such as ethylene vinyi acetate, polvanhydrides, polyglveolic acid, collagen,
polvorthoesters, and polylactic acid. Methods {or preparation of such formulations will be
apparent to those skilled i the art.  Liposomal suspensions can also be used as
pharmaceutically acceptable carriers. These can be prepared according to methods known to

those skilled in the art, for example, as described in U.S. Patent No. 4,522,811,

o)
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i6216] A pharmaceutical composition can contain other additional components commonly
found in pharmaceutical compositions. Such additional components mclude, but are not lirnited
to: anii-pruritics, asiringents, local anesthetics, or anti-inflammatory agents {e.g.,
entihistamine, diphenhydramine, etc.). As used herein, “pharmacologically effective amount,”
“therapeulically effective amount,” or simply “effective amount” refers to that amount of an
the pharmaceutically active agent to produce a pharmacological, therapeutic or preventive
result.

16217] Medicaments containing an avf3 integrin ligand are also an object of the present
mvention, as are processes for the manufacture of such medicaments, which processes
comprise bringing one or more compounds containing a ov3 integrin ligand, and, if desired,
one or more other substances with a known therapeutic benefit, info a pharmaceutically
acceptable form.

(0218} The described integrin higands and pharmaceutical compositions comprising utegrin
ligands disclosed herein may be packaged or included in a kit, container, pack, or dispenser.
The miegrin ligands and pharmaceutical composiiions comprising the inlegrin ligands may be

packaged in pre-filled syringes or vials.

Linking Groups, Pharmacokinetic (PK) Enhancers, Pharmacodynamic (PD)
Modulators, Delivery Vehicles, and Targeting Groups

[6219] In some embodiments, an uvB3 ligand 15 conjugated o one or more non-nucleotide
groups including, but not linuted to, a hnking group, a pharmacokinetic (PK) enhancer {also
referred to as a PK modulator), a pharmacodynamic (PD) modulator, a delivery polymer, or a
delivery vehicle. The non-nucleotide group can enhance targeting, delivery, or attachment of
the cargo molecule. Examples of scaffolds for targeting groups and linking groups are disclosed
herein. The non-nucleotide group can be covalently linked to the 3" and/or 5" end of either the
sense strand and/or the antisense strand. In embodiments where the cargo molecule 15 an RNAI
agent, the RNAI agent contains a non-nucleotide group linked to the 3" and/or 5" end of the
sense strand. In some embodiments, a non-nuclectide group s linked to the 53" end of an RNA
agent sense strand. An integrin ligand disclosed herein can be linked directly or indirectly to
the cargo molecule via a linker/linking group. In some embodiments, an mtegrin ligand is
linked to the cargo molecule via alabile, cleavable, or reversible bond or linker.

[32208] In some embodiments, a non-nucleotide group enhances the pharmacokinetic or

biodistribution properties of an RNA1 agent or conjugate to which it is attached to improve
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celi- or tissue-specific distribwtion and celi-specific uptake of the RNAI agent or conjugate. In
some embodiments, a non~nucleotide group enhances endocytosis of the RNAj1 agent. In some
embodiments a non-nucleotide group enhances or modulates the pharmacodynamic properties
of an RNAI agent or conjugate to which it is attached to improve cell- or tissue-spacific
disiribution and cell-specific uptake of the RNA1 agent or conjugaie,

(6221} Targeting groups or targeting moteties enhance the pharmacokinetic or hiodistribution
properties of a cargo molecule to which they are attached to improve cell-specific (including,
in some cases, organ specific} distribution and cell-specific (or organ specific) uptake of the
cargo molecule. In some embodiments, a largeting group may comprise an avpB3 ligand as
described herein. In some embodiments, a targeting group comprises a linker. In some
embodiments, a targeting group comprises a PK enhancer. In some embodiments, an avp3
integrin ligand is hinked to a carge molecule using a linker, such as a PEG hnker or one, two,
or three abasic and/or ribiiol {abasic ribose) residues, which mn some instances can serve as
linkers. Targeting groups may comprise one or more targeting ligands. In some embodiments,
a targeling group may comprise one to four integrin ligands disclosed herein. In some
embodiments, a targeting group is a tridentate targeting group and comprises three integrin
ligands disclosed herein.

36222} Cargo molecules can be synthesized having a reactive group, such as an amino group
{also referred (o herein as an amine). In embodiments where the cargo molecule is an RNA1
agent, the reactive group may be hinked at the 5'-termanus and/or the 3'-terminus. The reactive
group can be used subseguently to attach an avp3 integrin ligand using methods typical in the
art.

[6223] For example, in some embodiments, an RNA1T agent is synthesized having an NH2-Cs

i

group at the 3'-terninus of the sense sirand of the RNA1 agent. The terminal amino group
subsequently can be reacied o form a conjugaie with, for example, a group that includes an
integrin fargeting ligand. In some embodiments, an RN A1 agent is synthesized having one or
more alkyne groups at the 5'-terminus of the sense strand of the RNA1 agent. The ternmunal
alkyne group(s) can subseguently be reacted to form a conjugate with, for example, a group
that includes an av{3 integrin targeting ligand.

16224} Tn some embodiments, a linking group 1s conjugated to the avp3 ligand. The linking
group facilitates covalent linkage of the ovB3 ligand to a cargo molecule, PK enhancer, delivery
polymer, or delivery vehicle. Examples of linking groups, include, but are not imited to: Alk-

SMPT-Co6, Alk-85-C6, DBCO-TEG, Me-Alk-S8-C6, and C6-58-Alk-Me, reactive groups
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such a primhary amines and alkynes, alkyi groups, abasic residues/nucleotides, amino acids, tri-
atkvne functionalized groups, nibitol, and/or PEG groups.

16225} A linker or linking group is a connection between two atoms that links one chenucal
group {such as an RNAI agent} or segment of inierest to another chemical group (such as an
avP3 integrin ligand, PK enhancer, P modulator, or delivery polymer) or segment of interest
via one or more covalent bonds. A labile hinkage contains a labile bond. A linkage can
optionally include a spacer that increases the distance between the two joined atoms. A spacer
may further add flexibility and/or length to the linkage. Spacers include, but are not be limited
to, alkyl groups, alkeny! groups, alkyny! groups, aryl groups, aralkyl groups, aralkenyt groups,
and aralkynyl groups; each of which can contain one or more heteroatorns, heterocycles, anuno
acids, nucleotides, and saccharides. Spacer groups are well known in the art and the preceding
tist 15 not meant to limit the scope of the description.

[3226] In some embodiments, avp3 ligands are linked fo cargo molecules without the use of
an additional linker. In some embodiments, the av(3 ligand is designed having a linker readily
present to facilitate the linkage to a cargo molecule. In some embodiments, when two or more
RMNA1 agents are included in a composition, the two or more RNA1 agents can be linked to thewr
respective targeting groups using the same linkers. In some embodiments, when two or more
RINA1 agents are included in a composition, the two or more RNAI agents are linked to their
respective targeting groups using different linkers.

6227} Examples of certain linking groups and scaffolds are provided 1o Table A

Table A. Structures Representing Various Linking Groups and Scaffolds
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When positioned at the 3’ terminal end of oligonucleotide:
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When positioned internally 1o oligonucleotide:

linkage towards 5' end of linkage towards 3" end of
oligonuclectide oligonucleotide
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When positioned at the 3' terounal end of oligonucleotide:
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wherein § idicates the point of attachment to a cargo molecule.

16228} Alternatively, other linking groups known in the art may be used. Examples of suitable
hinking groups are provided in PCT Application No. PCT/US19/18232, which is incorporated
by reference herein in its entirety.

[6229] The above provided embodiments and items are now ilustrated with the following,

non-limiting examples.

Internally Linked Targeting Ligands

[6230] In some embodiments when the integrin targeting higands described herein are bound
or linked to an RNAI molecule, the integrin targeting ligand may be bound io intemnal
nuclectides of the sense strand or the antisense strand. Tn some embodiments, up to 15
targeting ligands moay be conjugated to internal nucleotides on the sense strand of an RNAi
agent. In some embodiments, 1,2, 3.4, 5,6,7, & 9 10, 11, 12, 13, 14, or 15 targeting ligands
may be conjugated to internal nuclestides on the sense strand of a HIF-2 alpha RNAI agent.

In some embodiments, 1 to S(e.g., 1, 2, 3, 4, or 5) targeting ligands are conjugated to internal

~3
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nucleotides on the sense strand of an RNAi agent. In some embodiments, 3 {0 4 targeting
higands are conjugated to internal nucleotides on the sense strand of an RN A agent.

3231 In some embodiments, placement of infemal targeting ligands may impact the
efficacy or potency of an RNA1 agent. In some embodiments of avB3 integrin targeting
ligands bound to RN A1 agents, a targeting group 15 conjugated to the §7 end of the sense
strand, and at least 10 nucleotides are positioned between the trnidentate targeting group
located on the 5° end of the sense strand and the next closest targeting ligand located on the
sense strand. In some embodiments, at least 5 nucleotides are positioned batween the
tridentate targeting group located on the 57 end of the sense strand and the next closest
targeting ligand located on the sense strand.

6232} In some embodiments where two or more targeting ligands are conjugated {o internal
nucleotides focated on the sense strand of an RNA1 agent, there is a space of at least one
nucleotide that 1s not conjugated to atargeting higand positioned between the two internal
nucleotides that are conjugated to targeting ligands. In some embodiments where two or more
targeting ligands are conjugated to the sense strand of an RNA1 agent, at feast two nucleotides
that are not conjugated to a targeting ligand are positioned between two internal nucleofides
that are conjugated to targeting ligands.

[6233] In some embodiments, targeting ligands are conjugated to the 2nd, 4th, and 6th
nucleotides on the sense sirand as numbered from 37 to 5°, starting from the farthest 37
nucleotide that forms a base pair with a nucleotide on the antisense strand. In some
embodiments, targeting ligands are conjugated to the 2nd, 4th, 6th, and 8th nucleotides (3° =
57} from the 37 terminal nucleotide on the sense strand that forms a base pair with the
antisense strand.

16234] Examples of modified nucleotides for attaching internal targeting ligands are shown

in Table B below:

Tabel B. Structures Representing Modified Nucleotides for Attaching Targeting Ligands.

80



WO 2019/210200 PCT/US2019/029393

aAlks

gAlk gAlks

81




WO 2019/210200 PCT/US2019/029393

EXAMPLES
[6235] The followimng examples are not Hmiting and are imtended to iHustrate cerlain

embodiments disclosed herein.

Example 1. Synithesis of Integrin Targeting Ligands,

6236] Some of the abbreviations used in the foliowing experimental details of the synthesis
of the examples are defined as follows: h or hr = howr(s}; min = minute(s), mol = mole(s);
ol = millimole(s); M = molar; uM = micromolar; g= gram(s); pg = microgram{s}. rtor RT
= room temperature; L= liter(s), mL = milliliter(s); wt = weight; ER( = diethvi ether; THF =
tetrahydrofuran; DMSO = dimethyl sulfoxide; FtOAc = ethyl acetaie; EN or TEA =
triethylamine; ~-Pr2NEt or DIPEA or DIEA = dusopropylethylamine; CH2Cl: or BDOCM =
methviene chloride; CHCE = chloroform; CD¥Cl; = deuterated chioroform; CCls = carbon
tetrachlonide; MeOH = methanol, E1OH = ethanol; DMF = dimethylformamide; BOC = ~
butoxycarbonyl; CBZ = benzyloxycarbonyl; TBS = r—butvidimethylsilvl; TBSCl or TBDMSCI
= r-butyldimethylsilyl chlonide; TFA = wifluorcacetic  acid; DMAP = 4-
dimethyiaminopyridine, NaNs = sodium azide; NaxSOs = sodium sulfate; NaHCO: = sodium
bicarbonate, NaOH = sodium hydroxide; MgS0s = magnesium sulfate; KoCOs = potassium
carbonate; KOH = potassium hvdroxide; NHsOH = ammonium hydroxide; NHs(Cl =
ammonium chloride; 810z = silica; Pd-C = palladium on carbon; HCI = hydrogen chloride or
hydrochloric acid; NMM = N-methylmorpholine; Hz = hydrogen gas; KF = potasstum fluoride;

EDC-HCl = N-(G-Damethylamanopropyl)-N'-ethylcarbodumide hydrochloride; MTBE =
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methvi-feri-butyl ether; MeOH = methanol; Ar = argon:; N2 = nitrogen; 510z = silica; Ry =

retention time; PTSA = para-toluenesulfonic acid; PPTS = pyridinium para-toluenesulfonate.

Synthesis of Structure ic (8)-3-(6-({(1-azido-15-0x0-3,6,9, I 2-tetraoxa-1 6-azanonadecan- { 9-
yvhoxylpyridizge3-yB-3-2a0x0-3-(3-{ 5,6, 7, 8-setralydro- 1, 8-naplhthyridin-2-
vhpropyilimidazolidin-1-yipropancic acid).
o) 2

1 PTSA ’ 1
N TR H , OH -

| oy O/W = Ry o

F Benzene E

16237] A muixture containing compound 1 (1.03 g, .23 mmol), compound 2 (.92 ¢ 14.8 mol),
and PTSA hydrate (156 mg, 0.82 mmol} in benzene {25 mL) was refluxed in a dean stark
apparaius overnight. The following moming, the reaction mixture was poured into saturated
sodium bicarbonate, and ethyl acetate was subsequently added. The orgamic phase was
separated, filtered over sodium suifate, and concentrated to afford compound 3 in 95% vield,

which was subsequently used without further purification.

3 o’> o
4

N e o] . . g Ry
i} NaH, DMF N H
i + HOW\N\ e e §

A7

iy TFA, HO 3
{8238} To a solution containing compound 4 (5.39 g, 53.3 mmol) and 3A molecular sieves in
DMF {100 mL} was added sodium hvdride {60 wit%, 2.13 g, 53.3 mmol), and the reaction was
agitated for 1 hour. A solution of compound 3 (7.52 g 7.52 g} in DMF (20 mL) was
subsequently added and the suspension was heated at 80 °C overnight. Upon completion, the
suspension was filtered over a cotion plug and concentrated under reduced pressure.  The
residue was partifioned between diethy! ether and water, and the organic phase was separated,
filtered over sodium sulfate, and concentraied under reduced pressure. The residue was treated
with 20 ml of 10% H20 1in TFA and stirred for 30 nunutes. Upon corpletion, the solution was
chilled 1o 00 °C and the pH was adjusted to 11 with 6M NaOH, upon which the product
precipitated as an o, Compound S was extracted three times from the oily suspension with
diethvl ether. The orgamic phases were combined, filtered over sodium sulfate, and
concentrated. Compound 5 was then 1solated in 26% vield by separation on silica eluting a

gradient of ethyl acetate in hexanes.

&3
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16239} A mixtwre containing compound 5 (2.29 ¢, 9.94 mmol), compound 6 {482 g, 398
mmol), PPTS (125 mg, 0.50 mmol}, magnesium sulfate (3 g, 24.9 mmwol), copper sulfate (3.97
g, 249 mmoel), and 3 angstrom molecular sieves in DCM (22 mlL) was heated to reflux
overnight. Upon completion, the mixture was filtered and concentrated under reduced pressure.
Compound 7 was then isolated in 76% vield by separation on silica eluling a gradient of ethvi

acetate In hexanes.

o N
7 H %!3 o) (ﬁ
N \ \N/L ll; . )l\ ...............fzf.........g.. 9 4 \\\‘, !i\j/sq//
i R CITHIPIO) ;
Ng M{) = _;“H; 3 MO .

(0240} A flame dried flask was charged with THF (40 mL) and dusopropylamine (2.29 g, 22.6
mmol). It was cooled to -20 °C and n-Buli (2.5 M, 8.64 mL, 21.6 mmol) was added via
cannula. The solution was stirred for 10 min at -20 °C then cooled to -78 °C. Compound 8
(2.02 mL, 20.6 mmol) was added dropwise with vigorous stirring,  After addition, the sclution
was stired for 30 mun at <78 °C. Next, CITi(iPr0)s (11.26 g, 43.2 mmol) as a solution in THF
(10 mL)} was added via addition funnel over approximaiely 1¢ minutes with vigorous stirring,
The reaction was stirred for 30 minutes at -7 °C. Finally, compound 7 (2.29 g. 6.86 munol)
was added dropwise as a suspension 1o THF and stitred at -78 °C for 1.25 houwrs until the
reaction was complete. To the reaction at -78 °C was added saturated agueous ammonium
chioride. The reaction was then removed from cooling and the aqueous phase was allowed to
gradually thaw and quench (vellow orange color disappears). The muixiure was portioned
between FtOAc and saturated aqueous ammonium chlonde. The organic phase was separated
and aqueous phase was exiracted two times with FtOAc. The organic phases were combined
and dried over brine, then over sodium sulfate, and then filtered and concentrated. The residue
was purified over silica eluting a gradient of ethyl acetate in hexanes. Compound 9 was

obtained in 75% vield as single diastereomer after purification.
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1624%] Compound 9 (1.28 g, 3.21 mmol) in MeOH (3.2 mL} was treated with HC in dioxane
{4M, 3.2 mL, 12.9 mmol) and stirred at room teraperature for 30 minutes. Upon cormpletion,
the reaction muxture was diluted with water and washed with diethyl ether. Subsequently, the
pH was adjusted to 11 using 2 N agueous NaOH and the product was extracted with ethyl
acetate. The organic phase was dried over sodium sulfate, filtered, and concentrated, vielding

compound 10 in 92% vield, which was subsequently used without further purification.

11 N
STAB-H
P OCH; Sy

o —— 12|
QCH; ;f/ OEt
N 0

\E,/\H

OCH,

[6242] To mixture of compound 10(0.78 g, 2.67 mmol) and compound 11 (0.60 g, 3.46 mmol)
i THF (6 ml) at 15 °C was added STAB-H (1.29g, 6.12 mmol) portion-wise as solid. Afler
the addition, cooling was removed and the muxture was stirred for approximately 2.5 hours to
completion. The reaction was quenched by addition of saturated aqueous sodium bicarbonate
and pH was brought to 9. The product was extracled three times with EtQAc¢, the orgame phases
were combined, dried with brine, then filiered over sodium sulfate and concenirated.
Compound 12 was isolated in 85% vield bv separation on silica eluting a gradient of ethyl

acetate in hexanes.

LDA
Boesy, (MeO),POMe o o 14
13 ////J,:> ,P\MNHBOC
MeO™ |
O THF e OME

[6243] To DIPEA (7.53 mb, 5375 ramol} in THF (35 mL) was added n-Buli 2.5 M, 199
ml., 49.8 nunol) via oven dried gastight syringe over 2 minutes at -10 °C. The nuxture was
stirred for 10 minutes at -10 °C, then cooled to -60 °C and a solution of dimethyl

methviphosphonate (6.42 g, 51.8 mmol) in THF {8 mbL) was added dropwise over 5-10 minutes.

&3
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After aging at -60 °C for about 1 hour, compound 13 {7.37 g. 39.82 mmol) was added as
solution in THF (15 mL) dropwise over 5 minutes at ~-60 °C. The reaction mixture was stirred
at -60 °C for 1 hour and then ~41 °C for about 1.5 hours. The reaction was quenched by addition
of 2.6 equivalenis of H2804 (2.0 M) and exiracted three times with ethyl acetate (~30 mL}. The
organic phases were combined and dried with bnne, filtered over sodium solfate, and
concentrated briefly to determine crude weight and take sample for NMR. Upon deterraination
of dry weight, compound 14 was dissolved in MeOH for use in next reaction without further
purification. Calculated to be 75.83% yield. Crude wt/wt% 76.3% by NMR. 'H NMR: 400
MHz CDCI3 5 4.75 (s, 1 H), 3.81 (s, 3H), 3.78 (s, 3 H), 3.10 - 3.14 (m, 2 H), 3.04 - 3.09 (m, 2
H), 2.68 (1, 2 H), 1.82-1.75 (m. 2 H). 1.44 (s, 9 H).

NHBoc

14 15 16
CHO  NaQOH ;
%) . | RS a ' T NHBoc
P < > P
Me(O™ 0] N NH 50°C
¥ OuMe 2 N" N

16244} To compound 14 (9.33g by weight from NMR of ~12g crude, 30.16 ramol) in MeOH
(40 ml), was added solution of NaOH (1.45 ¢, 36.2 mmol) 1in water (1.5 mL). The maxture was
heated to 50 °C and compound 15 (2.76 g, 22.62 mmol) was added. After stirring for 30
minutes, a second portion of cornpound 15 (736 mg, 6.03 mmol) was added, and the reaction
mixture was stirred overnight at 50 °C. The reaction mixture was then concentraled to an oil
and partitioned between 2 volumes FtOAc and 1 volume H2O. The organic phase was separated
end washed with 1 volume of water. The agueous washes were combined and back extracted
(2x, 1 vol) with EtOAc. The combined organic phase was dried over sodium sulfate, filtered,
and concentrated. The crude was dried onto approximately 20g of silica compound 16 was
isolated in 69% vield by separation on silica eluting a gradient of ethyl acetate in hexanes
containing 1% tristhviamine. 'H NMR: 400 MHz CDC1:69.09(dd, 1 H)YL 8.17 (dd, 1 H), 8.12
{(d, 1 HD), 7.46 (dd, 1 H), 7.41 (d, 1 HD), 4.78 (5, 1 H), 3.24 (g, 2 H). 3.10 (1, 2 H), 2.12 (quin, 2
H), 1.43 (s, 9 H).

16 17
mNHBOC PA/C 10% mNHBOC
o P o
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8245} To a solution of compound 16 (5.98 g, 20.8 mmol} in FtOH (50 mL} was charged with
patiadium (10% on Carbon, 2.22 g, 2.08 mmol} and hydrogen at 1 atmosphere. The reaction
mixture was stirred at room temperature overnight. Upon completion, the reaction mixture was
filtered over Celite® and concenirated. Compound 17 was isolated in 79% yield by separation
on silica eluting a gradient of sthy! acetate in hexanes containing 1% triethylamine. 1H NMR:
400 MHz CDCL 8 7.05 (d, 1 H), 634 (d, | H), 548 (s, 1 H), 481 (5, 1 H), 3.36 - 3.43 {m. 2
H), 3.16 (q. 2 H), 2.68 (t, 2 H), 2.59 (1, 2 H), 1.90 (dt, 2 H), 1.83 (quin, 2 H}, 1.44 (s, 9 H).
17 13

ANABOC oyt He S

D0

NH,

>
N N
H

[6246] Compound 17 (4.81 g, 16.53 mmol) was dissolved in aqueous 6 M HCI (16.4 mL) and

N
H

heated at 42 °C for 2 hours. An additional portion of 6 M HCI (2.8 mL) was then added and the
reaction mixture was stirred for an additional 2 hours. To the reaction was added sodium
chlonide followed by agueous 2 N NaOH until the product precipitated as an oil (pH was greater
than 12). The nuxture was extracied three times with 2-Butanol. The combined organic phase
was dried over sodium sulfate, filtered and concentrated. Compound 1# was obtained in 85%
vield and subsequently used without further purification. '"H NMR: 400 MHz CDCl: 6 7.06 (d,
1H), 6.35(d, 1 H), 4.83 (s, 1 H), 3.35-3.46 (m, 2 H), 2.75-2.67 (m, 4 H), 2.58 {t, 2 H), 1.88 -
1.95 (m, 2 H), 1.84-1.76 (m, 4 H).

18 12 19
Ny 0
a + - |
: o ZF - : Xy A,
\s N T Ot mH
C - <~ N N
H3‘~'O\=/’\N/ 0 N7 N \r l
' H H i
OCH, O

H3CO™ TOCH,
16247] To a solution of triphosgene (85 mg, (.28 mmol} in THF {0.9 mL} in a flame dried flask
at -10°C was added dropwise a solution of compound 18 (236 mg, 0.62 ramol} and TEA (0.134
ml, 0.96 mmol) in THF (0.5 mL). The reaction muxture was warmed to room temperature,
After TLC indicated a complete reaction, additional TEA {0.134 mbL) was added followed by
addition of compound 12 (166 mg, 0.87 mmol} as a solid. The heterogenous mixture was heated
at 50 °C for 2 hours with vigorous stimng. Upon completion, the reaction mixture was

quenched with 1 volume of water and extracted three times with EtOAc. The combined organic
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phase was dried with brine, filtered over sodium sulfate and concentrated. Compound 19 was

obtaimed assuming 100% vield and subsequently used without further purification.

N3 WO\EF\/] o OE: C >
H50, 20
m " | D 4
H »'.‘*
S N KN
N N \E]/ N N

H i+

1 C o
8 HyCO OCH; QE

166248] Crude compound 19 (400 mg, 0.62 mmol assumed) dissolved in THF {37 mL) was
added H2804(2M, 0.6 mL} and the mixture was stirred at room temperature overnight. The
tollowing morning, an additional portion of H2804 (0.65 equuvalents) was added. Four bowurs
later the reaction was complete. The reaction nuxture was diluted with ethyl acetate. The
organic phase was separated and the agueous phase was back extracted once with ethy! acetate.

The combined orgaﬂic phase was filtered over sodium suifate and concentrated. Compound 20

was tsolated in teld by separation over silica eluting a gradient of MeOH in DCM.
Ny ~\“
C 21 o~ o
H ,_.ﬁ< ”\ﬂ"\@l ol
N._ N 7NN NH, 07 TCFy
% L PUC 105, b\j/\( o ./
N < N’j(N__.; Ot
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16249} To a suspension of compound 20 (251 mg, 0.47 mmeol) and PA/C (10 wi%, 100mg,
0.094 mmol} in ethanol (9 mL) was charged H» to 1 atmosphere and stitred at 35 °C overnight.
Upon completion, palladium was removed by filtration over Celite®. Compound 21 was
isolated in 20 % vield as TFA salt by reverse phase HPLC using a Cis Su 19x250 mm BEH

column {(Waters Corp. ) eluting a gradient of acetonitrile in H20O containing 1% TFA,

22
24
i\
LJ

[625¢] To asolution of compound 21 (61 mg, 0.097 mmol} in BCM (250ul) was added TEA
(8 uL, 0.24 mmol) followed by addition of NHS-PEG:-N; (41.4 mg, 0.11 mimol) as a sohution

QG}\\FFJ /\/\

Nz O ! i I
W ,/IK

Q‘
i NHS-PEG, N, —\"‘(\\ e)j—\r
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" N 4 -
[®)

5,,/(/\
\

o
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T

n DCM (275 pL). The reaction nuxture was stirred for 15 minutes and checked LC-MS, which
showed reaction was complete. All volatiles were removed, and the residue was dissolved in
EtOH (0.4 mL) and water {0.4 mL). LiOH (11.2 mg, 0.47 mmol} was added and the reaction

mixture was heated at 40 °C for 2 hours. Upon completion, the reaciion mixture was
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concentrated under reduced pressure. Compound 22 (Structure 1¢) was isolated in 42% vield
by reverse phase HPLC using a Cis 5u 19x2530 nun BEH column (Waters Corp.) eluting a

gradient of acetonitrile in H2O containing 1% TFA.

Synthesis of Structure 2¢  {(8)-3-(d-{2-{2-{2-2~azidvethaxy)ethoxy)ethoxyjethoxy}-3-
Sluorophenyl)-3-(2-axo-3-(3-(5,6, 7 8-tetrahiydro- 1, 8-naphthyridin- 2-yDpropyllimidazolidin-
I-vi}propanoic acid).

o H
F X ; Q
23 - H i & Toluene Faue N
NN , * RN = =
' o PRTS N N
AcOH O '

[625%] To a solution of compound 23 {10 g, 43.4 mmol) in toluene (80 mL) was added

0
i
S

Q
|
§ .,//K

compound 6 (21.1g, 0.17 mol), PPTS (0.35g, 2.2 mmol), and then acetic acid (1.24d mL, 21.7
mmol}). The reaction vessel was equipped with a Dean Stark trap and then heated to reflux
overnight. Upon completion the reaction muxiure was concentrated and dried onto 60 grams
of sitica and purified over 5102 with a gradient of ethyl acetate in hexanes, vielding compound
24 in 66% vield. 'H NMR: 400 MHz CDCL S 8.47 (s, 1 H), 7.68 (d. 1 H), 7.31 - 7.56 (m, 6
H). 6.98-7.16 (m, 1 F), 5.23 (s, 2 H), 1.26 (s, 9 H).

IS

24 H ja} O Q
i i 8 . B i
. ) LDA s Sy

N oS,
N I/K + PN /&\ e D N K
o © CITI(IPrOY, 7 o
THF

6252] A flame dried flask was charged with THF (190 mi} and DIPEA (9.07 g 89.7 mmol),
cooled to -20 °C, and then charged with n-Buli (2.5M, 34.2 mL, 85.6 munol) via cannula. The
solution was stirred for 10 min at -20 °C then cooled to -78 °C. Compound 8 (8 ml, §1.5
mmol} was added dropwise with vigorous stirring. After addition, stirred for 30 nun at ~78 °C.
Next, CITi(iPrO)s (44 6¢, 0.171 mol}) as solution in THF (40 mL) was added via addition funnel
over 10 minutes. The reaction was stirred for 30 munutes at -78 °C. Finallv, compound 24
(9.06g, 27.2 wmol) was added dropwise as a suspension in THF (20 mL) and stirred at -78 °C
for 1.25 hour until the reaction was complete. To the reaction at -78 °C was added saturated
aqueous ammonium chloride. The reaction was then removed from cooling and the agueous
phase was allowed to gradually thaw and quench (vellow orange color disappears). The mixture

was partitioned between EtOAc and saturated aqueous ammonium chloride. The organic phase
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was separated and agqueous was washed two times with EtOAc. The organic phases were
combined and dried over brine, then over sodium sulfate, filtered, and concentrated. Compound
25 was obtained in 70% yield as a single diastersomer by separation on silica eluting a gradient
of ethyl acetate in hexanes. TH NMR:400 MHz CDCl: 6 7.31 - 7.48 (m, 5 H), 7.09 (dd, 1 H),
689 -704(m, 2HYL S 133, 2H),4590-476{(m, 2H), 413 (q. 2H), 281 (dd, 2 H), 1.21 -

125 (m, 12 H),
o N o
P Fl o
=) 7 ——
~ HES o 0

0] O
it < ]

\%S‘ﬁ/\/‘kmﬂ
16253] To compound 25 (R.07g, 19.1 nunol) was added aqueous HCI (6M, 20.7 mL, 0.124
mol} followed by MeQOH (60 mi} THF was added until homogenous solution was obtained
end the reaction mixture was stirred for 6 howrs at room temperature. The reaction mixture
was basified 1o a of pH 10 with aqueous 2 N NaOH and then was extracted three times with
EtOAc. The combined organic phases were dried with brine, filtered over sodium sulfate, and
concentrated. Compound 26 was obtained in 95% yield and was subsequenily used without
further purification. "H NMR: 400 MHz CDCB 8728 - 746 (m, 6 H), 7.18 (d, 1 H), 6.99 (1, 1
H), 501 (s. 2 H). 4.57 ¢, 1 H), 4.09 (g, 2H), 297 -3.09 (m, 1 H), 2.81 - 2.93 (m, 1 H), 1.18
{t, 3 H}.

HzNMﬂ

6254 To a mixture of compound 26 (5.76g, 18.2 mumol) and compound 27 (4.09¢, 23.6 mmol)

OCH,

in THF (40 mL) at 0 °C was added STAB-H (8.85g, 41 8 mmol} portionwise as solid. After
final addition cooling was removed and the mixture was stirred for approximately 2.5 hours to
completion. The reaction mixture was quenched by addition of saturated agueous sodium
bicarbonate. The mixture was extracted three times with EtGAc. The combined organic phases
were dried with brine, filtered over sodium sulfate, and concentrated. Compound 28 was
isolated in 73% vield by separation on silica eluting a gradient of ethyl acetate in hexanes. 'H

NMR: 400 MHz CDCI 3 7.30-749 (o, SH), 711 (dd, 1 H), 688 - 7.02 (m, 2 H), .13 (5, 2
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H), 4.40 (1, 1 F). 4.10 (g, 2 H), 4.00 (dd, 1 H), 3.35 (s, 3 H), 3.31 (s, 3H), 2.47 - 2.75 (m, 4 H),
1.20 (1. 3 H).

(T3
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[6258] To asolution of triphosgene (1.2 g, 4.04 mwmol) in THF (24 mL} in flame dried flask at
-10 °C was added dropwise a solution of compound 19 (3.64 g, 8.99 nmunol) and TEA (1 94
mmol, 13.9 mmol) in THF (6 mL). The reaction mixture was warmed o room temperature,
Afier TLC indicaied a complete reaction, additional TEA (3.3 mL, 23.6 mmol} was added
foltowed by the addition of compound 28 (2.61 g, 13.7 mmol} as a solid. The heterogenous
mixture was heated at 50 °C for 2 hours with vigorous stirnng. Upon completion, the reaction
mixture was guenched with 1 volume of water and extracted three times with EtOAc. The
combined organic phase was dried with bring, filtered over sodium sulfate and concentrated.
Compound 29 was obtained assuming 100% vield and the crude was subsequently used without

further purification.

i A 3
H O j\ H o {)&t

H3CO™ “OCH,
[6256] To compound 29 (5.59g, 8.97 mimol} dissolved in THF (37 mlL) was added water (0.8
mL) and H:80: (M, 8.07 ml, 16.2 mmol} and the reaction mixture was stirred at 28 °C
overmight. The following moming, the pH of the mixture was adjusted to 9 using sodium
bicarbonate and extracted three times with DCM. The combined organic phases were dried

with brine, filtered over sodium sulfate, and concentrated. Compound 30 was isolated in 82%

PA/IC 10% Q
e i r”\ é_\ 4
e o

vield by separation on silica eluting a gradient of MeOH in DCM containing 1% TEA.

30
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16257] To compound 30 (4.13 g, 7.39 mmol} dissolved in EtOH (30 mL) was charged
Degussa® palladium (10 wt%, 3.15 g, 2.96 nuvol} and hydrogen to 30psi. The mixture was
stirred at room temperature overnight. The next day, reaction was 64% complete. The reaction
mixture was filtered over Celite® and concentrated. The residue was dissolved m EtOH and
charged with palladiom (10 wit%, 1.57 g, 1.48 mmol)) and hydrogen to 50 pst. After sturing
for 48 hours the reaction nuxture was heated to 30 °C and stirred for a further 24 hours. Upon
completion the suspension was filtered over Celite® and all volatiles were removed in vacuo.
The residue was purified over silica eluting a gradient of MeOH in DUM, vielding compound
31 in 72% vield. 'H NMR: 400 MHz DMSO-ds 5 988 (s, 1 H), 7.02 - 7.14 (m, 2 H), 6.86 -
6.93 (m, 2H), 6.50- 676 (m, 1 H), 631 (d, L H), 5.17 (1, 1 H), 4.00 (q, 2H), 3.23 - 3.28 (m, 4
H, 279-318(m, 7H), 261 2H), 241 (¢, 2H), 1.65-178{m 4 H) 1.09{, 3 H).

£ OH i u-f\—
21 DEAD 32 Q
o\ @ PPhs ¢ \ )(—\
S,"*“ _....................,;,, r“"\\ N,
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/
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16258} To a solution of PPhs (699 mg, 2.66 nunol) i THF (0.47 mb) at -10 °C was added
dropwise a solution of DEAD. The mixture was warmed to room temperature and added to a
neat muxture of cornpound 31 (600mg, 1.33 mmol} and HO-PEG:-N3, (466 mg, 3.06 mmol)
and stirred overnight. The reaction nuxture was then concentrated under reduced pressure, and
the residue was purified over silica eluting a gradient of MeOH in DCM, yielding compound
32 in 50% yield. 'H NMR: 400 MHz DMSO-ds & 7.10 - 7.19 (m, 2 H), 6.97 - 7.06 (m, 2 H),
6.18 - 631 (mu 2 H), 5.20 (1, 1 H), 4.13 - 4.16 (m, 1 H), 3.98 - 4.04 (m, 2 H), 3.71 - 3.50 (m, 2
H), 3.52-3.61 (m, 8 H), 3.38 - 3.37 (m. 5 H), 3.10 - 3.25 (m, S H). 2.79 - 3.08 (m, 5 H), 2.59
(t,2H),2.31-242 (m, 2 H) 1.65-1.75 (m, 4 H), 1.10 (¢, 3 H).

o
g e S
3 Q
m — <§ §
N """"""""""" 3 N .
H \\( ~ﬁ\bn<’ EtOH, H,O CIj\/\/ N“ \a N;
GEL 30°C

O 1
[6259] To compound 32 (826 mg, 1.23 mmol} was added FtOH (3 mi) and HaO (3 ml),
followed by LiOH (97 mg, 4.05 mmol). The mixture was stirred at 30 °C overnight. Upon
completion the mixture was neutralized to pH=5 using 6 M aqueous HCl and concentrated.

The residue was purified by reverse phase HPLC with a Phenomenex Geminit C18, 50 x 250
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mm, 10 pm column eluting a gradient of acetoniinile in water containing 0.1%, yielding
compound 33 (Structure 2¢) in 81% vield. 'H NMR: 400 MHz D208 730(d, 1 H), 7.01 - 7.19
(m, 3H), 645(d, 1TH), 524, 1 HL414-432(m, 2H), 3.84-392(m, 2H), 359-377 (m,
10H), 3.14-345(m, 8H), 02-3.12(m, 1 H),297(d, ZH), 285(q, 1 H}, 250 -2.72 {m, 4
Hy, 1.68 - 1.94 (m, 4 H).

Synthesis of Structure 2. Ic ((8)-3-{4-{{I I-azidoundecyloxy)-3-fluorophenyl}-3-{ 2-0x0-3-{3-
(3,6, 7, 8-tetrahydro- 1, 8-naphthyridin-2-yhpropyliimidazolidin- I-yhpropanvic acid).

31 7 j DEAD 24 /
% \ PPh, 3
q\j\/\/ r”\N ‘::;\m (o CHa q.\j\/\/ [#—‘\r\' “"s‘—“m
PN N ’ o HO-{CH, )1 -Ng # N ' <)

THF
O+ OH

[6268] To a solulion of PPhs in THF was added dropwise a solution of DEAD at room
terperature. The nuxture was transferred to a vial containing nuxture of compound 31 and
OH-{CH2)1:-N3, and the reaction mixture was stirred at room temperature overnight. Volatiles
were removed from the reaction mixture and the crude was dissolved in EtOH. LiOH was
added as a solution in H20, and additional water/EtOH was added until the reaction muxture
became homogenous. After stirring at room temperature for 1.5 hours, the mixture was
acidified to a pH of 3 with H2804, concentrated, and purified by reverse phase HPLC
(Phenomenex Gemini CI18, S0 x 250 mm, 10 um, 0.1% TFA in acetonitrile/water, gradient

elution).

Synthesis of Structure 2.2¢ ((8)-3-(4-(2-{I-{6-azidohexanvylipiperidin-4-yijethioxyj-3-
Sfluorophenyl)-3-(2-0x0-3-{3-{5,6, 7, 8-tetraliydro- 1, &-naphihyridin-2-yhpropyiliniduzolidin-
I-yi}propanaic acid).

36 ¥
) 1 HrO\/W = S Ns\z/\/\\)i\ ;
N\/M ¥ B
) Or on TEA 37 O\/\

O
16261] Compound 35 dissolved i DCM at 0 °C was treated with EDAC and acetoniirile was
added to aid in solubility. After 5 minutes, TEA and compound 36 were added, cooling was
removed, and stirring continued for 2 howrs. Upon completion, saturated ammomnium chloride
was added and the organic phase was separated, filtered over sodium sulfate, and concentrated.

The crude obtained was used subsequently without further purnification.
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31 N
®
L
N N
H
\ N
DEAD / N
PPhs 7
e
THF

16262] To a solution of PPhs in THF was added dropwise a solution of DEAD at room
temperature with vigorous stirnng. The mixture was transferred to a vial containing a mixture
of compound 31 and compound 37, and the reaction nmixture was stirred at room terperature
overnight. Volatiles were removed from the reaction mixture and the crude was dissolved in
EtOH. LiOH was added as a solution in H2O, and additional water was added until the reaction
mixture became homogeneous After stirnng at room temperature for 1.5 hours, the mixture
was acidified to a pH of 3 with H2804, concentrated, and punified by reverse phase HPLC
(Phenomenex Gemunmi C138, 50 x 250 mum, 10 um, 0.1% TFA in acetonitnile/water, gradient

elution}, vielding compound 38 {Structure 2.2¢).

Synthesis of Structure 2.3¢ ({(8)-3-{4-{2-{{1r,45)-4-(3-azidopentanamidao)cycloh exyDethoxy)-
3-fluoroplenyl)-3-{ 2-0x0-3-3-(3,6, 7, 8-tetralivdro- | 8-naphthyridin-2-
vijpropyiiimidazolidin-I-ylpropancic acid).

H
e} HzN N N
N3 OH e TEA 40 e} s

" om

16263} To suspension of compound 35 1n BDCM at 0°C was added EBAC as a solution in DCM.
Afier 5 munutes, cooling was removed and compound 39 was added, followed by the addition
of TEA. The heterogeneous mixture was stired overnight at room temperature. The next day,
the reaction was diluted with DUM and the precipitate dissolved. The mixture was washed
twice with 5% KHS0s and once with brine. The organic phase was filtered over sodium sulfate
and concentrated. The crude residue containing compound 40 was used without further

purification,
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31 N
i e o
N N
H
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O N
\ NH
THF g

[6264] To a solution of PPhs in THF was added dropwise a solution of BEAD at room
ternperature with vigorous stirnng. The mixture was transferred o a vial containing a mixture
of compound 31 and compound 40, and the reaction muxture was stirred at room temperature
overnight. Volanles were removed from the reaction mixture and the crude was dissolved in
EtOH. LiOH was added as a solution in H2O, and additional water was added until the reaction
mixture became homogeneous After stirnng at room temperature for 1.5 hours, the mixture
was acidified to a pH of 3 with H2804, concentrated, and punified by reverse phase HPLC
{(Phenomenex Gemimi C18, 50 x 250 mun, 10 um, 0.1% TFA in acetonitrile/water, gradient

elution), vielding compound 41 {Structure 2.3¢).
Synthesis of Structure 2.4¢ ((8)-3-{4-{4-{ 5-azidopenianamidojphenethoxy}-3-fluorophenyi)-

3={2-0x0-3-{3-(5,6, 7, 8-tetrafydro- 1, 8-naphthyridin-2-yBpropyimidazolidin-{-vHpropanscic
acidl.

//"\\/\\/ji\\ *
N OH

16265] To a mixture of compound 35 and compound 42 in BDCM was added EEDQ, and the

solution was stirred ai room temperature overnight. The reaction mixture was then dituied with
DCM, washed three times with 1M HCI, and washed once with brine. The organic phase was
dried over sodium sulfate, filtered, and concentrated. Compound 43 was then used without

further purification.
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31

[6266] To a solution of PPhs in THF was added dropwise a solution of DEAD at room
temperature with vigorous stirring. The mixture was transferred to a vial containing a mixture
of compound 31 and compound 43, and the reaction mixture was stirred at room temperature
overnight. Volatiles were removed {rom the reaction mixture and the crude was dissolved m
EtOH. LiOH was added as a solution in H»O. and additional water was added until the reaction
mixture became homogeneous After stirring at room temperature for 1.5 hours, the mixture
was acidified to a pH of 3 with Ha8O4, concentrated, and punfied by reverse phase HPLC
{Phenomenex Gemini C18, 50 x 250 num, 10 um, 0.1% TFA in acetontinle/water, gradient

elution), vielding compound 44 (Structure 2. 4c),

Synthesis of Stractuve 2.5¢ (8)-3-(4-(4-({5-azidopentyDoxylphenethoxy)-3-flucrophenyl}-3-
{2=0-3-{3-(3,6, 7, B-tetrahydro- 1, 8-naphthyridin-2-ylpropylimidazolidin-1-yDpropanvic

acid).

HOW 48
KoCOsy

* B B -
OH F\é)’brs '

Me,co MO

, Q(v)sar

[6267] To a solution of compound 45 and compound 46 in acetlone was added potassium
carbonate. The nuxture was heated to 65 °C in a sealed vial as a suspension with vigorous
stirring overnight under W; protection. The reaction was then filfered, concentrated, and

purified over silica eluting a gradient of ethyl acetate in hexanes, vielding compound 47.
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DMF

[3268] To a solution of compound 47 in DMF was added sodium azide and the mixture was
stirred at 80 °C in a sealed vial under nitrogen protection overnught. Upon completion. 1 volume
of water was added and the product was extracted with ethyl acetate. The separated organic
phase was filtered over sodium sulfate and concentrated. Crude of compound 48 was used

without further purnification.

F

OH
! % ) 18 Ao
M ir""\N = + “ I 5
i . O
ﬁ N N\‘{( HO
O Ot
VA "
= Ny
DEAD 49 7 \\ \Q‘!}\O 3
PPh, . =
L :

THE AL NV o
NTON j{m\_ﬁ

6269} To a solution of PPhs in THF was added dropwise a solution of DEAD at room
temperatire with vigorous stirring. The mixture was transferred to a vial contaming a mixture
of compound 31 and compound 48, and the reaction mixture was stirred at room temperature
overnight. Volatiles were removed from the reaction mixture and the crude was dissolved in
EtOH. LiOH was added as a solution in H20, and additional water was added until the reaction
mixture became homogeneous After stirring al room temperature for 1.5 hours, the mixture
was acidified to a pH of 3 with H2S04, concentrated, and purified by reverse phase HPLC
{Phenomenex Germini CI8, 50 x 250 mm, 10 um, 0.1% TFA in acetoniinle/water, gradient

elution), yielding compound 49 (Structure 2.5¢).
Synthesis  of  Structure  2.6¢  {{8)-3-{3-{3-{3-{1 T-axzid0-3-0x0-6,9,12, ] S-tetraoxa-2-

azaheptadecyl}-5,6, 7, 8-tetraliydro-1, 8-naphthyridin-2-yhpropyl}-2-oxoimidazolidin- 1 -yi)-3-
{3-fluvro-4-methoxyphenvipropancic acid).
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A OH R P
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Okt o Okt

[627¢] To a solution of PPhs in THF was added dropwise a solution of BEAD at 0 °C. After
complete addition, the mixture was transf{erred to a vial containing a neat mixture of compound
31 and MeOH. The vial was capped with N2 and stirred at room temperature overnight. Upon
completion all volatiles were removed and the crude obtainad was purifiad over silica eluting
a gradient of MeOH in DCM, vielding compound 50.

R OCH;

50

OFEt

[627%] To asclution of compound SO in AcOH was added bromine, and the miaxiure was stirred
for 0.5 hours. Upon completion, the reaction was diluted with 5 volumes of ethyl acetate and
2.5 volumes of water. The aqueous laver was newtralized to pH 7 with saturated agueous
sodium bicarbonate, and the organic phase was separated. The agueous laver was extracted two
addittonal times with ethyl acetate. The combined organic phases were dred over sodium
sulfate, filtered, and concentrated. Crude obtained of compound 51 was subsequently used

without further purification.

. 52 VAR
\ } Pd(PP?_gM Y,
= N A7\ 0 Zn(CN) 5 i\r\ N
2 N
NT N ~ M\m{ DMAC e \\( N\\«-{
hd OFt QFt

[6272] A solution of compound 51, Pd{PPhs)s, and Zn{CN), in BDMAC was degassed with

nitrogen for 30 minufes The mixture was heated at 128 °C in a sealed vial overmight. Upon
completion, mixture was diluted with 5 volumes of EtOAc. The organic phase was separated
then washed two times with water, washed two times with brine, and then the organic phase
was filtered over sodium sulfate and concentrated. The residue was pwrified over silica eluting

100% EtOAc, vielding compound 52.
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16273] To a solution of compound 532 in MeOH was added ammonia, then a shury of Raney
nickel that was pre-rinsed three times with methanol. A Parr® flask was charged to 60 psi with
hydrogen and stirred at room temperature for 16 hours. Upon completion, the suspension was
filtered and concentrated. The crude residue obtained was redissolved in DMF. DIEA and
NHS-PEG:-N3 were added and the mixture was stirred for one hour. Upon completion, all
volatiles were removed and the crude residue was redissolved in a mixtare of MeOH and THF.
LiOH in H2O was added and the nuxture was sturred at room temperature for 17 hours. Upon
reaction completion, the pH was adjusted to 3 with TFA and the mixture was directly injected
onto semi-preparative reverse phase HPLC (Phenomenex Gemini C18, 250 x 21.2 mum, S um,
0.1% TFA in water/ACN, gradient elution}, yvielding compound 53 (Structure 2.6¢).
Synthesis of Structure 2. 7¢ ((83-N-{ 2-{2-(2-( 2-azidoethoxylethoxy)ethoxy)ethyi}-3-(3-fluoro-
A-miethoxyphetyl)-3-{2-oxo-3-{3-(3,6, 7, 8-tetrakydro- 1, 8-naphthyridin- 2~
yiprapyllimidazolidin-I-yipropanamide), Structure 2.8c, Structure 2.9¢c, and Structure
2. e,
R oM R o=
31 , . ) DEA}O 54 .
SN \e/ PPh; MeCH r’__\ N
‘\(

I N I S
e N, A o ) LiOH
N N \\{ N N
H H
o bt

6274} To compound 31 was added sequentially THF, PPhs, and a solution of BEAD dmpwise
at 0 °C. The mixture was stirred for 16 hours at room temperature. The mixture was then cooled
to -20 °C for 1 hour and filtered to remove triphenvlphosphine oxide. The filtrate was
concentrated and intermediate of O-alkylation isolated by purification on silica elufing a
gradient of ethyl acetate in hexanes containing 1% TEA. Isolated intermediate was then
suspended in a mixture of THF and HzO, treated with LiOH i H20, and stivred at 35 °C for 16
hours. Upon completion, the pH was adjusted to 7 with 2 M HCI and all volatiles were removed.

Crude was suspendad in H2O: sodium chloride was added and compound 54 was exiracted
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with ethyl acetate five times. The organic phases were combined, filiered over sodium suifate
and concentrated. Compound 54 was subseguently used without further punification.
R _

R O—
54 7 HBTU 55 4 ﬁ\‘/
. DIEA N - -

e A - P = Ny
NN N\*( /P DMF NT N /\/\‘(K{/ Y
N \ { . H 1 . -3

N N3-PEG-NH, o -

OH
[6275] A solution of compound 34 in DMF was treated with HBTU and stirred for 5 minntes.
DIEA and N3-PEG:-NH2 were subsequently added, and the nuxture was stirred at roora
temperature for 16 hours. Upon completion, the pH was adjusted to 3 with TFA and
compound 55 was isolated by direct injection into semi-preparative reverse phase HPLC
{(Phenomenex Gemuni €18, 2530 x 21.2 vam, § pm, 0.1% TFA in water/ACN, gradient
elution), vielding compound 35.
[6276] Similar procedures were used to svnthesize compounds 2.8¢, 2.9¢ and 2.10¢, using

N3-PEG11-NHz, N3-PEG23-NHz and N3-PEGas-NHa, respectively.

Synthesis of Structure 2.11c ((R)=3-(4-(2-{2-{2-(2-azidoethoxy)ethoxy)ethoxyjethoxy)-3-
Sfluorophenyl)=-3-{2-0x0-3-{3-{3,6, 7, 8-tetrahiydro- 1, 8-naphithyridin-2-yhpropylimidazolidin-
I-yBpropanoic acid).

174

0]

i DIPEA, n-Buli n_Ole
N N BocHN™ ™~y R
Boc” {(MeQ),POMe, THF {

60°C, 1h O OMe

[6277] Into a 3-L 4-necked round-botiom flask purged and maintained with an inert
atmosphere of nitrogen, was placed THF (1.50 L), DIPEA (150.00 mdL, 716.000 ramol, 0.88
equiv.}), n-Buli (430.00 mL, 680.000 mumol, 0.84 equuv.) This was followed by the addition
of trimethyi phosphite (195.00 mb) at -60°C and stirred for 1h at -60°C. To this was added
tert-buivl 2-oxopyvrrolidine-1-carboxylate (150.00 g, 809.835 mmol, 1.00 equiv.) at -60°C.
The resulting solution was stirred for Th at -60°C n a liquid nitrogen bath. The reaction was
then quenched by the addition of 350 mb of HaSO4 (2N} and difuted with 1.5 L of H20. The
resulting solution was extracted with 2x1 L of ethyl acetate. The resulting mixture was

washed with 1x1 L of H20, dried over anhydrous sodium sulfate and concentrated under
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vacuum. This resulted in 200 g (crude) of tert-butyl N-{S-(dimethoxvphosphorvi)-4-

oxopentyljcarbamate as vellow oil.

- [I
ii _OMe NHBoc
BocHN " BN e

O OMe 50°C, 1€h
crude

NH, 8

[6278] Into a 3-L round-bottom flask, was placed tert-buty! N-{5-(dimethoxvphosphoryi)-4-
oxopentyljcarbamate (200.00 g, 150¢.00 mmol, 1.50 equiv.), MeOH (1.50 L), 2-
aminopvridine-3-carbaldehyde (53.00 g, 1000.00 munol, 1.00 equiv.}, NaOH (5§0.00 g,
1500.00 mmol. 1.50 equiv.). The resulting solution was stirred for 16 h at 50°C in an oil bath.
The pH value of the solution was adjusted to 8 with NaHCO; {ag.). The resulting mixture was
concentrated. The reaction was then quenched by the addition of 1.5 L of water and extracted
with 2x1.5 L of ethvl acetate. The combined orgamic lavers were dried over anhydrous
sodium sulfate and concentrated under vacuum. This resulted in 160 g {crude) of tert-butyl

N-3-(1,8-naphthyridin-2-vlpropylfcartbamate as yellow oil.

175 176
N N
# Tf"~ NHBoC _RP/C, Ha, [;;Iiv:r/\\/p\NHBOb
i MeOH
R N 25°0, 16h
B5.33%

[6279] Into a 5-L round-bottom flask, was placed tert-butyl N-[3-(1 8-naphthyridin-2-

yhpropylicarbamate (160.00 g, 556.787 mumol, 1.00 equiv.), MeOH (2.00 L), RWC (140.00

g, 1.360 mmol), Hz2 (40 Pst). The resulting solution was stitred for 16 h at 25°C. The solids

were filtered out. The resulting mixture was concentrated. Thus resulted in 106 g (65.33%) of

tert-butyl N-|3-(5,6,7 8-tetrahvdro-1,8-naphthyridin-2-ylipropvlicarbamate as a vellow solid.
176 177

H
N N
WNHBOC HCI, EtQAC [/UWNHz
25°C, 3h i
80.48% =

[G2808] Into a 1-L round-bottom flask, was placed tert-butyl N-{3-(5,6.7, 8-tetrahydro-1 -
naphthyridin-2-yDpropyljcarbamate (106.00 g, 363.767 mmol, 1.00 equiv.), EtOAc (500.00
mlL), HC in EtOAc (4M, 400.00 mL). The resulting solution was stirred for 3 h at 25°C. The
resulting solution was diluted with 1 L of Ho(O. NaOH (aq.) was employed to adjust the pH to

11. The resulting solution was extracted with 2x1 L of ethyl acetate. The combined organic
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layers were dried over anhydrous sodium sulfate and concentrated under vacuum. This
resulted in 56 g (80.48%) of 3-(5.6,7 8-tetrahv dro-1,8-naphthyridin-2-yDpropan-1-amine as a

vellow solid.

178
OH OBn
‘l S F BrBr K005 F
i ACN
= 25°C, 16h
/’ 99.98% P
o~ o7

16281} Into a 2-L round-bottom flask, was placed 3-fluoro-4-hydroxybenzaldehyde (140.00
g, 999.194 mmol, 1.00 equiv.), ACN (1000 mL), (bromomethvibenzene (205.08 g, 1199.039
mmol, 1.20 equiv.), KoC03 {414.28 g, 2997 581 mmol, 3.00 equiv.). The resulting sohution
was stirred for 16 h at 25°C. The sohds were filtered out. The resulting mixture was
concentrated. This resulted in 230 g (99.98%) of 4-(benzyloxy)-3-fluorobenzaldehvde as a

white solid.
178 178

05,005, DCM
50°C, 6h
o 78.06%

5]

{6282} Into a 3-L round-bottom flask, was placed 4-{benzyloxy)-3-fluorobenzaldehvde
{230.00 g, 998.966 mumol, 1.00 equiv.), BCM (1600 mL), (8)-2-methylpropane-2-sulfinamide
(145.29 g, 1198.762 mmol, 1.20 equiv.), Cs2C0; (650.97 g, 1997.933 romwol, 2.00 equiv.).

The resulting solution was stirred for 6 h at 50°C in an ot bath. The solids were filtered out.
The resulting mixture was concenirated. This resnlted in 260 g (78.06%) of (83-N-{]4~

{(benzyloxy)-3-fluorophenytimethyvlidene}-2-methvipropane-2-sulfinamude as a white solid.

179 180
QBn OBn
F £, BretOAg
CuCl, THF
O y 50°C, 2h
S, 45.63%

>[I/(:)"’N¢
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{6283} Into a 3-L round-bottom flask purged and maintained with an inert atmosphere of
mitrogen, was placed THF (2.0 L), Zn (1.02 kg, 15595945 mmol, 20.00 equv ), CuCl
(115.80 g, 1169.696 mmol, 1.50 equiv.}, ethyl 2-bromoacetate (325.57 g, 1949 498 mmol,
2.50 equiv .}, (8}-N-{{4-(benzyloxy)-3-fluorophenvi|methylidenej-2-methyipropane-2-
sulfinamide (260.00 g, 779.797 mamol, 1.00 equiv.}. The resulting solution was stirred for 30
min at 0°C i a water/ice bath. The resulting solution was allowed to react, with stirring, for
an additional 2 h while the temperature was maintaimed at 50°C in an o1l bath. The solids
were filtered out. The resulting mixture was concentrated. The reaction was then quenched by
the addition of 2 L of water and extracted with 2x2 L of ethy! acetate. The combined organic
lavers were dried over anhvdrous sodium sulfate and concentrated under vacuum. Ths
resulted in 150 g (45.63%) of ethvl (3R}-3-{4-{benzyloxy)}-3-fluorophenyl]-3-{{{$)-2-

methylpropane-2-sulfinyljaminofpropancate as yellow ol

180

184

8n
HCH, 1,4-dioxane

25°C, 2h F

COE 88.55%
2k HoN
' —CO,EL
[3284] Into a 1-L round-botiom flask, was placed ethyl (3R)-3-[4-(benryloxy}-3-

fluorophenyl-3-[H{$)-2-methylpropane-2-sulfinvl janunojpropanoate (150.00 g, 355.847
mmol, 1.00 equiv.}, HCl in 1 4-dioxane (400.00 mL, 4M). The resulting solution was stirred
for 2 b at 25°C. The resulting mixture was concentrated. The reaction was then quenched by
the addition of 1 L of water. NaHCO: {aq.) was emploved to adjust the pH to 8. The resulting
solution was extracted with 2x1 L of ethy! acetate dried over anhydrous sodium suifate and
concentrated. This resulied in 100 g (88.55% of ethyl (3R})-3-amino-3-{4-(benzyloxy)-3-

fluorophenyljpropanoate as yellow oil.

181

O{’\YO\
Oy

NaBH(OAC),, THF
25°C, 2h
62.62%
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{6285] Into a 2-L round-bottom flask, was placed ethyl (3R)-3-amino-3-{4-(benzvioxy}-3-
fluorophenylipropanoate (100.00 g, 315100 mumol, 1.00 equiv.), THF (1.00 L), 2.2~
dimethoxyacetaldehyvde (49.21 g, 472.696 mmol, 1.50 equiv.}, NaBH{(OAc): (133.57 g,
630,199 mmol, 2.00 equiv.). The resulting sohution was stirred for 2 h at 25°C. The reaction
was then guenched by the addition of 1 L of water. The resulting solution was exiracted with
2x1 L of ethy] acetate dried over Na2SO4 and concentrated under vacuum. This resulied in
80 ¢ (62.62%) of ethyl (3R)}-3-[4-(benzyioxy}-3-fluorophenyl-3-{(2,2-

dimethoxyethylamine |propanoate as vellow oil.

182
183
OBn
/Ny
177

HN ~COLEL triphosgene, TEA
(>----o 50°C, 1h
g N 78.13%

{6286} Into a 2-L 3-necked round-bottom flask, was placed Triphosgene (22.25 g, 74975
mmol, 0.38 equiv.}. THF (500 mL), ethvl (3R}-3-[4-(henzyloxy}-3-fluorophenyi|-3-{(2.2-
dimethoxyethyllamino]propanocate {80.00 g, 197.304 mmol, 1.00 equiv.), TEA {2995 g,
295.956 wmol, 1.50 equiv.), 3-(5,6,7 8-tetrahy dro- 1 8-naphthynidin-2-vDpropan- l-amine
{(Compound 177, 33.97 g, 177.573 mamol, 0.90 equiv.). The resulting solution was stirred for
1 h at 50°C in an oil bath. The reaction was then quenched by the addition of 1 L of water.
NaHCO: {ag.) was employed to adjust the pH o 8. The resulting solulion was extracted with
2x1 L of ethyl acetate dried over anhydrous sodium sulfate and concentrated. This resulted 1o
96 g (78.13%) of ethyl (3R}-3-[4-(benzyloxy}-3-fluorophenyl]-3-1(2,2-dimethoxvethy ]| 3-
{5.6,7 8-tetrahydro-1,8-naphthvridin-2-ypropvijcarbamovi aminojpropanoate as vellow

crude ol

183

184

259, 16 P e BN o
84.76%
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16287} Into a 1000-mL round-botiom flask, was placed ethvi (3R)-3-[4-(benzyloxy}-3-
fluorophenyl]-3-[(2,2-dimethoxyethyv 1 )(1{3-(5,6.7 8~tetrahydro-1,8-naphthyrndin-2-
vhpropvijcarbamoyiDaminolpropanoate (96.00 g, 154,158 mmol, 1.00 equiv.), THF (500.00
mb), Ha804 (180.00 mi., 2M). The resulting solution was stirred for 16 h at 25°C. NaOH
{(5M) was employed to adjust the pH to 8. The resulting solution was extracted with 2x1 L of
dichloromethane dried over anhydrous sodium sulfate and concentrated. The residue was
applied onto a silica gel column with dichloromethane/methanol (50/1). The collected
fractions were combined and concentrated. This resulted in 73 g (84.76%) of ethy! (3R)-3-
[4-(benzyloxy }-3-fluorophenyl{-3-{ 2-0x0-3-{3-(5,6,7,8-tetrahv dro-1,8-naphthyridin-2-

vhpropyli-2,3-dihy dro-1H-imidazol-1~vlipropanoate as vellow oil.

184 OBR 185
/ §~F ’ O
H ) PA(OH),/C
S N/{‘ H,, ELOH | NN
R 2 CO:Et 25°C, 72h =
66.75%

[3288] Into a 3-L round-botiom flask, was placed ethyl (3R)-3-[4-(benzyloxy}-3-
fluorophenyii-3-{2-0x0-3-3~(5,6.7 8-tetrahydro-1, 8-naphthyridin-2-vDpropyli-2 3-dihy dro-
1H-imidazol-1-vlipropanoate (73.00 g, 130.671 mmol, 1.00 equiv.), EtOH (1.50 L),
PAOH)/C (60.00 g, 427.259 ramol, 3.27 equiv.), Ho (530 atm). The resulting solution was
stirred for 72 h at 253°C. The solids were filtered out. The residue was applied onto a silica
gel column with dichloromethane/methanol (9/1). The collected fractions were combined and
concentrated. This resulied in 41.0415 g {66.75%) of ethyl (3R}-3-(3-fluoro-4-
hydroxyphenyl}-3-{2-0x0-3-[3-(5,6,7,8~tetralry dro- 1, 8-naphthy ridin-2-
yhpropyliimidazolidin-1-yljpropanoate as yellow oil.

[0289] LCMS-PH-ARP-052-00 [MS+1]+=471

[6296] Rotation Optical [a]p?®® = +37.5° (C=1 ¢/100ml in MeCH)

H-NMR: (300 MHz, DMSO-ds, ppm) 6 9.84 (s, 1H), 7.07 ~ 7.00 (m, 2H), 6.95 - 6.850 (m,
2H), 6.24 (d, 2H), 5.18 (t, 1H), 4.06 — 3.96 (m, 2H), 3.32 — 2.75 (m, 10H), 2.60 (1, 21D, 2.37
(t, 2H), 1.77 — 1.67 (m. 41D, 1.10 (1, 3H).
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[6291] To asolution of PPhs in THF at -10 °C was added dropwise a solution of DEAD. The
mixture was warmed to room temperature and added to a neat mixture of compound 185 and
HO-PEGs-N;, and stirred overnight. The reaction muxture was then concentrated under
reduced pressure, and the residue was purtfied over silica eluting a gradient of MeOH 1o

DCM, vielding compound 186.

R ©
75\_0 R AA
186 7\ )< ______ 187 P -
(ji\/% r,\N A== & \N3 LiOH (\f\ — - \ ’3[—\N
\ﬁ N’«”’\x/\/“"\r{ \ o T . l N,;i\/\/;\’;, N N

~ o0
¢ EIOH, H0 N Y -
© CE 30°C H 0 M{QH
[6292] To compound 186 was added EtOH and H2O, followed by LiOH. The nuxture was

stirred at 30 °C overnight. Upon completion the mixture was neutralized to pH=5 using 6 M
aqueous HCI and concentrated. The residue was purified by reverse phase HPLC with a
Phenomenex Germini C18, 50 < 250 mom, 10 pm cohurnn eluting a gradient of acetonitrile in

water containing 0.1%, yielding compound 187 (Structure 2.11¢).

Syuthesis of Structure 28¢c (Compound 118a) Structure 29¢ {Compound 1185}, Structure 3¢
{Compound 1I9a}, and Structure 36c (Compound 1195).

NN Yy, T

THF
104

105

[6293] To a solution of LHMDS (1.0 M m THF, 95 mL, 95 mmol) and THF (60 mL} was
added a solution of compound 103 (2-methyi-[1,8]naphthyridine (12.5 g, 86.7 mmol}) i THF
{180 ml) dropwise at ~78 “C. After sturing for 30 nunutes, a solution of compound 104 (5-
bromo-I-pentene (194 ¢, 130 mumol}) in THF {120 mL) was added to the reaction mixture
dropwise. The reaction mixture was warmed to ¢ °C and stirred for 4 howrs. The reaction
mixture was quenched with saturated aqueous NH4Cl solotion (100 mL) and deionized water
(100 mL), then extracted with ethyl acetate (2 x 400 mL). The combined organic phase was
dried over NSO, filtered, concentrated, and compound 105 was isolated by CombiFlash®

eluting a gradient of 50-100% ethyvl acetate in hexanes. Yield of compound 105: 7.93 g (43%).
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3294} To a solution of compound 105 (2.530 g, 11.8 mmol) in acetone (67.5 mL), water (7.5
mb), and 2,6 lutidine (2.74 mlL, 23.6 mmol) was added 4-methyimorpholine N-oxide (2.07 g,
17.7 mmol) and osmium tetroxide (2.5 wi% 1in t-butanol, 2.40 g (.24 mmol) at room
temperature. After stirring for 75 minules, {(diacetoxyiodoybenzene (5.69 g, 17.7 mmol) was
added to the reaction nuxture. The reaction nuxture was stirred for 2 hours then gquenched with
saturated aqueous sodium thiosulfate solution (100 mL) and extracted with ethyl acetate (2 x
100 mL). The combined organic phase was dried over NaxSQs, filtered, concentraied, and
compound 106 was isolated by CombiFlash® eluting a gradient of 0-5% methanol in ethyl

acetate. Yield of compound 106: 1.12 g (44%).

167
g o]

o Ao
Ay o Y
Ny P 108 THF, NaH

16295} To asuspension of sodium hydride (60% dispersion in mineral o1l, 0.185 g, 4.64 mmol)
. THF (9 ml) was added a solution of compound 107 (diethyl (N-methoxy-N-
methylcarbamovlmethyUphosphonate) (1.06 g, 4.43 owool) in THF (5 mb) at 0 °C. After
stirring for 30 minufes. a solution of compound 106 (0,903 ¢, 4. 21 mmol} in THF (9 mL) was
added dropwise. The reaction mixture was stirred for 10 nmunutes at 0 °C then quenched with
saturated aquecus NHsCl solution (30 mbL) and extracted with ethy! acetale (3 x 30 mb)}. The
combined organic phase was washad twice with half saturated aqueocus NaHCOs solution. The
organic phase was dried over NaxSQu, filtered, and concentrated. Yield of compound 108: 1.40

g {assumed 100% vield and used in the subsequent step without further purification).

¥

16296] To a solution of compound 108 (1.31 g, 4.38 mmol} in ethyl acetate (20 mb) was added
PA/C {10% loading, $.466 g, 0.44 mmol}. The reaction vessel was pressurized with Hz o 50
PSL After sturing for 3.5 hours, the reaction mixture was filtered over Celite® and rinsed with

methanol. The filtrate was concentrated and compound 109 was isolated by CombiFlash®
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eluting a gradient of 50-100% ethyl acetate in hexanes containing 1% triethylamine. Yield of

compound 109: 0.833 g (62%).

O
s £ N N
Boc,O, DIEA l N N
e i
THF P 110 G

(62971 To asolution of compound 109 (0.833 g, 2.73 muwol} in THF (10 mL) was added DIEA
(0.590 mb, 341 mmol} and di-tert-butyl dicarbonate (0.744 g, 3.41 mmol). The reaction
mixture was heated to 50 °C for 5 hours. The reaction was incomplete based on LC/MS and
additional portions of DIEA {0.590 mL, 3.41 mmol) and di-tert-buty]l dicarbonate (0.744 g,
3.41 mmol) were added. The reaction nuxture was heated at 50 “C for an additional 16 hours.
The reaction mixture was concentrated and compound 110 was isolated by CombiFlash®

eluting a gradient of 30-100% ethvl acetate in hexanes. Yield of compound 110: 0.934 g (84%).

111
o
0\;;‘3 o Q O\f,ﬁ
W;};/ 1. Br nBuli
& 110 A 2. Boc,O, DIEA

[6298] To a solution of n-buty! lithium (2.5 M in hexanes, 0.70 mi., 1.8 mmol} and THF (1.5

mL} was added compound 111 (§-bromo-2-(phenyimethoxy)-pyridine} {0.465 g, 1.8 mmol} as
a solution m THF (0.8 mL) dropwise over 3 manudes at -78 °C. Compound 110 (0.535 g, 1.3
mmol) was then added as a solution 1o THF (1 mL). After stitring for 30 minutes, the reaction
was warmed to 0 °C, quenched with saturated agueous NH«{l solution (10 mL), and acidified
further with 6 M agueous HCl to a pH of 7. The mixture was extracted with ethyl acetate (3 x
10 k). The combined organic phase was dried over NaxSOq, filtered, and concentrated. To a
solution of the crude in THF (8 mL) was added DIEA (0.94 mi., 5.4 mmol} and di-tert-buty!
dicarbonate (1.18 g, 5.4 mmol). The mixture was stirred at 40 °C overnight. The reaction
mixture was concenirated and compound 112 was isolated by CombiFlash® eluling a gradient

of 0~-40% ethyl acetate n hexanes. Yield of compound 112: 471 mg (50%).
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16299} To a suspension of sodium hydride (60% dispersion in mineral oil, 0.106 g, 2.65 mmol})
in dimethoxyethane (2 mL) was added compound 113 {inethyvl phosphonoacetate) {0.593 ¢,
2.65 mmol} as a solution i dimethoxyethane (1 mL) at 0 °C. After stirring for 20 munutes, the
reaction mixture was warmed to room temperature and a solution of compound 112 (0,467 g,
0.88 mmol} in dimethoxyethane (2 mL} was added. The reaction mixture was heated at 70 °C
for 4 hours. The reaction was quenched with saturated aqueous NHsCl solution (10 mL) and
the product was extracted with ethyl acetate (3 x 15 ml). The organic phase was dried over
WaxSQs, filtered, concentrated, and compound 114 was isolated as a 1:1 mixture of cisitrans

isomers by CombiFlash® eluting a gradient of 0-30% ethyi acetate in hexanes. Yield of

compound 114: 392 mg (74%.).

o

] \\

16306] To asolution of compound 114 (390 mg, 0.65 numol} n ethanol (6 mL) was added Pd/C
(10% loading, 69 mg, 0.07 mmol}. The reaction vessel was pressurized with Haio 50 PSI. After
stirring for 4 hours, the reaction mixture was filiered over Celite® and rinsed with methanol.
The filtrate was concentrated and compound 115 was isolated as a racenuc mixture by
CombiFlash® eluting a gradient of 0-10% methano! in DCM. Yield of compound 115: 95 mg
{29%. Chiral semi-preparative HPLC (250 x 21 mm Chiralpak® AD column, 5 ym, 90/10
hexanes/E1OH, 40 mL/min) was used to isolate 42 mg of the first eluting R-isomer (Rr= 12-
14 m, >99% ee, compound 115a) and 40 mg of the second eluting S-isomer (Rr= 15-18 m,

>98% ee, compound 115b). The tdentity of the - and S-isomers were assigned based on the
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order of elution of a structurally simiiar compound reported by Coleman et al. 47.J Med. Chem.

4834 (2004).

Structures 28c ({R)-3-{6-{ 2-{ 2-{ 2-{ 2-azidoethoxviethoxyv)ethoxviethoxvipyriding-3-vi}-9-
(3.6, 7.8-tetrafivdro- I, 8-naphthyridin-2-viinonancic acid) and 31c ((R}-3-(1~{ 2-{ 2~{ 2~{ 2~

arideethoxvlethoxviethoxvlethvl-6-oxo-1,6-difivdropyridin-3-vi)-9-¢3,6, 7, 8-tetrabydro-1 .8~

naphthyridin-2-viinonanoic acid)
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[6301] To a solution of compound 115a {41 mg, 0.08 mmol} and N3-PEG:-OTs (61 mg, 0.16
mmol) in DMF (0.5 mL) was added cesium carbonate (53 myg, 0.16 romol). The reaction
mixture was stirred at 40 °C for 1 hour. The reaction nuxture was quenched with agueous
NaH{C (s solution {1 mL} then extracted with ethyl acetate {3 x 3 mL}). The organic phase was
concentrated under reduced pressure. The crude mixture of M- and (- alkylated regicisomers

was subsequently used without further purification.
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163062} To asolution of compounds 116a and 117a (58 mg, 0.08 mmol, 4.6 mixture of 9a:10a)
in THF (1.0 mL} and deionized water (1.0 mL) was added lithiom hydroxide (6 mg, 0.25
mmol}. The reaction nuxture was stirred at room temperature for 1 hour and then at 35 °C for

2 hours. An additional portion of lithium hvdroxide (4 mg, 0.16 mmol} was added and the
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reaction temperature was increased to 40 °C. After stirring for 3 howrs, a final portion of lithium
hydroxide (4 mg, 0.25 muol, total 16 mg, 0.66 ramol) was added. The reaction nuxiure was
stirred at 50 °C for 3 hours. The reaction nixture was acidified to a pH of 7 with 6 N aqueous
HCI and concentrated under reduced pressure. The regioisomers, compounds 118a and 119%a,
were separated by CombiFlash® eluting a gradient of 0-5% methanol in DCM contaming €.5%
acetic acid. Compound 118a was further purified by reverse phase HPLC (Thermo Scientific™
Aquastf™ €18, 250 x 21.2 num, 5 um, 20 mL/min, 0.1% TFA in water/ACN, gradient elution),
yielding 13 mg of compound 118a (Structure 28c¢). Compound 1193 was purified under the

same conditions, yvielding 16 mg of compound 1 19a (Structure 3ic¢).

Structures 29c ({83346~ 2-{ 2-{ 2-{ 2~-aiziddpethoxyiethoxyiethoxyiethoxypyridin-3-vii- 9~
(5,6, 7, 8-tetrabvdro- I, 8-naphthyridin-2-vinonancic acid) and 30¢ ((83-3-{F-{2-{2-{2-{ 2~

arideethoxvlethoxviethoxvlethvl-6-oxo-1,6-difivdropyridin-3-vi)-9-¢3,6, 7, 8-tetrabydro-1 .8~

naphthyridin-2-viinonanoic qaeid)

O/\\/O\//\ o~ A Ny

+ X

o LA
X O z0 g
R oH N N ?\\/lL
g C SR
! K o 116b
E/N iN\ SN N NG N PEG- T o
S 115b - ”/[LN/"\,'O \/\‘QA\/O\’AN?J
N i
L\T§ \\fﬁJ 0

O
CYN\

[G303] To a solution of compound 115b (40 mg, 0.08 mmol) and N3-PEG:-OTs (58 mg, 0.16

1M7b

mmol} in DMF (0.5 mL) was added cesium carbonate (51 mg, 0.16 mmol}. The reaction
mixture was stirred at 40 °C for 30 munutes. The reaction mixture was quenched with aqueous
MNaHCO; solution (1 mlL) then extracied with ethyl acetate {3 x 3 mL). The organic phase was
concentrated under reduced pressure. The crude nuxture of N- and (- alkvlated regioisomers

was subsequently used without further purification.
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~F 1170
(0304} To asolution of compounds 116b and 117b (56 mg, 0.08 ramol, 4:6 nuxture of 9a:10a)
in THF (0.75 mL) and deionized water (0.75 mbL) was added iithium hydroxide {6 mg, 0.25
mrnol ). The reaction mixture was stirred at 45 °C for 2.5 hours. An additional portion of lithium
hydroxide (6 mg, 0.25 mmol) was added and the reaction muxture was stirred for 2.5 hours.
The reaction temperature was lowered to 35 °C and the nuxture was stirred overnight. The
reaction mixture was acidified to pH = 7 with 6 N agueous HCI and concentrated wnder reduced
pressure. The regioisomers, compounds 118b and 119b, were separated by CombiFlash eluting
a gradient of 0-3% methanol in DCM containing 0.3% acetic acid. Compound 118b was further
purified by reverse phase HPLC (Thermo Scientific™ Aquasil™ €18, 250x 21.2 mm, 5 pm,
28 mbl/mn, 0.1% TFA in water/ACN, gradient elution), vielding 14 mg of compound 118b
(Structure 29¢). Compound 119b was purified under the same conditions, vielding 18 mg of

compound 119b (Structure 30c¢).

Synthesis of Structure 3¢ ({R}-3-{4-{2-(2-(2-azidoethoxy)ethoxylethoxyh-3-flucropheryi)-
3-{Nepprethyi-5-05,6,7, 8-tetralydro-1 8-naplithyridin- -yl pentanamido}propanvic acid)
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M

[0303] To compound 120 (2.75 g, 11.94 mmol) in toluene (80 mb) over 3A sieves was added
compound 121 (5.79 g, 47 78 nunol), followed by PPTS (300 mg, 1.19 munol) then AcOH (683
ul, 11.94 mmol). The reaction was brought to reflux overnight. Upon completion the reaction

was quenched by addition of saturated sodium bicarbonate. The organic layer was dituied with
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2 volumes of ethvi acetate, separated, and filtered over sodium sulfate. The product was

isolated over silica eluting a gradient of ethy! acetate (0-30%) in hexane to yvield 2.054 g (54%).

122 123 '\
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[6306] To DIA (2.85 mL, 20.33 mmol) in THF (15 mL) at -78°C was added a 2.5M solution
of n-Buli (7.76 mL, 19.41 mmol) was added dropwise. Stirring was continued for 5 minutes
at -78C and ethyl acetate (1.81 mL, 18.48 mimol) was added dropwise. Stimmng was continued
for a turther 10 nunutes at ~-78°C and a solution of chloro titanium trusopropoxide (9.27 mi.,
38.381 mmol} in THF (10 mL) was added dropwise. Stirring was continued for a further 15
mimutes ai -78°C and a solution of compound 122 (2.054 g, 6.16 mmol) in THF (10 mL} was
added dropwise. Sturing was continued for 1.5 hours at -78°C. Upon completion the reaction
was quenched by addition of saturated ammonium bicarbonate. The suspension was diluted
with 6 volumes of ethyl acetate and the organic layer was separated, dried over sodium
sulfate, filtered and concentrated. The product was isolated over silica eluting a gradient of

ethyl acetate in hexanes to vield 1.043 g (53%).

123 L 124

[3307] To compound 123 (1.043 g, 2.47 mwnol} stirring in MeOH (3 ml) was added a 4M
HCI solution in dioxane (3.09 ml., 12.37 mmol). Upon completion of deprotection the
solution was diluted with water (& mL} and washed twice with diethy! ether (6 mbL). The
aqueous layer was subsequently adjusied to a pH of 11 with sodium hydroxide. The
precipitate was extracied with ethyl acetate, and the combined organic exiracts were dried
over sodium sulfate, filtered, and concentrated vielding 0.616 g (78.5%) of product 124 that

was used without further purification.
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(06308} To compound 125 (92.1 mg, 0.275 mmol} in THF (1.5 mL) at 0°C was added DCC
{68.1 mg, 0.331 mumol}. After 5 minutes PNP {(106.1 mg, 0.331 mmol}) was added, the ice
bath was removed, and stirring continued for 1 howr. Upon completion the suspension was
chilled to -20°C for | hour and the precipitate was removed by filtration. The supernatant was
concentrated and to vield 129 mg (103%) of crude product 126 that was subsequently used
without further purification.

124 127

0309} A muxture contaming compound 124 (148.6 mg, 0.468 nunol) and potassium
carbonate (129 mg, 0.937 mmol) in DMF (2 mL} was treated with methy! iodide {(66.5 mg,
0.468 mmot} and stirred at 50°C for 3 hours. Upon completion of alkyiation all volatiles were
removed and the product was tsolated over silica eluting a gradient of ethyl acetate in
hexanes, each buffered with 1% TEA, to vield 94.6 mg (61%).

127 128

126 OYé
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16316] To compound 127 (94.5 mg, 0.285 mmol) in DMF (2 mL} was added DIFA (149 ul,
(.856 mmol} followed by Compound 126 {129.9 mg, 6.285 mmol) and the mixture was
stirred for 1 hour at 8G°C. Upon completion all volatiles were removed and the crude was
dissolved in MeOH, treated with 10% paliadium on carbon (20 mg), and the flask was
charged with 60 PSI of hydrogen. Upon completion the suspension was filtered. The
supematant was concentrated and the crude product obtained was used subsequently without

further purification.
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[G311] A mixture containing compound 128 (159 mg, 0.285 mmol), Bromo-PE(-Azide
{74.7 mg, 0.314 mmol} and cesium carbonate (204 mg, 0.627 mmol} in BMF (2 mL} was
heated to 60° C for 2 hours. Upon completion all volatiles were removed and the crude was
treated with 4M HCI in dioxane (0.5 ml., 2 romol) and heated to 40° C for 3 hours. Upon
completion all volatiles were removed. The crude was suspended in a mixture of THF (1
mL), MeOH (1.5 mL) and H20 (1.5 mL), treated with lithium hydroxide (83.5 mg, 3.48
mmol) and heated to 40°C for 16 hours. Upon completion the pH was adjusted to 3 with
TFA, and the product was isolated by separation over a Phenomenex® Gemini® 18 column
{21.2x250mm, 5 micron) eluting a gradient of acetonitrile in water containing 0.1% TFA to

vield 33.1 mg (20%).

Synthesis of Structure 33¢ {({Rp-I-agido-13-(3-flucro-d-methoxyphenyl}-12-(5-(5,6,7,8-
fetrafiydro- 1 8-naphthyridin-2-yipentanoyi}-3,6, 9-irioxa- 1 2-azapentadecan- 1 3-0ic acid)
130 131

i-butyl suffinamide
e E— ]
AcCH
Toluene

[6312] A mixture containing compound 130 (1.5 g, 9.73 mmol}, (R) t-butyl sulfinamide (2.36
£, 19.46 mmol}, and AcOH (0.14 mL) in toluene (45 mL) was refluxed in a fask fitted with a
Dean-8tark trap for 16 hours. Upon completion the reaction was quenched by addition of
saturated sodium bicarbonaie. The organic layer was separated, dried over sodium sulfate,
filtered and concentraled. The product was 1solated by separation over sihica eluling a gradient

of ethyl acetate in hexanes to yield 1.714 g (68 4%,
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[6313] To DIA (3.056 mL, 21.80 mimol) in THF (18 mL} at -78°C was added a 2.5M
solution of n~-Buki (8.324 mL., 20.81 nunol) was added dropwise. Stirring was continued for
5 mimtes at -78°C and ethyl acetate (1.94 mL, 19.82 mmol} was added dropwise. Stirring
was continued for a further 10 mumutes at -78°C and a solution of chloro titanium
triisopropoxide (9.94 mL, 41.62 mmoly in THF (10 mL) was added dropwise. Stirring was
continued for a further 15 moinutes at -78°C and a solution of compound 131 (1.70 g, 6.61
mmol) in THF (12 mL} was added dropwise. Stirring was continued for 1.5 hours at -78°C.
Upon completion the reaction was quenched by addition of saturated ammonium bicarbonate.
The suspension was diluted with 7 volumes of ethyl acetate and the organic layer was
separated, dried over sodium sulfate, filtered and concentrated. The product was isolated over

silica eluting a gradient of ethyl acetate in hexanes to vield 0.984 g (43%).
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[6314] To compound 132 (0.975 g, 2.82 mwol} in EtOH (6 mL) at 0°C was added 4 M HCl

(2.12 mL, 8.47 nwmol) in dioxane and stirred for 30 minutes. Upon completion the reaction
was diluted with water (15 mL) and washed with diethyl ether. The organic laver was
separated and the pH of the agueous layer was adjustaed to 12 with sodium hvdroxide. The
aguecus layer was washed with 5 volumes of ethyl acetate and the organic layer was
separated, filtered over sodium sulfate and concentrated. The product was isolated by
separation over silica eluting a gradient of ethyl acetate in hexanes containing 1% THA to

vield 0.434 g (64%).
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16315] To a mixture of compound 133 (0.120 g, 0.497 ramol) and PEG (0,151 g, 0.696
mimol) in THF (2 mL) over 3A molecular sieves was added STAB-H (0.253 ¢, 1.19 mmol)
and the suspension was stirred for 16 hours at room temperature. Upon completion the
reaction was quenched by addition of saturated sodiim bicarbonate and the crude was
extracted with three portions of ethyl acetate. The separated organic exiracts were combined,
dried over sodium sulfate, filtered and concentrated. The crude obtained was used
subsequently without further purification.
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[6316] Compound 134 {0.200 g, ¢.597 mmol) in DMF (2 mL) was treated with HATU (0.227
g, 0.597 mmol) and stirred for 5 minutes. To the activated ester was added DIEA (0.259 ml,
1.49 mumol) followed by compound 125 (0.220 g. 0.497 mmol) in DMF (1 mL) and the
resulting mixture was stirred for 1 hour. All volatiles were removed and the resulting crude
was treated with neat TFA (3.8 mL) and stirred for 3 hours at 406°C. Upon completion of

(4 mL}, water (¥ mL}. and MeOH (8 mL). The resulting mixture was treated with LiOH (71.6
mg, 2.98 mmol} and heated to 40°C for 16 hours. Upon completion the pH was adjusted to 3
with TFA, and the product was isolated by separation over a Phenomenex® Gemuni® ¢i8
column (21 2x2350mm, 3 micron) eluting a gradient of acetonitrile in water containing 0.1%

TFA to vield 56.2 mg (18%, 3-Steps).

Synthesis of Structure 34c  ((S)-I-azido-13-(3-fluoro-d-methoxyphenyl)-12-(5-(5,6,7,8-
fetraliydro-1 8-naphthyridin-2-ylipentyi)-3,6, 9-trioxa-1 2-azapentadecan-1 3-0ic acid}
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136 137

o
T
LU\/\/\OH

(3317} Compound 136 (0.500 g, 1.45 nmumol} 1n a mixture of THF (9.0 mL) and MeOH (0.5

mb) at 0°C was treated with lithium borohydride (94.5 mg, 4.34 mmol}. Cooling was removed
and stirring was continued until gas evolution ceased. The reaction mixiure was diluted with 5
volumes of EtOAc. The organic layer was washed with ammounium bicarbonate, dried over
sodiurm sulfate, filtered, and concentrated. The product was isolated by elution over silica using
a gradient of ethyl acetate in hexanes to yield 309 mg (67%).

137 138

DMP
N\/W
\ OH DOM

16318} To a solution containing compound 137 (0.305 g, 0.952 mumol} in DCM (9 mbL) at 0°C
was added Martin's reagent in several portions. Several drops of water were added, cooling was
removed, and the reaction was stirred for 3 hours. Upon completion the mixture was washed
with saturated sodium bicarbonate then saturated sodium thiosulfate. The separated organic
was dried over sodium sulfate, filiered and concentrated. The product 138 was separatad over

silica eluting a gradient of MeOH in DCM to vield 140 mg (46%]).

139

STAB-H

138
THF

16319} To a mixture containing compound | {852 mg, 6.353 mmol) and 138 (1349 mg, .424
mmol) in THF (2.5 mL) over 3A molecular sieves was added STAB-H (0.150 g, 0.706 mmol)
and the resulting suspension was heated to 40°C for 16 hours. Upon completion the reaction
was diluted with 3 volumes of ethyl acetate and treated with saturated sodiurm bicarbonate. The

organic layer was separated, dried over sodium sulfate, filiered and concentrated. The product
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was isolated by separation over silica eluting a gradient of MeOH in DUM containing 1% TEA

to vield 64 mg (33%;).
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16328] To a mixture containing compound 140 {60 mg, 0.110 mmol), Ald-PEG:-N5 (71.9 mg,
0.331 ramol) and AcOH (3 uL, 0.0276 mmol) in MeOH (1 mL) over 3A molecular sieves was
added sodium cyanoborohydride (28.9 mg, 0.276 ramol) and the reaction was stirred at 40°C
for 3 hours. Upon completion the nuxture was cooled to 0°C, water was added (0.15 mL} and
the solution was acidified to a pH of 7 using HCI {(4M) m dioxane. All methanol was
subsequently removed, 4M HCI (0,138 mL, 0.552 wmimol) in dioxane was added and the mixtore
was stirred at 40°C for 2 hours. Upon completion of BOC removal all volatiles were removed
and the crude was suspended in a mixture of THF (1 mL}, water (2 mL) and MeOH (2 mL)
and treated with lithium hydroxide {26.5 mg, 1.104 mmol). Upon completion of ester removal
the pH was adjusted to 3 by addition of TFA and the product was isolated by separation on a
Phenomenex® (21 2x250mm) C18 colummn eluting a gradient of acetoniinile in water

containing 0.1% TFA to vield 16.4 mg {24%, 3-Steps).

Synthesis of Structure 36¢  (8)-3-(4-(2-{ 2-{2-(2-azidvethoxy)ethaxy)ethaxyjethoxy)-3-
Fuorophenyl)-9-03,6, 7, 8-tetrabydro- 1, 8-naphtlyridin-2-yiinonanoic acid)

8 80, O

)J\/\/\(OH )M(7\
| DOM: MeOH [1:2.5]

O O
141

[6321] To asolution of 6-oxoheptanoic acid (9.74 g, 68 mmol} in BCM (30 mL) and MeOH

{75 mbL} was added conc. Hz804¢0.18 mbL, 3.4 mmol) at room temperature. The reaction
mixture was refluxed overnight. The reaction nuxture was then concentrated to an oil,
redissolved in DCM (150 mL), and washed with sat. ag. NaHCO3 (2 x 40 mL} and brine (40
mL}). The organic layer was dried over NaxSOs, filtered, and concentrated. The product was
used in the next step without further purification. Yield of compound 141: 10.2 ¢ (95%). 'H

NMR{(400 MHz, DMSO-d6): § 3.58 (s, 3H), 2.43 (1, 2H), 2.29 (t, 2H), 1.46 {m, 4H).
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16322] To asolution of compound 141 {10.2 g, 65 mmol} and 2-amino-3-formylpyridine
{7.89 g, 65 mumol) in BtOH (80 mL} was added L-proline (3.72 g, 32 mmmol). The reaction
mixture was heated at reflux overnight. The reaction mixture was then concentrated,
dissolved in EtOAc {50 mL), and washed with water (3 x 30 mL). The organic phase was
dried over Nax80;4, filtered, and concentrated. The restdue was purified by CombiFlash using
silica gel as the stationary phase and was eluted with a gradient of EtQAc¢ 10 DCM (10-
100%). Yield of compound 142: 6.08 g (39%). Mass calculated for CiaHisN2O2 [M+H]:
24513, found: 24521,

o 0O
(NWQ/ Pd/C, Hy Wo/
SN — 143

[6323] To asolution of compound 142 (6.08 g, 24.9 mmol) in MeOH (50 mb} was added
Pd/C (10% loading, Degussa type, 1.99 g, 1.87 mmeol). The reaction flask was charged with
nitrogen, evacnated, and backfilied with nitrogen three times. This process was repeated with
hydrogen, and the reaction vessel was finally charged with hydrogen (1 atm) and stirred
overnight at room temperature. The reaction nuxture was filtered over Celite®, the pad rinsed
with MeQH, and the filtrate concentrated. The product, compound 143, was used in the next
step without further purification assuming 100% vield. Mass calculated for Cirai2oMN202

IM+H]": 249.16, found: 249.08.

i}
P
MeQ | OlMe

nBulli

THF

16324} To a solution of dimethy! methylphosphonate (12.3 g, 100 mmol} in anhydrous THF
(120 mb} was added n-Buli solution (2.5 M in hexanes, 40 mL, 100 mmol) via syringe pump

over | hat-78 °C. A solution of compound 143 (6.175 g, 24.9 mmol} in THF (40 mbL) was
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added to the reaction mixture over 45 m at -78 “C. After stirring for 20 m at -78 °C, the
reaction mixture was quenched with sat. ag. NH4Cl solution (200 rol.), warmed to t, and
extracted with EtO Ac {400 mL). The organic layer was washed with water (200 mL) and
brine {200 mL}. The organic phase was separated, dried over Nax8(0y4, filtered, and
concentraled. The product was used in the next step without further purification. Yield of
compound 144: 7.86 g {93%). Mass calculated for CieHasNoOuP [MHAH]T: 341,17, found:
34117,

O
H &
/N N “\})/OM’A KoCQ5
: S S ——
' | OMe -
P 144 Oon
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16325} A suspension of 3-fluoro~4-{phenylmethoxy)-benzaldehyde (0.38 g, 1.65 mmol),
compound 144 (0.67 g, 1.98 mmol), and anhydrous potassium carbonate (0.547 ¢, 3.96
mmol) in THF (13.5 mbL) was heated at reflux overmight. Additional 3-fluoro-4-
(phenylmethoxy }-benzaldehyde (0.19 g, 0.83 munol} and potassium carbonate (0.23 g, 1.65
mmol) were added and the reaction nuxture was refluxed for an additional 4 h. The mixture
was diluted with EtOAc (100 mL) and washed with water (30 mL} and brine (30 mL). The
organic phase was separated, dried over NaxSQy, filtered, and concentrated. The residue was
purified by CombiFlash using silica gel as the stationary phase and was eluted with a gradient
of MeQOH in DCM (0-10%). Yield of compound 143 446 mg (61%). Mass calculated for
CosHasFN2On IM+HI™ 445 23, found: 445 41

£ R-BINAL N

THF, -78C

OBn
16326] Preparation of R-BINAL: To a slurry of LAH (0.396 g, 10.4 mmol, 0.98 eq) diy THF
(34 mL) was added EtOH (0.492 g, 10.65 mimol, 1.00 eq) as a solution in THF (3.2 mL)} over
10 m while maintaining an internal temperature < 33 °C. After aging for 30 m, R-BINOL
(3.05 g, 10.65 mmol, 1.00 eq} was added as a solution in THF (10 mL), maintaining an
internal temperature < 35 °C (ca 10 minutes). After stirring for 2 h at room temperature, the

reaction mixture was cooled on a drv ice/acetone bath to -78 °C.
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16327} Compound 145 (1.18 g, 2.65 mmol) was dried azeotropically with anhydrous toluene
(50 mL} and was dissolved in anhvdrous THF (12 mL). The solution of compound 145 was
added dropwise to the solution of R-BINAL via syringe purp over 45 m at -78 °C. After 1.5
h, the reaction vessel was transferred to a very large dewer, filled with dry ice/acetone, and
covered with aluminum foil. The reaction maxture was stirred ON at -78 °C. The magjority of
the reduction occwrred within the first 1.5 h with only a small amount additional conversion
overnight. The reaction was guenched by addition of sat. ag. NHaCl (150 mL} and warmed 1o
room temperature. The mixture was further acidified to pH = 7 using 6 N HCI then extracted
with EtOAc (2 x 250 ml). The combined organic phase was washed with water (125 mL)
and brine (125 ml.). The organic phase was dried over Na:SOq, filtered, and concentrated.
The residue was purified by CombiFlash using silica gel as the stationary phase and was
eluted with a gradient of MeOH in DCM (0-5%;). Yield of compound 146: 634 mg (53%;).
Chiral purity was determined by analytical chiral HPLC, Chiralpak AD-H columm 4.6 x 250
mm, 5 micron, EtOH 0.1% diethyvlamine isocratic, 1.75 mb/min. The first elting R isomer
was 86 area% pure, corresponding to 72% ee. Compound 6 was further purified by chiral
semi-preparative HPLC (Chiralpak AD-H 21.2 x 250 rom, S nuecron, EtOH 0.1%
diethylanune, 20 mL/roin). Final vield of compound 146: 445 mg (98% ee). Mass calculated

for C2eHaiFN2O» [MHH|T 447 25 found: 447 30.
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[6328] To asolution of compound 146 {0.325 g, .73 mmol) and malonic acid monomethyl
ester {0,103 g, 0.87 mmol) i DCM (3 mL) was added a solution of DMAP (9 mg, 0.073
mmol) in BCM. The mixture was cooled to 0 °C and DCC (0.180 g, 0.87 mmol} was added.

The cooling bath was removed, and the reaction was stirred at RT ON. The reaction mixiure
was then diluted with BCM (10 mL) and filiered. The filirate was concentraied and purnfied
by CombiFlash using silica gel as the stationary phase, eluting with a gradient of MeOH (0-
5%} in DCM. Yield of compound 147 142 mg (37%). Mass calculated for CaH3sFIN2Os
IMAHHTT: 547.26, found: 547.58.
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(6329} To a solution of compound 147 (0.232 g, 0.42 mumol) in NMP (0.3 mL) was added
N O-bis(trimethylisiiyDacetarmde (0.229 g, .12 mmol} at room temperature. The mixture was
heaied at 60 °C for 30 m. Brine (38 ul) was added in two porlions over 5 m. The reaction
mixture was then heated at 90 °C for 3 h then room temperature overnight. The reaction
mixture was diluted with EtOAc (12 mi) and washed with water (3 mL). The aqueous layer
was back extracted with EtOAc (12 mL}. The combined organic layer was concentrated. The
residue was purified by CombiFlash using stlica gel as the stationary phase and was eluted
with a gradient of MeOH in DCM. Yield of compound 148: 140 mg (66%). Mass calculated
for C31H3sFN203 [M+H]*: 503.27, found: 503.29.

. H o~ H
N !N\ = OMe PAIC, Ha N N\ Oha

= 148 EiOH | P 149

16336] To asolution of compound 148 {G.169 g, 0.34 mmol) in EiOH (3 mL) was added a
sturry of Pd/C (10% loading, 36 mg, 0.034 myool) in EtOH (I mlL). The reaction vessel was
pressurized and vented with hydrogen three times. The reaction vessel was repressurized to
55 pst for 3 h. The reaction mixture was diluted with MeQOH (5 mL) and filtered. The filtrate
was concentrated and the product, compound 149, was used in the next step without further

purification assuming 100% vield. Mass calcudated {or CaaH3iFN2Gs [M+H] 415.24, found:

415.07.
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16331} To asolution of compound 149 {139 mg, 0.34 mmol) and azido-PEGs-tosylate {0.188
mg, 0.50 mumol) in DMF (2.5 mL) was added cesium carbonate (164 mg, 0.50 mmol). The
reaction mixture was heated at 40 °C for 1 h then quenched with sat. ag. NaHCO: (3 mL).
The mixture was extracted with FtOAc, (3 x 10 mL}. The combined organic phase was
washed with water {2 x S mL). The organic phase was dried over NazS504, filtered,
concentrated. and used n the next step without further purification. Mass calculated for

CaHuoFNsOg [M+H]™ 616,35, found: 616.90.
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[6332] To asolution of compound 150 {0.207 mg, 0.34 mmol) in THF (1.5 mL) and water (1.5
mL} was added lithium hydroxide (0.040 g, 1.68 mmol}. The reaction mixture was heated to
40 °C overnight. The next moming the reaction mixture was acidified with 6 N HClHto pH =7
and concentrated under reduced pressure. The residue was dissolved in 35% ACN i H2O,
0.1% TFA, and purified by RP-HPLC (Thermo Aquasi C18, 250 x 21 mm, 5 pmy, 20 mbl/min,
gradient of ACN m Hz0 containing 0.1% TFA). Yield of compound 151 (SM 363 125 mg
{(52% over 3 steps). Mass calculated for Cs IHuFNsQes [M+H]: 602,34, found: 602 85,

Synthesis of Structure 37c  {({(8)-3-{4-(2-(2-(2-{2-azidoethoxylethoxyiethoxyiethoxyj-3-

Fluoropheayl}-3-(5-(3,6,7,8-tetralydro-1,8-naphthyridin-2-yhpentananido)propanvic acid)
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[3333] Compound 169 (90 mg, 0.268 mmol) in DMF (1.5 mb) was treated with HATU (112
mg, 0.295 mmol} and stirred for 5 minutes. A mixture containing compound 170 (94 mg,
0.295 mmol} and DIEA (0.154 mL, 0.884 mmol} in DMF (0.5) was subsequently added and

stirring was continued for 1 hour. Upon completion all volatiles were removed and corapound
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171 was isolated by separation over silica eluting a gradient of MeOH i DCM vielding 123

mg {72%).
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[6334] A suspension containing 10 % palladium on carbon (21 mg, 0.0194 mmol) and
compound 171 (123 mg, 0.194 mmol) in MeOH (2 mL) was charged with 60 PSY hydrogen
and stirred for 1 hour. Upon completion the suspension was filtered over Celite® and
concentrated to yield 88 mg (83%) of crude that was used subsequently without funther
purification,
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13335} A suspension containing compound 172 {87 mg, 0.160 mmol), Br-PEGs-N3 (50 mg,
(.176 mmol) and cesium carbonate (115 mg, (.352 mmol} in BMF (1 mL) was heated to
60°C and stirred for 2 hours. Upon completion all volatiles were removed and compound 173
was isolated by separation over silica eluting a gradient of MeOH in BUM vielding 91 mg

{76%0}.
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[6336] Compound 173 (50 mg, 0.067 mmol} in dioxane (0.5 mL) was treated with a 4M HC!
{0.671 mmol, 0.168 mL) sohution in dioxane and stirred at 40°C for 3 hours. Upon
completion all volatiles were removed. The crude was dissolved in a mixture of H20 (0.4
mbL), THF (0.2 mL) and MeOH (0.4 mL), treated with L1OH (8 mg, 0.356 mmol}, and stirred
at 40°C for 16 howrs. Upon completion the pH was adjusied to 3 with TFA and the product
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was isolated by separation over a Phenomenx Geminit C18 column {21 .2x250mm, 5 micron)
eluting a gradient of acetonitrile in water containing 0.1% TFA to yield 25 mg (60%, 2~
Steps).

Synthesis of Structure 38¢ ((8)-3-{2-(3-({2-{2-{ 2-azidoethoxy}ethoxyethylamino-3-
axopropypyrimidin-3-yi}-9-(3,6,7, 8-tefrahydro- 1 8-naphthyvridin-2-yiinonanoic acid) and
Stracture 39¢ ((8)-3-{2-{1-azido-1 2-0x0-3,6,9-tripxa-1 3-arahexadecan- 1 6-yilpyrimidin-5-

yi-9-(5,6,7 8-fetrahydro- 1, 8-naphhyridin- 2-y)nonanaoic acid)
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[6337] To asolution of 5-bromo-2-iodo-pyrimiding (8.00 g, 28.1 mmol} in anhydrous THF
(95 mb) was added a solution of -PrivigBr in THF (0.75 M, 56 mlL, 42.0 mmol) a1 -78 °C
while maintaining an internal temperature < -70 °C {ca. 15 m}. The resulting solution was
then stirred for 15 minutes before adding CuCN-2LiCT solation in THF (1 M, 31 mL, 31.0
mmaol) and then allvl bromide (3.10 g, 42 mmol) as a solution in THF (10 mL). The reaction
mixture was warmed to room temperature and stirred for 1 h. The reaction mixture was
guenched with MeOH (40 mL}) and concentrated. The residue was purified by CombiFlash
using silica gel as the stationary phase and was ehuted with a gradient of EtOAc in hexanes
{(0-20%). Yield of compound 152: 4.13 g (74%). Mass calculated for C-H7BrNz [M+HT:
198.99, found: 199.05,

' E/OH
- i
Lj’/ NaBO; Lj%?
Br Br
152 153

{6338} To a solution of compound 152 (7.70 g, 38.7 mmol) in THF (115 mL) was added a
solution of 9-BBN in THF (0.5 M, 131 mL, 65.8 mmol} at 0 °C over 30 m. The reaction
mixture was warmed to room temperature and stirred overnight. To the reaction mixture was
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added a shury of NaHC (s (48.7 g, 580 mumol) in water (100 mbL} followed by a slurry of
MNaBO: monohvdrate (46.3 g, 464 mmol) in water (100 mbL) at 0 °C. The cooling bath was
removed, and the mixiure was stirred vigorously for 1 h. The reaction mixture was transferred
to a separatory funnel and the fayers were separated. The aqueous laver was extracted with
EtGAc (200 mL). The organc phases were combined and washed with brine (100 mal.). The
brine laver was back extracted with EtOAc (100 mL). The combined organic phase was dried
over Na:S(q, filterad, and concentrated to yield ~15 g crude, vellow oil. The crude was

purified by CombiFlash using silica gel as the stationarv phase and was ehited with a gradient

CrHoBAN2O [MH+HT 217.00, found: 216.97.

OH /rOTBDPS
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166339] To asolution of compound 153 (3.44 ¢, 15.8 mmol} in DUM {40 mL) was added
irmidarole (1.73 g, 25.4 mmol) and a sohution of TBBPSCI (523 g, 19.0 mmol} in DCM (12
ml} at 0 °C. The reaction was warmed to room temperature and stivred overmight. The
reaction mixture was diluted with DCM (75 mL) and washed with water (30 ml.) and brine
{50 mL} The organic laver was dried over NaxSQy, filtered, and concentrated. The residue
was purified bv CombiFlash using silica gel as the stationary phase and was eluted with a
gradient of EtOAc (0-8%) in hexanes. Yield of compound 154 5.56 g (77%). Mass

calculated for CasHzyBrN2OS1{M+H]" 455,12, found: 455 .44
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[3348] To asolution of compound 154 (6.07 g, 13.3 mmol) in THF (150 mL) at -75 °C was
added a solution of nBuliin THF (2.5 M, 5.6 mL, 14.0 mamol} dropwise, maintaining an
mternal temperature < -70 °C (ca. 10 m). After 3 m, a solution of ethyl formate (1.04 g, 1.13
mb, 14.0 nmmol) in THF (5 mL) was added dropwise, maintaining an internal temperature < -
70 °C. The mixture was stirred at -78 °C for 20 m then quenched with HCI in dioxane (4 M,
3.67 mL, 14.7 mmol) that was further diluted with THF (5 mL), maintaining an internal
temperature < -65 °C. The cooling bath was removed, and the reaction was warmed to
ambient temperature and concentrated. The residue was purified by CombiFliash using silica
gel as the stationary phase and was eluted with a gradient of EtOAc in hexanes (0-20%).
Yield of compound 155: 1.79 g (33%). "H NMR{400 MHz, CDCls): 8 10.09 (s, 1H), 2.06 (s,
2H). 7.64 (m, 4H), 7.38 (m, 6H), 3.77 (1. 2H), 3.20 (1, 2H), 2.17 {q. 2H), 1.03 (s, SHD.
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[6341] To asolution of compound 144 (1.68 g, 4.15 mmol} and compound 155 (1.7G g, 4.98
mmoly m THF 235 ml) was added K2C0: (0.861 g, 6.23 mmnol). The reaction mixture was
heated to 40 °C for 2.5 h then 50 °C for 12 h. The reaction muxture was diluted with BtOAc
{100 mL) and washed with water {50 mL} and brine (30 mL). The organic phase was dried
over Naz3(34, filtered, and concentrated. The residue was purified by CombiFlash using silica
gel as the stationary phase and was eluted with a gradient of EtOAc (0-100%) in hexanes
containing 1% triethylamine. Yield of compound 156: 2.04 g (79%). Mass calculated for

CasHaeNOS1 IMHH] 619.35, found: 619.69.
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[36342] Preparation of R-BINAL: LAH (1.169 g, 30.8 mumol) was slurried in dry THF (90
ml). To the sturry was added EtOH as a solation in THF (6 M, 5.2 mL, 31.4 mimol) keeping
Tine < 40 °C. The mixture was aged at 35 °C for 40 mthen cooled to 30 °C. A solution of R-
(BINOLY (9.00 g. 31 4 muol} in THF (45 ml.} was added, keeping Tin < 40 °C. The mixture
was aged at 50 °C for 1 h, cooled to ambient temperature, then heated to 50 °C and TMEDA
(14.1 mL, 11.0 g, 94.3 muwol) was added. The muxture was aged at 50 °C for 1 h, cooled to
armnbient termperature, and then used with compound 156

16343] To asolution of R-BINAL (~0.2 M, 110 mL, 22.0 nunol) in THF was added a
solution of compound 16 {1.16 g, 1.88 mmol} in THF (12 mL} at -78 °C over 5 m. After 3¢
m, the reaction nuxture was quenched with sat. aq. NHsCl, warmed to 11, and the product was
extracted with BtOAc (3 x 125 mL}. The organic laver was dried over Na:8SG4, filterad, and
concentrated. The residue was purified by CombiFlash using silica gel as the stationary phase
and was eluted with a gradient of MeOH (0-5%) in EtOAc contaiming 1% triethviamine.
Yield of compound 157: 0.96 g (82%). Chural purity was deternuned by analyvtical chiral
HPLC, Chiralpak AD-H column 4.6 x 250 mim, 5 micron, 25% FtOH, 75% hexanes, 0.1%
diethylamine isocratic, 2 mL/min}. The second ehuting R isomer was ~95 area% pure,
corresponding to ~90% ee. Mass calculated for CasHasNaO2S1 [M+H]™ 621.36, found:
621.71.
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[3344] To asolution of compound 157 ((.925 g, 1.49 mmol) in tniethylorthoacetate (9.25
ml ) was added a solution of propionic acid in trimethylorthoacetate (0.15 M, 0.55 ml., 0.08
mmol). The reaction nuxture was heated at 140 °C in a sealed vial for 1.5 h. The reaction
mixture was concentrated, and the residue was purified by CombiFlash using silica gel as the

stationary phase, eluting with a gradient of EtOAc (0-50%) in hexanes containing 1%

129



WO 2019/210200 PCT/US2019/029393

triethylamine. Yield of compound 158: (.898 ¢ (87%). Mass calculated for Ca2HssN1Os81
[MHHTY 691.41, found: 691.93,

I/,OTBDF’S GTBDPS
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3345] To asolution of compound 158 {0.893 g, 1.30 mmol) in EtOH (10 mL) was added a
sturry of Pd/C (extent of loading: 10 wi%, 0.138 g, .13 munol) m EtOH (4 mi.). The reaction
mixture was charged 50 psi H» and stirred for 4.5 h. The reaction nuxture was filtered,
concentrated, and used in the next step without further purification. Yield of compound 159:
.885 ¢ (99%). Mass calculated for Ca2HseNaO3S1 [M+H]™ 693 .42, found: 693.82.
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(3346} A solution of Boc anhydride (0.836 g, 3.83 mumol) in THF (2.5 mL) was added to
compound 159 (0.885 g, 1.28 mmol} followed by a solution of DMAP (20 mg/ml in THF,
155 ul, 0.0031 g, 0.026 mmol}. The mixture was heated to 60 °C for 6 h. The reaction
mixiure was concentrated and the residue was purified by CombiFlash using stlica gel as the
stationary phase, eluting with a gradient of EtOAc (0-50%) in hexanes. Yield of compound

160: 0.721 g (71%;). Mass calculated for Co7HaaMN4OsS1 [M+H]Y: 793 .47, found: 794 28,
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16347] To asolution of compound 160 {0.621 g, 0.783 mmol) in THF (6 mL} was added a
solution of TRAF in THF (1 M, 1.2 mL, 1.2 nwnol) at & °C. The reaction mixture was
warmed to room temperature and stirred for 2 h. The reaction mixture was diluted with
EtGAc (30 mL) and washed with sat. ag. NH«Cl (2 x 10 mL}. The organic layer was
concentrated. The residue was purified by CombiFlash using silica gel as the stationary phase
and was eluted with a gradient of EtOAc {(30-100%) 1 hexanes. Yield of compound 21:
0.362 g {83%;. Chiral purity was determined by analytical chiral HPLC, Chiralpak AD-H
column 4.6 x 250 mm, 5 micron, 20% EtOH, 80°% hexanes, 0.1% diethylamineg, isocratic, 1.5
mL/min. The second eluting R isomer was 93% pure, corresponding (o 86% ee. was
Compound 161 was further purified by chiral senmu-preparative HPLC (Chiralpak AD-H 21 2
X 250 mm, 5 micron, 20% Ei1OH, 80% hexanes, 0.1% diethviamine, 60 mL/min). Final vield
of compound 161: 308 mg (99% ee). Mass calculaied for CrHaeN4Os [M+H]™ 55536,

found: 555.72.

OH

TEMPQO, BAIB

.................................. o

ACN/water

162

166348 To a solution of compound 161 (0.030 g, 0.054 mmol) in ACN (0.30 mL) was added
BAIB (0.042 g, 0.130 mmol) and TEMPO (2.5 mg, 6.016 munol) followed by water {0.3¢
ml) at room temperature. After 2 hr, the reaction mixture was concenirated. The residue was
purified by RP-HPLC (Phenomenex Genuni C18 21.2 x 250 mum, 5 micron, 0.1% TFA
water/ACN, 30-80% ACN gradient). Yield of compound 162: 0.030 g (97%). Mass
calculated for C31HuNuGs [M+H]: 569.34, found: 569.68.
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[3349] To asolution of compound 162 (33 mg, 0.058 mmol) and amino-PEGz-azide (15 mg,
0.087 mmol} in DMF (0.5 mL) was added TBTU (32 mg, 0.099 mmol} then DIEA (35 ul,
26 mg, 0.203 mmol) at 0 °C. The reaction mixture was warmed to room temperature and
stirred for 30 m. The reaction mixture was concentrated, and the product, compound 163, was
used in the next step without purification. Mass calculated for C37HseNsO7 [M+H]": 725.44,
found: 725.77.

(3358} To asolution of compound 163 (42 mg, 0.038 mumol) in THF (0.30 mL) was added a
1 M solution of LiOH {(0.174 mi., 0.174 mmol). The reaction mixture was heated at 40 °C for
1 hr. An additional portion of LiOH was added {0.174 mL, 0.174 mmol). After 3 h, the

reaction stalled, and an additional portion of LiOH was added (0.174 mL, 0.174 mmol). Thee
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reaction was stirred for an additional 2 hr (9 eq LiOH, 5 br total). The reaction mixture was
neutralized to pH = 5 using 3 N HCI and concentrated. The residue was dissolved in

TF Arwater [95:5] and stirred for 2 hours at room temperature. The reaction mixturs was
concentrated, and the residue was purified by RP-HPLC (Phenomenex Gemini Ci1821.2x
250 mm, S micron, water/ACN containing 0.1% TF A, 20-50% ACN gradient). Yield of
compound 164 (Structure 38¢): 23 mg (66%). Mass calculated for CseHaaNgOs [M+H]™
597.33, found: 597 .83.
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16351} To a solution of compound 161 (30 mg, 0.054 ramol} in THF (150 pL) was added
diphenyl phosphoryvl azide (35 uL, 45 mg, 0.162 mmol} followed by BBU (12 pL, 12 mg,
(.08 1 mmol} at 0 °C. The reaction mixture was warmed to rt and stirred overnight. The next
morning, the reaction nuxture was heated at 60 °C for 7 h. The reaction maxiure was
concentrated and purified by RE-HPLC (Phenomenex Gemini C18 21.2 x 250 mm, 5 micron,
0.1% TFA water/ ACN, 32-60% ACN gradient). Yield of compound 165: 14 mg (44%). Mass
calculated for CaiHasN7Gq [M+H] 580.36, found: 580.66.
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[6352] To asolution of compound 165 (18 mg, 0.031 mmol) in EIOH (100 uL) was added a
sturry of Pd/C (10% loading, 3.3 mg, 0.003 momol) in EtOH (170 pL). The reaction vessel
was charged with Hy then evacuated three imes and then charged with Hz (1 atm). After 30

my, the reaction mixture was filtered, concentrated, and used in the next siep without further
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purification. Yield of compound 166: 17 mg (99%}. Mass calculated for CaiHeNsO4 [M+H[
55437, found: 554.73.
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(8353} To asolution of compound 166 (17 mg, 0.031 mmol} and azido-PEGs-NHS ester (14
mg, 0.040 ramol) in BMF (170 ul) was added DIEA (16 ul, 12 mg, 0.092 nunol) at room
temperature. The reaction mixture was stirred for 1 h at room temperature, concentrated, and
then used in the next step without purification. Mass calculated for CaoHeoNeQs [ MAH]™
783.48, {ound: 783.84.
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16354] To asolution of compound 167 (24 mg, 0.031 mymol) i THF (180 pul) was added a 1
M solution of LiOH {153 ul, 0.153 mmol). The reaction muxture was heated at 40 °C. After
1 hr, an additional portion of LiOH was added (153 ul, 0.153 mmwol, 5 eq). The reaction
mixture was stitred for 3 h at 40 °C then room temperature overnight. The reaction mixture
was neutralized to pH = 5 using 3 N HCI and concentrated. The residue was dissolved in
TFArwater |93:5] and stirred for 3 hours at room temperature. The reaction mixture was
concentrated, and the residue was purified by RP-HPLC (Phenomenex Gemini C18 21.2x
250 mm, 5 micron, waler/ ACN containing 0.1% TFA, 15-45% ACN gradient). Yield of
compound 168 (Structure 39¢). 9.8 mg (49%). Mass calculated for CasHsoNsOs [M+H}"
653540, found: 636.01.
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Example 2. Synthesis of Tridentate Integrin Targeting Ligands, RNAI Agents, and
Conjugation of Integrin Targeting Ligands to Carge Molecules (RNAI Agents).
166355] The integrin targeting ligands can be conjugated 1o one or more RN AA agents useful for
inhibiting the expression of one or more targeted genes in cells that express integrins. The
integrin targeting ligands disclosed herein facilitate the delivery of the RNA1 agents fo the
targeted cells and/or tissues. Exarople 1, above, described the synthesis of certain integrin
targeting ligands disclosed herein. The following describes the general procedures for the
syntheses of certain integrin targeting ligand-RNAI agent conjugates that are illustrated in the
non-limiting Examples set forth heren.
16356} A Synthesis of RNAi Agents. RNA1 agents can be synthesized using methods
generally known in the art. For the synthesis of the RNAi agenis illustrated in the Examples
set forth herein, the sense and antisense strands of the RN AJ agents were synthesized according
to phosphorarmdite technology on solid phase used in oligonucleotide svnthesis. Depending on
the scale, a MerMade96E® (Bioautomation), a MerMadel2® (Bioautomation), or an OP Pilot
100 (GE Healthcare) was used. Svntheses were performed on a solid support made of
controlied pore glass (CPG, 500 A or 600A, obtained from Prime Synthesis, Aston, PA, USA).
All RNA and 2'-modified RNA phosphoranudites were purchased from Thermo Fisher
Scientific (Milwaukee, W1, USA). Specifically, the following 2'-O-methy] phosphoramidites
were used: (5-O-dimethoxytrityl-N°~{benzoy1}-2'-O-methvi-adenosine-3'-0-{2-cvanoethyl-
N N-diisopropylamine)  phosphoramidite,  5-O-dimethoxy-tritvl-N*-{acety [}-2'-O-methyl-
cytidine-3'-0-{2-cvanoethyl-N, N-diisopropyl-amino) phosphoramidite, (5"-0O-
dimethoxyirityl-N’-(isobuty ry1)-2'-O-methvi-guanosine-3'"-0-(2-cy anoethy 1-N N-
ditsopropylamino) phosphoramidite, and §'-O-dimnethoxvirity}-2"-O-methyvi-uridine-3"-0-(2-
cyanoethy-N,N-diisopropylamino) phosphoramidite. The 2'~deoxy-2'-fluoro-
phosphoramidites carried the same protecting groups as the 2'-O-methyl RNA anudites. 5'-
dimethoxytrityl-2'-O-methyl-inosine-3"-0-{2-cy anoethy [-N N-dusopropviamino)
phosphoranudites were purchased from Glen Research (Virginia). The mverted abasic (3'-0O-
dimethoxvyirityl-2'-deoxyribose-5'-0-(2-cyanoethyl-N N-diisopropylamino} phosphoramidites
were purchased from Chem@Genes (Wilmingion, MA, USA).  The following UNA
phosphoramidites were used: 5'-(4,4'-DimethoxyirityD-N6-(benzovi)}-2', 3 -seco-adenosine, 2'-
benzovl-3'-[(2-cvanoethy D-(N N-dusopropyl}i-phosphoramidite, 5'-(4,4'-Dimethoxytrityl}-N-
acetyl-2' 3'-seco-cytosine, 2'-benzovl-3'-{(2-cyanoethvh-(N, N-diiso-propvl}i-
phosphoramudite, 5'-(4,4'-Dimethoxyirity])-N-isobutyryl-2',3"-seco-guanosine, 2'-benzoyl-3'-
[(2~cyanoethvl-(N N-~ditsopropyvhi-phosphoranudite, and 5'-(4,4-Dimethoxy-trity1}-2',3'-
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seco-uridine, 2'-benzoyl-3'-[(2-cyvancethyD-{N,N- duiso-propyl}{-phosphoramidite. TFA
aminolink phosphoramidites were also commercially purchased (ThermoFisher).

166357 In some examples, the integrin targeting ligands disclosed herein are conjugated 1o the
RINAI agents by linking the components to a scaffold that includes a tri-alkyne group, orto a
modified nuocleotide comprising a propargyl group as shown in Table B, above. In some
exarnples, the iri-alkyne group is added by using a tri-alkyne-contaiming phosphoranudite,
which can be added at the 5™ ternunal end of the sense strand of an RNA1 agent. When used in
connection with the RNA1 agents presented in certain Examples herein, tri-alkyne-containing
phosphoramidites were dissolved in anhydrous dichloromethane or anhydrous acetonitrile (50
mM), while all other amidites were dissolved 1 anhydrous acetonitrile (50 mM), and molecular
sieves (3A) were added. S-Benzylthio-1H-tetrazole (BTT, 250 mM in acetonitrile) or 3-
Ethvithio-1H-tetrazole (ETT, 250 mM 10 acetonitrile} was used as activator solution. Coupling
times were 10 min (RNA), 90 sec (27 O-Me), and 60 sec (2" F). In order to introduce
phosphorothioate linkages, a 100 mM solution of 3-pheny!l 1.2 4-dithiazoline-5-one (POS,

obtamned from PolyOrg

&0

inc., Leominster, MA, USA} in anhvdrous acetonitrile was employed.
16358] Alternatively, where the mtegrin targeting lgands are conjugated o the RNA1 agents
via a tri-alkyne scaffold, instead of using a phosphoraridite approach, tri-alkyne-containing
compounds can be infroduced post-synthetically (see, for example, section E, below). When
used 1 connection with the RNAJ agents presented in certain Examples set forth herein, when
attaching a tri~alkyne group post-synthetically to the 5 end of the sense strand the 37 ternunal
nuclectide of the sense strand was functionalized with a nucleotide that included a primary
amine at the 37 end to facilitate attachment to the tri-alkyne-containing scaffold. TFA
aminolink phosphoramidite was dissolved in anhydrous acetoniirile (80 mM) and molecular
sieves (3A) were added. S-Benzylthio-1H-tetrazole (BTT, 2350 mM in acetonitrile) or 5-
Ethvithio-1H-tetrazole (ETT, 250 mM in acetonitrile} was used as activator solution. Coupling
times were 10 man {(RNA), 90 sec (2" O-Me}, and 60 sec (2 F). In order to introduce
phosphorothioate linkages, a 100 oM solution of 3-phenyl 1,2 4-dithiazoline-5-one (POS,
obtained from PolyOrg, Inc., Leominster, MA, USA} in anhvdrous acetonitrile was employed.
16359] In the examples set forth herein, the following shows the modified nucleotide sequence

for the duplexes synthesized:

Duplex ADO4545:
Modified Antisense Strand Sequence (57 —» 3 wsUfsusClalUfgAfaAfuC fgUuAfcGliullfsg
(SEQ ID NO: 1)
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Modified Sense Strand Sequence (57 - 3) (NH2-C6)scsaacguaalC fGfARimucaugaasa(invAb)
(SEQ D NO: 2)

Duplex AD04546;
Modified Antisense Strand Sequence (57 —» 3 wsUfsusClalUfgAfaAfuC fgUuAfcGliullfsg
(SEQ 1D NO: 3)
Modified Sense Strand Sequence (3° - 3}
(NH2-U6)scsaacguaal fGFATmucaugaasa(inv Ab}{C6-8-Mal-X}) (SEQ
ID NO: 4)

Duplex ADOSO71:
Modified Antisense Strand Sequence (57 —» 3 wsUfsusClalUfgAfaAfuC fgUuAfcGliullfsg
(SEQ ID NO: 5)
Modified Sense Strand Sequence (3° - 3}
(NH2-Co)scsaacguaal fGTATuuuAlkcaAlkugAlkaaAlksa(inv Ab T 6-8-Mal-C18
diacid moiety) (SEQ ID NG: 6)

For the modified nucleotide sequences listed above, a, ¢, g, and u represent 2'-0-methyl
adenosine, cyvtidine, guanosine, or uridine, respectively; Af, Cf Gf, and Uf represent 2'-fluoro
adenosine, cvtidine, guanosine, or uridine, respectively; aAlk, cAlk, gAlk, and uAlk represent
27-O-propargy! adenosine, cytidine, guanosine, or uridine, respectively; (invAb) represents an

inverted abasic residue {inverted abasic deoxyribonucleotide); s represents a phosphorothicate

)
\\P n-
A\ N - o \;V"
linkage; (NH2-C6)s represents: ;and
O
5 N~
WS (
(C6-5-Mal-L) represents: o , wherein L is a PEG chain, or ethyl, as

indicated in the examples below. For the embodimenis hergin, when viewing the respective
strand 37 ~» 37, the inverted abasics are inserted such that the 3° position of the deoxyribose is

linked at the 37 end of the preceding monomer on the respective strand.
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6368] & Cleavage and deprotection of support bound oligomer. After finalization of the
solid phase synthesis, the dried solid support was treated with a 1:1 voluroe solution of 40 wi.
% methvlamine in water and 28% to 31% ammonium hvdroxide solution {Aldrich) for 1.5
hours at 30 °C. The solution was evaporated and the sofid residue was reconstituted in water
(see below}.

3361 C Purification. Crude oligomers were purified by anionic exchange HPLC using
a TSKgel Super(Q-5PW 13um column and Shimadzu LC-% svstem. Buifer A was 20 mM Tris,
5 mM EDTA, pH 9.0 and contained 20% Acetoniinile and buffer B was the same as buffer A
with the addition of 1.5 M sodium chloride. UV traces at 260 nm were recorded. Appropnate
fractions were pooled then run on size exclusion HPLC using a GE Healthcare XK 16/40
column packed with Sephadex G-25 fine with a running buffer of 100mM ammonium
bicarbonate, pH 6.7 and 20% Acetominle or filtered water,

6362} 1. Annealing. Coroplementary strands were mixed bv comnbining equimolar RNA
solutions (sense and antisense} in | x PBS (Phosphate-Buffered Saline, 1x, Coming, Celigro)
to form the RN At agents. Some RNAt agents were lvophilized and stored at —15 to —25 °C.
Duplex conceniration was determined by measuring the solution absorbance on a UV-Vis
spectrometer in 1x PBS. The solution absorbance at 260 nm was then multiphied by a
conversion factor and the dilution facior to determine the duplex conceniration. The conversion
factor used was etther 0.037 mg/(ml-cm), or, altematively for some experiments, a conversion
factor was calculated from an experimentally determuned estinction coefficient.

16363] £ Conjugation of 1ri-alkyne scaffold.  Either prior to or after annealing, the 5' or
3 amine functionalized sense strand of an RNA: agent can be conjugated fo a iri-alkvne
scaffold. Example tii-alkyne scaffold structures that can be used in forming the constructs

disclosed herein include the following:
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18364} The following deseribes the conjugation of tri-alkyne scattold to the annealed duplex:
Amine functionalized duplex was dissolved 1n 90% DMSQ/10% H20, at ~50-70 mg/ml. 40
eq triethylamine was added, followed by 3 eq iri-alkyne-PNP. Once complete, the conjugate
was precipiiated twice in a solvent system of Ix phosphate buffered saline/acetonitrile (1:14
ratio), and dried.

16365] /. Conjugation of infegrin targeting ligands. Either prior to or after annealing, the
5" or 3’ tridentate alkyne functionalized sense strand is conjugated to the integrin targeting
ligands. The following exarnple describes the conjugation of avB3/5 integrin targeting ligands
to the annealed duplex: Stock selutions of 0.5M Tris(3-bvdroxypropyltriazolvimethyanune
{THPTA), 0.5M of Cu(ll) sulfate pentahydrate (Cu(il}S04 - 5 H20) and 2M solution of sodium
ascorbate were prepared in deionized water. A 75 mg/mb solution in DMSO of integrin
targeting ligand was made. Ina 1.5 ml centrifuge tube contamning tri-alkyne functionalized

duplex (3mg, 75pL., 40mg/mL in deionized water, ~15,000 g/mol}, 25 uL of 1M Hepes pH 8.5
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buffer is added. After vortexing, 35 ul of DMSO was added and the solution is vortexed.
imtegrin targeting higand was added to the reaction (6 eg/duplex, 2 eg/alkvne, ~15ul) and the
solution is vortexed. Using pH paper, pH was checked and confirmed to be pH ~8. Ina
separate 1.5 mbL centrifuge tube, 50 pbL of 0.5M THPTA was mixed with 10ul. of 0.5M
Cu{IDSOs - 5 Ho, vortexed, and incubated at room termap for 5 min. After S yin, THPTA/Cu
solution (7.2 pl, 6 eq 5:1 THPTA:Cu) was added to the reaction vial, and vortexed.
Immediately afterwards, 2M ascorbate (5 ul, 50 eq per duplex. 16.7 per alkvne) was added to
the reaction vial and vortexed. Once the reaction was complete (typically complete in 0.5-1h),
the reaction was immediately purified by non-denaturing anion exchange chromatography.

16366} G. Functionalization of Thiol group on Cysteine Linker. In some embodiments, a
cysteine linker can be used to facilitate conjugation of the infegrin targeting ligands to the RNAt
agent. Either prior to or afler annealing, the 3" or 3" fridentate alkyne-Cys{(Stbu)-PEG:
functionalized sense strand 15 functionalized with a maleimide-confaining moiety, or can be

reduced and left as the free thiol, as shown in the following structure:
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[6367] The following example deseribes the modification of the tri-alkyne-Cys{Sibu)-PEG:-
duplex with N-ethy]l maleimade: Tri-alkyne-Cys{Sthu)-PEGa-duplex (35 mg) was dissolved in
500 ul deionized HaO. HEPES buffer (1M, pH 8.3, 82 uL), was added to the reaction, and
the solution was vortexed. A solution of 1 M Dithiothreitol (DTT, 100 eq, 236 ul) was added
and the solution was placed on a vortex shaker for 3 h. After confirmation of reduction of the
disulfide by denaturing RP-HPLC, the comjugate was precipitated three times in a solvent
system of i1x phosphate buffered saline/acetonitrile (1:14 ratio). The precipitated pellet was
reconstituted in 0.5 mL of 0.1 M HEPES, pH 6.5, and N-ethyl maleimide (3 mg, 10 eq) was

added to the solution, and placed on a vortex nuxer for ~15 min.  After completion of the
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reaction, the conjugate was precipitated three times in a solvent system of Ix phosphate
buffered saline/acetonitrile (1:14 ratio), desalted, and dried.

Example 3. Binding Activily of Integrin Targeting Ligands.

[3368] As reported n the following Table 1, IC50 binding data was obtained for the integrin

targeting higands of Structures 1¢, 2¢, and 3¢, as well as an RGD-mametic peptide:

Table 1. IC50 Binding Activity.

IC50 (nM)

Group :

avif3 avfls avi6
Structurs I¢ 0.3 0.6 5.3
Structurs 2¢ 0.3 5.6 8.9
Structurs 3¢ 0.8 1.8 81
RGD-nmumetic 1.6 2.5 81
peptide

[636%] Asshownin Table 1, above, Structures 1, 2, and 3 each showed potent binding (o avB3
imtegrin and avpS mtegrin, with Structures 2 and 3, for exarple, showing a particular
preference for binding to avP3 integrin (C50 = 0.3 nM and 0.8 nM, respectively). Further,
each of Structre 1, 2, and 3, showed a slightly increased binding activity to avB3 integrin
compared to an RGD-mimetic peplide (See, e.g., RGD-mimetic ligand structures disclosed in
U.8. Patent No. 9487556} Moreover, while the RGD-mimetic ligand is shown to have
binding activity, the integrin targeting ligands of the present disclosure have increased stability,
both with respect {o serum stability ir vive and chemical stabilily ex vivo, compared to such

peptide~-based RGD-mirmetic ligands.

Example 4. Kidney Tumor Bearing Mouse Madel (Orthotopic Xenograft).

Creation of SEAP-expressing clear cell renal cell carcinoma (ceRCC) A498 cells.

[6378] A pCR3 .1 expression vector expressing the reporter gene secreted alkaline phosphatase
{SEAP) under the CMV promoter was prepared by directional cloning of the SEAP coding
sequence PCR amplified from Clontech’s pSEAPZ-basic vector. Convenient restriction sites
were added onto primers used to amplify the SEAP coding sequence for cloning nto the
pCR3.1 vector (Invitrogen). The resultant construct pCR3-SEAP was used to create a SEAP-
expressing A498 ccRCC cell line. Briefly, pCR3-8EAP plasmid was transfected into A498

ccRCC cells by  electroporation  following manufactirer’s  recommendation.  Siable
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transfectants were selacted by G418 resistance. Selected A498-SEAP clones were evaluated

for SEAP expression and infegration stability.

Implantation of of SEAP-expressing clear cell renal cell carcinoma (ccRCC) A498 cells.

[6371] Female athyvmic nude mice were anesthetized with ~3% isoflourane and placed in the
right lateral decubitus position. A small, 0.5-1cm, longitudinally abdominal incision in the left
flank was made. Using a moist cotton swab, the left kidney was hifted out of the peritoneum
and gently stabilized. Just before injection, a 1.0 ml svringe was filled with the cell/Matrigel
mixture and a 27 gavge needle catheter was attached to the syringe lip. The filled syringe was
then attached to a syringe pump (Harvard Apparatus, model PHD2000) and primed to remove
air. The tip of a 27-gauge needle catheter attached to a syringe was inserted just below the renal
capsule near the caudal pole and the tip of the needle was then carefully advanced cranially
along the capsule 3-4 mm. A 10 ul aliguot of 2:1 {vol:vol} cell/Matrigel® nuxture containing
about 300,000 cells was slowly injected into the kidney parenchyima using a svringe pump. The
needle was left in the kidney for 13-20 seconds to ensure the injection was compleie. The
neaedle was then removed from the kidney and a cotton swab was placed over the injection site
for 30 seconds to prevent leakage of the cells or bleeding. The kidnevy was then gently placed
back into the abdomen and the abdominal wall was closed. Serum was collected every 7-14
days after implantation to monitor tumor growth using a commercial SEAP assay kit. For most
studies, tumor mice were used 5-6 weeks atter implantation, when tumor measurements were

tvpically around 4-8 mm.

Determination of HIF2 mRNA FExpression.

16372} For the studies reported in the Examples herein, mice were euthanized the wdentified
day after injection and total RNA was isolated from kidney tumor using Trizol reagent
tollowing manufacturer’s recormmendation. Relative HiF 2o mRNA levels were determined by
RT-gPCR as described below and compared to nuce treated with delivery buffer (isotonic
glucose} only.

16373} In preparation for guantitative PCR, total RNA was isolated from tissue samples
homogenized 1 TriReagent (Molecular Research Center, Cincinnati, OH) following the
manufacturer's protocol. Approximately 500 ng RNA was reverse-transcribed using the High
Capacity ¢DNA Reverse Transcription Kit (Life Technologies). For human (fumor) Hif2«
(EPAS1) expression, pre~manufactured TagMan gene expression assavs for human Hif2a
(Catalog # 4331182} and CycA (PPI1A) Catalog #: 4326316F) were used in biplex reactions in
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triplicate using TagMan Gene Expression Master Mix (Life Technologies) or VeriQuest Probe
Master Mix {(Affymetrix). Quantitative PCR was performed by using a 7500 Fast or
StepOnePlus Real-Time PCR system (Life Technologies} The AACt method was used to

calculate relative gene expression.

Example & In Vive Administration of Infegrin Fargeting Ligands Conjugated to BNAi
Agents Targeting HIF-2 alpha (EPAS1) in Kiduey Tumor Bearing Mice.

[6374] RNA1 agents that included a sense strand and an antisense sirand were synthesized
according to phosphoramudite technology on solid phase in accordance with general procedures
known in the art and commonly used in oligonucleotide synthesis, as set forth in Example 2
herein. The RNAI agents included an antisense strand having a nucleobase sequence at {east
partially complementary to the HIF-2 alpha (Fif2a or FPAS7) gene. EPASI is a member of
the HIF (hypoxia imnducible factor) gene family and encodes half of a transcription factor
involved in the induction of genes regulated by oxvgen, and which is induced as oxvgen levels
fall (a condition known as hypoxia}, and is known to be frequently overexpressed in clear cell
renal carcinoma cells. The Hif2a RNAI agents were designed 1o be capable of degrading or
inhibiting translation of messenger RNA {(mRNA) transcripts of Hif2a in a sequence specific
manner, thereby inhibiting expression of an FPAS7 gene. The Hif2a RNA1 agents were
comprised of modified nucleotides and more than one non-phosphodiester inkage.

63751 On study day 1, kidney tumor bearing mice (see Example 4) were dosed via tail vein

imjection according to the following dosing Groups:

Table 2. Dosing Groups of Kidneyv Tumor Bearing Mice in Example 5.

Group | RNAL Agent and Bose Dosing Regimen

1 Isotonic ghucose (5% dextrose in water {(dSw)) (no | Single injection on
RNA1 agent) day 1

2 7.5 mg/kg of Hif 2a RN At agent { AD04546) conjugated | Single injection on

to a 40 kilodalton (kDa) PEG moiety (with no integrin | day 1
targeting ligand atlached), formulated in isolonic
glucose.

3 7.5 mg/kg of Hif2a RN AT agent (AD04546} conjugated | Single injection on
to an RGD-mimetic peptide-based ligand, and further | dav 1

mcluding a 40 kDa PEG moiety linked to the construct,
formulated 10 isotonic glucose.
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Group | BNAi Agent and Dose Dosing Regimen

4 7.5 mg/kg of Hif2a RN AT agent (AD04546) conjugated | Single injection on
to an infegrin targeting higand of Structure la, and | day 1

further including a 40 kDa PEG moiety linked to the
construct, formulated in isotonic glucose.

7.5 mg/kg of Hif2a RN A1 agent { ADO4546) conjugated | Single injection on
to an infegrin fargeting Hgand of Structure 2a, and | day |

further including a 40 kDa PEG moiety linked to the
construct, formulated in 1sotonic glucose.

6 7.5 mg/kg of Hif 2a RN At agent { AD04546) conjugated | Single injection on
1o four integrin targeting ligands of Structre 2a (le., a | day 1

tetradentate targeting group), and Rurther including 2 40
kDa PEG motety linked to the construct, formulated in
isotonie glucose,

7.5 mg/kg of Hif 2a RN At agent { AD04545) conjugated | Single injection on
{o a cluster containing four integrin targeting ligand of | day 1

Structure 2a (i.e.. a tetradentate targeting group)
(without a PEG moiety), formudated in isofonic
glucose.

8 7.3 mg/kg of Hif2a RN A1 agent {ADO04546) conjugated | Single injection on
{o an integrin targeting higand of Structwre 2a. and | day 1

further including a 20 kDa PEG motety linked to the
construct, formulated in isotonic glucose.

£

-3

16376] The RNA1 agents in Example 5 were svnthesized having nucleotide sequences directed
to target the human Hif2a gene, and included a functionalized amine reactive group (INH2-Cs}
at the 5 terminal end of the sense strand to facilitate conjugation to the integrin targeting
ligands {or, for Group 3, (o the RGD-mimetic peptide-based ligand). The modified sequences
of the RNAi agents are shown in Example 2, above. For Groups 4 and 5, a single mntegrin
targeting Hgand (referred to herein as a “monodentate” ligand} was conjugated to the RNAI
agent via a DBCO-PEGs-NHS ester linker (BroadPharm}, which was conjugated to the
termunal primary amine on the 5 terminal end of the sense strand. The respective integrin
targeting ligands were synthesized having an azide reactive group (see, e.g., Example 1), which
was then conjugated to the DBCG component of the linker.

83771 The RNAI agents were synthesized having a PK modulator referred to as “20 kDA PEG
moiety” or “40 kDA PEG motetv” having the structure:

?
§-PEG

—&

© , wherein ¢ indicates the point of attachment to the RN A1 agent at the C6-S-

group as indicated in AD04546 (see Example 2). and PEG indicates a 20 kDa or 40 kDa PEG
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chain. The PK modulator was conjugated to the 3° end of the sense sirand by reducing the
C6-88-C6 group, as shown in Table A, which then underwent Michael addition with the
9]

N,PEG

\ A
following compound: O , wherein PEG indicates a 20 kDa or 40 kDa PEG chain.
16378] For Groups 6 and 7, four integrin targeting ligands were conjugated via a tetradentate
scaffold that included a DBCO functionalized PAMAM-G1 cystamine core having a general

structure represented by the following:

/ ™\
/’ \o-
j A
integrin ligand conjugation site \“T‘
\\ ey
Vo~
VO
\ P
g
xﬁf‘/ N\T/’\V,N N

[6379] As noted in Table 2 above, in some Groups, a 40 kDa or 20 kDa PEG moiety was
attached to serve as a PK enhancer to increase circulation fime of the drug product-conjugate.

The 40kDa or 20kDa PEG moiety was attached using a reagent of the formula:
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{6388] Three (3} tumor bearing mice were dosed in each Group (=3). Mice were sacrificed
on study day 8 after ingection, and total RNA was isolated from kidney turoor according to
the procedure set forth in Example 4. Relative Human HIF2g mRNA expression was then
guantitated by probe-based guantitative PCR (RT-qPCR), normalized to human Cyclophilin
A {PPIA)} expression and expressed as fraction of vehicle control group (1sotonic ghucose)

{geometric mean, +/~ 93% confidence interval), as explained in Exarople 4.

Table 3. Average Relative huHif20 mRNA Expression at Sacrifice in Example 5.

Group ID Average Relative | Low High
heHIFZo mRBNA | (error) | {error)
Expression
Group 1 {isotonic glucose) 1.000 0.069 {0.074
Group 2 (7.5 mg/kg RN A agent) (no ligand, 40 Y &ea NP e
kDa PEC) 0.563 0.016 | 0.017
Groap 3 (7.5 mg/kg RNA1 ageni—-RGD mimetic - o
. ) S v g 400 U/ .

peptide-based ligand, 40 kDa PEG) 0.40¢ 0.08 0.112
Group 4 (7.5 mg/kg RNAI agent-integrin targeting | , \ o s e
Higand of Structure 1a, 40 kDa PEG) 0.39 0.027 1 0.629
Group 5 (7.5 mg/kg RN A1 agent—integrin targeting | . , ., : A
. ; = § - = ’ . RES 4.
ligand of Structure 2a, 40 kDa PEG) 0.308 0.061 077
Group 6 (7.5 mg/kg RN A1 agent-tetradentate
targeting group of integrin targeting ligand e " 60 .
Structure 2a, 40 kDa PEG) 0.289 0.06¢ 0.091
Greoup 7 (7.5 mg/kg RNAL agent-tetradentate

tgrgetmg %roup of integrin targeting higand 0,589 0.050 | 0.054
Structure 2a}

Group 8 (7.5 mg/kg RNAI agent-integrin targeting | . .

. > PG > > { } 310S
ligand Structure 2a, 20 kDa PEG) 1.647 0.098 1 0.115

[6381] As shown in Table 3 above, each of the Hif2a RINA1 agents showed a reduction in
mRNA expression in mice compared to control. The inclusion of a 40 kDa PEG motety as a
PK enhancer generally improved inhibition of expression of the targeied gene. Moreover, a
comparison of Groups 3, 4, and 5 showed that the integrin targeting ligand of Structure 1a
described herein was comparable to an RGD mumetic peptide-based ligand that is known to
have affinity to avf3, and the ligand of Siructure 2a showed a nearly 10% improvement in
knockdown over the RGD mumetic ligand.  For exarople, Group 3 (RGD mirsetic) had
approximately 60% knockdown (0.400); Group 4 {Structure 1a) had approximately 61%
knockdown ((.390); and Group 5 {Structure 2a) had approximately 69% knockdown {0.308).

(6382} Importantly, the data also showed ligand dependency, as the inclusion of an integrin

targeting higand disclosed herein showed improvement as compared to the same construct
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without Hgand. For example, Group 6 (trideniate integrin targeting ligand Structre 2a)
exhibited approximately 72% knockdown (0.289), as compared to Group 2 (no integrin
targeting Heand), which exhibited only approximately 44% knockdown (0.563).

[6383] Additionally, Group 6 showed a small improvement over Group 5, indicating a slight
preference for a multi-dentate hgand over a monodentate higand; however, both forms were
active and delivered the RN At agent to the kidney (as shown by inhubition of gene expression

by the RNAI agent).

Esample 6. In Vive Administration of Integrin Targeting Ligands conjugated o RNAi
Agents Targeting HIF-2 alpha in Kidney Tumor Bearing Mice,

[6384] RNA1 agents that included a sense strand and an antisense sirand were synthesized
according to phosphoramidite technology on solid phase in accordance with general procedures
known in the art and commmonly used in oligonucieotide synthesis as set forth in Example 2
herein. The RNA1 agents had the respective modified nucleotide sequences set forth in
Example 2 herein and were designed to target Hif2q (ZPAST}.

16385} On study dav 1, kidney tumor bearing mice (see Example 4) were dosed via tail vein

injection according to the following dosing Groups:

Table 4. Dosing Groups of Kidney Turmor Bearing Mice in Example 6.

Group | RMAI Agent and Bose Bosing Regimen
1 Isotonic glucose (d5w) (no RNA1 agent) Single ijection on
day 1

2 30 mg/kg of Hif20 RN A1 agent {AD(4546) conjugated | Single mjection on
1o an RGD-numetic peptide-based ligand, and further | day 1

including a 40 kDa PEG mwoiety linked to the construct,
formulated in isotonic glucose.

3 15 mg/kg of Hif2a RN A1 agent {AD04546} conjugated | Single injection on
{0 an RGD-mimetic peptide-based ligand and further | day 1

including a 40 kDa PEG motety linked to the construct,
formulaied in 1sotonic glucose.

4 7.5 mg/kg of Hif2a RN AT agent (AD04546) conjugated | Single injection on
to an RGD-numetic peptide-based ligand and further | day 1

including a 40 kDa PEG moiety hnked to the construct,
formulated in isotonic glucose.

5 30 mg/kg of Hif2g RN A1 agent (AD0O4546) conjugated | Single injection on
to an integrin targeting ligand of Strocture 2a and | day 1

further including a 40 kDa PEG moiety linked to the
construct, formulated in isotonic glucose.
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6 13 mg/kg of Hif 20 RNAT agent (AD04546) conjugated | Single mnjection on
1o an integrin {argeting ligand of Structure 2a and | day 1
further including a 40 kDa PEG moiety linked to the
construct, formulated in isotonic glucose.

[3386] The RNAI agents were synthesized having nucleotide sequences directed 1o target the
human Hif2¢ gene, and mncluded a functionalized amine reactive group (NH2-Ce) at the &
terminal end of the sense sirand to facilitate conjugation to the integrin targeting ligands {or,
for groups 2, 3 and 4, to the RGD mumetic peptide). For Groups 5 and 6, a single integnn
targeting ligand (“monodentate” ligand) was conjugated to the RNA1 agent via the following
DBCO-PEGs-NHS ester:

conjugation to RNAi agent
via amide coupling

conjugation to avb3 integrin targeting ligand

[3387] Three (3) tumor bearing nuce were dosed in each Group (n=3). Mice were sacrificed
on study day # after iniection, and total RNA was isolated from kidney tumor according to the
procedure set forth in Example 4 Relative Human HIFZa mRNA expression was then
guantitated by probe-based quantitative PCR (RT-gPCR)}, normalized to human Cyclophilin A
(PPIA) expression and expressed as fraction of vehicle control group (isotonic glucose)

{geometric mean, +/- 95% confidence interval}, as explained in Example 4.

Table 5. Average Relative Homan Hif20 mRNA Expression at Sacrifice in Example 6.

Group ID Average Relative | Low High
huHiF2Zo mBNMNA | (error) | {error)
Expression
Group 1 (sotonic glucose) 1.000 0.072 10.078
Group 2 (30 mg/kg RN AT agent-RGD peptide- \ \ ,
T = I { : )
based higand, 40 kDa PEG) 300 0041 10.047
Group 3 (15 mg/kg RNA1 agent—RGD peptide- o .
. > 33¢ 0
based ligand, 40 kBa PEG) 0.330 0801 0.106
Group 4 (7.5 mg/kg RN AL agent-RGD peptide- , e NON
based ligand, 40 kDa PEG) 0446 0.068 1 0.080
Group 5 (30 mg/kg RNAL agent-integrin _— " N
; . 3.007 307
targeting heand Structure 2a, 40 kDa PEG) 0.198 0.0t 0.00
Group 6 (15 mg/kg RNAL ageni—integrin 0.271 0012 0012

targeting licand Structure 2a, 40 kDa PEQG)

148



WO 2019/210200 PCT/US2019/029393

16388] As shown in Table 35 above, each of the Hif2a RNA1 agents showed a reduction in
mRNA expression compared to control. Moreover, Groups 5 and 6, which contained the
integrin targeting ligand of Struciure 2a disclosed herein, showed improvement in knockdown
of Hif2a mRNA compared to the RGD-mumetic peptide-based ligands of Groups 2 and 3. {e.g.,
compare Group 6 (approximately 73% knockdown at 15 mg/kg RNAs agent (0.271)) with

Group 3 (approximately 67% knockdown at 15 mg/kg RNAI agent (0.3303).

Example 7. In Vive Administration of integrin Targeting Ligands Conjugated to RNAJ
Agents Targeting HIF-2 alpha in Kidney Tumor Bearing Mice.

[638%] RIWNAI agents that included a sense strand and an antisense strand were synthesized
according (o phosphoramidile technology on solid phase in accordance with general procedures
known 1o the art and commonly used in oligonucieotide synthesis as set forth in Example 2
herein. The RNAi agents had the respective modified nucleotide sequences set forth in
Example 2 herein and were designed to target Hif 2o (£PAST).

(6390} On study day 1, kidoey tumor bearing mice (see Example 4) were dosed via tail vein

injection according to the following dosing Groups:

Table 6. Dosing Groups of Kidney Tumor Bearing Mice in Example 7.

Group | RNAiQ Agent and Dose Diosing Regimen

i {sotonic glucose (dSw (5% dexirose in water)) {no | Single mjection on
RNAI agent) day 1

2 7.5 mg/kg of Hif2a RN AT agent (AD04546) conjugated | Single injection on
o a tridentate integrin targeting ligand of Structure 2a, | day 1

and further including a 40 kDa PEG mwotety hinked to
the construct, formulated in isotonic glucose.

3 | 30 mg/kg of Hif2o RN A1 agent { AD04546) conjugated | Single injection on
1o a tridentate integrin targeling higand of Structure 2a, | day 1

and further including a 40 kDa PEG motety hinked 1o
the construct, formulated n 1sotonic glucose,

4 | 7.5 mg/kg of Hif2a RN A1 agent (AD04546) conjugated | Single injection on
1o a tridentate integrin targeting ligand of Structure | day 1

2.8a, and further including a 40 kDa PEG moiety linked
to the construct, formulated in isotonic glucose,

& 7.5 mg/kg of Hif2a RNA1 agent (AD04546) conjugated | Single injection on
to a tndentate integrin targeting ligand of Structure | dav 1

2.9a, and further inchuding a2 40 kDa PEG motety linked
10 the construct, formulated in 1sotonic glucose.
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Group | BNAi Agent and Dose Dosing Regimen
& 7.5 mg/kg of Hif2a RN AT agent (AD04546) conjugated | Single injection on
to a tridentate integrin targeting ligand of Structure | day 1
2.10a, and further including a 40 kDa PEG motety
linked to the construct, formulated in isotonic glucose.
71 7.5mg/kg of Hif 20 RN AT agent (AD04546) conjugated | Single injection on

to a tridentate integrin targeting higand of Structure | day |
2.10a, and further including an N-ethyl maleimide
attached to a 3° thiol on the sense strand, formulated 1n
1sotonic glucose,

8 | 7.5 mg/kgof Hif2a RN A1 agent {AD04546) conjugated
1o a monodentate integrin targeting ligand of Structure
2a, and further including a 40 kDa PEG moiety linked
{0 the construct, formulated in 1sotonic glucose.

Single injection on
dav 1

[3391] The RNAI agents were synthesized having nucleotide sequences directad to target the
human Hif2¢ gene and included a functionalized amine reactive group {(NH:-Ce) at the &
terminal end of the sense strand to facilitate conjugation to the integrin targeting ligands. For
Groups 2 through 7, the following compound was used to functionalize the conjugate with

tridentate scaffolds:

\&\f\

16392} For Group 8, an alkyne-PEGs-NHS ester was used to link the monodentate integrin
targeting higand to the 5’ amine on the sense strand.  As set forth herein, Groups 4 through 7
used infegrin targeting ligands with varied PEG lengths.

[3393] Three (3) tumor bearing mice were dosed in each Group (n=3). Mice were sacrificed
on study day 8 after injection, and total RNA was isolated from kidney tumor according to
the procedure set forth in Example 4. Relative Human HIFZa mRNA expression was then

guantitated by probe-based guantitative PCR {(RT-gPCR), normalized 1o human Cyclophilin
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A (PPIA) expression and expressed as fraction of vehicle contirol group (isotonic glucose)

{geometric mean, +/- 95% confidence interval), as explained in Example 4.

Table 7. Average Relative Hif2a mRNA Expression at Sacrifice in Example 7.

Group ID Average Low High
Relative {error} | {errovr)
huHIF2a
mRMA
Expression

Greup 1 (isotonic glucose) 1.000 0.078 0.085

Group 2 (7.5 mg/kg RN Al agent—tridentate

infegrin targeting hgand of Structure 2a, 40 o 0006

kDa PEG) 0.361 0.025 3.026

Greup 3 (30 mg/kg RN A1 agent-iridentate

integrin targeting ligand of Structure 2a, 40 050 00 ,

kDa PEG) 0.25¢ 0.024 0.026

Group 4 (7.5 mg/kg RN A agent-iridentate

infegrin targeting Hgand of Structure 2.8a, 40 y 478 \ 067 -

kDa PEG) (0.428 0.062 0.073

Greoup S (7.5 mg/kg RN A1 agent-tridentate

integrin targeting higand of Structure 2.9a, 40 . y 012

kDa PEG) 0.481 0.014 0.014

Group 6 (7.5 mg/kg RN A agent-iridentate

mtegrin targeting ligand of Structure 2.10a, 40 NUTT: ; ,

kDa PEG) 0.419 0.040 0.044

Group 7 (7.5 mg/kg RNA1 agent-tridentate

mteor ret 104N Y = 2.10a, N- & <8

infegrin targeting higand of Structure 2.10a, N 0.627 0.054 0.060

ethyl-maleimde}

Group 8 (7.5 mg/kg RNAI agent-

monodentate integrin targeting ligand of O <1 . Az

Structure 2a, 40 kDa PEG) 0.537 0.041 0.045

[6324] As shown in Table 7 above, each of the Hif2a RNA1 agenis showed a reduction in
mRNA expression in maice compared to control. For example, Group 2, which included a dose
of 7.5 mg/kg RNAI agent conjugated to the tridentate integrin targeting ligand of Structure 2a
(which includes a PEGy group) showed approximately 64% knockdown of HifZa {0.361).
Additionally, while the constructs that increased the length of the PEG group to up to PEGss
{e.g., Groups 6 and 7} all showed knockdown, no benefit was seen as compared to the PEGy

group that is present in Structure 2a.

Example 8, Dose Response Study of In Vivo Administration of Integrin Targeting Ligands

Conjugated to RMAI Agents Targeting HIF-2 alpha in Kidpey Tumor Bearing Mice.
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16395] RIWNAI agents that included a sense strand and an antisense strand were synthesized
according to phosphoramidite technology on solid phase in accordance with general procedures

known in the art and commonly used in oligonucleotide synthesis as set forth in Example 2

herein.

Exarmple 2 herein and were designed to target Hif2a (FFA4S7).

(0396} On study day 1, kidoey tumor bearing mice (see Example 4) were dosed via tail vein

injection according to the following dosing Groups:

PCT/US2019/029393

The RMNAi agents had the respective modified nucleotide sequences set forth in

Table 8. Dosing Groups of Kidney Tumor Bearing Mice in Example 8.

Group

RNAi Agent and Dose

Diosing Regimen

i

Isotonic ghucose (d5w (3% dexirose in water)) (no
RNAi agent)

Single injection on
day 1

2

7.5 mg/kg ot Hif2a RNAT agent (AD04546) conjugated
o a tridentate integrin targeting ligand of Structure 2a,
and further including a 40 kDa PEG mwotety hinked to
the construct, formulated m isotonic glucose.

Single injection on
day 1

10 mg/kg of Hif2g RINA1 agent {AD04546) conjugated
1o a tridentate integrin targeling higand of Structure 2a,
and further including a 40 kDa PEG motety hinked 1o
the construct, formulated 1n isotonic glucose.

Single injection on
dav 1

20 mg/kg of Hif2a RNAJ agent ( AD04546) conjugated
{o a tridentate integrin targeting ligand of Structure 2a,
and further including a 40 kDa PEG moiety hinked to
the consiruct, formulated in isotonic glucose.

Single mjection on
day 1

30 mg/kg of HifZa RNAI agent (AD04546) conjugated
{0 a tridentate integrin targeting higand of Structure 2a,
and further including a 40 kBa PEG mwoiety linked to
the construct, formulated m 1sotomc glucose.

Single injection on
day 1

16397] The RNAI agents were synthesized having nucleotide sequences directed to target the
human Hif2o gene, and included a functionalized amine reactive group (NH2-Ce) at the &7
terminal end of the sense strand to facilitate conjugation to the integrin targeting ligands. Fach

of the Groups had tridentate integrin ligands of Structure 2a, as depicted by the following

structure:
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16398] Three (3} tumor bearing mice were dosed in each Group (=3). Mice were sacrificed
on study day 8 after ingection, and total RNA was isolated from kidney turoor according to
the procedure set forth in Example 4. Relative Human HIF2g mRNA expression was then
guantitated by probe-based quantitative PCR (RT-qPCR), normalized to human Cyclophilin
A {PPIA)} expression and expressed as fraction of vehicle control group (1sotonic ghucose)

{geometric mean, +/~ 93% confidence interval), as explained in Exarople 4.

Table 9. Average Relative Human Hif2a mRNA Expression at Sacrifice in Example 8.

Group (D Average Low High
Relative {erroy) {error)
BuHIF2a
mENA
Expression

Group 1 (isotonic giucose) 1.000 0.131 0.150
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Group 1D Average Low High
Relative {error) {error)
huHI 20
mBMA
Expression
Group 2 (7.5 mg/kg RNAI agent) 0.313 0.027 0.030
Group 3 (10 mg/kg RN A1 agent) 0.349 0.033 0.036
Group 4 (20 mg/kg RNA1 agent) 0.216 0.040 0.050
Group 5 (30 mg/kg RNAT agent) 0.203 0.035 0.042

16399] As shown in Table 9 above, the Hif20 RN A1 agents conjugated to the integrin targeting
hgand of Structure 2a disclosed herein showed a reduction in mRNA expression i mice

compared to control across all dosage levels.

Example 9. Buration of Knockdown of RMAI Agenis Targeting HIF-2 alpha Conjugated
te Integrin Targeting Ligands in Kidney Tumer Bearing Mice,

[6400¢] RINA1 agents that included a sense strand and an antisense sirand were synthesized
according to phosphoramidife technology on solid phase in accordance with general procedures
known m the art and commonly used in oligonucieotide synthesis as set forth i Example 2
herein. The RNA1 agents had the respective modified nucleotide sequences set forth
Example 2 herein and were designed to target Hif 2a (£PAST).

{3481} On study day 1, kidney tumor bearing mice {(see Example 4) were dosed via tail vein

injection according to the following dosing Groups.

Table 10, Dosing Groups of Mice in Example 0.

Group | RNAL Agent and Dose Bozsing Regimen
i {sotonic glucose (dSw (5% dexirose in water)) {no | Single mjection on
RMNAI agent), mice euthanized on day 5 day 1
A | Isotonic glucose (d3w (5% dextrose in water)) {no | Single injection on
RNA: agent); mice euthanized on day 22 day 1

2 | 20 mg/kg of Hif2a0 RNAJ agent (AD04546) conjugated | Single mjection on
{o a tridentate integrin targeting ligand of Structure 2a, | day 1

and further including a 40 kDa PEG moiety hinked to
the construct, formulated m isotonic glucose, mice
euthanized on day 3.

3 | 20 mg/kg of Hif2a0 RNAJ agent (AD(04546) conjugated | Single imjection on
{o a tridentate integrin targeting ligand of Structure 2a, | day 1

and further including a 40 kDa PEG moiety hinked to
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the construct, formulated i isotonic glucose, mice
euthanized on dav 8.

20 mg/kg of Hif2a RN A1 agent (ADO04546) conjugated
o a tridentate integrin targeting ligand of Structure 2a,
and further including a 40 kDa PEG mwotety hinked to
the construct, formulated in isotonic glucose; mice
euthanized on day 15.

Single injection on

day 1

20 mg/kg of Hif2a RN A1 agent (ADO04546) conjugated
o a tridentate integrin targeting ligand of Structure 2a,
and further including a 40 kDa PEG mwotety hinked to
the construct, formulated in isotonic glucose; mice

Single injection on

day 1

euthanized on day 22.

164021 Mice in Groups 1 and 2 were euthanized on day 5 after injection; nuce in Group 3

were euthanized on day 3 after injection; mice in Group 4 were euthanized on dav 15 after

mjection; and mice in Groups A and 5 were euthanized on day 22 after injection.

[3483] For the vehicle control groups, two mice were dosed in Group 1 and three mice were

dosed in Group 1A For the RN At-ageni-integrin targeting ligand containing groups (i.e,

Groups 2, 3, 4, and 5) four {4} tumor bearing mice were dosed in each group (n=4). Total

RNA was isolated {rom kidney tumor according to the procedures set forth in Example 4.

Relative Human HIF20 mRNA expression was then quantitated by probe-based quantitative

PCR (RT-gPCR), normalized to human Cvclophilin A (PPIA) expression and expressed as

fraction of vehicle control group (isotonic glucose) (geometric mean, +/- 95% confidence

interval), as explained i Example 4.

Table 11. Average Relative Human Hif2a mRNA Expression at Sacrifice in Example 9.

Group D Average Low High
Relative {eYror) {errox)
hulif2g
mRNA
Expression

Group 1 (isotonic giucose; day 5 sacnifice) (.741 (1.028 0.029

Greup 1A (isotonic glucose; day 22 sacrifice} 1.000 0.066 0.070

Group 2 (7.5 mg/kg RN Al agent—tridentate

infegrin targeting higand of Structure 2a, 40 0269 ) 08

kDa PEG; dav 5 sacrifice) ).262 0.028 0.031

Group 3 (7.5 mg/kg RN A1 agent—tridentate

mtegrin targeting ligand of Structure 2a, 40 ) " a6

kida PEG:; day 5 sacrifice) 0.202 0.021 0.023

Group 4 (7.5 mg/kg RN A agent—tridentate

infegrin targeting higand of Structure 2a, 40 0933 ) 034 o

kDa PEG; dav 8 sacrifice) e 0.034 0.03¢
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Group 1D Average Low High
Relative {error) {error)
huHiF20
mRNA
Expression

Group 5 (7.5 mg/kg RN A agent-iridentate
infegrin targeting hgand of Structure 2a, 40

- D 3,299 1017 :
kDa PEG; day 15 sacrifice) v 0.01 0.018

[6404] As shown in Table 11 above, the Hif2a RNAI agents continned to show a reduction in
mRNA expression compared to control at day 22 (approsimately 70% knockdown at day 22

{0.299)).

Example 10. In Vive Administration of Integrin Targeting Ligands Conjugated to RNAd
Agents Targeting HIF-2 alpha in Kidney Tumor Bearing Mice.

[3405] RNA1 agents that included a sense strand and an antisense strand were synthesized
according to phosphoramidite technology on solid phase in accordance with general procedures
known 1 the art and commonly used in oligonucleotide synthesis as set forth in Example 2
herein. The RNAi agents had the respective modified nucleotide sequences set forth in
Example 2 herein and were designed to target Hif 2a (£PAST).

[3406] On study day 1, kidney tumor bearing mice {see Example 4) were dosed via iail vein

mnjection according to the following dosing Groups:

Table 12, Dosing Groups of Mice in Example 10

Group | RNAiQ Agent and Diose Bozsing Regimen

i Isotonic glucose (dSw (8% dextrose in water)) {no | Single injection on
RNAI agent) dav 1

2 | 7.5 mg/kg of Hif 2a RN At agent (AD04546) conjugated | Single injection on
{0 a tridentate integrin targeting higand of Structure 2a, | day 1

and further including a 40 kBa PEG mwoiety linked to
the construct, formulated in isotonic glucose.

3 1 7.5 mg/kg of Hif2a RNAI1 agent (AD04546) conjugated | Single mjection on
to a tridentate infegrin targeting ligand of Structure | day 1

2.6a, and further including a 40 kDa PEG moiety linked
{0 the construct, formulated in i1sotonic glucose.

[3407] The RNAI agents were synthesized having nucleotide sequences directed o target the
human Hif2o gene, and included a functionalized amune reactive group (NH2-Ce) at the &

terminal end of the sense strand to facilitate conjugation to the integrin targeting ligands.

156



WO 2019/210200 PCT/US2019/029393

{6408] Three (3} tumor bearing mice were dosed in each Group (=3). Mice were sacrificed
on study day 8 after ingection, and total RNA was isolated from kidney turoor according to
the procedure set forth in Example 4. Relative Human HIF2g mRNA expression was then
guantitated by probe-based guantitative PCR (RT-qPCR), normalized to human Cyclophilin
A {PPIA)} expression and expressed as fraction of vehicle control group (1sotonic ghucose)

{geometric mean, +/~ 93% confidence interval), as explained in Exarople 4.

Table 13. Average Relative Hif2o mRNA Expression at Sacrifice in Example 10.

Group D Average Low High
Relaiive {error) {error)
huHIF20
mRENA
Expression

Group 1 (isotonic giucose) 1.000 0.087 0.095

Greup 2 (7.5 mg/kg RNAI agent- .351 0.080 0.104

indentate integrin targeting higand of
Structure Za, 40 kDa PEG)

Group 3 (7.5 mg/kg RNAI agent- 0.441 0.040 0.043
fridentate integrin targeting ligand of
Structure 2.6a, 40 kDa PEQG)

16469} As shown i Table 13 above, each of the Hif2a RNA1 agent-integnn targeting ligand
conjugates showed a reduction in mRNA expression in mice compared to control.  For
example, Group 2, which included a dose of 7.5 mg/kg RN Ai agent conjugated to the tridentate
integrin targeting higand of Structure 2a, showed approximately 65% knockdown of HifZa

mRNA (0.351).

Example 11, In Vive Adminisiration of Integrin Targeting Ligands conjugated to RNA
Agents Targeting HIF-2 alpha in avB3 KO A498 Kidney Tumor Bearing Mice.

16418 Clear cell renal cell carcinoma (ccRCC) A498 tumor cells express both avP3 and avBs
integrins, with avfi3 expression about 4-fold higher than av85 by flow-cviometry analysis. To
evaluate the contribution of avBsS in this model, avB3 knockout (KO} A498 cells were
svothesized via gene editing fechnology. Knockout of integrin avp3 was confirmed by
genomic sequencing and mmunohistochemistry staining of avP3, which showed that staining
was negative in the avB3 KO A498 cells. Kidney tumor bearing mice with A498 WT (with
both ovf33 and avB3) and avB3 KO A498 cells were prepared as described above in Example
4.
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6411} On study day 1, kidney tumor bearing mice were dosed via tail vein injection. Three
(3) tumor bearing mice were dosed 10 each Group set forth in Table 13, below {(n=3). Mice
were sacrificed on studv day 8 after injection, and total RNA was 1solated from kidney tumor
as set forth in Example 4. Relative Human HIFZa mRNA expression was quantitated by
probe-based quantitative PCR (RT-qPCR), normalized to human Cyclophilin A (PPIA)
expression and expressed as fraction of vehucle control group (isotonic glucose) (geometric

mean, +/- 95% contidence interval), as set forth in Example 4.

Table 14. Average Relative Hif2Za mRNA Expression at Sacrifice in Example 11,

Group 1D Tumeyr Average Relative | Low High
huHiF2o mRNA | (error) | (error)
Expression

Group 1 Usotonic glucose) A498 WT 1.000 0.084 10092

Group 2 (7.5 mg/kg RNAL A498 WT {5,295 0.040 1§ 0.046

agent—tridentate integrin
targeting ligand of Structure 2a,
and further including a 40 kDa
PEG mwoiety linked to the

construct)
Greup 3 (isotonic glucose) A498 avf3 KO | 1.000 0.232 10302
Group 4 (7.5 mg/kg RNAi A498 avB3 KO | 0.621 0.068 | 0.077

agent-tridentate integrin
targeting higand of Structure 2a,
and further including a 40 kDa
PEG moiety linked to the
construct)

[3412] As shown in Table i4 above, the Hif 2a RN A1 agent-integrin hgand conjugates showed
a reduction in Hif2q mRNA exprassion in A498 W'T (wild type) tumors compared control
{about 71% (0.295) knockdown}. In contrast, as expected the reduction in Hif2o mRNA
expression was less efficient i A498 ovB3 KO tumors; however, the reduction was
nevertheless substantial at 38% (0.621) knockdown. This shows that both ntegnn avf3 and

ntegrin gvp5 contribute to the RNAT agent delivery.

Example 12, In Vive Adminisiration of Integrin Targeting Ligands Conjugated to RNAI
Agents Targeting HIF-2 alpha in Kidney Tumor Bearing Mice.

[6413] RWNAI agents that included a sense strand and an antisense strand were synthesized
according (o phosphoramidile technology on solid phase in accordance with general procedures

known 1o the art and commonly used in oligonucieotide synthesis as set forth in Example 2
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herem. The RNA1 agenis had the respective moddied nucleotide sequences set forth in
Example 2 herein and were designed to target Hif2a (£PAS7).
16414] On study dav 1. kidney tumor bearing mice {see Example 4) were dosed via tail vein

injection according {o the following dosing Groups:

Table 15, Dosing Groups of Mice in Example 12,

Group | RWAL Agent and Dose Dosing Regimen
T | Isotonic glucose (d5w (5% dextrose in water)) (no | Single injection on
RNA1 agent) day 1
2 | 7.5 mg/kg of Hif Za RN A1 agent (AD04546) conjugaied | Single injection on

{o a tridentate integrin targeting ligand of Structure 2a,
and further including a C18-~diacid motety linked to the
constmct formulated in isotonic glucose.

& 7.5 mg/kg of Hif2a RN At agent (AD04546) conjugated
to a tridentate infegrin targeting higand of Structure 28a,
and further including a Mal-C18-diacid motety linked
10 the construct, formulated i 1sotonic glucose.

7.5 mg/kg of Hif2a RN A1 agent {ADO04546) conjugatec
1o a tridentate infegrin fargeting ligand of Structure 29a,
and further including a Mal-Cl8-diacid moiety linked
{0 the construct, formulated in i1sotonic glucose.

8 | 7.5 mg/kg of Hif20 RNAT agent (ADO4546) conjugated
fo a tridentate mtegrin targeting ligand of Structure 30a,
and further including a Mal-C18-diacid motety linked
{0 the construct, formulated n 1sotonic elucose.

9 | 7.5 mg/kg of Hif 2a RNAt agent (AD04546) conjugated
{0 atridentate mtegrin targeting ligand of Structure 31a,
and further including a Mal-C18-diacid moiety linked
1o the construct, formulated in 1sotonic glucose,

day 1

Single injection on
day 1

~3

Single mjection on
dav 1

Single injection on
dav 1

Single mjection on
day 1

16415] The RNA1 agents were synthesized having nucleotide sequences directed to target the
human Hif2a gene, and included a functionalized amine reactive group (NHz-Co) at the 5
terminal end of the sense strand to facilitate conjugation {o the integrin targeting ligands.

0416} The RNA1 agents were synthesized having a PD modulator referred to as “Mal-C18-

diacid moiety” having the structure:

Hoﬁ/

;;MN%NWM/WWOH

O

wherein § mdicates the point of attachment to the RN A1 agent at the C6-8- group as indicated
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in ADO5971 (see Example 23. The PD modulator was conjugated to the 37 end of the sense
strand by reducing the C6-85-C6 group, as shown in Table A, which then underwent Michael

addition with the following compound:

OH
0 03 o
; H ; .
. N OH
St !
0 ' O
—&O

6417] Three (3) tumor bearing mice were dosed in each Group {n=3). Mice were sacrificed
on study dav 8 after injection, and total RNA was isolated from kidney tumor according {6
the procedure set forth in Example 4. Relative Homan HIF20 mRNA expression was then
quantitated by probe-based quantitative PCR (RT-gPCR}, normalized fo human Cyclophilin
A (PPIA) expression and expressed as fraction of vehicle control group (isotonic glucose)

{geometric mean, +/- 95% confidence interval), as explained in Example 4.

Table 16, Average Relative Hif20 mRNA Expression at Sacrifice in Example 12

Group D Average Low High
Relative {error) {error)
huHIF2g
mRNA
Expressien

Greup 1 (isotonic glucose) 1.000 0.077 0.083

Group 2 (7.5 mg/kg RNAI agent- (0.456 0.113 0.150

tridentate integrin targeting ligand of
Structure 2a, Mal-C18-diacid)
Group 6 (7.5 mg/kg RNA1 agent- 0.649 0.072 0.081
tridentate integrin targeting ligand of
Struciure 28a, Mal-C18-diacid)
Group 7 (7.5 mg/kg RNAI agent- 0.426 0.054 0.062
tridentate integrin targeting ligand of
Structure 29a, Mal-C18-diacid)
Group 8 (7.5 mg/kg RN A1 agent- 0.699 0.064 0.070
tridentate integrin targeting ligand of
Struciure 30a, Mal-C18-diacid)
Group 9 (7.5 mg/kg RNAI agent- 0.580 0.069 0.079
tridentate integrin targeting ligand of
Structure 31a, Mal-C18-diacid)

As shown in Table 16 above, each of the Hif2a RN A1 agent-integrin fargeting higand conjugates

showed a reduction in mRNA expression compared o control.
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Example 13. In Vivo Administration of Integrin Targeting Ligands Conjugated to RMNAI
Agents Targeting HIF-2 alpha in Kidney Tumor Bearing Mice,

[3418] RNAI agents that included a sense sirand and an antisense strand were synthesized
according to phosphoramidite technology on solid phase in accordance with general procedures
known in the art and commmonly used in oligonucieotide synthesis as set forth in Example 2
heremn. The RNA1 agents had the respective modified nucleotide sequences set forth in
Example 2 herein and were designed to target Hif2¢ (P 457}

[641%] On study dav 1, kidnev tumor bearing mice (see Example 4) were dosed via tail vein

mjection according to the following dosing Groups:

Table 17, Dosing Groups of Mice in Example 13.

Group | RNAI Agent and Dose Daosing Regimen

i | Isotonic glucose {d5w {5% dextrose in water)) (no | Single injection on
RNAI agent) day 1

4 |50 mgkg of HIF-2 alpha RNA1 agent ADOS971, | Single mnjection on
linked at the 5 terminal end of the sense sitrand to a | dav 1

tnidentate targeting group having three integrin
targeting ligands of Siructure 2a. with an integnn
targeting ligand of Structure 2a linked nferally at the
2° position of each of nucleotides 2, 4, 6, and 8 (3>
57y from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3’
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated i 1sotonic glucose,

§ |50 mg/kg of HIF-2 alpha RNAi1 agent ADOSOTI, | Single mjection on
linked at the 5° terminal end of the sense strand to a | day 1

iridentaie  targeting group having three integrin
targeting hgands of Structure 32a, with an mtegrin
targeting ligand of Structure 32a linked internally at the
2’ position of each of nucleotides 2, 4, 6. and 8 (3>
57) from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in isotonic glucose.
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6 |50 mgkg of HIF-2 alpha RNA1 agent ADOS971, | Single injection on
linked at the 5 terminal end of the sense sitrand to a | dav 1

tnidentate targeting group having three integrin
targeting higands of Structure 33a, with an mtegrin
targeting ligand of Structure 33a linked internally at the
2° position of each of nucleotides 2, 4, 6, and 8 (3>
57y from the first nucleotide that forms a base pair with
the antisense strand®. and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
Cl18-diacid, formulated in 1sotonic glucose,

5.0 mg/kg of HIF-2 alpha RNA1 agent ADOSOTI, | Single injection on
linked at the 5° terminal end of the sense strand to a | day 1

iridentaie  targeting group having three integrin
targeting hgands of Structure 34a, with an integrin
targeting ligand of Structure 34a linked internally at the
2° position of each of nucleotides 2, 4, 6, and 8 (3>
57y from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in isotonic glucose.

% The avb3 targeting ligands are linked to the 2°-O-propargy! nucleotides {represented by
aAlk, gAlk, and uAlk 10 the modified sense strand sequence), which when viewed 5° = 3" on
the sense strand sequence are at nucleotides 14, 16, 18, and 20 on the sense strand.

|

10428] Three (3) turmor bearing mice were dosed 1n each Group (n=3). Mice were sacrificed
on study day 8 after injection, and total RNA was isolated from kidney tumor according to
the procedure set forth in Example 4. Relative Human HIF20 mRNA expression was then
guantiitated by probe-based guantitative PCR (RT-gPCR), normalized to human Cyclophilin
A {PPIA) expression and expressed as fraction of vehicle control group (isotonic glucose)

{geometric mean, +/- 95% confidence interval), as explained in Example 4.

Table 18. Average Relative Hif2Za mRNA Expression at Sacrifice in Example 13,

Group 1D Average Low High
Relative {error) {error)
hoHIF20
mREMA
Expression

Group 1 (sotonic glucose) 1.000 0.083 0.090

Group 4 (5.0 mg/kg RN A agent- 0.245 0.048 0.059

tridentate integrin targeting ligand of

Structure 2a, three intemal ligands of

Structure 2a, and C-18-diacid PD

modulator}
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Group 1D Averags Low High
Relative {error) {error)
huHIF20
mRNA
Expression
Group 5 (5.0 mg/kg RNAI agent- 0.213 0.065 0.0%4
fridentate integrin targeting ligand of
Structure 324, three internal ligands
of Structure 32a, and C-18-diacid PD
modulator)
Group 6 (5.0 mg/kg RNAI agent- 0.603 0.117 0.146
fridentate integrin targeting ligand of
Structure 334, three internal ligands
of Structure 33a, and C-18-diacid)
Group 7 (5.0 mg/kg RNA1 agent- 0.528 0.067 0.077
tridentate integrin targeting ligand of
Structure 34a, three intemal ligands
of Structure 34a, and C-18-diacid)

{8421} As shown in Table 18 above, each of the Hif2a RN A1 agent-integrin targeting ligand

conjugates showed a reduction i mRNA expression in nuce compared to control, with the

congtructs that included the integrin targeting ligands of Structure 2a and Structure 32a

showing the greatest inhibitory activity,

Example 14, In Vive Adminisiration of Integrin Targeting Ligands Conjugated to RNAI

Agents Targeting HIF-2 alpha in Kidney Tumor Bearing Mice.

[6422] RWNAI agents that included a sense strand and an antisense strand were synthesized

according (o phosphoramidile technology on solid phase in accordance with general procedures

known 1o the art and commonly used in oligonucieotide synthesis as set forth in Example 2

herein. The RNAi agents had the respective modified nucleotide sequences set forth in

Example 2 herein and were designed to target Hif 2o (£74S7).

[3423] On study day 1, kidney tumor bearing mice {see Example 4) were dosed via ial vein

injection according to the following dosing Groups:

Table 19, Dosing Groups of Mice in Example 14,

Group | RNAiQ Agent and Diose

Bozsing Regimen

RNAI agent)

i Isotonic glucose (d5w (8% dextrose in water)) {(no

Single injection on
day 1
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2 2.0 mg/kg of HIF-2 alpha RNAi agent ADO3971, | Single injection on
linked at the 5 terminal end of the sense sitrand to a | dav 1

tnidentate targeting group having three integrin
targeting ligands of Structure 2.11a, with an integrin
targeting Ligand of Structure 2.11a linked internally at
the 27 position of each of nucleotides 2, 4, 6, and 8 (3" >
57y from the first nucleotide that forms a base pair with
the antisense strand®. and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
Cl18-diacid, formulated in 1sotonic glucose,

§ 120 mgkg of HIF-2 alpha RNAi1 agent ADOSOTI, | Single mjection on
linked at the 5° terminal end of the sense strand to a | day 1

iridentaie  targeting group having three integrin
targeting hgands of Structure 36a, with an integrin
targeting ligand of Structure 36a linked mnternally at the
2° position of each of nucleotides 2, 4, 6, and 8 (3>
57y from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in isotonic glucose.

& |20 mgkg of HIF-2 alpha RNAI1 agent ADOS971, | Single injection on
linked at the 57 ternunal end of the sense strand to a | day 1

indentate targeting group having the siructure of
mtegrin targeting higand SM37-avh3, having a SM37-
avb3 targeting ligand hinked mternally at the 2° position
of sach of nucleotides 2, 4, 6, and 8 (3°-» 57) from the
first nucleotide that forms a base pair with the antisense
strand®, and further linked at the 3° terminal end of the
sense strand o PD modulator Mal-CliR-diacid,
formulated in isotonic glucose,

@ The avb3 targeting ligands are linked to the 2°-O-propargy! nucleotides {represented by
aAlk, gAlk, and uAlk in the modified sense strand sequence), which when viewed 5° —» 3" on
the sense sirand sequence are at nucleotides 14, 16, 1%, and 20 on the sense strand.

8424} Three (3} tumor bearing mice were dosed in each Group (n=3). Mice were sacrificed
on study day 8 after ingection, and total RNA was isolated from kidney turoor according to
the procedure set forth in Example 4. Relative Human HIF2g mRNA expression was then
guantitated by probe-based quantitative PCR (RT-qPCR), normalized to human Cyclophilin
A {PPIA)} expression and expressed as fraction of vehicle control group (1sotonic ghucose)

{geometric mean, +/~ 93% confidence interval), as explained in Exarople 4.

Table 20. Average Relative Hif2o mRNA Expression at Sacrifice in Example 14,
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Group 1D Average Low High
Relative {error) {error)
huHIF2¢
mRENA
Expression
Group 1 (isotonic glucose) 1.000 0.090 0.099
Group 2 (2.0 mg'kg RNA1 agent- 0.362 0.021 0.022
tridentate integrin targeting ligand of
Structure 2.11a, three internal ligands of
Structure 2.11a, and C-18-diacid)
Group 5 (2.0 mg/kg RNAI agent- 0.617 0.028 0.029
tridentate integrin targeting ligand of
Structure 364, three internal ligands of
Structure 36a, and C-~18-diacid)
Group 6 (2.0 mg/kg RNAI agent- 0.375 0.081 0.103
fridentate integrin targeting ligand of
Structure 374, three internal ligands of
Structure 373, and C-18-diacid)

[0425] As shown in Table 20 above, each of the Hif20 RN A1 agent-integnn targeting hgand

comjugates showed a reduction in mRNA expression compared to control.

Esample 15, In Vivo Administration of Integrin Targeting Ligands Conjugaled to RNAI

Agents Targeting HIF-2 alpha in Kidney Tumor Bearing Mice.

13426] RNAI agents that included a sense sirand and an antisense strand were synthesized

according to phosphoramidite technology on solid phase in accordance with general procedures

known in the art and commmonly used in oligonucieotide synthesis as set forth in Example 2

heremn. The RNA1 agents had the respective modified nucleotide sequences set forth in

Example 2 herein and were designed to target Hif2¢ (P 457}

16427] On study dav 1, kidnev tumor bearing mice (see Example 4) were dosed via tail vein

mjection according to the following dosing Groups:

Table 21, Dosing Groups of Mice in Example 15.
Group | RNAI Agent and Dose Daosing Regimen
i | Isotonic glucose {d5w {5% dextrose in water)) (no | Single injection on
RNAI agent) day 1
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2 2.0 mg/kg of HIF-2 alpha RNAi agent ADO3971, | Single injection on
linked at the 5 terminal end of the sense sitrand to a | dav 1

tnidentate targeting group having three integrin
targeting ligands of Structure 2.11a, with an integrin
targeting Ligand of Structure 2.11a linked internally at
the 27 position of each of nucleotides 2, 4, 6, and 8 (3" >
57y from the first nucleotide that forms a base pair with
the antisense strand®. and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
Cl18-diacid, formulated in 1sotonic glucose,

3 140 mgkg of HIF-2 alpha RNAi1 agent ADOSOTI, | Single mjection on
linked at the 5° terminal end of the sense strand to a | day 1

iridentaie  targeting group having three integrin
targeting ligands of Structure 2. 11a. with an mtegrin
targeting Ligand of Structure 2.11a linked internally at
the 27 position of each of nucleotides 2, 4, 6, and 8 (3" >
57y from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in isotonic glucose.

& |20 mgkg of HIF-2 alpha RNAI1 agent ADOS971, | Single injection on
linked at the 57 ternunal end of the sense strand to a | day 1

indentale targeting group having three integrin
targeting higands of Structure 38a, with an miegrin
targeting ligand of Structure 38a linked internally at the
2" position of each of nucleotides 2, 4, 6, and 8 (3>
57) from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
termunal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in isotonic glucose.

7 140 mgkg of HIF-2 alpha RNAi agent ADO05971, | Single injection on
linked at the 57 termunal end of the sense strand 1o a | day 1

iridentate targeting group having three integrin
targeting bigands of Structure 38a, with an miegrin
targeting ligand of Structure 38z linked internally at the
2" position of each of nucleotides 2, 4, 6, and 8 (3>
57} from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in 1sotonic glucose.

8 120 mg/kg of HIF-2 alpha RNA1 agent ADO03971, | Single ijection on
linked at the 57 terminal end of the sense strand to a | day 1

tridentate  targeting group having three itegrin
targeting ligands of Structure 3%a, with an iniegrin
targeting ligand of Structure 39a linked internally at the
27 position of each of nucleotides 2, 4, 6, and 8 (3™->
57 from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3°
terminal end of the sense strand to PD modulator Mal-
{18-diacid, formulated wn 1sotonic ghucose.
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9 140 mgkg of HIF-2 alpha RNA1 agent ADOS971, | Single injection on
linked at the 5 terminal end of the sense sitrand to a | dav 1

tnidentate targeting group having three integrin
targeting higands of Structure 393, with an mtegrin
targeting ligand of Structure 3%a linked mnternally at the
2° position of each of nucleotides 2, 4, 6, and 8 (3>
57y from the first nucleotide that forms a base pair with
the antisense strand®. and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
Cl18-diacid, formulated in 1sotonic glucose,

10 | 2.0 mg/kg of HIF-2 alpha RNA1 agent ADOSOTI, | Single injection on
linked at the 5° terminal end of the sense strand to a | day 1

iridentaie  targeting group having three integrin
targeting hgands of Structure 40a, with an integrin
targeting ligand of Structure 40a linked internally at the
2° position of each of nucleotides 2, 4, 6, and 8 (3>
57y from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in isotonic glucose.

11 | 40 mgkg of HIF-2 alpha RNA1 agent ADOSO71, | Single injection on
linked at the 57 ternunal end of the sense strand to a | day 1

indentale targeting group having three integrin
targeting higands of Structure 40a, with an miegrin
targeting ligand of Structure 40a linked internally at the
2" position of each of nucleotides 2, 4, 6, and 8 (3>
57) from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in isotonic glucose.

2 | 2.0 mg/kg of HIF-2 alpha RNA1 agent ADO3971, | Single injection on
linked at the 57 termunal end of the sense strand 1o a | day 1

iridentate targeting group having three integrin
targeting bigands of Structure 4la, with an miegrin
targeting ligand of Structure 41a linked internally at the
2" position of each of nucleotides 2, 4, 6, and 8 (3>
57} from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in 1sotonic glucose.

13 | 4.0 mgkg of HIF-2 alpha RNA1 agent ADO03971, | Single injection on
linked at the 57 terminal end of the sense strand to a | day 1

tridentate  targeting group having three itegrin
targeting ligands of Structure 4la, with an iniegrin
targeting ligand of Structure 41a linked internally at the
27 position of each of nucleotides 2, 4, 6, and 8 (3™->
57 from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3°
terminal end of the sense strand to PD modulator Mal-
{18-diacid, formulated wn 1sotonic ghucose.
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9 The avb3 targeting ligands are linked to the 2°-O-propargy! nucleotides (represented by
aAlk, gAlk, and uAlk 10 the modified sense strand sequence), which when viewed 5° = 3" on
the sense strand sequence are at nucleotides 14, 16, 18, and 20 on the sense strand.

10428} Three (3) turmor bearing mice were dosed 1n each Group (n=3). Mice were sacrificed
on study day 8 after injection, and total RNA was isolated from kidney tumor according to
the procedure set forth in Example 4. Relative Human HIF20 mRNA expression was then
guantitated by probe-based guantitative PCR (RT-gPCR), normalized to human Cyclophilin
A (PPIA) expression and expressed as fraction of vehicle control group (isotonic glucose)

{geometric mean, +/- 95% confidence interval), as explained in Example 4.

Table 22, Average Relative Hif 2Za mRNA Expression at Sacrifice in Exarople 15,

Group 1D Average Low High
Relative {error) {error)
huHIF20
miRNA
Expression

Group 1 (sotonic glucose) 1.000 0.247 0.327

Group 2 (2.0 mg/kg RNAI agent- (.286 0.037 0.043

tridentate integrin targeting ligand of
Structure 2. 11a, three internal ligands of
Structure 2.11a, and C-18-diacid)
Group 3 (4.0 mg/kg RNAI agent- 0.263 0.035 0.040
fridentate integrin targeting ligand of
Structure 2.11a, three internal ligands of
Structure 2. 11a, and C-18-diacid)
Group 6 (2.0 mg/kg RNA1 agent- 0.655 0.050 0.054
tridentate integrin targeting ligand of
Structure 38a, three intemal ligands of
Structure 38a, and C-18-diacid)
Group 7 (4.0 mg/kg RINAI agent- {1.488 0.042 0.046
indentate integrin targeting higand of
Structure 38a, three internal ligands of
Structure 38a, and C-18-diacid)
Group 8 (2.0 mg/kg RNAI agent- 0.609 0.063 0.073
tridentate integrin targeting ligand of
Structure 393, three internal ligands of
Structure 39a, and C-18-diacid}
Group 9 (4.0 mg/kg RNAI agent- 0.518 0.050 0.055
tridentate integrin targeting ligand of
Structure 30a, three internal ligands of
Structure 39a, and C-18-diacid)
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Group 1D Average Low High
Relative {error) {error)
huHIF2¢
mRENA
Expression
Group 10 (2.0 mg/kg RNAJ agent- 0.805 0.113 0.132
fridentate integrin targeting ligand of
Structure 40a, three internal ligands of
Structure 40a, and C-18-diacid)
Group 11 (4.0 mg/kg RNA1 agent- 0.738 0.091 0.104
iridentate integnin targeting ligand of
Structure 40a, three intemal ligands of
Structure 40a, and C-18-diacid)
Group 12 (2.0 mg/kg RNAI agent- 0.978 0.082 0.090
indentate integrin targeting higand of
Structure 41a, three internal ligands of
Structure 41a, and C-18-diacid)
Group 13 (4.0 mg/kg RNAJ agent- 0.779 0.106 0.123
tridentate integrin targeting ligand of
Structure 414, three internal ligands of
Structure 41a, and C-18-diacid)

[6429] As shown in Table 22 above, each of the Hif2a RN A1 agent-integrin targeting hgand

conjugates showed a reduction in mRNA expression n mice compared to control.

Example 16, In Vivo Administration of Integrin Targeting Ligands Conjugated to RMAI

Agents Targeting HIF-2 alpha in Kidney Tumor Bearing Mice.

16430G] RNAJ agents that mcluded a sense strand and an antisense strand were synthesized

according to phosphoramidite technology on solid phase in accordance with general procedures

known in the art and commonly used in oligonucieotide svnthesis as set forth in Example 2

herein. The RNA1 agents had the respective modified nucleotide sequences set forth in

Exarmple 2 herein and were designed to target Hif2a (FPA4ST).

[6431] On study dav 1, kidney tumor bearing mice (see Example 4) were dosad via tail vein

mjection according to the following dosing Groups:

Table 23, Dosing Groups of Mice in Example 16

Group | RNAI Agent and Dose

Dosing Regimen

1 Saline (0.9%) {no RN A1 agent}

Single injection on
day 1
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2 125 mg/kg of HIF-2 alpha RNAi agent ADO3971, | Single injection on
linked at the 5 terminal end of the sense sitrand to a | dav 1

tnidentate targeting group having three integrin
targeting ligands of Structure 2.11a, with an integrin
targeting Ligand of Structure 2.11a linked internally at
the 27 position of each of nucleotides 2, 4, 6, and 8 (3" >
57y from the first nucleotide that forms a base pair with
the antisense strand®. and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
Cl18-diacid, formulated in 1sotonic glucose,

3 5.0 mg/kg of HIF-2 alpha RNAi1 agent ADOSOTI, | Single mjection on
linked at the 5° terminal end of the sense strand to a | day 1

iridentaie  targeting group having three integrin
targeting ligands of Structure 2. 11a. with an mtegrin
targeting Ligand of Structure 2.11a linked internally at
the 27 position of each of nucleotides 2, 4, 6, and 8 (3" >
57y from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in isotonic glucose.

4 10.0 mg/kg of HIF-2 alpha RNAI1 agent ADOSSTL, | Single injection on
linked at the 57 ternunal end of the sense strand to a | day 1

indentale targeting group having three integrin
targeting ligands of Structure 2.11a, with an mtegrin
targeting ligand of Structure 2.11a linked internally at
the 2” position of each of nucleotides 2, 4, 6, and 8 (3°>
57) from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
termunal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in isotonic glucose.

2.5 mg/kg of HIF-Z alpha RNAi agent ADO05971, | Single injection on
linked at the 57 termunal end of the sense strand 1o a | day 1

iridentate targeting group having three integrin
targeting hgands of Structure 2. 11a, with an miegrin
targeting ligand of Structure 2.11a linked internally at
the 2” position of each of nucleotides 2, 4, 6, and 8 (3°>
57} from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in 1sotonic glucose.

& |50 mg/kg of HIF-2 alpha RNA1 agent ADO03971, | Single mjection on
linked at the 57 terminal end of the sense strand to a | day 1

tridentate  targeting group having three itegrin
targeting ligands of Structure 2.11a, with an integrin
targeting higand of Structure 2.11a linked internally at
the 2° position of each of nucleotides 2, 4, 6, and 8 (3"~
57 from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3°
terminal end of the sense strand to PD modulator Mal-
{18-diacid, formulated wn 1sotonic ghucose.
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~3

10.0 mg/kg of HIF-2 alpha RNAi agent ADOSY7L,
linked at the 5 terminal end of the sense sitrand to a
tnidentate targeting group having three integrin
targeting ligands of Structure 2.11a, with an integrin
targeting Ligand of Structure 2.11a linked internally at
the 27 position of each of nucleotides 2, 4, 6, and 8 (3" >
57y from the first nucleotide that forms a base pair with
the antisense strand®. and further linked at the 3
termiinal end of the sense strand to PD modulator Mal-
Cl18-diacid, formulated in 1sotonic glucose,

Single mjection on
dav 1

8

2.5 mg/kg of HIF-2 alpha RNAi agent ADOSOTI,
linked at the 5 terminal end of the sense strand to a
iridentaie  targeting group having three integrin
targeting ligands of Structure 2a, with an imfegrin
targeting ligand of Structure 2a linked nferally at the
2° position of each of nucleotides 2, 4, 6, and 8 (3>
57y from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in isotonic glucose.

Single injection on
day 1

5.0 mg/kg of HIF-2 alpha RNA1 agent ADOSOTL,
linked at the 57 ternunal end of the sense strand to a
indentale targeting group having three integrin
targeting hgands of Structure 2a, with an miegrn
targeting ligand of Structure 2a linked internally at the
2" position of each of nucleotides 2, 4, 6, and 8 (3>
57) from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
termunal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in isotonic glucose.

Single injection on
day 1

§0

10.0 mg/kg of HIF-2 alpha RNAi agent ADOS971,
linked at the 57 termunal end of the sense strand o a
iridentate targeting group having three integrin
targeting higands of Structure 2a, with an miegrin
targeting ligand of Structure 2a linked infernally at the
2" position of each of nucleotides 2, 4, 6, and 8 (3>
57} from the first nucleotide that forms a base pair with
the antisense strand®, and further linked at the 3
terminal end of the sense strand to PD modulator Mal-
C18-diacid, formulated in 1sotonic glucose.

Single mjection on
day 1

@ The avb3 targeting ligands are linked to the 2°-O-propargy! nucleotides (represented by
aAlk, gAlk, and uAlk in the modified sense strand sequence), which when viewed 5 - 3” on
the sense sirand sequence are at nucleotides 14, 16, 18, and 20 on the sense strand.

{6432} Four {4) tumor bearing mice were dosed in each Group {n=4), except for Group 4

which only had three (3} mice as one mouse was deemed to have a faudlty injection. Mice

were sactificed on study dav & after injection, and total RNA was isolated from kidney tumor

according to the procedure set forth in Example 4. Relative Human HIF20 mRNA
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expression was then quantitated by probe-based quantitative PCR (RT-gPCR), normalized to
human Cvclophilin A (PPLA) expression and expressed as fraction of velucle control group

(isotonic glucose) {geomelric mean, +/- 95% confidence interval), as explained in Example 4.

Table 24. Average Relative Hif20 mRNA Expression at Sacrifice in Example 16.

Group ID Average Low High
Relative {exrvror) {errov}
huHiF2g
mRNA
Expression

Group 1 {isotonic glucose) 1.000 0.180 0.220

Group 2 (2.5 mg/kg RN A agent- 0278 0.068 0.091

fridentate integrin targeting ligand of
Structure 2.11a, three internal ligands of
Structure 2. 11a, and C-18-diacid)
Group 3 (5.0 mg/kg RNA1 agent- 0.229 0.062 0.086
tridentate integrin targeting ligand of
Structure 2.11a, three internal ligands of
Structure 2. 11a, and C-18-diacid}
Group 4 (10.0 mg/kg RNA1 agent- (.202 0.014 0.015
tridentate integrin targeting ligand of
Structure 2.11a, three internal ligands of
Structure 2.11a, and C-18-diacid)
Group 5 (2.5 mg/kg RNAI agent- 0.324 0.035 0.040
tridentate integrin targeting ligand of
Structure 2. 1 a, three internal ligands of
Structure 2.11a, and C-18-diacid)
Group 6 (5.0 mg/kg RNAI agent- 0.308 0.018 0.019
tridentate integrin targeting ligand of
Structure 2.114a, three internal Hgands of
Structure 2.11a, and C-18-diacid)
Group 7 (10.0 mg/kg RNAI agent- 0.197 0.041 0.052
indentate integrin targeting higand of
Structure 2.11a, three internal ligands of
Structure 2.11a, and C-18-diacid)
Group 8 (2.5 mg/kg RNAI agent- 0.218 0.048 0.062
tridentate integrin targeting ligand of
Structure 2a, three internal ligands of
Structure 2a, and C-18-diacid)
Group 9 (5.0 mg/kg RNAI agent- 0.160 0.065 0.109
fridentate integrin targeting ligand of
Structure 2a, three internal ligands of
Structure 2a, and C-18-diacid)
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Group 1D Average Low High
Relative {error) {error)
huHI 20
mBMA
Expression
Group 10 (10.0 mg/kg RNA: agent- 0.276 0.053 0.066

fridentate integrin targeting ligand of
Structure 2a, three internal ligands of
Structure 2a, and C-18-diacid)

[0433] As shown in Table 24 above, each of the Hif20 RN A1 agent-integnn targeting hgand

conjugates showed a reduction in mRNA expression in mice compared to control,

OTHER EMBODIMENTS

6434} It is to be understood that while the mvention has been described in conjunction with

the detailed description thereof, the foregoing description is intended to illustrate and not fimit

the scope of the invention, which is defined by the scope of the appended claims. (Other aspects,

advantages, and modifications are within the scope of the following claims.
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{LAIMS

An integrin targeting ligand of the formula:

T
=z
Y/
7
x§
N
A
I

wherein,

HS } 'e) FiN”Z(
f\ﬂ/N\f ;RN)L\H,J ,L\<N"§
X is -C(R p-, -NR3-, O . R’
Y is optionally substituted alkylene;
Zis O, NR? or §;
i 1S an nteger from 1 to §;
R! is optionally substituted aryl, optionally substitited heteroaryl, optionally

B B

substituted heterocvelyl, optionally substituted cycloalkyl or RP comprises a cargo molecule;
R? is H, optionally substituted alkyl, or R? comprises a cargo molecule;
gach instance of R* is independently selected from the group consisting of H and
optionally substituted alkyl, or R? comprises a cargo molecule;
R*is H or optionally substituted alkyl; and

wherein at feast one of Y, R!, R?, any instance of R®, and R* comprises a cargo molecule.
2, The targeting ligand of claim 1, wherein R' is optionally substituted aryl.

3. The targeting ligand of claim 2, wherein R! is selected from the group consisting of:
N oM cM N<CM
T h\
O o O
N RN N \\:._..._/
M%c“% : P, ,and M, . wherein % indicates the point of attachment and CM

comprises a cargo molecule.

4, The targeting ligand of claim 1, wherein Y is (1 to Ce alkylene.
5. An integrin targeting hgand of the formuda:
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(Formula 1),
or a pharmaceutically acceptable salt thereof, wherein
n is an integer from 1 to 8;
R} is optionally substituted arvl, optionally substituted heteroarvl, optionally
substituted heterocyclyl, optionally substituted cycloatkyl or R} comprises a cargo molecule;
R? is H, optionally substituted alkyl, or R? comprises a cargo molecule;
R*is H or optionally substituted alkyl; and

wherein at least one of R’ or R? comprises a cargo molecule.

6. An integrin targeting ligand of the formula:

G

H
N N OR*
. Ry R!
L RZ 3 O

or a pharmaceutically acceplable salt thereof, wherein

(Formula i},

n1s an integer from 1 to &;

R! is optionally substituted arvl, optionally substituted heteroarvl, optionally
substituted heterocyclyl, optionally substituted cycloalkyl or R! comprises a cargo molecule;

R’ is H., optionally substituted alkyl, or R* comprises a cargo molecule;

R? is selected from the group consisting of H and optionally substituted atkvl, or R?
comprises a cargo molecule;

R* is H or optionally substituted alkyl; and

wherein at least one of R!, R? and R’ comprises a cargo molecule.

7. An integrin targeting ligand of the formula:
3
w R 4
=/N | N\ N OR
. A ]
= R O
R2 {Formula IV},

or a pharmaceutically acceptable sali thereof, wherein
i 1S an nteger from 1 to §;
R} is optionally substituted arvl, optionally substituted heteroarvl, optionally

substituted heterocyelyl, optionally substituted cycloalkyl or R} comprises a cargo molecule;
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R? is H, optionally substituted alkyl, or R* comprises a cargo molecule;

R} is selected from the group consisting of H and optionally substituted atkvl, or R?
comprises a cargo molecule;

R*is H or optionally substituted alkyl; and

wherein at least one of R}, R? and R’ comprises a cargo molecule.

8. An integrin targeting ligand of the formula:

{Formula V),
or a pharmaceutically acceptable sali thereof, wherein
n i3 an integer from 1 to 8,
R} is optionally substituted arvl, optionally substituted heteroarvl, optionally
substituted heterocyclyl, optionally substituted cycloalkyl or R} comprises a cargo molecule;
R? is H, optionally substituted alkvl, or R? comprises a cargo molecule;
each instance of R? is independently selected from the group consisting of H and
optionally substituted alkyl, or R* comprises a cargo molecule;
R* is H or optionally substituted alkyl: and

wherein at least one of RY, R? and R’ comprises a cargo molecule.

9. An integrin targeting ligand of the formula:
" RO
N | Na A ni‘;jf\‘)kOR“
& RQ‘R‘ {Formula Vi),

or a pharmaceutically accepiable salt thereof, wherein

n s an integer from 1 to §;

R'is optionally substituted arvi, optionally substituted heteroarvl, optionally
substituted heterocyclyl, optionally substituted cycloalkyl or R' comprises a cargo molecule;

R? is H, optionally substituted alkyl, or R? comprises a cargo molecule;

each instance of R is independently selected from the group consisting of H and
optionally substituted alkyl, or R comprises a cargo molecule;

R*is H or optionally substituted alkyl; and

wherein at least one of R}, R? and R’ comprises a cargo molecule.
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10.  The integrin targeting ligand of any of claims 1 or 5-9, wherein R’ is selected from

the group consisting of!

o -
.—.< > F P .\MQ E O
/N - VA Ny A ﬁ*@m
ed HN&,J\ _ o, /
q -
T\—om “ou

_ - D
F K’{:/Nﬂj&;: ----- Cu

A >
E O“’\__i/ AN ~NH = O"‘\\_'—_/’ . \ OCH;3
& Oy, . O )

>

*/ J§ o%f\ p O>Zi_
o 11 CM - 23

R U e S NGty o
I/I% N )k N/\/O%ONOVACE‘V'E
r Y
CM
o2

§
, and , wherein S indicates the point of

attachment and CM comprises a cargo molecule.

11, Theintegrin targeting ligand of any of clairas 1-10, wherein the cargo molecule is an

active pharmaceutical ingredient or a prodrug.
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12, The integrin targeting ligand of claim 11, wherein the cargo molecule comprises a a
small molecule, an antibody. an antibody fragment, an immunoglobulin, 3 monoclonal
antibody, alabel or marker, a lipid, a natural or modified oligonuciestide, a modified
oligonucleotide-based compound {e.g., an antisense oligonucleotide or an RNA1 agent), a
natural or modified nucleic acid, a peptide, an aptamer, a polymer, a polyamine, a protein, a
toxin, a vitamin, a polyethviene glycol, a hapten, a digoxigenin, a biotin, a radicactive atom

or molecule, or a fluorophore

13, Anintegrin targeting ligand comprising a formula selected from:
O
. joN N’\Z O
' O
’i\ o HN
N e
L/ TN\
/ -
OH

{Structure la);

CH {Structure 2a).

{(Structure 2.1a};
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H
N N
I 0
P
{Structure 2.2a);
NH
W
H G Vy*‘fj
N N
l g
P
{Structure 2.3a);
H
N M
I oy
e
OH {Structure 2. 4a);
H
N N
I R
P

OH (Structure 2.5a);
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Nl _N
I ey
P
Oy
{Structure 2.6a);
H
N N
S M\
| 3
L
{Structure 2.7a);
| kY
N. N
g -
L

{Structure 2.8a);

Rate "
Gy Wavg

{Structure 2.9a);
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{Structure 2.10a);

{Structure 2.1 1a);

(Structure 28a);

{(Structure 29a).
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{Structure 30a);

O

~ O
H E
N\ﬂ,N\ ?f/\)kOH

-

{Structure 32a};

™0

O O

H |
N N\ N/\)J\C-H
/ %\/Q\N

{Siructure 33a);

e

s
: O

3 Ny, NMOH

W%ﬂ%ﬁ

{Siructure 34a);
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C}}/‘éx/o\)j;\f
g
z O
i \ OH
{Structure 36a);
ég“vo%/\o
i \
/

Seaaete

{Siructure 37a);

H
O N~ O/‘\/O\//\ 53’55

{Siructure 38a);

EWOWO/\/O\/\;

N
O

=z
/
z

{Structure 39a);

183



WO 2019/210200 PCT/US2019/029393

{ A
g N

{Structure 41a)

or a pharmaceutically acceptable salt thereof, whergin % indicates the point of connection to a

motety comprising a cargo molecule.

14. An integrin targeting group comprising an integrin targeting ligand of any of claims
1-13, wherein the targeting group is in monodentate form, wherein the integrin targeting

group is conjugated to a cargoe molecule.

15. An integrin targeting group comprising an integrin targeting higand of any of claims
1-13, wherein the targeting group is in hidentate form, wherein the integrin targeting group is

conjugated to a cargo molecule.

16. An integrin targeting group comprising an integrin targeting higand of any of claims
1-13, wherein the {argeting group is in indentate form, wherein the integrin largeting group is

conjugated to a cargo molecule.
17. An integrin targeting group comprising an integrin targeting higand of any of claims

1-13, wherein the targeting group is in {etradentate form, wherein the integrin targeting group

is conjugated to a cargo molecule.
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18. The integrin targeting ligand of any of claims 1-13, wherein the integrin targeting

ligand 1s conjugated to a cargo molecule that comprises an oligonucleotide-based compound.

19, The integrin targeting ligand of any of claimas 1-13, wherein the cargo molecule

comprises an RN A1 agent.

20. The integrin targeting ligand of any of claims 1-13, further comprising a polvethylene

glycol hinker having 2-20 ethylene oxide units.

21, Apintegrin targeting higand precursor of the formula:
ﬁ N R'" O
| Sy ZR4
P
R? (Formia Ip),
wherein,
O

R 9 R A
Arise A
Xis -C{R*p-, -NR*-, © , R , oF R
Y 1s optionally substituted alkylene;
Zis O, NR* or §;
n i3 an integer from 1 to 8,
R! is optionally substituted aryl, optionally substituted hsteroaryl, optionally
substituted heterocyclyl, optionally substituted cycloalkyl or R! comprises a cargo molecule;
R? is H, optionally substituted alkyl, or R? comprises a cargo molecule;
each instance of R’ is independently selected from the group consisting of H and
optionally substituted alkyl, or R* comprises a cargo molecule;
R* is H or optionally substituted alkyl: and

wherein at least one of Y, RY, R?, any instance of R®, and R* comprises a reactive group.
s \ 2

22, The mtegrin targeting ligand precursor of claim 21, wherein the reactive group is an
azide.
23, Anintegrin targeting ligand precursor having the structure represented by the group

consisting of. Structure 1h, Structure 1¢, Structure 2b, Structure 2¢, Structure 2.1, Structure
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2.1¢, Structure 2.2b, Structure 2.2¢, Structure 2.3b, Structure 2.3¢, Structure 2.4b, Structure
2.4¢, Structure 2.5b, Structure 2.5¢, Structure 2.6b, Structure 2.6¢., Structure 2.7b, Structure
2.8¢, Structure 2.8b, Structure 2.8¢, Structure 2.9b. Structure 2.9¢, Structure 2.10b, Structure
2.10¢, Structure 2.11b, Structure 2.11¢, Structure 28b, Structure 28¢, Structure 29b, Structure
29¢, Structure 30b, Structure 30¢, Structure 31b, Siructure 31¢, Structure 32b, Structure 32¢,
Structure 33b, Structure 33¢, Structure 34b, Structure 34dc, Structure 36b, Structure 36¢,
Structure 37b. Structure 37¢, Structure 38b, Structure 38¢, Structure 39b, Structure 39¢,

Structure 40b, Structure 40¢, Structure 41b, and Structure 41¢.

24 A conjugate comprising an oligonuclectide-based therapeutic hinked to an integrin

targeting ligand of any of claims 1-21.

25. The conjugate of claim 24 wherein the oligonucleoctide-based therapeutic is an RNAi
agent.
26. A composition comprising the integrin ligand of any of claims 1-13 or a targeting

group of claims 14-17, and a pharmaceutically acceptable excipient.

27. A compostiion comprising the integrin targeting ligand of any of claims 1-13 or a
targeting group of any of claims 14-17, wherein the integrin targeting ligand or targeting
group is conjugated to an oligonucleotide-based compound that is capable of inhibiting the

expression of a target gene in a cell expressing an infegrin.

28. The composition of claim 27, wherein the integrin targeting ligand or targeting group
is conjugated (o an RN AL agent that is capable of inhibiting the expression of a target gene in

a cell expressing an nfegrin,

29, The composition of any of claims 26-28, wherein the inlegrin is ntegrin avp3, avfs,

ot both avp3 and avp5.

30, A method of delivering one or more cargo molecules to a cell expressing ntegrin
ov3, avBs. or both avp3 and avi3, in a subject, the method comprising administering to the
subject either {1) a composition comprising an integrin targeting ligand of any of claims 1-13,

or a targeting group of claims 14-17 wherein the integrin targeting ligand or targeting group
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is conjugated to the one or more cargo molecules, or (it} a composition of any of claims 26-

28,

31 A method of delivering one or more cargo molecules to a cell or tissue of a subject in
vivo, the method comprising administering to the subject either (i) a compaosttion comprising
an integrin targeting ligand of any of claims 1-13 or a targeting group of claims 14-17,
wherein the integrin targeting ligand or targeting group is conjugated to the one or more

cargo molecules, or (i) a composition of any of claims 26-29.

32. The method of claim 30 or 31, wherein the one or more cargo molecules compriseas an

oligonucleotide-based compound.

33.  The method of claim 32, wherein the oligonucleotide-based compound is an RNAi
agent.
34 A method of inhibiting the expression of a target gene in a cell that expresses integrin

avf3, integrin avP3, or both mtegrin avB3 and avf3, in vivo, the method comprising
administering 1o a subiect an effective amount of (i} a composition that includes an RNAG
agent conjugated to an integrin targeting ligand of any of claims 1-13 or a targeting group of

claims 14-17, or (i1) a composifion of any of claims 26-28.

35, The method of claim 34, wherein the target gene is LPAST (F1F72 alpha).

36 The method of claim 34 or claim 35, wherein the cell is a clear cell renal carcinoma

tumor cell.

37.  Use of the integrin targeting ligand of any of claims 1-13 or a targeting group of
claims 14-17 or a composition of any of claims 26-28 for the delivery of a cargo molecule to

a cell comprising avP3, avp3, or both avB3 and avfs.

38 The use of claim 37, wherein the cell 18 a renal cell.

39, Use of the composition of anv of claims 26-28 for the manufactore of a medicament

for the treatment of a disease or disorder, wherein the disease or disorder may be treated or
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ameliorated by the delivery of a cargo molecule to a cell comprising avfi3, avs, or both

avi3 and avps.
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