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ORTHOGONALLY LINKED MULTIMERIC OLIGONUCLEQTIDES

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS
[0001] Any and all applications for which a foreign or domestic priority claim is
identified in the PCT Request as filed with the present application are hereby incorporated by

reference.

FIELD OF THE DISCLOSURE

00021 The present disclosure relates to multimeric oligonucleotides. More specifically,
the present disclosure relates to orthogonally linked multimeric oligonucieotides, methods of
synthesizing multimeric oligonucleotides using orthegonal linking strategies, and methods of

using the resulting oligonucleotides.

BACKGROUND

{00037 Oligonucleotides are now a well-established class of therapeutics with multiple
applications and ongoing clinical trials. However, many factors stilf hinut the development and
use of oligonucleotide therapeutics, for example, the delivery of the oligonucleotide to a target
celi and the subseguent mternalization of the oligonucleotide into the target cell in sufficient
quantities to achieve a desired therapeutic effect.

{00041 To address this 1ssue, oligonucleotides conjugated to higands targeting specific
cell surface receptors have been mvestigated. The use of one such ligand, M-acetylgalactosamine
(GalNAc), has become a method of choice for oligonucleotide delivery to hepatocytes due to s
highly specific and efficient binding to the asialogly coprotein receptor, which 1s expressed in
large numbers on the surface of these cells.

{0005] However even with the use of GalNAc-conjugated oligonucleotides, a high
proportion of the compound is lost via excretion through the kidney. To counter this, multimers
of oligonuclectides have been prepared wherem individual oligonucleotide subunits have been
linked together via covalently bonded intermediates or “linkers”. These linkers have been
mtroduced on the synthesizer or in agueous solution after synthesis, deprotection and purification

of the oligonucleotide.
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10006} A variety of linkers have been employed, including ones that are stable under in
vivo conditions and others that are cleaved inside the target cell thereby liberating the individual
oligonucleotide subumits. The most common type of cleavable linkers used have been short
sequences of single-stranded unprotected nucleotides such as dTdTdTdT and dCdA, which are
cleaved by intraceliular nucleases, and disulfide-based linkers which are cleaved by the reductive
environment inside the cell.

{00071 Another technique that has been successfully employed in the synthesis of
multimeric oligonucleotides is asynumetric annealing whereby a single-stranded oligonucleotide
bonded via a linker to another oligonucleotide is annealed to a complementary single-stranded
oligonucleotide, optionally also bonded via a linker to another oligonucleotide, these steps being
repeated until a multimer of the desired length 15 obtained.

[0008] Both homo- and hetero-multimers have been prepared via these methods and
multimers in the 4-mer to 8-mer range exhibit notably enhanced serum half-lives and
bioactivities.

[0009] However, these methods have limitations. Nuclease cleavable linkers can only be
mtroduced via the synthesizer. Disulfide hinkages can be introduced both on the synthesizer and
in agueous solution after purification of the precursor. However, it is not possible to maintain an
mternal disulfide group in a multimer while simultaneously reducing a terminal disulfide to a
thiol for subsequent hoking reactions. Finally, the asymmetric annealing method 1s difficult to
apply to homo-muliimers as random polymerization may occur.

{0010] There 13 therfore a need for additional methods and materials to act as hinkers m

the assembly and synthesis of multimeric chigonucieotides.

SUMMARY OF THE DISCLOSURE

{0011 The present disclosure relates to orthogonally hinked multi-conjugates of
biclogical moieties and methods of synthesizing them using orthogonal linking strategies. The
disclosure 15 applicable to all types of biclogical moieties, including but not limited to proteins,
oligopeptides and oligonucleotides, double-stranded and single-stranded, including for example,
siRNAs, saRNAs, miRNAs, aptamers, and antisense oligonucleotides. Strategies described

herein as being applicable to multi-conjugates of oligonucleotides {multimeric sligonucleotides)

S]
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will be understood as being generally applicable to multi-conjugates of other bislogical moieties,
and vice versa, unless the context clearly indicates otherwise.

{0012} The present disclosure provides methods for the synthesis of a multi-conjugate,
such as a multimeric oligonuclectide ("multimer”™) comprised of two or more oligonucleotides {
“subunits”; each individually a “subunit”y hinked together via covalent linkers, wherein the
subunits may be multiple copies of the same subunit or differing subunits.

{0013] The present disclosure also relates to new synthetic intermediates and methods of
synthesizing the multimeric oligonucleotides using the synthetic intermediates.

{0014] The present disclosure also relates to methods of using the multimeric
oligonucleotides, for example in modulating gene expression, biclogical research, treating or
preventing medical conditions, and/or o produce new or altered phenotypes.

[0015] In an embodiment, the disclosure provides a multimeric oligonucleotide

g

comprising subunits *HFFF , wherein each of the subunits #¥¥F¥8%% 1o independently a single
or double stranded oligonucleotide, and one or more of the subuniis #*¥#*#%%% 15 10ined to
another subuntt by a covalent linker e, and wherein two or more subunits comprise different
thiol groups at either the 5 or 37 end.

[0016] In an embodiment, at least one subuny ¥ *¥¥¥* comprises at least one partial
single-stranded oligonucleotide annealed to a complementary strand. For example, inan

ermmbodiment, at teast one subunyt *HRFFREEE

comprises two partial single-stranded
oligonucieotides annealed to a complementary strand.

{001 7] In an embodiment, the disclosure provides a multimeric oligonuclestide wherein a
first subunit PFEFEFER comprises a 37 or §7 reactive thiol group and a second subunyg FHF¥RxEEx
comprises a 37 or 87 protected thiol group.

{0018} In an embodiment, the disclosure provides a process for preparing a multimeric
oligonucleotide, comprising:

{0019} providing a first subunit reactant, the first sabunit reactant comprisinga 3™ or 57
reacitve thiol group and, optisnally, a 5” or 37 ligand; providing a second subunit reactant

s

comprising a 37 or 5 protected thiol group and 2 57 or 3” group, the 5” or 37 group being reactive
with the reactive thiol group on the first subunit reactant; and intermixing the first subunit
reactant with the second subumit reactant under reaction conditions selected to react the 3" or 57
reactive thiol group of the first subunit reactant with the 57 or 37 group of the second subumnt
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reactant to thereby form a covalent bond linking the first subunit to the second unit. lnan
embodiment, the 5” or 3” group of the second subunit reactant is an electrophilic group such as a
maleimide group. In an embodiment, the optional 57 or 37 ligand 1s a chenucal or hiological
motety L as described elsewhere herein with respect to Structure 1.

{00201 In an embodiment, the disclosure provides a multimeric oligonucleotide wherein
the conditions for the removal of the thiol protecting group do not affect the stability of the
covalent linkers e.

[0021] In an embodiment, the disclosure provides a multimeric oligonucleotide wherein
the thiol is protected as an alkyl, alkoxy, benzyl or aryl thicether.

[0022] In an embodiment, the disclosure provides a multimeric oligonuclestide wheren
the thiol is protected as an alky! silylthicether.

[0023] In an embodiment, the disclosure provides a multimeric ocligonuclestide wherein
the thiol is protected as alky! or aryl thioester.

[0024] In an embodiment at least two subunits **##*%%% are qubstantially different. Inan
emnbodiment, all of the subunits are substantially different.

[0025] In an embodument, at least two subunitg F¥FF¥¥E% gre qubstantially the same or
are identical. In an embodiment, all of the subunits *¥**%%%% are qubstantially the same or are
identical.

[0026] In an embodiment, each nucleic acid strand within a subuntt 15 independently S-
30, 10-30, 17-27, 19-26, or 20-25 nucleotides in length.

{0027] In an embodiment, one or more subunits are double-stranded. In an embodiment,
one or more subunits are single-stranded.

[0028] In an embodiment, the subunits comprise a combination of single-stranded and
double-stranded oligonucleotides.

[0029] In an embodiment, one or more nucleotides within an oligonucleotide ts an RNA,
a DNA or an artificial or non-natural nucleic acid analog,

{0030] In an embodiment, at least one of the subumits comprises RNA.

100311 In an embodiment, at least one of the subunits comprises an siRNA, an saRNA or
a miRNA.
[0032] In an embodiment, at least one of the subunits comprises an antisenseg
oligonucleotide.
w4
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100331 In an embodiment, at least one of the subunits comprises a double-stranded
SIRNA.
{00341 In an embodiment, two or more siRNA subunits are joined by covalent linkers

attached to the sense sirands of the siRNA.

{003 5] In an embodiment, one or more of the covalent linkers ® comprise a cleavable
covalent linker.

{0036] In an embodiment, the cleavable covalent inker contains an acid cleavable bond,
a reductant cleavable bond, a bio-cleavable bond, or an enzyme cleavable bond.

{0037] In an embodiment, the disclosure provides a multi-conjugate comprising a

plurality of subunits jomed to one another by one or more covalent linkers e, wherein

the multi-conjugate comprises Structure 4;

&2 A5 A {Structure 4)

wherein;
each of the subunits *#**¥*¥%% independently, is a biological moiety;
at least one covalent linker @ 15 a sulfur-containing covalent linker;
eachof &1, &2, &5, and &4 15 a group that 1s independently absent or comprises a
functional moiety joined to a subunit and, optionally, a spacer group joining the functional
motety to the subunit;
(} 15 a group that comprises a sulfur-contaiming end group, e.g., a protected thiol group,; and
nis aninteger, e, 0,1,2, 3, 4,5, 6,7, or 8
{0038] In an embodiment, at least one of the subunits ¥¥*#*¥% pregent in Structure 4 13
not a nucleic actd. In an embodiment, at least one of the subuntg *¥HFH*R present in Structure
4 comprises an oligopeptide or a protein.
{0039] In an embodiment, at least one of the functional moieties &1, &2, &, and &S
present in in Structure 4. For example, in an embodiment, the at least one functional moiety that
is present is a targeting ligand. In another embodiment, the at least one functional moiety that s

present is a detectable label {e.g., a dye}.
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0040 In an embodiment, the disclosure provides a multimeric oligonucleotide

! 3 > | £

comprising a plurality of subunits ¥F*¥**¥*% and a sulfur-containing end group; wherein each of
the subunits #FFF*¥E% ¢ independently a single or double stranded oligonucleotide; and two or

more of the subunitg *FFkEREE

are joined to one another by a sulfur-containing covalent linker 0.

{00411 The term “sulfur-containing end group” as used herein refers to a chemical moiety
that (1} contains a sulfur that is not attached to another suifur and (2) is attached to an end of 2
multi-conjugate, e.g., the 37 or 53” end of the multimeric oligenucleotide. Thus, the sulfur-
containing end group is not a disulfide. For example, in various embodiments the sulfur-
containing end group s a thiol group or a protected thiol group.

[0042] In an embodiment, the sulfur-containing end group {e.g., the end group Q in
Structure 4) comprises a protected thiol group that is deprotectable under a deprotection
condition; and the sulfur-comtaining covalent linker ¢ is stable under the deprotection condition.

00431 In an embodiment, the sulfur-containing covalent linker ¢ comprises a sulfur-
containing cleavable group, including but not hmited to C2-C10 alkyldithio, thioether,
thiopropionate, or disulfide. In an embodument, the sulfur-containing covalent finker 0 18
cleavable under a cleavage condition that ts not the deprotection condition. In an embodiuent,
the sulfur~containing covalent linker ¢ comprises a sulfur-containing cleavable group that 5
cleavable under a cleavage condition that is not the deprotection condition.

[0044] Inan embodiment, the sulfur-contaiung end group 1s a protected thiol group.

{00451 In an embodiment, the group & 1 comprises a moiety of the fornula L-RY,
wherein L 15 a functional moiety and R!1s a spacer group joining R! to the subunit ###ssssns

{0046] In an embodiment, a multimeric oligonucleotide as described herein 15
represented by the following Structure 1

L-Ri[easnidns @ e sRLE PG (Structure 1)
wherein each of the subunits ¥¥*¥*¥*¥%* |5 independently a single or double stranded
oligonuclectide; each ® is a covalent linker, of which at least one 1s a sulfur-containing covalent
finker 0; n1s an integer in the range of 1 to 9; L 15 a moiety that may be present or absent and has
biological activity or affinity; each R is individually a spacer group that may be present or
absent; and 5-PG 15 a protected thiol group.

{00471 Inan embodiraent, n in Structure | 18 an integer in the range of 2 to 6.
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100481 In an embodiment, L in Structure 1 and any of &1, &2, &3, and 44 in Structure 4
comprises a targeting ligand. Examples of ligands that can be targeting ligands melude antibody,
antibody fragment, double chain antibody fragment, single chain antibody fragment; other
proteins, for example, a glycoprotein {e.g., transferrin) or a growth factor; peptide {e.g., the RGD
figand or gastrin-releasing peptides}; nucieic acid {e.g., an aptamer}, a peptide or peptide
derivative {e.g., DUPAY; a natural or synthetic carbohydrate, for example, a monosaccharide
{(e.g., galactose, mannose, N-Acetylgalactosamine {“GalNAC”}), polysaccharide, or a cluster such
as lectin binding oligo saccharide, diantennary GalNAc, or tnantennary GalNAg¢; a lipid, for
example, a sterol (e.g., cholesterol), phospholipid (e g., phospholipid ether, phosphatidyicholine,
fecithin}; a vitamin compound (e g., tocopherol or folate); immuncstimulant {e.z., a CpG
oligonucleotide}; an amino acid; an element {e.g., gold); or a synthetic small molecule (.2,
anisanude or polyethylene glveol).  For example, 1n various embodiments L comprises an
aptamer, N-Acetylgalactosamine (GalNAc), folate, lipid, cholesterol, or transferrin,

[0049] In an embediment, L in Structure 1 and any of &1, &2, &3 and 44 in Structure 4
comprises an endosoroal escape moiety. For example, in various embodiments the endosomal
escape moiety comprises a membrane distupting, altering, or destabilizing peptide, lipid,
polymer, or small molecule.

{0050] In an embodiment, L in Structures 1 and any of &1, &2 &3, and &4 in Structure
4 comprises a chemical or biological moiety, including, e.g., a biologically active moiety having
biclogical activity or affinity. A biologically active motety 1s any molecule or agent that has a
biological effect, preferably a measurable biclogical effect. Chemical or biological moieties
mchude, e.g., proteins, peptides, amino acids, nucleic acids, targeting ligands, carbohydrates,
polysaccharides, hiptds, organic compounds, and tnorganic chemical compounds.

[00S1] In an embodiment of a multi-conjagate or multimeric oligonucleotide as described
herein, at least one suburut ¥**FFE% comprises Structare 2

amonmne omeomeo® { Structure 2, wherein

each == 15 g partial single-stranded oligonucleotide;

® is a covalent linker joined to a partial single-stranded oligonucleotide; and
is a complementary strand annealed to the partial single-siranded

oligonuclestides.
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100521 For example, an embodiment of a multi-conjugate or multimeric cligonucleotide

as described herein comprises Structure 3.

{Structure 3), whereimn:

each is a single-stranded oligonucieotide;

each is a partial single-siranded obigonuclestide;
each @ is a covalent linker joined to a partial single-stranded ohigonucleotide; and
,,,,,,,,,,,, is a complementary strand annealed to the partial single-stranded
sligonucleotides.
[0053] In an embodiment, the at feast one covalent linker ® of 2 multi-conjugate (e.g., a
multimeric oligonucleotide} as described herein comprises Structure 5
-RI-RZ-A-R3-A-R2-R1- (Structure 5)
wherein:
each R1 is independently a group comprising phosphodiester, thiophosphodiester, sulfate,
amide, triazole, hetercaryl, ester, ether, thioether, disulfide, thiopropionate, acetal, glycol,
or 1s absent;
each R2 s mndependently a spacer group, or 1s absent;
each A is the same and 1s a group comprising the reaction product of a nucleophile and an
electrophile; and
R3 1s a group comprising a {2-Cio alkyl, Co-Croalkoxy, C1-Cicaryl, anude, C2-Cio
alkyldithio, ether, thioether, ester, oligonucleotide, oligopeptide, thiopropionate, or
disulfide.
[0054] Inan embodiment, Structure S comprises a sulfur-contaiming covalent hinker 0,
wherein R3 1s a group comprising C2-Cio alkyldithio, thioether, thiopropionate, or disulfide.
{0055] In an embodiment, at least one covalent Iinker  of a multi-conjugate (e.g., a
multimeric ohigonucleotide) as described hereimn does not comprise a sulfur-containing covalent
hinker 0.
[0056] In an embodiment of Structure 5, each R} i independently a group comprising

phosphodiester or thisphosphodiester. Tn another embodiment, each R1 15 independently a group
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comprising a hetercaryl. In an embodiment, the heteroaryl contains 1, 2, 3, or 4 ring nitrogen
atomsand 1,2, 3.4, 5,6, 7, 8 or 9 ring carbon atoms,

{00571 In another embodiment of Structure S, each R? independently comprises a Cr-Cio
alkyl Cr-Cioalkoxy, or Ci-Ciearyl, or is absent. 1n an embodiment, the Ci-Croaryl is a Css arvl,
such as phenyl or pyridinyl. In an embodiment, the C1-Croaryl is a heteroaryl that containg 1, 2,
3, or 4 ring nitrogen atoms and 1, 2, 3, 4, 5, 6, 7, & or 9 ring carbon atoms.

{0058 In another embodiment of Structure 5, the nucleophile and electrophile of A
comprise (1) a thiol and a maleimide, optionally wherein the reaction product of the thiol and
maleimide 15 a derivative of succinamic acid; (i1} a thiol and a vinylsulfone; (it} a thiol and a
pyridyldisulfide; (iv} a thiol and an wodoacetamide; (v) a thiol and an acrylate; {(vi) an azide and
an altkyne; or (vit) an amine and a carboxyl.

[0059] In ancther embodiment of Structure S, A 1s a group comprising the reaction
product of a thiol and a maleimide, optionally wherein the reaction product of the thiol and
maletmide is a derivative of succinamic acid.

[0060] In another embodiment of Structure 5, RY 1s a group comprising a thiopropionate
or disulfide. In another embodiment of Structure 5, each R” independently comprises a C2-Cio
alkyl, Co-Croalkoxy, or Ci-Cisaryl, or 13 absent. Tn an embodiment, the Ci-Cioaryl s a Css aryl,
such as phenyl or pyridinyl. In an embodiment, the C1-Cio aryl is a hetercaryl that contains 1, 2,
3, or 4 ring mitrogen atoms and 1,2, 3, 4, 5, 6, 7, 8 or 9 ring carbon atoms.

00611 In an embodiment, the sulfur-containing covalent hinker O comprises a linkage
represented by ~RI-R2Z.R'- wherein each R is individually absent or a spacer group; and
wherein R? is a thiopropionate or disulfide group.

[0062] In an embodiment, the sulfur-containing end group or protected thiol group does
not comprise a thioproptonate group or a disulfide group.

[0063]  Inan embodirment, at least one R! in the ~RI-R2-R1- linkage is a spacer group that
comprises a group selected from Craoalkyl, Cracalkoxy, 5-10 membered aryl, 5-10 membered
heteroaryl, 5-10 membered heterocyclyl, ~(Cia0 alkyl}-(5-10 membered aryi}-, -{(Ciao altkyl}-{5-
10 membered heteroaryl}-, and -{Croic alkyD-(5-10 membered heterocyclyl)-.

[0064] in an embodiment, at least one R'in the -R*-R*R’- linkage is a spacer group that
comprises a phosphorus-containing linkage. Examples of phosphorus-containing linkages
mclude, but are not limited to, phosphorothioates, enantiomerically enriched phosphorothioates,

9
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phosphorodithicates, phosphotriesters, aminoalkylphosphotriesters, methy! and other alkyl
phosphonates comprising 3'alkylene phosphonates and enantiomerically enriched phosphonates,
phosphinates, phosphoramidates comprising 3'- amino phosphoramidate and
aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkyiphosphotriesters, and boranophosphates having normal 3 '-5' linkages, 2' -5 linked
analogs of these, and those having mverted polarity wherein the adjacent pairs of nucleoside
units are linked 3'-5' to 53" or 2'-5"10 5"-2".

[0065]  Inan embodiment, at least one R' in the -R'-R%-R’- linkage is a spacer group that
comprises a phosphate linking group, a thiophosphate linking group, a phosphonate linking
group, or a dithiophosphate hinking group.

[0066]  Inan embodiment, at least one R in the —-R'.R*%-R'- linkage is a spacer group that
comprises a Ciealkyl.

[0067]  Inan embodiment, at least one R’ in the -R'.R%-R!- linkage is a spacer group that

‘%"O""P ==X

comprises a hinking group represented by , wherein gach X independently
comprises alkyl, alkyl ether, ester, aryl, hetercaryl, heterocyclyl, alkyl-aryl, alkyl-hetercaryl, or
alkyi-heterocyclyl.

[0068]  Inan embodiment, at least one R’ in the -R'-R*-R’- linkage is a spacer group that
further comprises a pyrrolidinyl-2,5-dione.

[0069]  Inan embodiment, the linkage represented by—R-R*-R'- is also represented by

iy 3
_R18 10 R"gc /_Rlaw-_.
wherein:
OH
5 ]
fo-Loest
each R 15 independently absent, or is present and is O , Of

{?H
%—omﬁuou—xmsé—
s

comprises akkyl, alkyl ether, ester, aryl, hetercaryl, heterocyclyl, alkyl-arvl, alkyl-hetercaryl, or

, where m 13 an integer in the range of 1 to 10; and each X independently

alkvi-heterocyclyl;

-10-
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each R' is independently absent, or is present and is o or O
each R'® is independently Craoalkyl or Ciavalkoxy; and
R’ is a thiopropionate or disulfide group.

{0070]  Inanembodiment, the linkage represented by —R!-R*-R’- comprises

7 Q
“%*-E""'IK\N_I ' %g—-
{CHR)2—8-8~{CHp)~N
\\< \?f
o

i
Q

or a ring-opened derivative thereof.

{0071] In an embodiment, the linkage represented by ~R*-R%R - is:

)
H Q

WO o
‘HO_F"O'(CHE):W"E"""S S—{"{CHz)m“O“.F’""Q"“}“““'?;"
(i} im1 N=(CH )88 ~(CHg )y =N (i) m1
O O
or a ring-opened derivative thereof, wherein each m and m1 are mdividoally an integer in the

range of 1 10 10, suchas 1, 2, or 3.

[0072] In an embodument, the sultur-containing end group (e g, the end group Q in
Structure 4} 1s a protected thiol group of the formula S-PG, where PG s a protecting group that
1s deprotectable under a deprotection condition to form a thiol group. Various protecting groups
are known to those skilled in the art as imformed by the present disclosure.

100731 In an embodiment, the sulfur-containing end group {e.g., the end group ¢ in
Structure 4} 15 a protected thiol group of the formula S-PG that comprises a protecting group PG
selected from optionally substituted alkyl, optionally substituted alkylalkoxy, optionally
substituted trialkylsilyl, optionally substituted arylalkylsilyl, optionally substituted aryl,
optionally substituted benzyl, optionally substituted acyl and optionally substituted benzoyl. For
example, in various embodiments the sulfur-contaiming end group 8 a protected thiol group of

the formula S-PG that comprises a protecting group PG selected from trityl), methoxytrityl,
-11-
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dimethoxytrityl, methylmethoxy, trissopropylsilyl, dimtrophenyl, nitrophenyl, acetyl and
benaoyl.

{00741 In an embodiment, at least two subunits ¥*¥F*5%% gre qubstantially different from
one another. For example, in some embodiments, the two sebstantially different subunits have a
sequence homology of 90% or less. In some embodiments, the two substantially different
subuniis are not identical. In some embodiments, the two substantially different subunits have
different biological activity. 1n some embodiments, the two substantially different subunits have
different patterns of chemical modification. In some embodiments, the two substanually
different subuniis differ from one anocther 1n two or more of the aforementioned ways.

[0075] In an embodiment, the multi-conjugate (e.g., multimeric oligonuclentide)

comprises two, three, four, five, or six subunits FFFFFEEE

[0076] In an embodiment, one or more subunits #F¥*¥FF¥XF are an ohigonucleotide.
[0077] Irs an embodiment, one or more subunits ¥¥¥#¥¥¥* are an ohigopeptide or a
protein.

[0078] In an embodiment, each nucleic acid strand within a subunit 15 5-30, 15-30, 17-27,
19-26, or 20-25 nucleotides n length

[0079] In an embodiment, one or more subunits ¥#¥¥¥¥%% gre 3 double~stranded RNA.

[{0080] In an embodiment, one or more subunits FFFFRFEF ape 3 single-stranded RNA.

[0081] In an embodiment, the subunits ¥¥*¥¥%%* comprise a combination of single-
stranded and double-stranded sligonucieotides.

{0082] In an embodiment, each subungg *##FFR 3 is an RNA, a DNA, or an artificial or
non-natural nucleic acid analog thereof,

[0083] In an embodiment, each subunt ¥##F08% 45 an GIRNA, an saRNA, or a suRNA.

{0084] In an embodiment, each subumt #F*F¥5%% 15 34 double-stranded siRNA.

{0085] In an embodiment, a multi-conjugate {e.g a multimeric oligonucleotide) as
described herein comprises a cleavable covalent linker CL joining two or more of the subunits
wRxrRrEE the cleavable covalent inker CL being different from the covalent linker .

{0086} In an embodiment, the cleavable covalent linker CL comprises an acid cleavable
bond, a reductant cleavable bond, a bio-cleavable bond, or an enzyme cleavable bond.

{00871 In an embodiment, the cleavable covalent linker CL is cleavable under
mtraceitular conditions.

-12 -
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{0088 In an embodiment, the disclosure provides a process for preparing a multimeric
oligonucleotide of Structure 1d, comprising deprotecting a compound of Structure ia to forma
compound of Structure 1by; and reacting the compound of Structure 1b with a compound of

Structure 1c under conditions selected to form a compound of Structure 1d, as follows:

L-Ro[FHEsstds @ grinnii s R.8-PG (Structure 1a)
¥

L-RA[Faaaasas @ grsrtssis R.SH {Structure 1b)
+

Yo[rrns @ [preeeeee G PG (Structure 1c)

L-R-[Hrsssins @ eeekiiii R.GPG (Structure 1d)

Wherein L 13 a bioactive moiety that may be present or absent; each R 15 individually a spacer
group that may be present or absent; each ¥FF¥¥¥¥% 15 imdependently a single or double stranded
oligonucleotide; each @ is a covalent linker jomning adjacent oligonucleotide subunits; 8-PGisa
protected sulfur-containing end group, optionally a protected thiol group, that is deproteciable
under a deprotection condition; Y 1s a reactive group selected 1o react with the ~R-SH group of
Structure 1b to form one of the covalent linkers @ of Structure 1d; v 1s an integer in the range of
1to 9; o and B are each ndividually an integer in the range of 0 to 8, selected such thata + B+ 1
= and at least one @ is a sulfur-containing covalent hinker O that is stable under the
deprotection condition; optionally the sulfur-containing covalent linker comprises a sulfor-
containing cleavable group.

{0089] In an embodiment, the disclosure provides a process for preparing a multimeric
oligonucleotide of Structure 1f comprising deprotecting a compound of Structure 1a to form a
compound of Structure 1b; and reacting the compound of Structure 1b with a compound of
Structure le under conditions selected to form a compound of Structure 1f, as follows:

L-R-[rsssinss @ ghriinir 2.8 PG (Structure 1a)

1
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v

L-R-[rsdsinss @gherbnis R.0H {Structure 1b})
LR @ ok {Structure 1e)
L-R-[rossctsions @ Jysisiioon (Structure 1f)

Wherein L 15 a moiety that may be present or absent and has biclogical activity or affinity; each
R s mndividually a spacer group that may be present or absent; each ¥#**%%%% 15 independently a
single or double stranded oligonucleotide; each & 15 a covalent linker joining adjacent
oligonucleotide subunits; 8-PG is a protected sulfur-containing end group, optionally a protected
thiol group, that 1s deprotectable under a deprotection condition; Y is a reactive group selected to
react with the —R-SH group of Structure 1b to form one of the covalent linkers ® of Structure 1,
v 18 an integer 1n the range of 1 to 9; g and P are each individually an integer in the range of 0 to
8, selected such that o + P + | =1v; at least one & 15 a sulfur-contatning covalent linker ¢ that s
stable under the deprotection condition; optionally the sulfur-containing covalent linker
comprises a sulfur-containing cleavable group.

{00901 In an embodiment, the disclosure provides a process for preparing a multi-
conjugate of Stracture 6d comprising deprotecting a compound of Stracture 6a to form a
compound of Structure 6b; and reacting the compound of Structure 6b with a compound of

Structure 6¢ under conditions selected to form a compound of Structure 6d, as follows:

A [ g | Sk () { Structure 6a)
A 4
A [k g ] ook LCH] {Structure Ob)
|
A A
,.}.
- 14 -
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Y_E'********Q}B********_{} (Struciure 6(:)
A A
Y A

linker; at least one covalent linker e 1s a sulfur-containing covalent linker 0, optionally the
sulfur-containing covalent linker ¢ comprises a sulfur-containing cleavable group; each 4is
mdependently a group that is absent or comprises a functional moiety joined to a subunit and,
optionally, a spacer group joining the functional moiety to the subumt; Q is a group that
comprises a sulfur-containing end group, and optionally a spacer group joining Q to the subunit;
Y 1is a reactive group selected to react with the —R-SH group of Structure 6b to form one of the
covalent linkers @ of Structure 6d; v is an integer in the range of 1 t0 9; e and J are each
mdividually an integer o the range of 010 §, selected such that o+ +1 =7,

{00917 In an embodument, the disclosure provides a process for preparing a multi-
conjugate of Structure 6f comprising deprotecting a compound of Structure 6a to forma
compound of Structure 6b; and reacting the compound of Structure 6b with a compound of

Structure Se under conditions selected to form a compound of Structure 6f, as follows:

&_{KNH*H*x*@]axhkﬂx****,(\) (Strucluie '63.)
| I
& A
B -[FRRRRR g ] R G (Structure 6b)
1 I
& A
,‘i,
\KL********@}BX****ﬂ»**_A {SHUC&UT@ 66}
| |
A 4
-15.
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A [ g ok gy {Stracture 613

| z
ry A

Hinker; at least one covalent linker # 15 a sulfur-containing covalent hinker 0, optionally the
sulfur-containing covalent linker ¢ comprises a sulfur-contaiming cleavable group; each &as
mdependently a group that 1s absent or comprises a functional motety and, optionally, a spacer
group joiming the functional moiety to the subunit; Q 18 a group that comprises a sulfur-
containing end group, and optionally a spacer group jomning @ to the subumit; Y 15 a reactive
group selected to react with the ~R-SH group of Structure 4b to form one of the covalent linkers
& of Structure 6f; v 18 an integer in the range of 1 t0 9; ¢ and P are each individually an integer in
the range of O to 7, selected such thata + B+ 1 =v.

[0092] These and other embodiments are described in greater detail below.

DRAWING

{00931 FIG. 1 illustrates reaction Scheme 1 for making a multimeric oligonuclestide.
“Lig” indicates a ligand, e.g., as described elsewhere herein with respect to L in Structure 1, such
as triantennary GalNAc as described in the Example below. “-S-CL-S-7 represents a covalent
linker such as an internal DTME linkage as described in the Example below. “Tr” indicates a

139

trityl group and “DTME” indicates a terminal dithiobismaleimidoethane pgroup that reacis with a
thiol group to form the -8-CL-8- linker. Solid lines represent single stranded oligonucleotides
and dotted lines represent oligonucleotides that are annealed to the multimeric oligonucleotide as

described n the Example below.

DETATLED DESCRIPTION

[0094] The disclosures of any patents, patent applications, and publications referred to
herein are hereby incorporated by reference in their entireties into this application in order to
more fully describe the state of the art known to those skilled heren as of the date of the
disclosure described and claimed herein.

-16 -
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Defimtions

{0095] As used herein, the term “biological moiety” or “functional moiety” are
mterchangeable and have ordinary meaning as understood by those skilled in the art. The terms
refers to chemical entities that are bislogically active or mert when delivered into a cell or
Organism.

{0096] A biological moiety that can produce a biological effect, affinity, or activity
within the cell or organism to which it s delivered is referred to as a “bivactive motety.” In
some embodiments the biological effect, affinity, or activity is detectable or measurable. In
other instances, a bioaciive moiety may be selected to augment or enhance the biological effect,
affinity, or activity of another biological meiety with which it 1s delivered. In still other
instances, a bioactive moiety may be selected for use in a method for synthesizing a synthetic
mtermediate or multi-conyugate {as described below).

00971 Examples of bicactive moieties include but are not liunited to nucleic acids, aming
acids, peptides, proteins, lipids, carbohydrates, carboxylic acids, vitamins, steroids, lignins, small
molecules, organometallic compounds, or derivatives of any of the foregoing.

[0098] In some aspects of the disclosure, a “non~nucleic acid biological motety” refers to
any biological moiety other than a nucleic acid. Non-nucleic acid bioclogical moeties 1nclude but
are not limuted to ammo acids, peptides, proteins, lipids, carbohydrates, carboxvlic acids,
vitanuns, steroids, Hgnins, small molecules (e.g., a small molecule therapeutic or drug molecule},
organometaliic compounds, or dertvatives of any of the foregoing. A non-nucleic acid biological
moiety that can produce a biological effect or activity within the cell or organism to which it 1s
delivered is referred to as a “non-nucleic acid bicactive mosety.”

{0099] “Alleyl” refers to a straight or branched, saturated, aliphatic radical. The number
of carbon atoms present in the alkyl group may be specified by number (e.g., {5 alkyl contamns
three carbon atoms). The size range of an alkyl group can be specified by indicating a range of
the numbers of carbon atoms {e.g., Ci-Cs alkyl for a one to three carbon atom contaiming alkyl
eroup). For example, C1-Cs alkyl includes, but 1s not imited to, methyl, ethyi, propvl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, hexyl, etc. Non-limiting examples of
alkvl groups include methyl, ethyl, propyl, butyl, pentyl, I-methylbutyl {i.e., 2-pentyly, 1-
ethylpropyl (i.e., 3-pentyl}, 3-methylpentyl, and the like. Alkyl can include any number of
carbons, such as 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 2-3, 2-4, 2-5, 2-6, 3-4, 3-5, 3-6, 4-5,
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4-6 and 5-6 carbons. The alkyl group is typically monovalent, but can be divalent, such as when
the alkyl group links two moieties together, and it is understood that “alkvl” includes alkylene
when {wo functionalities are appended.

[00100]  “Alkyi ether” refers to a straight or branched chain saturated hydrocarbon
containing 1-12 carbon atoms and 1-12 oxvgen atoms in the chain. Examples of alkyl ethers
mclude those represented by —{{alky}-0-}- or <{({CH2 0=}~ where n 13 an integer in the range
of 1 10 6 and m s an integer in the range of 1 to 12, A polvethylene glycol {(PEG) group or linker
is an example of an alkyl ether that may be represented by {({CH212-O-)n-. An “alkoxy” is an
example of an alkyl ether that contains a single oxygen atom attached to an end of the alkyi
group e.g., ~O-(alkyvl). Examples of alkoxy groups include without limitation, methoxy, ethoxy,
propoxy, butoxy, t-butoxy, or pentoxy groups.

[00101]  “Aryl” refers to a monocyclic or fused bicyclic, tricyclic or greater, aromatic ring
assembly comtaining 6 to 16 ring carbon atoms. Examples of aryl groups include, but are not
limited to, phenvl, naphthyl, phenanthrenyi, naphthacenyl, fluorenyl, pyrenyl, and the
like. “Arylene” means a divalent radical denived from aun aryl group. Aryl groups can be mono-,
di- or tri-substituted by one, two or three radicals selected from alkyl, alkoxy, aryl, hydroxy,
halogen, cvano, amino, amino-alkyl, trifluoromethyl, alkvlenedioxy and oxy-C2-C3-alkylene; all
of which are optionally further substituted, for instance as hereinbefore defined; or 1- or 2-
naphthyi; or 1- or 2-phenanthrenyl.

[00102] “Heteroaryl” refers to a monocychic or fused bicyelic or tricyclic aromatic ring
assembly containing 5 t6 10 ring atoms, where from 1 1o 4 of the ring atoms are each a
hetercatom independently selected from N, O and 8. Non-hinuting examples of heteroaryl
mcehudes pyridyl, indolyl, mndazolyl, quanoxalinyl, quinohinyl, isoquinolinyl, benzothienyl,
benzofuranyl, furanyl, pyrrolvl, thiazolyl, benzothiazolyl, oxazolvl, isoxazolyl, triazolyl,
tetrazolyl, pyrazolyl, imidazolyl, thienyl, or any other radicals substituted, especially mono- or
di~substituted, by e.g. alkyl, mitro or balogen. Pyridyl represents 2-, 3- or 4-pyridyl,
advantageously 2- or 3-pyridyvl Thienyl represents Z- or 3-thienyl Quinolinyi represents
preferably 2-, 3- or 4-quinolinyl. Isoquinoliny! represents preferably 1-, 3- or 4-
isoquinelinyl. Benzopyranyl, benzothiopyrany! represents preferably 3-benzopyranyi or 3-

benzothiopyranyl, respectively. Thiazolv] represents preferably 2- or 4-thiazolyl, and most
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preferred, 4-thiazolyt Triazolyl is preferably 1-, 2- or 5+(1,2 4-triazolyl}. Tetrazolyl is preferably
S-tetrazolyl

[00103]  “Heterocyelyl” refers to a ring system having from 3 ring members to about 20
ring members and from 1 to about S hetercatoms independently selected from N, O and S, For
example, heterceyelvl inclodes, but 13 not limited to, tetrahydrofuranyl, tetrahydrothiophenyl,
morpholino, pyrrolidinyl, pyrrolinyl, imidazolidinyi, imidazolinyl, pyrazolidinyl, pyrazelinyi,
piperazinyl, piperidinyl, indolinyl, quinuclidinyt and 1,4-dioxa-8-aza-spiro{4.5dec-8-yi.

[00104]  The term “detectable label” as used herein has its ordinary meanmg as understood
by those skilled in the art. It refers to a chemical group that is attachable to a multi-conjugate
and detectable by an imaging technique, such as fluorescence spectroscopy. For example, the
detectable label may be a dve that comprises a fluorophore, which, after absorpiion of energy,
emits radiation at a defined wavelength. Many suttable fluorescent labels or dyes are known. For
example, Welch et al (Chem. Eur. 1 5(3):951-960, 1999) discloses dansyl-functionalised
flucrescent moteties and Zhu et al. (Cytometry 28:206-211, 1997} describes the use of the
fluorescent labels Cy3 and Cv3. Other labels are described in Prober et al. (Science 238:336-341,
1987y, Connell et al. (BioTechniques 5(4).342-384, 1987), Ansorge et al. (Nucl Acids Res.
15(11).4593-4602, 1987 and Srotth et al. (Nature 321:674, 1986). Examples of commercially
available fluorescent labels include, but are not limuted to, fluorescein, rhodamine (such as TMR,
texas red or Rox}), alexa, bodipy, actidine, coumarin, pyrene, benzanthracene and cyanine {such
as Cy2 or Cyd). Gther forms of detectable labels inclade microparticles, including quantum dots
{Empodocles, et al., Nature 399:126-130, 1999), gold nanoparticles (Reichert et al., Anal. Chem.
72:6025-6029, 2000}, microbeads (Lacoste et al., Proc. Natl. Acad. Sci USA 97(17):9461-9466,
2000), and tags detectable by mass spectrometry. The detectable label may be a multi-component
iabel that 1s dependent on an interaction with another compound for detection, such as the biotin-

streptavidin system.

Multimerie Oligonucleotides with a Protected Sulfur-Containing End Group

{00105]  The present disclosure provides a multimeric oligonucleotide comprising a
plurality of subunits ¥F¥¥¥¥E¥ and g protected sulfur-containing end group. Each of the subunit
wordokkEEE 13 mdependently a single or a double stranded oligonucleotide and 15 joned to another
subunit by a covalent hinker @, and at least one of the covalent linker ® 15 a sulfur-contaming
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covalent linker 0. In an embodiment, the sulfer-containing end group comprises a protected thiol
group. In some embodiments, the protected sulfur-containing end group comprises a protecting
group PG selected from optionally substituted alkyl, optionally substituted atkoxyalkyl,
optionally substituted trialkylsilvl, optionally substituted arylalkylsilyl, optionally substituted
arvl, optionally substituted benzyl, optionally substituted acyl and optionally substituted benzoyl
In some embodiments, the protected sulfur-containing end group comprises a protecting group
PG selected from trityl, methoxvirityl, dimethoxvirityl, methylmethoxy, triisopropylsilyl,
dinttrophenyi, nitrophenyl, acetyl, and benzoyl. In some embodiments, the protected thiol s
trityl thiol. In some embodiments, the protected sulfur-containing end group does not comprise a
thiopropionate group or a disulfide group. The protected sulfur-containing end group is
deprotectable under a deprotection condition known to a person of ordinary skill in the art. Each
sulfur-containing covalent linker ¢ 15 stable under the deprotection condition.

[00106] Insome embodiments, at least one sulfur-containing covalent linker ¢ comprises a
cleavable group that s cleavable under an miracellular cleavage condition. Examples of the
cleavable group include, but are not hmited to, disulfide and thiopropionate. The cleavage
condition 8 known 1o a person of ordinary skill in the art, and is not the same as the deprotection
condition.

[00167]  In some embodiments, the multimeric oligonucleotide disclosed herein comprises
the following structure:

LAR[Hokstisdn @ koo ks RS PG {Structare 1);
wherein L 15 a bioacitve moiety that may be present or absent and has biological activity or
affimty; each R 13 individually a spacer group that may be present or absent; gach #¥#¥#%E% ¢
mdependently a single or double stranded oligonucleotide subunit; each & 1s a covalent linker
jomning adjacent oligonucleotide subunits; n s an integer intherange of 1 10 9; S-PG s a
protected sulfur-containing end group that 18 deprotectable under 3 deprotection condition,
optionally, S-P( 1s a protected thiol group; and at least one @ 15 a sulfur-contaming covalent
linker ¢ that is stable under the deprotection condition. In some embodiments, the protected
sulfur-containing end group does not comprise a thiopropionate group or a disulfide group.

[00108]  Insome embodiments, 1 is an integer in the range of 2 t0 6.

[00109] Insome embodiments, at least two subunits ¥FFF¥% are subsiantially different.
In some embodiments, the multimeric ohigonucleotide comprises two, three, four, five, or six

- 20 -
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subunits FREFEEXL 15 some embodiments, each nucleic acid strand within a subyng FFFF#ExE
18 5-30, 15-30, 17-27, 19-26, or 20-25 nucleotides in length.

Sokskkkkkk

[00110] Insome embodiments, one or more sebunits are a double-stranded

some embodiments, one or more subunits ¥FFEFEEE are g gingle-stranded RNA. In some
embodiments, the subunits ¥#**®E comprises a combination of single-stranded and double-
stranded oligonuclectides.

{00111]  In some embodiments, each subunit ###F*F%%% 15 an RNA, a DNA, or an artificial
or non-natural nucleic acid analog thereof. In some embodiments, each subunit ¥#¥FFF%¥ 10 an
stranded siRNA.

[00112] Insome embodiments, at least one of the covalent linkers & is a cleavable
covalent linker CL, the cleavable covalent linker CL being different from the sulfur-containing
covalent linker ¢. In some emboediments, the cleavable covalent linker CL comprises an acid
cleavable bond, a reductant cleavable bond, a bio-cleavable bond, or an enzyme cleavable bond.
In some embodirments, the cleavable covalent linker CL 1s ¢leavable under intracellular
conditions.

[00113]  Insome embodiments, at least one of the spacer groups R that 1s present in the
multimenic oligonucleotide of Structure 1 comprises atkvl, alkyl ether, ester, aryl, heteroaryl,
heterocyclyl, atkyl-aryl, alkyl-hetercaryl, or alkyl-heterocyclyl. In some embodiments, every
spacer group R that 15 present in the muliimeric oligonucleotide of Structure 1 comprises alkyl,
alkyl ether, ester, aryi, heterocaryl, heterocyclyl, alkyl-aryl, alkyl-heteroaryl, or atkyl-
heterocyclyl. In some embodiments, at least one of the spacer groups R that 1s present in the
multimeric ohgonucleotide of Structure 1 comprises Cio alkyl, Croalkyl ether, Craoalkyi ester,
6-10 membered aryl, 5-10 membered heteroarvl, 5-10 membered heterocyclyl, (Cioio alkyD-(6-10
membered aryl), {Ciioalkyl}-{5-10 membered heteroaryl), or {Crao alkyl}-(5-10 membered
heterocyclyl). In some embodiments, every spacer group R that 1s present in the multimeric
oligonucleotide comprises Craoalkyl, Ciacalkyl ether, Crioalkyl ester, 6-10 membered aryl, 5-
10 membered heteroaryl, 5-10 membered heterocyclyl, (Cioalkyl)-{6-10 membered aryl}, (Cii0

alkyi}-(5-10 membered hetercarvl), or (Cioatkyl}-(5-10 membered heterocyelyl).
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[00114] Insome embodiments, at least one of the spacer groups R that is present in the
multimeric oligonucleotide of Structure 1 comprises Ca-Cio alkyl, Co-Croalkyl ether, Co-Croalkyl
ester, or Ce-Cioaryl. In some embodiments, every spacer group R that is present in the
multimeric oligonucleotide comprises C2-Cio alkyl, C2-Cioalkyl ether, Co-Cioalkyl ester, or Ce-
Croaryl.

{00115]  Insome embodiments, at least one of the spacer groups R that is present in the
multimeric oligonucleotide of Structure 1 comprises Ur, Cs, Cs, Cs, or Co alkyl. In some
embodiments, every spacer group R that is present in the multimeric oligonuclestide comprises
Ca, Cs, Ca, Cs, or Cs alkyl.

[00116]  In some embodiments, at least one of the spacer groups R that is present in the
multimeric oligonucleotide of Structure 1 comprises Cs alkyl. In some embodiments, every
spacer group R that is present in the multimeric oligonucleotide comprises Co alkyl

[00117] Insome embodiments, at least one of the spacer groups R that is present in the
multimeric oligonucleotide of Structure 1 comprises 1 4-phenylene. In some embodiments,
every spacer group R that is present 1o the multimeric oligonucleotide comprises 1,4-phenylene.

[00118]  Insome embodiments, the sulfur-containing covalent linker ¢ comprises a linkage
represented by —R'-R*R'— wherein each R is individually absent or a spacer group, and R” is
a thiopropionate or disulfide group. In some embodiments, the protected thiol group does not
comprise a thiopropionate group or a disulfide group.

[00119]  In some embodiments, at least one of the spacer groups R' that is present in the
finkage comprises alkyl, alkyl ether, ester, aryl, heterocarvl, heterocyelyl, alkyl-aryl, alkyl-
heteroarvl, or alkyl-heterocyelyl. In some embodiments, every spacer group R! that is present in
the linkage comprises alkyi, alkyl ether, ester, aryl, heteroaryl, heterocyelyi, atkyl-aryl, allyl-
heteroarvl, or alkyl-heterocycelyl

[00120]  Insome embodirnents, at least one of the spacer groups R! that s present in the
iinkage comprises Craoalkyl, Crioalkyl ether, Crasalkyl ester, 6-10 membered aryl, 3-10
membered hetercaryl, 5-10 membered heterocyclyl, (Cie alkyl}-{6-10 membered arvi}, (Cio
alkyi}-(5-10 membered heteroaryl), or (Ciaoatkyl}-(5-10 membered heterocyelyl). Insome
embodiments, every spacer group Ry that is present in the linkage comprises Cracalkyl, Crwo

alkyl ether, Ciioalkyl ester, 6-10 membered aryl, 5-10 membered hetercarvl, 5-10 memberad
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heterocyelyl, (Cio alkyD-(6-10 membered aryl}, (CiioalkyD-(5-10 membered hetersaryl), or
{CraoalkyD-(5-10 membered heterocvelyl).

[00121] Insome embodiments, at least one of the spacer groups R’ that is present in the
finkage comprises C2-Cio alkyl, Ca-Croalkyl gther, Ca2-Cioalkyl ester, or Co-Cro arvi; optionally
wherein every spacer group R that is present in the multimeric oligonuclectide comprises C2-Cio
alkyvl, Cr-Croalkyl ether, Ca-Cro alkyl ester, or Ce-Croaryl.

{00122] Insome embodiments, at least one of the spacer groups R’ that is present in the
linkage comprises Ca. Cs, Ca, Cs, or Co alkyl. In some embodiments, every spacer group R! that
1 present in the linkage comprises (2, Cs, Cy, Cs, or Cs alkyl

[00123] Insome embodiments, at least one of the spacer groups R! that is present in the
linkage comprises Cs alkyl. In some embodiments, every spacer group R’ that is present in the
iinkage comprises Cs alkyl

[00124] Insome embodiments, at least one of the spacer groups R’ that is present in the
linkage comprises 1,4-phenylene. In some embodiments, every spacer group R that is present in
the hokage comprises 1,4-phenylene.

(001251  Insome embodiments, at least one of the spacer groups R! that is present in the
linkage comprises a phosphate linking group, a phosphorothioate hinking group, a phosphonate
linking group, or a dithiophosphate finking group. In some embodiments, every spacer group R
that is present i the hinkage comprises a phosphate linking group, a phosphorothicate linking
group, a phosphonate linking group, or a dithiophosphate inking group.

[00126]  Insome embodiments, at least one of the spacer groups R! that 1s present in the

o
-%--ow;;;‘—-o-«xf—
Iinkage cormprises a inking group represented by ) , wherem each X
mdependently comprises alkyl, alkyl ether, ester, aryl, heteroaryl, heterocyclyl, alkyl-aryl, atkyi-

heteroaryl, or alkyl-heterocyclyl. In some embodirnents, every spacer group R! that is present in
OH

%-o——%maux-—%—
O

mdependently comprises alkyl, alkyl ether, ester, aryl, heteroaryl, heterocyclvl, alkyl-aryl, alkyi-

the linkage comprises a linking group represented by , wherein each X

heteroaryl, or alkyl-heterocyclyl.

L}
N3
(PA]

1}
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001271  Insome embodiments, at least one of the spacer groups R’ that is present in the
linkage comprises a pyrrolidine-2,5-dione. In some embodiments, every spacer group R’ that is
present in the linkage comprises a pyrrolidine-2,S-dione.

{00128]  Insome embodiments, the linkage represented by ~R'-R*-R!- can also be

represented by:

1 1 §

-$—p3la /Rm R‘xc R

H ~ R«g K \R’E/ N R1 b/ % '

('i)H ?H
%-o—ﬁ~aa-—x~s—§» %o-—ﬁ-»omx—%%
wherein each R is independently absent, O , oF S ; each
G O
% on
‘%( et —%—E{ H

R'® is independently absent, M\O ,of o] ceachRCis X and R isa

thiopropionate or disulfide group. Each X independently comprises alkyl alkyl ether, ester, arvi,

heteroaryl, heterocyclyl, alkyl-aryl, alkyl-heteroaryi, or alkyl-heterocycivl.

(E)H (E)H
%—o—ﬁ«o—x‘% -—%x-«o—ﬁ—()%
{00129]  The hinlang group O also includes O ,and
OH OH
--%—-0—-—%-—--0-—--x~-- s-% —%X“OM%@%
S also includes S . X n the hinking group would be the molety

that is connected to R,

[00130]  Insome embodiments, each X independently comprises Ciaoalkyl, Crioalkyl
sther, Croalky! ester, 6-10 membered aryl, 5-10 membered heteroaryi, 3-10 membered
heterocycelyl, {(Crio alkyi}-(6-10 membered aryl), (Cracalky}-(5-10 membered heteroaryl), or
{(Cr10alkyH-(5-10 membered heterocyclvl). In some embodiments, each X mdependently
comprises {2-Cro alkyl, Co-Croalkyl ether, T2-Croalkyl ester, or Cs-Croaryl In some
embodiments, each X mdependently comprises (2, Cs, Cq, Cs, or Cs alkyl. In some
embodiments, each X comprises Co alkyl In some embodiments, each X comprises 1,4-

phenylene.
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[00131] Insome embodiments, the linkage represented by —R'-R*-R'- comprises
o Q
/ Y

S
5 N—{CH,)p=8=5~{CHy )N
\

b
i

Oz

or a ring-opened derivative thereof, such as
Q

w§—/[/\ HO- { ;E\ ----- OH D‘}‘*\f*f

N(CH )~ S-S—~(CHy)o—NH HN~(CHy ), ~S-8~CHy)y—N

~ SRS

, OF

[00132] Insome embodiruents, the linkage represented by —R!I-R?-Rl- is:

0O o
oH i OH
%v{omafhowx{r—ms ----- S—{*X“O—P—Q'—F—%‘
i Smi N~ X~G=S=X—N o imie
e o
o 3

derivative thereof, wherein each X s independently as defined above, m1 are each individually

, or 3 ring-opened

an teger in the range of 1 to 10,

[00133]  In some embodiments, the linkage represented by ~RI-R%-R.- g

H

G

5 ]
eﬂ[o—f;—o—(z:ﬂ

o

IS5
§T
w

O
- r

s s—{—wH?)m_o»iPno

im1 N~{CHy)p—8-S~(CHy N (si) m

O G .ora
ring-opened derivative thereof, wherein m and m1 are each individually an integer in the range
of 110 10

{00134]  Insome embodiments, L comprises a targeting higand. In some embodiments, the
targeting ligand comprises an aptamer, N-Acetylgalactosamine {GalNAc), folate, hipid,

cholesterol, or transferrin. In some embodumetns, L comprises an endosomal escape motety. In
-5 .
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some embodiments, the endosomal escape moiety is a membrane disrupting, altering, or
destabilizing peptide, lipid, polymer, or small molecule.

[00135] Insome embodiments, L comprises a detectable label In some embodiments, the
detectable label selected from fluorescein, a rhodamine (such as TMR, texas red or Rox}), alexa,
bodipy, acridine, coumarin, pyrene, benzanthracene and a cyanine (such as CyZ or Cy4). For
example, in an embodiment, the detectable labels are Cy2 and Cyv4. into a light drug, a rhodaming
{such as TMR, texas red or Rox), alexa, bodipy, acridine, coumarin, pyrene, benzanthracene and
a cyanine {such as Cy2 or Cy4). For example, in an embodiment, the detectable labels are CvZ

and Cy4.

Method of Makine Multimeric Oliconucleotides

[00136] The multumeric oligonucleotides described hergin may be made in various ways.
The disclosure provides a process for preparing a multimeric oligonucleotide as described herein.
The process includes deprotecting a compound of Structure 1a to form a compound of Structure
1b; and reacting the compound of Structure 16 with a compound of Structure 1¢ under conditions

selected to form a compound of Structure 1d, as follows:

L-R-[###sinns @ grriarsss R.SPG  (Structure la)
\
L-R-[riwssne @ rmrnns RGH  (Structure 1b)
+
Y-[rrrrres @ grar e s R PG (Structure 1c)

L-R-[###naait @ ettt R QPG (Structure 1d)
wherein L 18 a bicactive moiety that may be present or absent; each R is mdividually a spacer
group that may be present or absent; each ®****5%% g independently a single or double stranded
oligonucleotide; each @ 15 a covalent inker joiming adiacent oligonucleotide subunits; S-PG s a
protected sulfur-containing end group, optionally a protected thiol group, that 1s deprotectable
under a deprotection condition; Y is a reactive group selected to react with the ~R-SH group of
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Structure 1b to form one of the covalent linkers @ of Structure 1d; v is an integer in the range of
110 9; o and B are each individually an integer in the range of O to 8, selected such thata + § + 1
= and at least one @ is a sulfur-containing covalent linker ¢ that is stable under the
deprotection condition.

[00137] The disclosure provides a process for preparing another multimeric
oligonucleotide as described herein. The process includes deprotecting a compound of Structure
la to form a compound of Structure 1h; and reacting the compound of Structure 1b with a

compound of Structure 1e under conditions selected to form a compound of Structure 1f, as

follows:
L-RA[rassttns @ lgassddrit R_C.PG {Structure 1a)
¥
L-RA[FFseetes @ Jgsstsrtt R CH {Structure 1b)
L-R-[siorions @ oo {Structure 1f)

,,,,

13 individually a spacer group that may be present or absent; each ¥#¥¥%%%% 15 independently a
single or double stranded cligonucleotide. Each & 15 a covalent hinker jomning adjacent
oligonucleotide subunits;, 8-PG 1s a protected sulfur-containing end group, optionally a protected
thiol group, that 15 deprotectable under a deprotection condition; Y 1s a reactive group selected to
react with the ~R-58H group of Structure 2b to form one of the covalent linkers @ of Structure 1,
v is an integer in the range of 1 to 9; o and § are each individually an integer in the range of 0 1o
&, selected such that a + § + 1 = v; at least one & 15 a sulfur-containing covalent linker ¢ that 15
stable under the deprotection condition.

{00138]  Insome embodiments, the spacer groups R that is present in the multimeric
oligonucleotide of Structure 1 comprises alkyl alkyl ether, ester, aryl, heteroaryl, heterocyclyl,
alkyi-aryl, alkyil-heteroaryl, or atkyl-heterocyclyl In some embodiments, every spacer group R

-7 .
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that is present in the multimeric oligonucleotide of Structure 1 comprises alkyl, alkyl ether, ester,
aryl, hetercarvl, heterceyclyl, alkyl-aryl, alkyl-heteroaryl, or alkyl-heterocyelyl. In some
embodiments, at least one of the spacer groups R that is present in the multimeric
oligonucleotide of Structure 1 comprises Croalkyl, Craoalkyl ether, Ciowoalkyl ester, 6-10
membered aryl, 5-1¢ membered heteroaryl, 5-10 membered heterocyelyl, (Ciaoalky3-(6-10
membered aryl}, {Cioalkyl}-{5-10 membered hetercaryl), or {Ciaoalky}-(5-10 membered
heterocyelyly. In some embodiments, every spacer group R that is present in the multimeric
oligonucleotide comprises Ci-w alkyl, Crosoalkyl ether, Ciawalkyl ester, 6-10 membered aryl, 5-
10 membered hetercaryl, 5-10 membered heterocyclyl, (Cioalkyl}-{6-10 membered arvi), (Croio
alkv}-(5-10 membered hetercaryl}, or (Cr.i0 alky}-(5-10 membered heterocyciyl).

[00139] Insome embodiments, at least one of the spacer groups R that is present in the
multimeric oligonucleotide of Structure 1 comprises Co-Cio alkyl, Co-Cioalkyl ether, Co-Cioalkyl
ester, of Ce-Croaryl In some embodiments, every spacer group R that 1s present in the
multimeric oligonucleotide comprises C2-Cuo alkyl, Co-Cioalkyl ether, Co-Cioalkyl ester, or Co-
Croaryl.

[00140]  In some embodiments, at least one of the spacer groups R that s present in the
multimernic oligonucleotide of Structure 1 comprises Cz, Cs, Cy, Cs, or Ce alkyl. In some
embodiments, every spacer group R that s present in the multimeric oligonucleotide comprises
(o, Cs, Ca, Cs, or Cs alkyl

[00141] Insome embodiments, at least one of the spacer groups R that is present in the
multimeric oligonucieotide of Structure 1 comprises Cs alkyl. In some embodiments, every
spacer group R that ts present in the multimenie oligonucleotide comprises Cs atkyl.

{00142]  Insome embodiments, at least one of the spacer groups R that is present in the
multimeric ohgonucleotide of Structure 1 comprises 1,4-phenylene. In some embodiments,
every spacer group R that is present in the multimeric oligonucleotide comprises 1,4-phenylene.

{00143]  Insome embodiments, the sulfur-containing covalent linker ¢ comprises a linkage
represented by —R'-R*-R!- wherein each R’ is individually absent or a spacer group, and R? is
a thiopropionate or disulfide group. In some embodiments, the protected thiol group does not
comprise a thiopropionate group or a disulfide group.

[00144] In some embodiments, at least one of the spacer groups R’ that is present in the
finkage comprises alkyl, alkyl ether, ester, aryl, hetercarvl, heterocyelyl, alkyl-aryl, alkvi-
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heteroarvl, or alkyl-heterocyclyl. In some embodiments, every spacer group R! that is present in
the hinkage comprises alkyl, alkyl ether, ester, aryl, hetercarvl, heterccyclyl, alkyl-aryl, alkyl-
heteroarvl, or aliyl-heterocyclyl

[00145]  Insome embodiments, at least one of the spacer groups R! that is present in the
iinkage comprises Craoalkyl, Ciawalkyl ether, Craoalkyl ester, 6-10 membered aryl, 5-10
membered hetercaryl, 5-10 membered heterocyclyl, (Ciwoalkyl}-{(6-10 membered arvi}, (Cro
alkyD-(5-10 membered heterocarvi), or {Ciaoalkyl})-(5-10 membered heterocyclyl). In some
embodiments, every spacer group Ry that is present in the linkage comprises Ciaoalkyl, Ciao
alkyl ether, Cr.ioalkyl ester, 6-10 membered aryl, 5-10 membered hetercaryl, 5-10 membered
heterocyclyl, {(Croro alkyi}-(6-10 membered arvl), {Ciaoalkyl}-(5-10 membered hetercaryl), or
{Ci.10alkyD~{5-10 membered heterocyclvl).

[00146]  Insome embodiments, at least one of the spacer groups R' that is present in the
linkage comprises C2-Cho alkyl, C2-Crwalkyl ether, Ca-Choalkyl ester, or Cs-Choaryl; optionally
wherein every spacer group R that is present in the multimeric oligonucieotide comprises Ca-Cio
alkyl, Cr-Croalkyl ether, Ca-Cio alkyl ester, or Ce-Croaryl.

001471  Insome embodiments, at least one of the spacer groups R! that is present in the
linkage comprises Cz, Ca, Ca, Cs, or Cs alkyl In some embodiments, every spacer group R! that
is present m the linkage comprises {2, Cs, C, Cs, or Cs alkyl.

[00148]  Insome embodiruents, at least one of the spacer groups R! that is present in the
linkage comprises Cs alkyl. In some embodiments, every spacer group R that is present in the
Hinkage comprises Ce alkyl.

001491  In some embodiments, at least one of the spacer groups R! that is present in the
linkage comprises 1,4-phenylene. In some embodiments, every spacer group R that is present in
the linkage comprises 1,4-phenyiene.

[00150]  In some embodirnents, at least one of the spacer groups R! that is present in the
linkage comprises a phosphate linking group, a phosphorothicate linking group, a phosphonate
linking group, or a dithiophosphate linking group. In some embodiments, every spacer group R’
that is present in the hinkage comprises a phosphate linking group, a phosphorothioate linking

group, a phosphonate linking group, or a dithiophosphate linking group.
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001511 Insome embodiments, at least one of the spacer groups R’ that is present in the
OH

%*C}“%“O-—X'%
O

mdependently comprises alkyi, alkyl ether, ester, aryl, heteroaryl, heterocyelyl, alkyl-aryl, atkyi-

fiukage comprises a inking group represented by , wherein each X

heteroaryl, or alkyl-heterocyelyl. In some embodiments, every spacer group R! that is present in
OH

%O""FE’MO“X—%*
(ii)

independently coroprises alkyl, alkyl ether, ester, aryl, heteroaryl, heterocyelyl, alkyl-aryl, alkyl-

the linkage comprises a linking group represented by , wherein each X

heteroaryl, or alkyl-heterocyclyl. Tn some embodiments, R! may comprise a linking group

represented by Q

[00152]  Insome embodiments, at least one of the spacer groups R that is present in the
linkage comprises a pyrrolidine-2,5-dione. In some embodiments, every spacer group R! that is
presentin the linkage comprises a pyrrolidine-2,5-dione.

[00153]  Insome embodiments, the linkage represented by —R'—R*-R'- can also be

represented by:

4 5 3
MEMR'H& Rlc Risc ,~R1d"§"
Nt -~ e H
: R e b
(;"}!H (?H
%_omia:rmo——ws-%— é—-ou—ﬁmomxmsé—
wherein each R is independently absent, O , of S ; each
O o
, Aon
O A
{ ¢ Noe
\_ Kﬂ/ }&\
R is independently absent, 0 or o ceachRis X, and R is a

thiopropionate or disulfide group. Each X independently comprises alkyl, allyl ether, ester, aryl,

heteroarvl, heterocyclyl, alkyl-aryl, alkyl-hetercaryl, or alkyl-heterocyelyl.
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[00154] In some embodiments, each RY is independently absent, or is present and is

?H {?H
o
0P 0(CH) s—%« %o PO{(CHg)m
I e ST o ,
o & , where m is an integer in the range of
1to 10,

[00155] Insome embodiments, each X independently comprises Cr.ioalkyl, Crioalkyl
ether, Cr.oalkyl ester, 6-10 membered aryi, 5-10 membered hetercaryl, 5-10 membered
heterocycelyl, {Crioalkyi)-(6-10 membered aryl}, {Ciioalkyl}-(5-10 membered heteroaryl), or
{Cra0alky}-{5-10 membered heterocyelyl). In some embodiments, each X independently
comprises C-Cio alkyl, Cr-Croalkyl ether, Co-Cioalkyl ester, or Ce-Croaryl In some
embodiments, each X independently comprises €z, Cs, Cs, Cs, or Cs alkyl Tn some
ernbodiments, each X comprises Cs alkyl In some embodiments, each X comprises 1,4-
phenylene.

[00156] Tn some embodiruents, the linkage represented by —RI-R?-R!- comprises

i \
% N~(CHz)y=8-8~(CHy)eN :

Ly

Y

O

or a ring-opened dertvative thereof, such as

Q
5 i O X
f\v’l\ o4 )-OH > %

- C 4>£ S S (CHz}QWN
: \\Sé‘ Q?"\a._& 7/
4

f
o] o) , Q O , or

001577  Insome embodiments, the linkage represented by -R\-R*-R’- is
, g8 1o} 3
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(;)H . /4\ ] X OH
s i
%—{o—?—o*xﬂ;—s s+xmo~Pmo~}——4§-
i im1 Hmux-$"s-xmw i m1
o o
o

(W]

O , of a ring-opened

derivative thereof, wherein each X is independently as defined above, m1 are each mdividually
an integer in the range of 1 to 10,
[00158]  Insome embodiments, the linkage represented by ~R'-R*-R'- is:
O
H Q

W ol s
‘%‘{O“"?“O“‘(CHQ)W_“‘%‘“_S S‘E‘{CHQ)mmO"’P“O
(i) im1 N={(CH,),—S-8—{CHa)o~N 4o

o 8 ,ora
ring-opened derivative thereof, wherein m and m1 are each individually an integer in the range
of 1to 10.

[00159] Insome embodiments, L comprises a targeting ligand. In some embodiments, the
targeting ligand comprises an aptamer, N-Acetylgalactosamine {GalNAc), folate, lipid,
cholesterol, or transferrin. In some embodumnents, L comprises an endosomal escape motety. In
some embodiments, the endosomal escape motety 15 a membrane disrupting, aliering, or
destabilizing peptide, ipid, polymer, or small molecule.

[00160]  Insome embodiments, L comprises a detectable label. Tn some embodiments, the
detectable label selected from fluorescein, a rhodamine (such as TMR, texas red or Rox), alexa,
bodipy, acridine, coumarin, pyrene, benzanthracene and a cyanine {such as Cy2 or Cy4}. For
example, n an embodiment, the detectable labels are Cy2 and Cy4.inte a light drug, a rhodamine
{such as TMR, texas red or Rox), alexa, bodipy, acridine, coumarin, pyrene, benzanthracene and
a cyanine {such as Cyv2 or Cy4}. For example, i an embodiment, the detectable labels are Cy2
and Cy4.

[00161]  Insome embodiments, Y is a reactive group represented by

O Q
OH
) s%ﬁ!—fg)nro%»-o%«%
f N-R1O-RE e~ N i mi
O
O 1% or a ting-opened derivative thereof,
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wherein each R'° is independently Ci.o alkylene or Ciooalkyleneoxy; R? is a thiopropionate or
disulfide group; m is an integer in the range of 1 to 10; and m1 15 an integer in the range of 1 to
10.

[00162]  Insome embodiments, Y is a reactive group represented by

o Q

g

S{»(CHz)m"O-P"O
il mt
0]

| Ne(CH)—8-S(CHp)p—N

© O , or a ring-opened derivative

thereof.

Multi-Conjueates

[00163]  The disclosure also provides a multi-conjugate comprising a plurality of subunits
FHREAEEEX Jomed to one another by one or more covalent hinkers &, wherein the muiti-conjugate

comprises Structure 4:

|
&2 A A {Structure 4)

wherein each of the subunits ¥¥*¥*¥#*** 15 independently a bioactive moiety; at least one covalent
iinker ® 1s a sulfur-containing covalent linker 0; at least one covalent linker e 15 a sulfur-
contaiming covalent hnker 0; each of &1, &2, &5, and &4 is a group that 18 independently absent
or comprises a functional moiety joined to a subunit and, optionally, a spacer group joining the
functional motety to the subunit; § is a group that comprises a sulfur-containing end group, and
optionally a spacer group joinung O to the subunit; and o 18 an integer greater than or equal to
zero. In some embotdments, n 18 an integer in the range of 010 10, In some embodiments, nis an
mteger in the range of 1 to 4. In some embodiments, nis §, 2, 3, or 4.

[00164] Insome embodiments, &2, &3, and & ¢ are absent.

[00165]  Insome embodiments, at least one of the subunits ¥F**FFF%% pregent in Structure
4 18 not an oligonucleotide. In some embodiments, at least one of the subunits ¥FF¥FFH* pregent

m Structure 4 comprises an oligopeptide or a protem,
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100166]  Insome mebodiments, at least one functional moiety 1s present. In some
embodiments, at least one functional moiety that is present is a targeting figand. In some
embodiments, the at least one functional mosety that is present is a detectable label; optionally,
the detectable label is a dve.

[00167] In some embodiments, the sulfur-containing end group (3 comprises a protected
thiol group that is deprotectable under a deprotection condition; and the sulfur-contaning
covalent linker O is stable under the deprotection condition. In some embodiments, the suffur-
containing covalent linker O comprises a sulfur-containing cleavable group, mcluding but not
limited to C2-Cio alkyldiothio, thicether, thiopropionate, or disulfide. In an embodiment, the
sulfur-containing covalent linker ¢ comprises a sulfur-containing cleavable group that is
cleavable under a cleavage condition that is not the deprotection condition.

[00168]  In some embodiments, the sulfur-containing end group Q comprises a protected
thiol group.

[00169]  Insome embodiments, at least one covalent linker ® comprises Structure 5:

-RI-R2-A-R3-A-R2-Rl- (Structure 5)
wherein each R1 1s independently a group comprising phosphediester, thiophosphodiester,
sulfate, amude, triazole, hetercaryl, ester, ether, thicether, disulfide, thiopropionate, acetal,
glycol, or s absent; each R2 is independently a spacer group, or 1s absent; each A 15
independently the reaction product of a nucleophile and an electrophile; and B3 15 a group
comprising a C2-C106 alkyl, C2-C16 alkoxy, C1-C10 aryl, amude, C2-C10 alkyldithio, ether,
thisether, ester, oligonucleotide, oligopeptide, thiopropionate, or disulfide. In some
embodiments, each A 1s the same. In some embodiments, R3 of Structare 5 comprises a sulfur-
containing group. In some embodiments, R3 comprises a sulfur-contaimming cleavable group
mchuding C2-Cro alkyldithio, thioether, thiopropionate, or disulfide.

{00170]  Invarious embodiments, 3 multi-conjogate as described herein comprises one or
more targeting higands. The targeting Hgand(s) may be attached to one or more of the subunits
by a suitable linker. Examples of ligands that can be targeting ligands include antibody,
antibody fragment, double chain Ab fragmeni, single chain Ab fragment; other proteins, for
example, a glycoprotein {e.g., transfernin} or a growth factor; peptide {e.g., the RGD ligand or
gastrin-releasing peptides); nucleic acid (e.g., an aptamer), endosomal escape moiety {e.g.,
peptide or nucleic acid), peptide dertvative (e.g., DUPA}, a natural or synthetic carbohydrate,

234 -

SUBSTITUTE SHEET (RULE 26)



WO 2021/236689 PCT/US2021/033028

for example, a monosaccharide {e.g, galactose, mannose, N-Acetylgalactosamine [“GalNAC},
polysaccharide, or a cluster such as lectin binding oligo saccharide, diantennary GalNAg, or
triantennary GalNAc; a lipid, for example, a sterol (e.g., cholestersl), phospholipid (e g,
phospholipid ether, phosphatidylcholine, lecithin}; a vitamin compound {(e.g., tocopherol or

gold);

S

folate); immunostimulant {e.g

=2

a {p&s oligonucleotide}; an aming acid; an element (e g
or a synthetic small molecule (e.g., anisamide or polyethylene glvcol). For example, in various
embodiments the targeting ligand 1s an aptamer, N-Acetylgalactosamine {GalNAc), folate, lipid,

cholesterol, or transferrin.

Method of Making Mulii-Coniugates

{00171]  This disclosure provides a method for making a multi-conjugate. The method
includes deprotecting a compound of Structure 6a to form a compound of Structure 6b; and
reacting the compound of Structure 6b with a compound of Structure 6¢ under conditions

selected to form a compound of Structure 6d, as follows:

A“[iii*%\**\keiu**x***mxm(} (Structureéa)
N R
A -[rERER g [ GH {Structure 6b)
N N
+
Y_[YYY}'**«ﬁ*@]E**}'}'**«ﬁ*k_Q (Stmctum 60)
N R
&_E*******}'«@}y«kkkkxxxi_{} (Stﬂl(}tuffﬁéd}
R

hinker; at least one covalent linker & 15 a sulfur-containing covalent inker 0; each & 1s
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mdependently a group that is absent or comprises a functional moiety joined to a subunit and,
optionally, a spacer group joining the functional moiety to the subunit; 15 a group that
comprises a protecied sulfur-containing end group (optionally, a protected thiol) that is
deprotectable under a deprotection condition and optionally a spacer group joining (¥ to the
subunit; Y 1s a reactive group selected to react with the ~R-SH group of Structure 6b to form one
of the covalent linkers ® of Structure 6d; v is an integer in the range of 1 t0 9;  and  are each
mdividually an integer in the range of 0 to 8, selected such that o + $ + 1 =1, and at least one

is a sulfur-containing covalent linker ¢ that is stable under the deprotection condition.

Methods of Treatment

{00172]  In various aspects, the disclosure provides methods for using multimeric
oligonucleotides made by the process disclosed herein, for example for medical treatments,
research, or for producing new or altered phenotypes in animels and plants. In some aspects, the
disclosure also provides methods for using the mulii-conjugates made by the process disclosed
herein, for example for medical treatments, research, or for producing new or altered phenotypes
in animals and plants.

[00173]  In one aspect, the invention provides a method for treating a subject comprising
administering an effective amount of a muluimeric oligonucleotides or multi-conjugates
according to the disclosure to a subject in need thereof.

[00174] Insome embodiments, the multimeric oligonucleotides or multi-conjugates made
by the processes disclosed herein can be administered in the form of a pharmaceutical
composition,

EXAMPLE
Example 1. Synthesis of Disulfide-linked Multimeric Oligonuclestides using
Orthogonally Protected Thiols,

[00175] A bis~(iriantennary GalNAc) homo-hexamer of TTR siRNA (siTTR) 1s prepared

as outhined 1n Scheme 1 (FIG.1). Two monomers of siTTR sense strand are prepared ou the

synthesizer, one with a termoinal amino group, the other with a termunal tritylated thiol. Both

have a disulfide group at the other terminus. A tnianteunary GalNAc group 15 added to the
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terminal amino function of the first monomer and then the disulfide groups of both monomers
are cleaved by DTT to the corresponding thiols.

[00176]  The tritylated monomer is converted to a mono-DTME derivative by previously
reported methods (see PCT Publication No. WO 2016/205410) and part of thus material is
reacted with the GalNAc-siTTR-thiol to yield a GalNAc-siTTR single-stranded homodimer with
an internal DTME linkage (-8-CL-8-) and a terminal thio! protected by a trityl group.

{00177] The trityl group is removed from the homo-dimer by treatment with agueous
silver nitrate and after purification is treated with one molar equivalent of the tritylated mono-
DTME derivate to yield a GalNAc-siTTR single-stranded homotrimer with two internal DTME
iinkages (-5-CL-8-} and a terminal thiol protected by a trityl group.

[00178]  The trity! group is removed from the homo-trimer by treatment with aqueous
silver nitrate and after purification is treated with one half-molar equivalent of DTME to vield
the single stranded homo-hexamer. Annealing of six equivalents of TTR antisense siRNA vields

the desired bis-{triantennary GalNAc) homo-hexamer of siTTR contamning S disuifide linkages.
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