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WHAT IS CLAIMED IS:

I. A multimeric oligonucleotide comprising a plurality of subunits ¥#F**¥*%%% and a
protected sulfur-containing end group,
wherein:
cligonucleotide and is joined fo another subunit by a covalent finker &,
at least one of the covalent linker @ 15 a sulfur-containing covalent linker O,
optionally the sulfur-containing covalent linker comprises a sulfur-containing cleavable
group;

the sulfur-containing end group is deprotectable under a deprotection condition;

and
each sulfur-contatning covalent linker ¢ s stable under the deprotection condition.
2. The multimeric oligonuclectide of claim 1, wherein at least one sulfur-containing

covalent linker O comprises a cleavable group, optionally a sulfur-containing cleavable group, that

is cleavable under a cleavage condition that is not the deprotection condition.

3. The multimeric oligonucleotide of any one of claims 1 to 2, wherein the protected

sutfur-contaiming end group comprises a protected thiol group.

4 The multimeric oligonucleotide of any one of claims 1 to 3 comprising the
followng Structure 1

LR @ Joiasd s s RS-PG (Stracture 1}

wherein:

L 1s a bioactive mosety that may be present or absent;

each R 15 mdividually a spacer group that may be present or absent;

gach RERREE 1o mdependently a single or double stranded oligonucieotide
subunit;

sach @ is a covalent linker joining adjacent oligonucleotide subunits;

1 an integer in the range of 1 10 9;
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S-PG s a protected sulfur-containing end group, optionally a protected thiol
group, that is deprotectable under a deprotection condition; and

at feast one & 15 a sulfur-containing covalent linker ¢ | optionally the sulfur-
containing covalent linker comprises a sulfur-containing cleavable group, that is stable

under the deprotection condition.

5. The multimeric oligonucleotide of claim 4, wherein at least one of the spacer groups
R that is present in the multimeric oligonucleotide comprises alkyl, alkyl ether, ester, aryl,
heteroaryl, heterocyclyl, alkyl-arvl, alkyl-heteroaryl, or alkyl-heterocyclyl; optionally wherein
every spacer group R that is present in the multimeric oligonucleotide comprises alkvl, alkyl ether,

ester, aryl, heteroarvl, heterocyclyl, alkyl-aryl, alkyl-hetercaryl, or alkyl-heterocyclyl

6. The multimeric oligonucleotide of claim 5, wherein at least one of the spacer groups
R that is present in the multimeric oligonucieotide comprises Cio alkyl, Ciao alkyl ether, Ciowo
alkyl ester, 6-10 membered aryl, 5-10 membered heteroaryl, 5-10 membered heterocyelyl, (Crao
alkvl3-(¢-10 membered arvl), (Ciro alky}-(5-10 membered heteroaryl), or {Crao altky-(5-10
membered heterocyelyl); optionally wherein every spacer group R that is present 1n the multimeric
oligonucleotide comprises Crae alkyl, Craoalkyl ether, Ciaoalkyl ester, 6-10 membered aryl, 5-10
membered heteroaryl, 5-10 membered heterocyclyl, (Ciaip alkyD-(6-10 membered arvl), (Crao
alky13-(5-10 membered hetercaryl), or (Ci-ro alky!)-(5-10 membered heterocyelyl).

7. The multimeric oligonucleotide of claim 6, wherein at least one of the spacer groups
R that s present in the multimenie oligonucleotide comprises C2-Co alkyl, C2-Cro alkyl ether, Ca-
Cio alky] ester, or Ce-Cio aryl; optionally wheremn every spacer group R that is present in the
multimerie oligonucleotide comprises C2-Cro alkyl, Ca-Cioalkyl ether, Ca-Cio alkyt ester, or Cs-

Croaryl.

8. The multimeric oligonucleotide of claim 7, wherein at least one of the spacer groups
R that is preseni in the multimeric oligonucleotide comprises Cz, Cs, Ca, Cs, or Co alkyl; optionally
wherein every spacer group R that is present in the multimeric oligonuclestide comprises Ca, (3,

4, Cs, or Co alkyl
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9. The multimeric oligonucleotide of claim 8, wherein at least one of the spacer groups
R that is present in the multimeric oligonuclectide comprises Ce alkyl; optionally wherein every

spacer group R that is present in the multimeric oligonucleotide comprises Co alkyl

10, The multimeric oligonucleotide of claim 7, wherein at least one of the spacer groups
R that 15 present in the multimeric oligonucleotide comprises 1,4-phenylene; optionally wherein

every spacer group R that is present in the multimeric oligonucleotide comprises 1,4-phenylene.

11, The multimeric sligonuclectide of any one of claims 1 to 10, wherein 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.

12, The multhoeric oligonucleotide of claim 11, wheremn the protected sulfur-

countaining end group does not comprise a thiopropionate group or a disulfide group.

13, The roultimeric oligonucleotide of claum 11 or 12, wherein at least one of the spacer
groups R' that is present in the linkage cormprises alkyl, alkyl ether, ester, aryl, heteroaryl,
heterocyclyl, alkyl-aryl, alkyl-hetercaryl, or alkyl-heterocyclyl; optionally wherein every spacer
group R that is present in the linkage comprises alkyl, alkyl ether, ester, aryl, heteroaryl,

heterocyelyl, atkvl-arvi, alkyl-hetercaryl, or alkyl-heterocyclyl

14, The multimeric ohgonucleotide of claim 13, wherein at least one of the spacer
groups R that is present in the linkage comprises Craoalkyl, Ciioalkyl ether, Cracalkyl ester, 6-
10 membered aryl, 5-10 membered hetercaryl, 5-10 membered heterocyclyl, (Ci10 atkyD-(6-10
membered aryl}, {Ciio alkyl}-(5-10 membered hetercaryly, or (Ciae alkyl}-(5-10 membered
heterocyelyl), optionally wherein every spacer group R that is present in the linkage comprises
Crae alkyl, Craealkyl ether, Ciaoalkyl ester, 6-10 membered aryl, 5-10 membered heteroaryl, 5-
10 membered heterocyclyl, {Ciio alkyl}-(6-10 membered aryl}, (Crao alky}-(5-10 membered
heteroaryl}, or (Crio alky)-{5-10 membered heterocyciyl).

T
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15,  The multimeric sligonucleotide of claim 14, wherein at least one of the spacer
groups R’ that is present in the linkage comprises Ca-Cio alkyl, C2-Cro alkyl ether, C2-Cio alkyl
ester, or {s-Cio aryl, optionally wherein every spacer group R that is present in the linkage

comprises C2-Cio alkyl, C2-Crealleyl ether, Co-Cicalkyl ester, or Ce-Cioaryl

16. The multimeric oligonucleotide of claim 15, wherein at least one of the spacer
groups R' that is present in the linkage comprises Ca, Cs, Ca, Cs, or Cs alkyl; optionally wherein

every spacer group R’ that is present in the linkage comprises C2, Cs, Cs, Cs, or Cs alkyl

17 The multimeric oligonucleotide of claim 16, wherein at least one of the spacer
groups R that is present in the linkage comprises Cs alkyl; optionally wherein every spacer group

R! that is present in the linkage comprises Cs alkyl.

I8, The multimeric oligonucleotide of claim 15, wherein at least one of the spacer
groups R! that is present in the linkage comprises 1,4-phenyiene; optionally wherein every spacer

group R' that is present in the linkage comprises 1 4-phenylene.

19, The multimeric ohgonucleotide of any one of claims 11 to 18, wherein at least one
of the spacer groups R! that is present in the linkage comprises a phosphate linking group, a
phosphorothioate linking group, a phosphonate hnking group, or a dithiophosphate inking group;
optionally wherein every spacer group R that is present in the linkage comprises a phosphate
fiuking group, a phosphorothioate hnking group, a phosphonate linking group, or a

dithiophosphate linking group.

20. The multimeric ohigonuclestide of claim 19, wherein at least one of the spacer

groups R' that is present in the linkage comprises a linking group represented by
OH

%’0"%‘0“}(%‘
O

; optionally wherein every spacer group R! that is present in the linkage

- 4] -
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OH
%O*%"Q"X%‘
comprises a linking group represented by O , wherein each X independently
comprises alkyl, alkyl ether, ester, aryl, heteroaryi, heterocyclyvl, alkyl-aryl, alkyi-heteroaryi, or

alkyl-heterocyclyl.

21, The multimenic oligonucleotide of any one of claims 11 to 20, wherein at least one
of the spacer groups R’ that is present in the linkage comprises a pyrroliding-2,5-dione; optionally
wherein every spacer group R that is present in the linkage comprises a pyrrolidine-2,5-dione.

22, The multimeric oligonucleotide of claim 11, wherein the linkage represented by ~

RI-R*R'- is also represented by:

g
Sopsia 1c 1 1a. 5.
wherein:

each R is independently absent,

each R is independently absent,

cach R is X and

R? ig a thiopropionate or disulfide group;
wherein each X independently comprises alkyl, alkyl ether, ester, aryi, heterocaryl,

heterocycelyl, alkyl-aryl, alkyl-heteroaryl, or alkyl-heterocyclyl.

23, The multiweric oligonucleotide of claim 22, wherein each X independently
comprises Crao atkyl, Cie alkyl ether, Cioo alkyl ester, 6-10 membered aryl, 5-10 membered
heteroarvl, 5-10 membered heterocyelyl, (Ciao alky}-{6-10 membered aryly, (Ciro altky-{5-10

membered hetercarvl}, or {Cri0alkyh-(5-10 membered heterocyclyl),

- 47 .
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24 The multimeric oligonucleotide of claim 23, wherein each X independently

comprises C2-Cio alkyl, C2-Croallyl ether, Ca-Cioalkyl ester, or Co-Croaryl

25, The mmultmeric oligonucleotide of claim 24, wherein each X independently

comprises {, Cs, Cs, Cs, or Cs alkyl

26, The multimeric oligonucleotide of claim 22, wherein each X comprises Co alkyl
27. The multimeric oligonucleotide of claim 22, wherein each X comprises 1,4-
phenvlene.
28 The multimeric oligonucleotide of claim 22, wherein the linkage represented by —
o Q
/ \ %
S N—(CH,)p—8-8~(CHy =N
RLRER!- comprises o O ot a ring-opened dertvative thereof,
25, The multimeric oligonucleotide of claim 22, wherein the linkage represented by —
RLRARE s
O
o 1 J< ) o
i
%*{O“P-O'(CHQ‘),T;";"“S ---s—%(«:;w)n;oﬂ?—o%%
i i N—{CHp)p8~S~{CHy)p=N i 1
3 O
(0] 0]

or a ring-opened dertvative thereof, wherein m and m1 are each imndividually an

mteger i the range of 1 to 10

30, The multimeric oligonucleotide of any one of claims 1 1o 29, wherein the protected
sulfur-containing end group comprises a protecting group selected from optionally substuuted

alkvl, optionally substituted alkoxyalkyl, optionally substituted triatkylsilyl, optionally substituted

-4

(SN
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arvlalkyisilyl, optionally substituted aryl, optionally subsiituted benzvi, optionally substituted acyl

and optionally substituted benzoyl.

31, The multumeric sligonucleotide of any one of claims 1 to 29, wherein the protected
sulfur-containing end group comprises a protecting group PG selected from iyl methoxyirityl

dimethoxytrityl, methylmethoxy, triisopropylsilyl, dinitrophenyl, nitrophenyl, acetyl and benzoyl.

32. The multimeric oligonucleotide of any one of claims 4 to 31, where n is an integer
in the range of 2 to 9;optionally wherein n 15 an integer 1n the range of 2 to 7; optionally wherein

nis 2,3, 4or 5.

33, The multimeric oligonucleotide of any one of claims 1 to 32, wherein at least two

EEEEEE T

subunits are substantially different.

34 The multimeric oligonucleotide of any one of clanns 1 to 33, wherein the

multimeric oligonucleotide comprises three, four, five, or six subunutg FFFFFwEE

3s. The multimeric oligonucleotide of any one of claims 1 to 34, wherein each nucleic

acid strand within a subunit ¥#**F8%%% 1 830 15-30, 17-27, 19-26, or 20-25 nucleotides in length.

36, The multimeric oligonucleotide of any one of claims 1 fo 35, wherein one or more

subunits FEEEEEEX are o double-siranded RNA.

37. The multimeric oligonucleotide of any one of claims 1 to 36, wherein one or more

subunits #RFRRRERE are g single-stranded RNA.

38. The multimeric ohigonuclestide of any one of claims 1 {0 37, wherein the subunits
FAREAREEX comprise a combination of single-stranded and double-stranded oligonucleotides.
39, The multimeric oligonucleotide of any one of claims 1 t¢ 38, wherein each subunit

FHREEREEF 15 an RNA, a DNA, or an artificial or non-natural nucleic acid analog thereof.

- 44 -
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40, The multimeric oligonucleotide of any one of claims 1 o 39, wherein each subunit

FREEEEEE 15 an SIRINA, an saBRNA, or a miRNA.

41, The multimeric oligonucleotide of any one of claims 1 to¢ 36, wherein each subunit

FHAEERER 15 a double-stranded siRNA.

42 The multimeric oligonucleotide of any one of claims 1 to 41, wherein 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 ¢,
43, The multumeric oligonuclestide of claim 42, wherein the cleavable covalent linker
CL comprises an acid cleavable bond, a reductant cleavable bond, a bio-cleavable bond, or an

enzyme cleavable bond.

44, The multimenic oligonucleotide of ¢laim 42 or 43, wherein the cleavable covalent

hnker CL is cleavable under intracellular conditions.

45, The multimeric oligonucleotide of any one of claims 4 to 44, wherein L comprises

a targeting higand.

46. The multimeric sligonucleotide of claim 45, wherein the targeting higand comprises

an aptamer, N-Acetylgalactosamine (GalNAc), folate, ipid, cholesterol, or transferrin.

47. The multimeric oligonucleotide of any one of claims 4 to 44, wherein L comprises

an endosomal escape moiety.

48 The multimeric oligonucleotide of claim 47, wherein the endosomal escape moiety

is a membrane disrupting, altering, or destabilizing peptide, lipid, polymer, or small molecule.
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49 The multimeric oligonucleotide of any one of claims 4 to 44, wherein L comprises

a detectabie label.

50. A process for preparing a muitimeric ohigonucleotide of Structure 1d, 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 ¢ under

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

L-R-[rrskssss @loikiontit oS PG {Structure 1a)
¥

L-R-[Frssssns @ikt p.OH {Structure 1b)
+

YL [EAREAA @ RRFEREREERS-PG {Structure 1¢)

L-RA[FFAFRIALS @ pypdrsrdrs B S PG {Structure 1d)

whereirn:

L is a bioactive moiety that may be present or absent;

each R is mdividually a spacer group that may be present or absent;

gach FFFEEEEE 1 ndependently a single or double stranded oligonucieotide;

each ® is a covalent hnker joining adjacent ohigonucleotide subunits;

S-PG 15 a protected sulfur-containing end group, optionally a protected thiol
group, that is deproteciable under a deprotection condition;

Y 1s a reactive group selected to react with the ~R-8H group of Structure 1b to
form one of the covalent linkers & of Structure 1d;

v is an integer in the range of 1 10 9;

o and f are each individually an integer in the range of 0 io 8, selected such that o
+ 8+ 1=y and

- 46 -
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at feast one & is a sulfur-containing covalent linker ¢ that is stable under the
deprotection condition; optionally the sulfur-containing covalent linker comprises a

sulfur-containing cleavable group.

St A process for preparing a multimeric shigonucleotide of Structure 1f comprising:
deprotecting a compound of Structure 1a to form a compound of Structure 1b; and
reacting the compound of Siructure 1b with a compound of Structure 1e under

conditions selecied to form a compound of Structure 1£, as follows:

L-R-[rresses @ jgreresnes RSPG (Structure 1)

¥

L-R-[resssntn @ poennnes B QL {Structure 1b)

‘{_E******X%@}ﬁ*f\’?*}'**** {Structul’e iC)

L-R-[tsiorions @ oo {Structure 1f)

wherein:

L 15 a motety that may be present or absent and has biological activity or affimiy;

each R 18 mdividually a spacer group that may be present or absent;

each ¥F¥FEEE 16 independently a single or double stranded oligonucleotide;

cach @ 1 a covalent hinker joining adjacent chigonucieotide subunits;

S-PG g a protected sulfur-containing end group, optionally a protected thiol
group, that is deprotectable under a deprotection condition;

Y is a reactive group selected to react with the ~R-8H group of Structure 1b to
form one of the covalent linkers @ of Structure 1f;

v 1S an mteger in the range of 1 10 9,

1]
e
-3

1]
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o and (f are each individually an integer in the range of 0 to 8, selected such that o
HB 1=y,

at least one ® 15 a sulfur-containing covalent linker O that 15 stable under the
deprotection condition; optionally the sulfur-containing covalent linker comprises a

sulfur-containing cleavable group.

52. The process of claim 50 or 51, wherein the sulfur-contamning covalent linker O
comprises a cleavable group that is cleavable under a cleavage condition that is not the

deprotection condition.

33 The process of any one of claims 50 to 52, wherein at least one of the spacer groups
R that 1s present in the multimeric oligonuclectide comprises alkyl, alkyl ether, ester, aryl,
heteroarvl, heterocyclyl, alkyl-arvl, alkyl-heterocaryl, or alkyl-heterocyclyl, optionally wherein
every spacer group R that is present in the multimeric oligonucleotide comprises alkvl, alkyl ether,

ester, arvl, heteroaryl, heterocyclyl, alkyl-aryl, alkyl-heteroaryl, or alkyl-heterocyclyl.

54 The process of claim 53, wherein at least one of the spacer groups R that 13 present
in the multimeric oligonucieotide comprises Ciio alkyl, Cio alkyl ether, Croo alkyl ester, 6-10
membered aryl, 5-10 membered hetercaryl, 5-10 membered heterocyelyl, {Ciao alkyl}-{6-10
membered arvl), (Ciae alkyl}-{5-10 membered hetercaryl), or (Crao alkyD-(5-10 membered
heterocyclyl); optionally wherein every spacer group R that is present m the multimeric
oligonucleotide comprises Croalkyi, Craealkyl ether, Ciaoalkyl ester, 6-10 membered aryl, 5-10
membered hetercaryl, 5-10 membered heterocyclyl, (Cio alky)-(6-10 membered aryl), (Ciw0

alkyi}-(5-10 membered heteroaryl), or (Ciw alkyl}-(5-10 membered heterocyelyl).

55. The process of claim 34, wherem at least one of the spacer groups R that 1s present
i the multimeric oligomicleotide comprises Ca-Cio alkyl, C2-Croalkyl ether, Co-Croalkyl ester, or
Co-Ciro aryl, optionally wherein every spacer group R that is present in the multimeric

oligonucleotide comprises Cz2-Cio atkyl, C2-Cio alkyl ether, Co-Cioalkyl ester, or Ce-Croarvl.
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56. The process of claim 55, wherein at least one of the spacer groups R that is present
i the multimeric oligonucleotide comprises Ca, Uz, Cu, Cs, or Ce alkyl; optionally wherein every
spacer group R that is present in the multimeric oligonucleotide comprises Ca, (s, C4, Cs, or Cs

alkyl.

57. The process of claim 56, wherein at least one of the spacer groups R that is present
in the multimeric oligonucleotide comprises Cs alkyl; optionally wherein every spacer group R

that 1s present in the multimeric oligonucleotide comprises Cs alkyl.

58. The process of claim 353, wherein at least one of the spacer groups R that is present
in the multimeric oligonucleotide comprises 1 4-phenylene; optionally wherein every spacer group

R that is present in the multimeric oligonucleotide comprises 1,4-phenylene.

59.  The process of any one of claims 5O to 58, wherein the sulfur-containing covalent
linker O 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.

60,  The process of claim 59, wherein the protected sulfur-containing end group 5-PG

does not comprise a thiopropionate group or a disalfide group.

61, The process of claim 59 or 60, wherein at least one of the spacer groups R that is
present in the linkage comprises alkyl, alkyi ether, ester, aryl, hetercaryl, heterocyclyl, alkyl-aryl,
alkyl-heteroaryl, or alkyl-heterocyciyl; optionally wherein every spacer group Rl that is present in
the linkage comprises alkyl, alkyl ether, ester, arvl, heteroaryl, heterocyclyl, alkyl-aryl, alkyl-

heteroaryl, or alkyl-heterocyclyl

62. The process of claim 61, wherein at least one of the spacer groups R' that is present
m the linkage comprises Ci.1o altkyl, Ciaealkyl ether, Ciao alkyl ester, 6-10 membered aryl, 5-10
membered heteroaryl, 5-10 membered heterccyelyl, {Ciio alkyl}-(6-10 membered aryl), (Cro
alkv}-(5-10 membered hetercaryl), or (Ci1o alkyD-(5-10 membered heterocyclyl}, optionally

- 49 .
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wherein gvery spacer group Ry that is present in the linkage comprises Crwalkvl, Cravalkyl ether,
Crae alleyl ester, 6-10 membered arvi) 5-10 membered hetercaryl, 5-10 membered heterocyclyl,
{Ci-10 alkyl}-(6-10 membered aryly, {Cia0 alky}-(5-10 membered heteroaryl), or {Ci.10 alkyl}-(5-

10 membered heterocyclyl).

63, The process of claim 62, wherein at least one of the spacer groups R’ that is present
in the linkage comprises C2-Cro alkyl, C-Cio alkyl ether, Co-Cro alkyl ester, or Co-Cro aryl;
optionally wherein every spacer group R’ that is present in the linkage comprises C2-Cio alkyl, Ca-

Cio alkyl ether, Co-Cioalkyl ester, or Co-Croarvl.

64. The process of claim 63, wherein at least one of the spacer groups R' that is present
in the linkage comprises C2. C3, C4, Cs, or Cs alkyl; optionally wherein every spacer group R} that

15 present in the linkage comprises (2, C3, Cy, Cs, or Cs alkyl

65, The process of claim 64, wherein at least one of the spacer groups R! that is present
in the linkage comprises Cs alkyl; optionally wherein every spacer group R! that is present in the

linkage comprises Co alkyl

66. The process of claim 63, wherein at least one of the spacer groups R that is present
in the linkace comprises henviene: optionallv wherein every spacer 1 that is Dreser
in the linkage comprises 1,4-phenylene; optionally wherein every spacer group R' that is present

m the linkage comprises 1,4-phenylene.

67. The process of any one of claims 50 o 66, wherein at least one of the spacer groups
R! that is present in the linkage comprises a phosphate linking group, a phosphorothiate linking
group, a phosphonate linking group, or a dithiophosphate linking group; optionally wherein every
spacer group R! that is present in the linkage comprises a phosphate linking group, a

phosphorothioate linking group, a phosphonate linking group, or a dithiophosphate linking group.

L}
vd
<

1}
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68. The process of claim 67, wherein at least one of the spacer groups R' that is present
OH

%—O*%*O"X-%*
6]

every spacer group R that is present in the linkage comprises a linking group represented by
OH

%”O“%E’“Omx—g—
G

heteroaryl, heterocyelyl, alkyl-aryl, alkyl-hetercaryi, or alkyl-heterocyclyl.

m the linkage comprises a linking group represented by ; optionally wheremn

. wherein each X independently comprises alkyl, alkyl ether, ester, aryl,

69, The process of any one of claims 50 to 68, wherein at least one of the spacer groups
R! that is present in the linkage comprises a pyrrolidine-2, S-dione; optionally wherein every spacer

group R’ that is present in the linkage comprises a pyrrolidine-2,5-dione.

70. The process of claim 59, wherein the linkage represented by ~R'-R%-R'- is also

represented by:

—Epat 1 ta_i
RE RERE R

R \R.z’ \R1 B s
wherein:
?H ?H
%—o—-—-ﬁ----emxms—%« é-—omimo xms—%—
each R'? is independently absent, O , OF S ;
1 I
/J\ 2 "OH
5 N Ly
HT/"N;;\
each R’ is independently absent, G, or O ;

each R 15 X; and
R? is a thiopropionate or disulfide group;
wherein each X independently comprises alkyl, alkyl ether, ester, aryl, heteroaryl,

heterocyelyl, alkyl-aryl, alkyl-heteroaryl, or alkyl-heterocyclyl.

L}
.4
Pt

1}
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71 The process of claim 70, wherein each X independently comprises Craoalkyl, Cu
walkyl ether, Craoalkyi ester, 6-10 membered aryl, 5-10 membered hetercaryl, 5-10 membered
heterocyclyl, (Crioalkyl)-{6-10 membered aryl), {Craoalkyl)-(5-10 membered hetercaryl), or {C1.

10 alky H-(5-10 membered heterccyelvl).

72. The process of claim 71, wherein each X independently comprises {2-Cro alkyl,

Ca-Croalkyl ether, Ca-Cioalkyl ester, or Co-Croaryl

73. The process of claim 71, wherein each X independently comprises Ca, Cs, Cs, Cs,
or Ce atkyl

74 The process of claim 73, wheremn each X comprises Ce alkyl

75. The process of claim 72, wherein each X comprises 1, 4-phenylene.

76, The process of claim 70, wherein the linkage represented by —R'-R%-R'- comprises

4
% O or a ring-opened dertvative thereof
77. The process of claim 70, wherein the linkage represented by ~RL-RER™.- s
8]
?H S O
) 1 |
%J[a-9~®~(on>m-+ms s%{cw%rcbp—o
i fm1 N—(CHp)om8m8—{CH, ), —N i m1
O O
i
G 0]

or a ring-opened dertvative thereof, wherein m and m1 are each individually an

mteger i the range of 1 to 10.

L}
4
]

1}
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78 The process of any one of claims 50 to 77, wherein the protected sulfur-containing
end group comprises a protecting group selected from optionally subsiituted alkyl optionally
substituted atkoxyalkyl, optionally substituted triatkylsilyl, optionally substituted arylatkylsiiyl,

optionally substituted aryl, optionally substituted benzyl, optionally substituted acyl and optionally

substituted benzoyl.

79 The process of any one of claims 50 to 77, wherein the protected sulfur-containing
end group comprises a protecting group PG selected from trityl, methoxyinityl, dimethoxytrityl,

methylmethoxy, trissopropylsilyl, dinitrophenyl, nitrophenyl, acetyl and benzoyl.

8. The process of any one of claims 30-79, wherein v is an integer in the range of 2 to
6.
81.  The process of any one of claims 30 to 80, wherein at least two subunitg s

are substantially different.

§2. The process of any one of claims 50 to &1, wherein the multimeric oligonucleotide
comprises from 3 to 10 subunits subunits FFFREREE antionally, wherein the multimeric

oligonucleotide comprises 3, 4, S or & subunty FFFFFEEE

83.  The process of any one of claims 50 to 82, wherein each nucleic acid strand within

a subupit ¥FEFFERE 4 $.30 15-30, 17-27, 19-26, or 20-25 nucleotides in length.

84.  The process of any one of claims 50 to 83, wherein one or more subunifg ¥####ses

are a double-stranded RNA.

&s. The process of any one of claims 50 to 84, wherein one or more subunitg *Hxsxks

are a single-stranded RNA.

86.  The process of any one of claims 50 to 85, wherein the subunits #*¥*¥¥%¥ comprise

a combination of single-stranded and double-stranded oligonucieotides.

>4
a3
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89. The process of claim 88, wherein each subunit *¥*¥#%%% 15 3 double-stranded
siRNA.
90 The process of any of claims 50 to 89, wherein 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 0.

91 The process of claim 90, wherem the cleavable covalent linker CL: comprises an
acid cleavable bond, a reductant cleavable bond, a bio-cleavable bond, or an enzyme cleavable

bond.

92 The process of claim 90 or 91, wherein the cleavable covalent hinker CL 15

cleavable under iniracellular conditions.

a3, The process of any one of claims 530 to 92, wherein L comprises a targeting ligand.
94 The process of claim 93, wherein the targeting ligand comprises an aptamer, N-

Acetyigalactosamine (GalNAc), folate, lipid, cholesterol, or transfernin,

9s. The process of any one of claims 50 to 92, wherein L comprises an endosomal

escape moiety.
96. The process of claim 95, wherein the endosomal escape moiety 1s a membrane

disrupting, altering, or destabilizing peptide, lipid, polyvmer, or small molecule.
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97.  The process of any one of claims 50 to 96, wherein L comprises a detectable label.
98. The process of any one of claims 50 to 97, wherein Y 13 a reactive group represented
O
s{-mw FL o%@
= )
| R 7R O R T W
: O
O or a ting-opened derivative thereof,

wherein each R® is independently Cr.io alkylene or Cr.o alkyleneoxy; R? is a thiopropionate or
disulfide group; m 1s an integer in the range of 1 to 10; and m1 is an integer 1 the range of 1 to

10.

Q9. The process of clam 98, wherein Y 15 a reactive group represented by
O G
s{»(cm}m‘o@—o«}—%
N~{CH3)p—8~E~(CHp)o~N {ié m1
4 , o
0 a , or a rng-opened dernvative
thereof.

106, A multi-conjugate comprising a plurality of subunits ###F%%%%% 1gined to one
another by one or more covalent linkers &, wherein the multi-conjugate comprises Structure 3:

A]__********3’@******$*‘iq$*****$**_(}

l
&> &3 A {Structure 3)

wherein:

each of the subunits ¥#*¥%%%%¥ 19 independently a bicactive moiety;

at least one covalent linker # is a sulfur-containing covalent linker 0, optionally
the sulfur-containing covalent linker O comprises a sulfur-containing cleavable group ;

each of &1, &, &3 and 44 is a group that is independently absent or comprises
a functional moiety joined to a subunit and, optionally, a spacer group joining the

functional moiety to the subunit;

L}
4
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(3 is a group that comprises a sulfur-containing end group, and optionally a spacer
group joining Q to the subunit; and

1 is an integer greater than or equal to zero; optionally n is an integer in the range
of 0 to 10; optionally n is an integer in the range of 0 to 10; optionally n 15 an integer in

the range of 1 t0 4; optionally, nis 1,2, 3or 4.

101, The multi-conjugate of claim 100, wherein at least one of the subumig FF#F#wwR

present in Structure 3 15 not an oligonucleotide.

102, The multi-conjugate of claim 100 or 101, wherein at least one of the subunits

FAREREEEE present in Structure 3 comprises an oligopeptide or a protein.

193, The multi-conjugate of any one of claims 100 to 102, wherein at least one functional

motety 1s present.

104, The multi-conjugate of claim 103, wherein the at least one functional rooiety that

15 present 1s a targeting higand.

105, The multi-conjugate of claim 103 or 104, wherein the at least one functional moiety

that 15 present is a detectable label; optionally, the deteciable label 1s a dye.

106.  The multi-conjugate of any one of claims 100 1o 105, wheren:
the sulfur-contaming end group Q comprises a protected sulfur-containing end
group that 15 deprotectable under a deprotection condition; and

the sulfur-containing covalent linker ¢ 13 stable under the deprotection condition.

107, The multi-conjugate of any of claims 100 to 106, wherein the sulfur-containing
covalent linker O comprises a cleavable group that is cleavable under a cleavage condition that ig

not the deprotection condition.

L}
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108,  The multi-conjugate of any one of claims 100 to 107, wherein the sulfur-contaiming

end group (J comprises a protected thiol group.
109, The multi-conjugate of claim 108, wherein &2, &3, and &4 are absent.

110, The multi-conjugate of any one of claims 100 to 109, wherein at least one covalent
iinker @ comprises Structure 4:
~R1-R2-A-R3-A-R2-Rl- (Structure 5}

wherein:

each R1 is independently a group comprising phosphodiester, thiophosphodiester,
sulfate, amide, triazole, hetercaryl, ester, ether, thioether, disulfide, thiopropionate,
acetal, glycol, or is absent;

each R2 is independently a spacer group, or is absent;

each A 1s independently the reaction product of a nucleophile and an electrophile;
and

R3 is a group comprising a C2-C10 alkyl, C2-C10 alkoxy, C1-C10 aryl, amide,
C2-C10 alkyldithio, ether, thioether, ester, oligonucleotide, oligopeptide, thiopropionate,

or disulfide.
111 The multi-conjugate of ¢laim 110, wherein each A is the same.

112, Themulii-conjugate of ¢laim 111, wherein R3 comprises a sulfur-containing group;
optionally, R3 comprises a sulfur-containing cleavable group mcluding Cz-Cro alkyldithio,

thioether, thiopropionate, or disulfide.

113, A process for preparing a multi-conjugate of Structure 6d comprising:
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 64, as follows:

A“i**wx‘FXXK@}a*xxxxx#*nQ (Structurf: 6&)

L}
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A L[ERERRRRR g SRRk R AR SH {Structure 6b)
|
A A&
._I._
\lr“E*****)ﬁ**@E{;******A*“Q (Stl”uciul‘e 6C)
ry E A
¥
A,i’**‘k**\k"“"@}YAAA*ZKZK**KQ (Stfllctui‘e Gd‘)
A A
wherein:

sach # 1s a covalent linker;

at least one covalent Hoker @ is a sulfur-containing covalent linker ¢, optionally
the sulfur-containing covalent linker ¢ comprises a sulfur-containing cleavable group;

each &is independently a group that is absent or comprises a functional moiety
joined to a subunit and, optionally, 8 spacer group joining the functional moiety to the
subunit;

15 a group that comprises a sulfur-containing end group, and optionally a spacer
group joining (o 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 {0 9;

o and ff are each individually an integer in the range of 0 to 8, selected such that o

+ 53 4+ 1 = y.

114, A process for preparing & multi-conjugate of Structure 6f comprising:

s

8.
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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 6e under

conditions selected to form a compound of Structure 6f) as follows:

A [ | R R () {Structure 6a)
| |
A A
A R g R QT (Structure 6b)
| l
A &
+
Y__[*vkvkv}::,hk;k*g}i&**:k:kak***_& (Structure 61;5}
| i
A A
A [HERRRRR g kR {Structure 6f)
l |
A A
wheren:

each of the subunitg ¥*¥¥#%%% yq independently a bioactive moiety;

each @ is a covalent linker;

at feast one covalent linker & is a sulfur-containing covalent linker ¢, opticnally
the sulfur-coniaining covalent linker ¢ comprises a sulfur-containing cleavable group;

each & is independently a group that is absent or comprises a functional moiety
and, optionally, a spacer group joining the functional motety to the subunit;

(3 1s a group that comprises a sulfur-containing end group, and optionally a

spacer group joining Q to the subunit;

L}
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Y is a reactive group selected to react with the ~R-8H group of Structure 4b to
form one of the covalent linkers e of Structure 6f)

v is an integer in the range of 1 10 9,

o and P are each individually an integer in the range of 0 to 7, selected such that o

-+ 53 4+ § = 7.

115, A method of treating a disease or condition in a subject comprising the step of
administering to the subject an effective amount of a pharmaceutical composition comprising a

multimeric oligonucleotide prepared by the process of claim 51.

116, A method of treating a disease or condition in a subject comprising the step of
administering to the subject an effective amount of a pharmaceutical composition comprising a

multi-conjugate prepared by the process of claim 114,

117, A composttion comprising a multimeric oligonucleotide prepared by the process of

claim S1 and a pharmaceutically acceptable excipient,

118 A composition comprising a mubti-conjugate prepared by the process of claim 114

and a pharmaceutically acceptable excipient.

119 A composition comprising a multimeric oligonucleotide prepared by the process of

claim 51 for use mn the manufacture of a medicament,

126, A composition comprising a multi-conjugate prepared by the process of claim 114

for use m the manufacture of a medicament.

121. A method of modulating activity of a target gene in a cell, the method comprising
contacting the cell with a multimeric oligonucleotide prepared by the process of claim 51 and
marntaining the cell under conditions in which the multimeric oligonucleotide enters the cell and

the activity of the target genes 1s modulated.
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122, A method of observing the activity of a biocactive moiety in a cell, the method
comprising contacting the cell with a multi-conjugate prepared by the process of claim 114 and
maintaining the cell under conditions in which the conjugate enters the cell and the activity of the

bioactive molety is observed.

123.  The process of claim 113 or 114, wherem:
the sulfur-containing end group Q comprises a protected sulfur-containing end
group that 1s deprotectable under a deprotection condition; and

the sulfur-containing covalent linker O 1s stable under the deprotection condition.

124, The process of claim 123, wherein the sulfur-containing covalent linker ¢
comprises a cleavable group that is cleavable under a cleavage condition that s not the

deprotection condition.

125, The process of any one of clazms 113, 114 123 or 124, wherem the sulfur-

containing end group Q comprises a protected thiol group.

126.  The process of claim 125, wherein the multi-conjugate comprises from 3 to 10

subunits MFEFEEEE ontionally, wherein the wulti-conjugate comprises 3, 4, 5 or 6 subunits

>
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