WO 2025/187713 PCT/JP2025/007821

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

Description
Title of Invention: POLYNUCLEOTIDE

AND PRODUCING METHOD THEREOF
Technical Field

The present disclosure generally relates to a polynucleotide and a producing method
thereof.
Background Art

As nucleic acid drugs, antisense oligonucleotides, decoy nucleic acids, ribozymes,
aptamers, sSiRNA, miRNA, messenger RNA (mRNA), and the like are known. Among
them, nucleic acid drugs containing mRNA can be used for prevention and treatment
of diseases by causing the biosynthesis of the protein encoded by the mRNA in vivo
(in a body) of a subject to be administered.

Since nucleic acids such as mRNA are easily degraded by nucleases and the like
in living organisms, and their stability in vivo is low, there is a problem that the con-
centration of mRNA administered to a subject rapidly decreases in vivo. Such a rapid
decrease in the concentration of mRNA in vivo can cause a reduction in medical
efficacy or its duration. Therefore, research aimed at improving the stability of nucleic
acids such as mRNA in vivo is being conducted.

Regarding an improvement of the stability of nucleic acids such as mRNA in vivo,
for example, Patent Literature 1 discloses an invention characterized by a polynu-
cleotide that encodes a polypeptide containing a 3’-stabilizing region and has improved
stability compared to a wild-type polynucleotide. Additionally, for example, Non-
Patent Literature 1 discloses an approach aimed at enabling site-specific, robust, and
modular chemical modification for high-efficiency and stable protein expression. This
approach involves binding a synthetic oligonucleotide with a specific structure to the
3’-end of mRNA that comprises a template-encoded poly(A) tail.
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[0007]  The present disclosure relates to a polynucleotide with improved stability in vivo (in

a body). Furthermore, the present disclosure also relates to a producing method of such

a polynucleotide and a method of improving the stability of a polynucleotide in vivo.

Solution to Problem

[0008]  The present inventors have found that the stability of a polynucleotide such as

mRNA in vivo can be enhanced by introducing an oligonucleotide or its derivative

with a specific structure to the 3’-end of the polynucleotide.
[0009]  The present disclosure relates, for example, to the following:

[1] A polynucleotide represented by the following formula (I):

X-Y ..(I)

, wherein Y is represented by the following formula (II-A):
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, the following formula (III):
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2 0
_ 0

s (T A

s {111



WO 2025/187713 PCT/IP2025/007821
[Chem.3]
__R1 OH - g S -
il OH
wt Q- P— O Qm,g~o/_\_/
‘ |

. O m R®
- —n s e (1)
, or the following formula (V):
[Chem.4]
- —- g _
_ : - ymot—tp-N D i
OH z RS Ay 9
RA_S 0 % ’
i “O*WP*N O
ui“G P"'O 513
Z1 {5, i QTS
% aaal el kaaa. o
|0
on Om Wit x 0 e (W)

, wherein

the wavy line represents a bond to X,

R',R", and R’ each independently represent a nucleobase, wherein if Y has two or
more R', then each of the two or more R' may independently represent a nucleobase;
wherein if Y has two or more R", then each of the two or more R'* may independently
represent a nucleobase; and wherein if Y has two or more R?, then each of the two or
more R’ may independently represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'’-, wherein R"” represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (II-A) or formula (IV),

R* represents H or, together with R?, represents the group represented by -O-R'"’-,

R’ represents O, S, BH;, Se’, or dialkylamino,
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R® represents O, S, or Se,

R’ represents H or a group represented by R''-C(=0)-, wherein R"' represents an alkyl,
Z', 7" and Z* each independently represent O, S, Se, NR'?, or CR”R", wherein R"?,
R", and R" each independently represent an alkyl or alkenyl,

Jj represents an integer of 1 to 10,

m and n each independently represent an integer of 1 to 50,

and r represents an integer of O to 20,

wherein X is a polynucleotide comprising a 5’-cap structure at the 5’-end and of which
a hydroxyl group bonded to the 3’-carbon of a nucleoside present at the 3’-end forms a
phosphodiester bond together with the terminal of Y.

[2] A polynucleotide represented by the following formula (I):

X-Y ..(D)
, wherein Y is represented by the following formula (II):
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, the following formula (IV):
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, wherein

the wavy line represents a bond to X,

R',R", and R’ each independently represent a nucleobase, wherein if Y has two or
more R', then each of the two or more R' may independently represent a nucleobase;
wherein if Y has two or more R", then each of the two or more R'* may independently
represent a nucleobase; and wherein if Y has two or more R?, then each of the two or
more R’ may independently represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'’-, wherein R"” represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (II) or formula (IV),

R* represents H or, together with R?, represents the group represented by -O-R'"’-,

R’ represents O, S, BH;, Se’, or dialkylamino,
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R® represents O, S, or Se,
R’ represents H or a group represented by R''-C(=0)-, wherein R"' represents an alkyl,
Z', 7" and Z* each independently represent O, S, Se, NR'?, or CR”R", wherein R"?,
R", and R" each independently represent an alkyl or alkenyl,
m and n each independently represent an integer of 1 to 50,
and r represents an integer of O to 20,
wherein X is a polynucleotide comprising a 5’-cap structure at the 5’-end and of which
a hydroxyl group bonded to the 3’-carbon of a nucleoside present at the 3’-end forms a
phosphodiester bond together with the terminal of Y,
wherein the polynucleotide may be the polynucleotide according to [1].
[3] The polynucleotide according to [1] or [2], wherein Y is represented by the
following formula (IT'-A):

[Chem.9]

g

, wherein

the wavy line represents a bond to X,

R' and R’ each independently represent a nucleobase, wherein if Y has two or more
R', then each of the two or more R' may independently represent a nucleobase; and
wherein if Y has two or more R’, then each of the two or more R* may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'-, wherein R'’ represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (I-A),

R* represents H or, together with R”, represents the group represented by -O-R'’-,

R’ represents O, S, BH;, Se’, or dialkylamino,
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R® represents O, S, or Se,

Z' and Z’ each independently represent O, S, Se, NR", or CR”R", wherein R"*, R"”,
and R'* each independently represent an alkyl or alkenyl,

Jj represents an integer of 1 to 10,

and m and n each independently represent an integer of 1 to 50.

[4] The polynucleotide according to any one of [1] to [3], wherein Y is represented by

the following formula (II'):
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, wherein

the wavy line represents a bond to X,

R' and R? each independently represent a nucleobase, wherein if Y has two or more
R', then each of the two or more R' may independently represent a nucleobase; and
wherein if Y has two or more R’, then each of the two or more R* may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'-, wherein R'’ represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (IT'),

R* represents H or, together with R®, represents the group represented by -O-R"’-,

R’ represents O, S, BH;', Se’, or dialkylamino,

R® represents O, S, or Se,

Z' and Z* each independently represent O, S, Se, NR'?, or CR"R", wherein R">, R",
and R"* each independently represent an alkyl or alkenyl,

and m and n each independently represent an integer of 1 to 50.
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[4-1] The polynucleotide according to [1] or [2], wherein Y is represented by the
following formula (II'-AX):

[Chem.11]
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, wherein

the wavy line represents a bond to X,

R' and R” each independently represent a nucleobase, wherein if Y has two or more
R', then each of the two or more R' may independently represent a nucleobase; and
wherein if Y has two or more R’, then each of the two or more R* may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'-, wherein R'” represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (II-AX),

R* represents H or, together with R’, represents the group represented by -O-R'"’-,
R’ represents O, S, BH;, Se’, or dialkylamino,

R® represents O, S, or Se,

Z' and Z* each independently represent O, S, Se, NR", or CR"R", wherein R"?, R",
and R" each independently represent an alkyl or alkenyl,

Jj represents an integer of 1 to 10,

and m and n each independently represent an integer of 1 to 50.

[4-2] The polynucleotide according to [1], [2] or [4-1], wherein Y is represented by
the following formula (II'-X):
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[Chem.12]

é__

, wherein

the wavy line represents a bond to X,

R' and R’ each independently represent a nucleobase, wherein if Y has two or more
R', then each of the two or more R' may independently represent a nucleobase; and
wherein if Y has two or more R?, then each of the two or more R* may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'-, wherein R'’ represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R’ is bonded in formula (II-X),

R’ represents H or, together with R?, represents the group represented by -O-R"’-,

R’ represents O, S, BH;', Se’, or dialkylamino,

R® represents O, S, or Se,

7' and Z* each independently represent O, S, Se, NR", or CR"R", wherein R"*, R",
and R'* each independently represent an alkyl or alkenyl,

and m and n each independently represent an integer of 1 to 50.

[5] The polynucleotide according to any one of [1] to [4-2], wherein the nucleobase is
thymine, uracil, cytosine, adenine, guanine, S-methylcytosine, 6-methyladenine, 6-ben-
zyladenine, 1-methyluracil, 5-hydroxymethylcytosine, 2-thiouracil, or hypoxanthine.
[6] The polynucleotide according to any one of [1] to [5], wherein the nucleobase is
thymine, uracil, cytosine, adenine, guanine, or 5-methylcytosine.

[7] The polynucleotide according to any one of [1] to [6], wherein R' is adenine,
guanine, cytosine, thymine, or uracil, and R’is thymine, uracil, cytosine, adenine,

guanine, or 5-methylcytosine.
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[8] The polynucleotide according to any one of [1] to [7], wherein R' is adenine,
cytosine, or uracil, and R’ is thymine, uracil, cytosine, adenine, guanine, or 5-methyl-
cytosine.

[9] The polynucleotide according to any one of [1] to [8], wherein R' is adenine, and
R’ is thymine, uracil, cytosine, adenine, guanine, or 5-methylcytosine.

[10] The polynucleotide according to any one of [1] to [9], wherein R’ is adenine, and
R’ is thymine.

[11] The polynucleotide according to any one of [1] to [10], wherein R’ represents a
group obtained by removing one hydrogen atom from a hydroxyl group of a linear or
cyclic oligoalkylene glycol having 1 to 40 carbon atoms and 1 to 10 oxygen atoms,

a group in which one hydrogen atom on a carbon atom of a cyclic ether having 1 to

40 carbon atoms and 1 to 10 oxygen atoms is replaced by an oxygen atom, a C;-Cs
alkoxy, an optionally substituted benzyloxy, a halogen, a hydroxy, a C,-Cy, alkenyl, or
a C,-C,p alkyl; or together with R?, represents a group represented by -O-R'’-, wherein
R" represents a C;-C; alkylene, and wherein the oxygen atom in the group forms a
single bond with the carbon atom to which R’ is bonded in formula (II-A), formula (II'-
A), formula (II'-AX), formula (II), formula (II'), formula (II'-X), or formula (IV).

[12] The polynucleotide according to any one of [1] to [11], wherein R? represents a
group obtained by removing one hydrogen atom from a hydroxyl group of a linear or
cyclic oligoalkylene glycol having 1 to 15 carbon atoms and 1 to 10 oxygen atoms,

a group in which one hydrogen atom on a carbon atom of a cyclic ether having 1 to

15 carbon atoms and 1 to 10 oxygen atoms is replaced by an oxygen atom, a C;-Cy
alkoxy, a benzyloxy, fluoro, a C,-C alkenyl, or a C;-C), alkyl, and R* represents H.
[13] The polynucleotide according to any one of [1] to [12], wherein R? represents a
group represented by CH;-(O-CH,-CH,-),0- or (CH;0(-CH,-CH,-O-),,CH,-),CH-O-,
in which p represents an integer of 1 to 2 and w represents an integer of 0 to 2; a group
in which one hydrogen atom on a carbon atom of tetrahydrofuran or tetrahydropyran is
replaced by an oxygen atom; a C;-C¢ alkoxy; a benzyloxy; a C,-Cs alkenyl; or a C,-Cs
alkyl, and R* represents H.

[14] The polynucleotide according to any one of [1] to [13], wherein R? is selected
from the group consisting of methoxy-ethyleneoxy, methoxy, a benzyloxy, allyl, and a

group represented by the following formulas:
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[Chem.13]
0{’
g |
5 's) 0 O
N A A
¢ M 3 Y
ot - T, Sy,

and R” represents H.

[15] The polynucleotide according to any one of [1] to [14], wherein R? represents
methoxy-ethyleneoxy, and R” represents H.

[16] The polynucleotide according to any one of [1] to [15], wherein R’ represents O'.
[17] The polynucleotide according to any one of [1] to [16], wherein R¢ represents O.
[18] The polynucleotide according to any one of [1] to [17], wherein R’ is O or S,
and R’ is O.

[19] The polynucleotide according to any one of [1] to [18], wherein R’ represents O,
and R°® represents O.

[20] The polynucleotide according to any one of [1] to [19], wherein Z' and 7?
represent O.

[21] The polynucleotide according to any one of [1] to [20], wherein n represents an
integerof 1t020,1to15,1t010,1to7,1t05,1to4,1to3,0r1to2.

[22] The polynucleotide according to any one of [1] to [21], wherein n represents 1 or
2.

[23] The polynucleotide according to any one of [1] to [22], wherein n represents 1.
[24] The polynucleotide according to any one of [1] to [23], wherein j represents 1 or
2.

[25] The polynucleotide according to any one of [1] to [24], wherein j represents 1.
[26] The polynucleotide according to any one of [1] to [25], wherein Y is represented

by the following formula (VI):
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, wherein the wavy line represents a bond to X, and m represents an integer of 1 to 20.
[27] The polynucleotide according to any one of [1] to [26], wherein X has a
polyadenyl region at the 3’-end.
[28] The polynucleotide according to any one of [1] to [27], wherein X is a polyri-
bonucleotide comprising a 5’-cap structure at the 5’-end and of which a hydroxyl group
bonded to the 3’-carbon of a nucleoside present at the 3’-end forms a phosphodiester
bond together with the terminal of Y.
[29] The polynucleotide according to any one of [1] to [28], wherein X is a polyri-
bonucleotide comprising a 5’-cap structure at the 5’-end and a polyadenyl region at the
3’-end, and of which a hydroxyl group bonded to the 3’-carbon of a nucleoside present
at the 3’-end forms a phosphodiester bond together with the terminal of Y.
[30] A composition comprising the polynucleotide according to any one of [1] to [29].
[31] A producing method of the polynucleotide according to any one of [1] to [29].
[32] A producing method of the polynucleotide according to any one of [1] to [29],
comprising contacting a polynucleotide represented by the following formula (VII):
X-OH ... (VID
, wherein X is the same as X in formula (I), and OH represents a hydroxyl group
bonded to the 3’-carbon of a nucleoside present at the 3’-end of X,
with an oligonucleotide represented by the following formula (VIII-A):

[Chem.15]
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, the following formula (IX):
[Chem.16]

SRS &

, the following formula (X):
[Chem.17]
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, or the following formula (XI):
[Chem.18]

e e (X 1)
, wherein

R'toR’,R"™ Z',Z", 7%, j, m, n, and r are the same as those in formula (II-A), formula
(III), formula (VI), or formula (V),

R" represents O or a group obtained by removing one hydrogen atom from a

hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine,

and k represents an integer of O to 2,

in the presence of RNA ligase or poly(A) polymerase to obtain the polynucleotide rep-
resented by formula (I)

wherein the producing method may be the producing method according to [31].
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[33] A producing method of the polynucleotide according to any one of [2] to [29],
comprising contacting a polynucleotide represented by the following formula (VII):
X-OH ... (VID

, wherein X is the same as X in formula (I), and OH represents a hydroxyl group
bonded to the 3’-carbon of a nucleoside present at the 3’-end of X,

with an oligonucleotide represented by the following formula (VIII):

[Chem.19]
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WO 2025/187713 PCT/IP2025/007821
[Chem.22]
R &
B b N
R '
= Y
Y
fN\
i 0

X
, wherein
R'toR’,R" Z!, Z", Z* m, n, and r are the same as those in formula (II), formula (IIT),
formula (VI), or formula (V),
R" represents O or a group obtained by removing one hydrogen atom from a
hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine,
and k represents an integer of 0 to 2,
in the presence of RNA ligase or poly(A) polymerase to obtain the polynucleotide rep-
resented by formula (1),
wherein the producing method may be the producing method according to [31] or
[32].
[34] A producing method of the polynucleotide according to any one of [3] to [4]
and [5] to [29], comprising contacting a polynucleotide represented by the following
formula (VII):
X-OH ... (VID)
, wherein X is the same as X in formula (1), and OH represents a hydroxyl group
bonded to the 3’-carbon of a nucleoside present at the 3’-end of X,
with an oligonucleotide represented by the following formula (VIII'-A):

[Chem.23]

]
R ;F;»G
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, wherein

R'toR®, 7!, 72, j» m, and n are the same as those in formula (IT'-A),

R" represents O or a group obtained by removing one hydrogen atom from a
hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine,

and k represents an integer of 0 to 2,
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in the presence of RNA ligase or poly(A) polymerase to obtain the polynucleotide rep-
resented by formula (1),
wherein the producing method may be the producing method according to any one of
[31] to [33].
[35] A producing method of the polynucleotide according to any one of [4] and [5]
to [29], comprising contacting a polynucleotide represented by the following formula
(VID:
X-OH ... (VID)
, wherein X is the same as X in formula (1), and OH represents a hydroxyl group
bonded to the 3’-carbon of a nucleoside present at the 3’-end of X,
with an oligonucleotide represented by the following formula (VIII'):

[Chem.24]

i
R1®—-p=0-

)

eV N
, wherein

R'toR®, Z', 7%, m, and n are the same as those in formula 1),

R" represents O or a group obtained by removing one hydrogen atom from a
hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine,

and k represents an integer of 0 to 2,

in the presence of RNA ligase or poly(A) polymerase to obtain the polynucleotide rep-
resented by formula (1),

wherein the producing method may be the producing method according to any one of
[31] to [34].

[35-1] A producing method of the polynucleotide according to any one of [4-1] to
[29], comprising contacting a polynucleotide represented by the following formula
(VID:

X-OH ... (VID)

, wherein X is the same as X in formula (1), and OH represents a hydroxyl group
bonded to the 3’-carbon of a nucleoside present at the 3’-end of X,

with an oligonucleotide represented by the following formula (VIII'-AX):
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[Chem.25]

]

| s s VT =-AX)
, wherein
R'toR®, 7!, 72, j» m, and n are the same as those in formula (IT'-AX),
R" represents O or a group obtained by removing one hydrogen atom from a
hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine,
and k represents an integer of 0 to 2,
in the presence of RNA ligase or poly(A) polymerase to obtain the polynucleotide rep-
resented by formula (1),
wherein the producing method may be the producing method according to any one of
[31] to [33].
[35-2] A producing method of the polynucleotide according to any one of [4-2] to
[29], comprising contacting a polynucleotide represented by the following formula
(VII):
X-OH ... (VID
, wherein X is the same as X in formula (I), and OH represents a hydroxyl group
bonded to the 3’-carbon of a nucleoside present at the 3’-end of X,
with an oligonucleotide represented by the following formula (VIII'-X):

[Chem.26]

T
P
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, wherein
R'toR%, Z', Z?, m, and n are the same as those in formula (II'-X),
R" represents O or a group obtained by removing one hydrogen atom from a

hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine,

and k represents an integer of 0 to 2,
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in the presence of RNA ligase or poly(A) polymerase to obtain the polynucleotide rep-
resented by formula (1),

wherein the producing method may be the producing method according to any one of
[31] to [33] and [35-1].

[36] A producing method of the polynucleotide according to any one of [22] to [29],
comprising contacting a polynucleotide represented by the following formula (VII):
X-OH ... (VID

, wherein X is the same as X in formula (I), and OH represents a hydroxyl group
bonded to the 3’-carbon of a nucleoside present at the 3’-end of X,

with an oligonucleotide represented by the following formula (XII):

[Chem.27]
O
~ - O
HoN, N <\ A\(
2 S OH o
N/ NNy F 9 “\\NW\/NH
Nz & ~mfo~—-g~_~o WL
O ] 'e) §
Fo N M P “ou
. J 1.
8] kL o ~m < (X110
, wherein

m is the same as those in formula (VI),

and k represents an integer of 0 to 2,

in the presence of RNA ligase or poly(A) polymerase to obtain the polynucleotide rep-
resented by formula (1),

wherein the producing method may be the producing method according to any one of
[31] to [35].

[37] The producing method according to any one of [31] to [36], wherein m represents
an integerof 1t020, 1to 15, 1to 12, 1t0 10, 1t09,1to 8, 1 to7,1to 6, 1to 5, 1 to 4,
l1to3,or1to?2.

[38] The producing method according to any one of [31] to [37], wherein the RNA
ligase or poly(A) polymerase is RNA ligase.

[39] An oligonucleotide represented by the following formula (VIII-A):
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[Chem.28]

[ 2 ] H
R i'l’ O
‘. o j;: .
= SPoooovini-ay
, the following formula (IX):
[Chem.29]
- ooH ] T R3]
R‘I g ;;%6 0
a8 2
1 !“O (i\oﬁ
RS s o 14
O O
15 1] i
R FE’“O “F"“C}
o ki O ~m L - s (1 X)
, the following formula (X):
[Chem.30]
7 /M
3 O—8~0
~3
- - ~ )

, or the following formula (XI):

[Chem.31]
\
NH
O
SRS
VY
AN

R’tﬁ.“

c e {X 1)

, wherein
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R', R™ and R’ each independently represent a nucleobase, wherein if Y has two or
more R', then each of the two or more R' may independently represent a nucleobase;
wherein if Y has two or more R", then each of the two or more R" may independently
represent a nucleobase; and wherein if Y has two or more R’, then each of the two or
more R’ may independently represent a nucleobase,
R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'’-, wherein R'’ represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (VIII-A) or formula (X),
R* represents H or, together with R®, represents the group represented by -O-R"’-,
R’ represents O, S, BH;', Se’, or dialkylamino,
R® represents O, S, or Se,
R’ represents H or a group represented by R''-C(=0)-, wherein R"' represents an alkyl,
R" represents O or a group obtained by removing one hydrogen atom from a
hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine,
7', 7" and Z* each independently represent O, S, Se, NR', or CR”R", wherein R"?,
R", and R" each independently represent an alkyl or alkenyl,
Jj represents an integer of 1 to 10,
k represents an integer of O to 2,
m and n each independently represent an integer of 1 to 50,
and r represents an integer of 0 to 20.
[40] An oligonucleotide represented by the following formula (VIII):

[Chem.32]

 OH R?
RA\A R® R
) <
71 G g;O 72
18 2 R 2ot
R'$-t—P-0 wéwo
o kL O dm L n

, the following formula (IX):

- o (VT
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[Chem.33]
i oH | [ RS
u!llO D,
0 R®
R“i 5
LA L 0

, the following formula (X):
[Chem.34]

, or the following formula (XD):

[Chem.35]
\
- MH
2
BN Q
LN
PN
o n
RISl
] (X1
, wherein

R',R", and R’ each independently represent a nucleobase, wherein if Y has two or
more R', then each of the two or more R' may independently represent a nucleobase;
wherein if Y has two or more R", then each of the two or more R" may independently
represent a nucleobase; and wherein if Y has two or more R”, then each of the two or
more R’ may independently represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an

optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
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together with R*, represents a group represented by -O-R'-, wherein R'’ represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R? is bonded in formula (VIII) or formula (X),

R* represents H or, together with R?, represents the group represented by -O-R'’-,

R’ represents O, S, BH;', Se’, or dialkylamino,

R® represents O, S, or Se,

R’ represents H or a group represented by R''-C(=0)-, wherein R"' represents an alkyl,
R" represents O or a group obtained by removing one hydrogen atom from a
hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine,

Z',7", and Z* each independently represent O, S, Se, NR"?, or CR"R", wherein R",
R", and R" each independently represent an alkyl or alkenyl,

k represents an integer of O to 2,

m and n each independently represent an integer of 1 to 50,

and r represents an integer of 0 to 20,

wherein the oligonucleotide may be the oligonucleotide according to [39].

[41] An oligonucleotide represented by the following formula (VIII'-A):

[Chem.36]
- on ]
R F
z’} 'c(!ﬂQ
o} ] Q o
i i H
RSP0 p—C
o ji\ . QO dm L s
= 1Ly ~A)
, wherein

R' and R? each independently represent a nucleobase, wherein if Y has two or more
R', then each of the two or more R' may independently represent a nucleobase; and
wherein if Y has two or more R’, then each of the two or more R® may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'-, wherein R'’ represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (VIII-A),

R* represents H or, together with R®, represents the group represented by -O-R"’-,
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R’ represents O, S, BHy, Se, or dialkylamino,

R® represents O, S, or Se,

R" represents O or a group obtained by removing one hydrogen atom from a
hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine,

Z' and Z’ each independently represent O, S, Se, NR", or CR”R", wherein R'?, R"”,
and R'"* each independently represent an alkyl or alkenyl,

Jj represents an integer of 1 to 10,

k represents an integer of O to 2,

and m and n each independently represent an integer of 1 to 50,

wherein the oligonucleotide may be the oligonucleotide according to [39] or [40].

[42] An oligonucleotide represented by the following formula (VIII'):

[Chem.37]
R2 N
3
“‘\\
ZZ
18 i =0~ 1-H
R F;--O
» n
© 4K - ce VI LY
, wherein

R' and R? each independently represent a nucleobase, wherein if Y has two or more
R', then each of the two or more R' may independently represent a nucleobase; and
wherein if Y has two or more R?, then each of the two or more R* may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'-, wherein R'’ represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R’ is bonded in formula (VIII"),

R* represents H or, together with R?, represents the group represented by -O-R"-,

R’ represents O, S, BH;, Se’, or dialkylamino,

R® represents O, S, or Se,

R" represents O or a group obtained by removing one hydrogen atom from a

hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine,
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7' and Z each independently represent O, S, Se, NR'?, or CR"R", wherein R">, R,
and R" each independently represent an alkyl or alkenyl,

k represents an integer of O to 2,

and m and n each independently represent an integer of 1 to 50,

wherein the oligonucleotide may be the oligonucleotide according to any one of [39]

to [41].
[42-1] An oligonucleotide represented by the following formula (VIII'-AX):
[Chem.38]
- on
RALS
z? it )
2 1 g H
RS—~p-~0 J P~0
a L Q7 dm L n
Bl Sl e evirr —AX0

, wherein

R' and R? each independently represent a nucleobase, wherein if Y has two or more
R', then each of the two or more R' may independently represent a nucleobase; and
wherein if Y has two or more R’, then each of the two or more R* may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'-, wherein R'’ represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (VIII-AX),

R* represents H or, together with R?, represents the group represented by -O-R"’-,
R’ represents O, S, BH;', Se’, or dialkylamino,

R® represents O, S, or Se,

R" represents O or a group obtained by removing one hydrogen atom from a
hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine,

7' and Z* each independently represent O, S, Se, NR", or CR"R", wherein R, R"”,
and R" each independently represent an alkyl or alkenyl,

Jj represents an integer of 1 to 10,

k represents an integer of O to 2,

and m and n each independently represent an integer of 1 to 50,
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wherein the oligonucleotide may be the oligonucleotide according to [39] or [40].
[42-2] An oligonucleotide represented by the following formula (VIII'-X):
[Chem.39]

%
RT~—-p—0
o k

e VI X))
, wherein

R' and R’ each independently represent a nucleobase, wherein if Y has two or more
R', then each of the two or more R' may independently represent a nucleobase; and
wherein if Y has two or more R’, then each of the two or more R’ may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'’-, wherein R'” represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (VIII'-X),

R’ represents H or, together with R”, represents the group represented by -O-R"-,

R’ represents O, S, BH;', Se’, or dialkylamino,

R® represents O, S, or Se,

R" represents O or a group obtained by removing one hydrogen atom from a
hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine,

Z' and Z* each independently represent O, S, Se, NR", or CR"R", wherein R"*, R",
and R" each independently represent an alkyl or alkenyl,

k represents an integer of O to 2,

and m and n each independently represent an integer of 1 to 50,

wherein the oligonucleotide may be the oligonucleotide according to [39], [40] or
[42-1].

[43] The oligonucleotide according to any one of [39] to [42-2], wherein the nu-
cleobase is thymine, uracil, cytosine, adenine, guanine, 5-methylcytosine, 6-methy-
ladenine, 6-benzyladenine, 1-methyluracil, S-hydroxymethylcytosine, 2-thiouracil, or

hypoxanthine.
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[44] The oligonucleotide according to any one of [39] to [43], wherein the nucleobase
is thymine, uracil, cytosine, adenine, guanine, or 5-methylcytosine.

[45] The oligonucleotide according to any one of [39] to [44], wherein R' is adenine,
guanine, cytosine, thymine, or uracil, and R’ is thymine, uracil, cytosine, adenine,
guanine, or S-methylcytosine.

[46] The oligonucleotide according to any one of [39] to [45], wherein R' is adenine,
cytosine, or uracil, and R is thymine, uracil, cytosine, adenine, guanine, or 5-methyl-
cytosine.

[47] The oligonucleotide according to any one of [39] to [46], wherein R’ is adenine,
and R is thymine, uracil, cytosine, adenine, guanine, or 5-methylcytosine.

[48] The oligonucleotide according to any one of [39] to [47], wherein R' is adenine,
and R’ is thymine.

[49] The oligonucleotide according to any one of [39] to [48], wherein R? represents

a group obtained by removing one hydrogen atom from a hydroxyl group of a linear
or cyclic oligoalkylene glycol having 1 to 40 carbon atoms and 1 to 10 oxygen atoms,
a group in which one hydrogen atom on a carbon atom of a cyclic ether having 1 to

40 carbon atoms and 1 to 10 oxygen atoms is replaced by an oxygen atom, a C;-Cs
alkoxy, an optionally substituted benzyloxy, a halogen, a hydroxy, a C,-C,, alkenyl, or
a C;-Cyo alkyl; or together with R*, represents a group represented by -O-R'"’-, wherein
R' represents a C;-C; alkylene, and wherein the oxygen atom in the group forms a
single bond with the carbon atom to which R? is bonded in formula (VIII-A), formula
(VIII’-A), formula (VII’-AX), formula (VIII), formula (VII"), formula (VIII’-X), or
formula (X).

[50] The oligonucleotide according to any one of [39] to [49], wherein R? represents

a group obtained by removing one hydrogen atom from a hydroxyl group of a linear
or cyclic oligoalkylene glycol having 1 to 15 carbon atoms and 1 to 10 oxygen atoms,
a group in which one hydrogen atom on a carbon atom of a cyclic ether having 1 to

15 carbon atoms and 1 to 10 oxygen atoms is replaced by an oxygen atom, a C;-Cy
alkoxy, a benzyloxy, fluoro, a C,-C alkenyl, or a C;-C), alkyl, and R* represents H.
[51] The oligonucleotide according to any one of [39] to [50], wherein R’ represents a
group represented by CH;-(O-CH,-CH,-),0- or (CH;O(-CH,-CH,-O-),,CH,-),CH-O-,
in which p represents an integer of 1 to 2 and w represents an integer of 0 to 2; a group
in which one hydrogen atom on a carbon atom of tetrahydrofuran or tetrahydropyran is
replaced by an oxygen atom; a C;-C,¢ alkoxy; a benzyloxy; a C,-Cs alkenyl; or a C,-Cs
alkyl, and R* represents H.
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[52] The oligonucleotide according to any one of [39] to [51], wherein R* is selected
from the group consisting of methoxy-ethyleneoxy, methoxy, a benzyloxy, allyl, and a

group represented by the following formulas:
[Chem.40]

)/o ] o o
D A QA

¢ Mmook ¥

...}»'“ e Ty, “"La.

and R” represents H.

[53] The oligonucleotide according to any one of [39] to [52], wherein R” represents
methoxy-ethyleneoxy, and R” represents H.

[54] The oligonucleotide according to any one of [39] to [53], wherein R’ represents
0.

[55] The oligonucleotide according to any one of [39] to [54], wherein R® represents
0.

[56] The oligonucleotide according to any one of [39] to [55], wherein R’isO or S,
and R®is O.

[57] The oligonucleotide according to any one of [39] to [56], wherein R’ represents
O, and R° represents O.

[58] The oligonucleotide according to any one of [39] to [57], wherein Z' and Z’
represent O.

[59] The oligonucleotide according to any one of [39] to [58], wherein n represents an
integerof 1t020,1t015,1t010,1t07,1t05,1to4,1to3,0r1to2.

[60] The oligonucleotide according to any one of [39] to [59], wherein n represents 1
or 2.

[61] The oligonucleotide according to any one of [39] to [60], wherein n represents 1.
[62] The oligonucleotide according to any one of [39] to [61], wherein j represents 1
or 2.

[63] The oligonucleotide according to any one of [39] to [62], wherein j represents 1.

[64] An oligonucleotide represented by the following formula (XII):
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[Chem.41]
O
- N - Q 2\(0
2 S ow Q
] 3
N o '"“O""""C}?}:O 0 3
NEN Q) N
¢ ?“OJ F;’:-O OH
ok b 0 -m ce e {XT1)
, wherein

m represents an integer of 1 to 20,
and k represents an integer of 0 to 2,
wherein the oligonucleotide may be the oligonucleotide according to any one of [39]
to [63].
[65] The oligonucleotide according to any one of [39] to [64], wherein m represents an
integerof 1t020,1to 15,1t012,1t010,1t09,1t08,1to7,1to6,1t05,1to4,1
to3,or1to2.
[66] The oligonucleotide according to any one of [39] to [65], for use in the im-
provement of an in vivo stability of a polynucleotide.
[67] Use or application of the oligonucleotide according to any one of [39] to [65] in
improving an in vivo stability of a polynucleotide.
[68] A kit comprising the oligonucleotide according to any one of [39] to [65], for
improving an in vivo stability of a polynucleotide.
[69] A method of improving the stability of a polynucleotide in vivo, comprising in-
troducing a group represented by the following formula (II-A):

[Chem.42]

s
o N

— ~ s e {11 =A)

, the following formula (III):
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[Chem.43]
3 oH |1 [ 3]
Rl F ;ﬁs O~ R
. D
A A T\0ﬁ<\
N—R’
0 R®
1}
......_.........Ft;.....o
- O —m L -0
, the following formula (IV):
[Chem.44]
R® O
fi OH
o S it
P-0—y  otdod N/
RS s |-
ZZ °
v YR?
RS
- -~ n w e {3 V)
, or the following formula (V):
[Chem.45]
Ria RFJ :“*RU
OB b e
1313 + 3
218 é \m{ O
Q %‘...... mm"..“
i O 2N O
7O N
- ~
L. O I . Jdn
m

to the 3’-end of the polynucleotide,

wherein

the wavy line represents a bond to the polynucleotide,

R', R"™ and R’ each independently represent a nucleobase, wherein if Y has two or

more R', then each of the two or more R' may independently represent a nucleobase;

wherein if Y has two or more R", then each of the two or more R" may independently



30

WO 2025/187713 PCT/JP2025/007821

represent a nucleobase; and wherein if Y has two or more R, then each of the two or
more R’ may independently represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'’-, wherein R'” represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (II-A) or formula (IV),

R’ represents H or, together with R>, represents the group represented by -O-R"-,

R’ represents O, S°, BHj;, Se’, or dialkylamino,

R® represents O, S, or Se,

R’ represents H or a group represented by R''-C(=0)-, wherein R"' represents an alkyl,
Z', 7" and Z* each independently represent O, S, Se, NR'?, or CR”R", wherein R"?,
R", and R" each independently represent an alkyl or alkenyl,

Jj represents an integer of 1 to 10,

m and n each independently represent an integer of 1 to 50,

and r represents an integer of O to 20.

[70] A method of improving the stability of a polynucleotide in vivo, comprising in-

troducing a group represented by the following formula (1I):

[Chem.46]
B oH | [ R2 -
R‘i F Fée ‘\‘:\RB
il () P
71 ;:',{5 y 72
E E o A
i
L O Jdm L n

{11

i

, the following formula (III):
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[Chem.47]
3 oH |1 [ 3]
R1 F ;ﬁs O~ R
, ]
A A T\0ﬁ<\
o RS N—R’
1}
....__._...Ft;.__o
- O —m L SN
, the following formula (IV):
[Chem.48]
— 1 OH - — 6 .
R R R 0
it OH
¥ JUUUOY ., TSN “
R ' S~
? 36
o ;R
. O7 dm R3
- - 1 ce V)
, the following formula (V):
[Chem.49]
- iy g s
R RE ?R \
1 / \
_ _ >1a i) F!’-*N O NH
1 ;9 A R® % c!:l}
Ra A * SOp—-N O
71 e g-:{) . " /N\
g
|+—-o
L. Q7 Am

<o s V)
to the 3’-end of the polynucleotide,

wherein

the wavy line represents a bond to the polynucleotide,

R', R"™ and R’ each independently represent a nucleobase, wherein if Y has two or

more R', then each of the two or more R' may independently represent a nucleobase;

wherein if Y has two or more R", then each of the two or more R" may independently
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represent a nucleobase; and wherein if Y has two or more R, then each of the two or
more R’ may independently represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'’-, wherein R'” represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (II) or formula (IV),

R’ represents H or, together with R>, represents the group represented by -O-R"-,

R’ represents O, S°, BHj;, Se’, or dialkylamino,

R® represents O, S, or Se,

R’ represents H or a group represented by R''-C(=0)-, wherein R"' represents an alkyl,
Z', 7" and Z* each independently represent O, S, Se, NR'?, or CR”R", wherein R"?,
R", and R" each independently represent an alkyl or alkenyl,

m and n each independently represent an integer of 1 to 50,

and r represents an integer of O to 20,

wherein the method may be the method according to [69].

[71] A method of improving an expression level of a protein encoded by a coding
region in a polyribonucleotide, comprising introducing a group represented by the
following formula (II-A):

[Chem.50]
1 oH 6 Ry 3
R § f;‘iz &
I 1o O
RS Z
%} R* 2—0 H
|10
. O dm L dnl.
- =1 area

, the following formula (III):
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[Chem.51]
— QH — — Rg...
Ry _§ ﬁs osg
Q) P.
Z‘! F[\O/‘<\N ~R7
0 R®
1l
I
. O Jdm L n

, the following formula (IV):

[Chem.52]
— 1 OH - — 6 -
RA_S R o
il OH
¥ Joy P “
R ' g~
? 2.
o ;"
. O7 dm R®
- - C V)
, or the following formula (V):
[Chem.53]
— - L
R RE ?R \
mi!D g""'N O NH
~ - Z1a .
1 ;9 H R® % c;'}
Ra A Q OO
7 /"0 g—:{) . \ NS
g
|+—-o
L O JAm

<o s V)
to the 3’-end of the polyribonucleotide,

wherein

the wavy line represents a bond to the polyribonucleotide,

R', R"™ and R’ each independently represent a nucleobase, wherein if Y has two or

more R', then each of the two or more R' may independently represent a nucleobase;

wherein if Y has two or more R", then each of the two or more R" may independently
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represent a nucleobase; and wherein if Y has two or more R, then each of the two or
more R’ may independently represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'’-, wherein R'” represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (II-A) or formula (IV),

R’ represents H or, together with R>, represents the group represented by -O-R"-,

R’ represents O, S°, BHj;, Se’, or dialkylamino,

R® represents O, S, or Se,

R’ represents H or a group represented by R''-C(=0)-, wherein R"' represents an alkyl,
Z', 7" and Z* each independently represent O, S, Se, NR'?, or CR”R", wherein R"?,
R", and R" each independently represent an alkyl or alkenyl,

Jj represents an integer of 1 to 10,

m and n each independently represent an integer of 1 to 50,

and r represents an integer of O to 20.

[72] A method of improving an expression level of a protein encoded by a coding
region in a polyribonucleotide, comprising introducing a group represented by the
following formula (II):

[Chem.54]
~ n2 -
F&g &\R3
P~0O 5
R 8

&2
R* e Ot-H

g_

, the following formula (III):

m L S0 a
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[Chem.55]
3 oH | [ 3]
R1 F ;ﬁs O~ R
. D
A A T\0ﬁ<\
o RS N—R’
1}
_..____.;i;__o
- O —m L SN
, the following formula (IV):
[Chem.56]
- 1 OH - — 6 —
R F R 0
i QOH
1] . M— il
1 w(y %’5 QO 3 O_m._.?wo/—\_/
R : L
3 A
0 ;R
. O dm R
- et 0} c e 1W
, the following formula (V):
[Chem.57]
R'la R6 SRO
— - s sy z’?’ N O \NH
R’i :g}H o) Rs %.5 %)
~ . WWPW
e PO ? N 7
i
OZ L. O7 Jr B dn d
i
|50
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to the 3’-end of the polyribonucleotide,

wherein

the wavy line represents a bond to the polyribonucleotide,

R', R"™ and R’ each independently represent a nucleobase, wherein if Y has two or

more R', then each of the two or more R' may independently represent a nucleobase;

wherein if Y has two or more R", then each of the two or more R" may independently
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represent a nucleobase; and wherein if Y has two or more R, then each of the two or
more R’ may independently represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'’-, wherein R'” represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (II) or formula (IV),

R’ represents H or, together with R>, represents the group represented by -O-R"-,

R’ represents O, S°, BHj;, Se’, or dialkylamino,

R® represents O, S, or Se,

R’ represents H or a group represented by R''-C(=0)-, wherein R"' represents an alkyl,
Z', 7" and Z* each independently represent O, S, Se, NR'?, or CR”R", wherein R"?,
R", and R" each independently represent an alkyl or alkenyl,

m and n each independently represent an integer of 1 to 50,

and r represents an integer of O to 20,

wherein the method may be the method according to [71].

[73] The method according to any one of [69] or [71], wherein the group represented
by the formula (II-A), the formula (III), the formula (IV), or the formula (V) is rep-
resented by the following formula (II'-A):

[Chem.58]
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, wherein

the wavy line represents a bond to the polynucleotide or the polyribonucleotide,

R' and R’ each independently represent a nucleobase, wherein if Y has two or more
R', then each of the two or more R' may independently represent a nucleobase; and
wherein if Y has two or more R’, then each of the two or more R® may independently

represent a nucleobase,
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R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'-, wherein R'’ represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R” is bonded in formula (I’-A),
R’ represents H or, together with R’, represents the group represented by -O-R'"’-,
R’ represents O, S, BH;, Se’, or dialkylamino,
R® represents O, S, or Se,
7' and Z? each independently represent O, S, Se, NR", or CR"R", wherein R"?, R,
and R" each independently represent an alkyl or alkenyl,
j represents an integer of 1 to 10,
and m and n each independently represent an integer of 1 to 50.
[74] The method according to any one of [70] or [72], wherein the group represented
by formula (II), formula (III), formula (IV), or formula (V) is represented by the
following formula (II'):

[Chem.59]
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the wavy line represents a bond to the polynucleotide or the polyribonucleotide,

R' and R’ each independently represent a nucleobase, wherein if Y has two or more
R', then each of the two or more R' may independently represent a nucleobase; and
wherein if Y has two or more R’, then each of the two or more R’ may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an

optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
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together with R*, represents a group represented by -O-R'-, wherein R'’ represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R? is bonded in formula (II"),
R* represents H or, together with R?, represents the group represented by -O-R'’-,
R’ represents O, S, BH;', Se’, or dialkylamino,
R® represents O, S, or Se,
Z' and Z* each independently represent O, S, Se, NR", or CR"R", wherein R'*, R",
and R" each independently represent an alkyl or alkenyl,
and m and n each independently represent an integer of 1 to 50.
[74-1] The method according to any one of [69] or [71], wherein the group rep-
resented by the formula (II-A), the formula (III), the formula (IV), or the formula (V)
is represented by the following formula (II'-AX):

[Chem.60]

- ~ s (11T —AX)
, wherein

the wavy line represents a bond to the polynucleotide or the polyribonucleotide,

R' and R’ each independently represent a nucleobase, wherein if Y has two or more
R', then each of the two or more R' may independently represent a nucleobase; and
wherein if Y has two or more R’, then each of the two or more R’ may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'-, wherein R'’ represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R? is bonded in formula (II'-AX),

R* represents H or, together with R”, represents the group represented by -O-R'’-,

R’ represents O, S, BH;, Se’, or dialkylamino,
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R® represents O, S, or Se,

Z' and Z’ each independently represent O, S, Se, NR", or CR”R", wherein R"*, R"”,
and R'* each independently represent an alkyl or alkenyl,

Jj represents an integer of 1 to 10,

and m and n each independently represent an integer of 1 to 50.

[74-2] The method according to any one of [70] or [72], wherein the group rep-
resented by formula (II), formula (IIT), formula (IV), or formula (V) is represented by
the following formula (II'-X):

[Chem.61]
" o |1 [ 2 N
Rj F %‘;6 “\\RB
n||llO P""G“"'
1 2
19 ot
|50
L O A1), L i (I =X)
, wherein

the wavy line represents a bond to the polynucleotide or the polyribonucleotide,

R' and R” each independently represent a nucleobase, wherein if Y has two or more
R', then each of the two or more R' may independently represent a nucleobase; and
wherein if Y has two or more R’, then each of the two or more R* may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom from a hydroxyl
group of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom
on a carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or
together with R*, represents a group represented by -O-R'’-, wherein R'"” represents
an alkylene, and wherein the oxygen atom in the group forms a single bond with the
carbon atom to which R? is bonded in formula (IT-X),

R* represents H or, together with R?, represents the group represented by -O-R'"-,

R’ represents O, S, BH;, Se’, or dialkylamino,

R represents O, S, or Se,

Z' and Z’ each independently represent O, S, Se, NR'?, or CR"R", wherein R">, R",
and R'* each independently represent an alkyl or alkenyl,

and m and n each independently represent an integer of 1 to 50.
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[75] The method according to any one of [69] to [74-2], wherein the nucleobase is
thymine, uracil, cytosine, adenine, guanine, S-methylcytosine, 6-methyladenine, 6-ben-
zyladenine, 1-methyluracil, 5-hydroxymethylcytosine, 2-thiouracil, or hypoxanthine.
[76] The method according to any one of [69] to [75], wherein the nucleobase is
thymine, uracil, cytosine, adenine, guanine, or S-methylcytosine.

[77] The method according to any one of [69] to [76], wherein R' is adenine, guanine,
cytosine, thymine, or uracil, and R’ is thymine, uracil, cytosine, adenine, guanine, or 5-
methylcytosine.

[78] The method according to any one of [69] to [77], wherein R' is adenine, cytosine,
or uracil, and R? is thymine, uracil, cytosine, adenine, guanine, or S-methylcytosine.
[79] The method according to any one of [69] to [78], wherein R' is adenine, and R’ is
thymine, uracil, cytosine, adenine, guanine, or S-methylcytosine.

[80] The method according to any one of [69] to [79], wherein R' is adenine, and R’ is
thymine.

[81] The method according to any one of [69] to [80], wherein R? represents a group
obtained by removing one hydrogen atom from a hydroxyl group of a linear or cyclic
oligoalkylene glycol having 1 to 40 carbon atoms and 1 to 10 oxygen atoms, a group
in which one hydrogen atom on a carbon atom of a cyclic ether having 1 to 40 carbon
atoms and 1 to 10 oxygen atoms is replaced by an oxygen atom, a C;-C;, alkoxy, an
optionally substituted benzyloxy, a halogen, a hydroxy, a C,-C,o alkenyl, or a C;-Cy,
alkyl; or together with R*, represents a group represented by -O-R'"’-, wherein R'
represents a C;-C; alkylene, and wherein the oxygen atom in the group forms a single
bond with the carbon atom to which R? is bonded in formula (II-A), formula (IT-A),
formula (IT'-AX), formula (IT), formula (IT'), formula (IT'-X), or formula (IV).

[82] The method according to any one of [69] to [81], wherein R” represents a group
obtained by removing one hydrogen atom from a hydroxyl group of a linear or cyclic
oligoalkylene glycol having 1 to 15 carbon atoms and 1 to 10 oxygen atoms, a group
in which one hydrogen atom on a carbon atom of a cyclic ether having 1 to 15 carbon
atoms and 1 to 10 oxygen atoms is replaced by an oxygen atom, a C;-C,, alkoxy, a
benzyloxy, fluoro, a C,-Cy, alkenyl, or a C,-Cy, alkyl, and R* represents H.

[83] The method according to any one of [69] to [82], wherein R’ represents a group
represented by CH;-(O-CH,-CH,-),O- or (CH;0(-CH,-CH,-0O-),,CH»-),CH-O-, in
which p represents an integer of 1 to 2 and w represents an integer of O to 2; a group in
which one hydrogen atom on a carbon atom of tetrahydrofuran or tetrahydropyran is
replaced by an oxygen atom; a C;-Cys alkoxy; a benzyloxy; a C,-Cs alkenyl; or a C;-Cs
alkyl, and R* represents H.
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[84] The method according to any one of [69] to [83], wherein R” is selected from the
group consisting of methoxy-ethyleneoxy, methoxy, a benzyloxy, allyl, and a group
represented by the following formulas:

[Chem.62]

and R” represents H.

[85] The method according to any one of [69] to [84], wherein R? represents methoxy-
ethyleneoxy, and R* represents H.

[86] The method according to any one of [69] to [85], wherein R’ represents O'.

[87] The method according to any one of [69] to [86], wherein R® represents O.

[88] The method according to any one of [69] to [87], wherein R’ is O  or S, and R® is
0.

[89] The method according to any one of [69] to [88], wherein R’ represents O, and
R’ represents O.

[90] The method according to any one of [69] to [89], wherein Z' and Z? represent O.
[91] The method according to any one of [69] to [90], wherein n represents an integer
of 1t020,1to15,1t010,1to7,1to5,1to4, 1to3,o0r1 to2.

[92] The method according to any one of [69] to [91], wherein n represents 1 or 2.
[93] The method according to any one of [69] to [92], wherein n represents 1.

[94] The method according to any one of [69] to [93], wherein j represents 1 or 2.
[95] The method according to any one of [69] to [94], wherein j represents 1.

[96] The method according to any one of [69] or [95], wherein the group represented
by formula (II), formula (IIT), formula (IV), or formula (V) is represented by the
following formula (VI):
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[Chem.63]
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, wherein the wavy line represents a bond to the polynucleotide or the polyribonu-
cleotide, and m represents an integer of 1 to 20.

Advantageous Effects of Invention

According to the present disclosure, a polynucleotide with improved stability in vivo
(in a body) is provided. According to the present disclosure, a producing method of a
polynucleotide with improved stability in vivo is provided. According to the present
disclosure, a method of improving the stability of a polynucleotide in vivo is provided.

The polynucleotide according to one embodiment of the present disclosure has high
purity. According to the producing method of the polynucleotide according to one
embodiment of the present disclosure, the polynucleotide can be produced with high
purity.

In a case where the polynucleotide according to one embodiment of the present
disclosure is a polyribonucleotide, the expression level of the protein encoded by the
coding region in the polyribonucleotide is increased in a subject to whom the polynu-
cleotide according to the present disclosure is administered.

The polynucleotide according to one embodiment of the present disclosure has
improved stability in vivo even if the nucleotide length of the oligonucleotide or its
derivative with a specific structure introduced to the 3’-end is extremely short. As
a result, for example, since it is acceptable for the nucleotide length of the building
blocks used for the introduction to be short, liquid-phase synthesis of the building
blocks becomes possible, thereby enabling industrial production at low cost and high
efficiency.

Brief Description of Drawings

[Fig.1]Fig. 1 shows the results of HPLC analysis of EPO mRNA and PolyA-

modified EPO-mRNA in Example 1.

Description of Embodiments
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Embodiments for carrying out the present disclosure are described below, but the
present disclosure is not limited to the following explanations.

As used herein, the term "halogen atom" and "halogen" mean a fluorine atom,
chlorine atom, bromine atom, or iodine atom.

As used herein, the term "alkyl” means a monovalent group derived from an alkane
by removing one hydrogen atom. The term "C,-C, alkyl" (where m and n are positive
integers) as used herein means an alkyl group having m to n carbon atoms.

As used herein, the term "C;-C¢ alkyl” means a monovalent group derived from
an aliphatic saturated hydrocarbon having 1 to 6 carbon atoms by removing any one
hydrogen atom, and refers to a straight-chain or branched-chain alkyl having 1 to 6
carbon atoms or a cyclic alkyl having 3 to 6 carbon atoms. In some embodiments, C;-
Cs alkyl comprise methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-
butyl, n-pentyl, isopentyl, sec-pentyl, neopentyl, I-methylbutyl, 2-methylbutyl, 1,1-di-
methylpropyl, 1,2-dimethylpropyl, n-hexyl, isohexyl, 1-methylpentyl, 2-methylpentyl,
3-methylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 2,2-dimethylbutyl, 1,3-di-
methylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl,
1,1,2-trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-1-methylpropyl, 1-ethyl-2-
methylpropyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclopropylmethyl,
1-cyclopropylethyl, 2-cyclopropylethyl, 1-cyclopropylpropyl, 2-cyclopropylpropyl,
3-cyclopropylpropyl, cyclobutylmethyl, 1-cyclobutylethyl, 2-cyclobutylethyl, cy-
clopentylmethyl, and the like. C;-Cs alkyl may preferably be methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, cyclopropyl, cyclobutyl, cyclopentyl,
or cyclohexyl.

As used herein, the term "dialkylamino” means a group in which two hydrogen
atoms in an amino group are each substituted with the same or different "alkyl" as
defined above. In some embodiments, dialkylamino comprises N,N-dimethylamino,
N,N-diethylamino, N,N-di-n-propylamino, N,N-di-isopropylamino, N,N-di-n-
butylamino, N,N-di-isobutylamino, N,N-di-sec-butylamino, N,N-di-tert-butylamino,
N-ethyl-N-methylamino, N-n-propyl-N-methylamino, N-isopropyl-N-methylamino,
N-n-butyl-N-methylamino, N-isobutyl-N-methylamino, N-sec-butyl-N-methylamino,
N-tert-butyl-N-methylamino, and the like. Dialkylamino may preferably be N,N-di-
methylamino, N,N-diethylamino, or N-ethyl-N-methylamino. The term "di-C;-C,
alkylamino" as used herein means a group in which two hydrogen atoms in an amino
group are each substituted with the same or different C,-C, alkyl.

As used herein, the term "alkenyl" means a monovalent group derived from an
alkene by removing one hydrogen atom. The term "C,,-C, alkenyl" (where m and n are

positive integers) as used herein means an alkenyl group having m to n carbon atoms.
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In some embodiments, alkenyl groups comprise vinyl, allyl, isopropenyl, 1-butenyl, 2-
butenyl, 3-butenyl, and the like.

As used herein, the term "alkoxy" means a group in which an oxygen atom is
bonded to the terminal of the "alkyl" as defined above. In some embodiments,
alkoxy comprises methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy,
sec-butoxy, tert-butoxy, n-pentyloxy, isopentyloxy, sec-pentyloxy, neopentyloxy,
1-methylbutoxy, 2-methylbutoxy, 1,1-dimethylpropoxy, 1,2-dimethylpropoxy, n-
hexyloxy, isohexyloxy, 1-methylpentyloxy, 2-methylpentyloxy, 3-methylpentyloxy,
1,1-dimethylbutoxy, 1,2-dimethylbutoxy, 2,2-dimethylbutoxy, 1,3-dimethylbutoxy,
2,3-dimethylbutoxy, 3,3-dimethylbutoxy, 1-ethylbutoxy, 2-ethylbutoxy, 1,1,2-
trimethylpropoxy, 1,2,2-trimethylpropoxy, 1-ethyl-1-methylpropoxy, 1-ethyl-2-
methylpropoxy, and the like. Alkoxy may preferably be methoxy, ethoxy, n-propoxy,
isopropoxy, n-butoxy, isobutoxy, sec-butoxy, or tert-butoxy. The term "C,,-C,
alkoxy" (where m and n are positive integers) as used herein means an alkoxy group
having m to n carbon atoms.

As used herein, the term "alkylene" means a divalent group derived from an alkane
by removing two hydrogen atoms. As used herein, the term "C,,-C, alkylene" (where
m and n are positive integers) means an alkylene having m to n carbon atoms. The
alkylene may be linear or cyclic, preferably linear. Furthermore, the linear alkylene
may be straight-chain or branched-chain, preferably straight-chain. In some em-
bodiments, the alkylene may be a C,-Cs alkylene or a C;-C; alkylene. The C;-Cq
alkylene may be, for example, methylene, ethylene, n-propylene, n-butylene, n-
pentylene, or n-hexylene. The C,-C; alkylene may be, for example, methylene,
ethylene, or n-propylene.

As used herein, the term "benzyl" means a monovalent group in which one hydrogen
atom of a methyl group is substituted with a phenyl group. As used herein, the term
"optionally substituted benzyl" means a benzyl group in which one or more hydrogen
atoms are optionally substituted with substituents. In this case, the substituents may be,
for example, alkoxy, halogen, hydroxy, carboxy, oxycarbonyl, amino, nitro, alkenyl,
or alkyl. In some embodiments, in the optionally substituted benzyl, hydrogen atom(s)
on the benzene ring and/or at the benzyl position may be substituted. In some em-
bodiments, in the optionally substituted benzyl, hydrogen atom(s) on the benzene ring
may be substituted, and the hydrogen atoms at the benzyl position are not substituted.
In some embodiments, in the substituted benzyl, no hydrogen atom is substituted.

As used herein, the term "benzyloxy" means a monovalent group in which the
hydrogen atom of a hydroxy group is substituted with a benzyl group. As used herein,

the term "optionally substituted benzyloxy" means a monovalent group in which the
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hydrogen atom of a hydroxy group is substituted with an optionally substituted benzyl
group.

As used herein, the term "linear or cyclic oligoalkylene glycol" in "a group
obtained by removing one hydrogen atom from a hydroxyl group of a linear or cyclic
oligoalkylene glycol" refers to a linear or cyclic oligomer of alkylene glycol. The
linear oligoalkylene glycol may be straight-chain or branched-chain, and in one em-
bodiment, it may be a straight-chain oligoalkylene glycol. Additionally, when the
linear or cyclic oligoalkylene glycol is a cyclic oligoalkylene glycol, the group from
which one hydrogen atom has been removed from a hydroxyl group of the cyclic
oligoalkylene glycol may be, for example, a group in which one hydrogen atom of
an alkylene contained in a ring composed of oligoalkylene glycol (e.g., cyclic oli-
goethylene glycol) is substituted with a hydroxyl group, and in which one hydrogen
atom has been removed from the hydroxyl group or in which one hydrogen atom has
been removed from a hydroxyl group contained in a linear oligoalkylene glycol further
provided by forming an ether bond with the hydroxyl group.

At least one terminal of "linear or cyclic oligoalkylene glycol" in "a group obtained
by removing one hydrogen atom from a hydroxyl group of a linear or cyclic
oligoalkylene glycol" is hydroxyl group, and the other terminal(s) may be a hydroxyl
group or an alkylated (e.g., methylated or ethylated) hydroxyl group, i.e., an alkoxy
group.

Additionally, "linear or cyclic oligoalkylene glycol" in "a group obtained by
removing one hydrogen atom from a hydroxyl group of a linear or cyclic oligoalkylene
glycol" may be, for example, a linear or cyclic oligoalkylene glycol having 1 to 40
carbon atoms and 1 to 10 oxygen atoms, 1 to 30 carbon atoms and 1 to 10 oxygen
atoms, 1 to 20 carbon atoms and 1 to 10 oxygen atoms, 1 to 15 carbon atoms and 1
to 10 oxygen atoms, 1 to 15 carbon atoms and 1 to 8 oxygen atoms, 1 to 15 carbon
atoms and 1 to 6 oxygen atoms, 1 to 15 carbon atoms and 1 to 5 oxygen atoms, or 1
to 10 carbon atoms and 1 to 4 oxygen atoms. Furthermore, a polymerization degree
of alkylene oxide monomer in "a linear or cyclic oligoalkylene glycol" in "a group
obtained by removing one hydrogen atom from a hydroxyl group of a linear or cyclic
oligoalkylene glycol" may, for example, be 1 t0 20, 1to 15, 1to 12, 1 to 10, 1 to 8, 1
to6,1to5,1tod,1to3,1to2,orl.

The term "linear or cyclic oligoalkylene glycol" in "a group obtained by removing
one hydrogen atom from a hydroxyl group of a linear or cyclic oligoalkylene glycol"
comprises groups represented by R*-(O-R’-),0-, in which R® represents an alkyl group,
R’ represents an alkylene group, and p represents an integer of 1 or more. One example

of such a group comprises a group obtained by removing one hydrogen atom from
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a hydroxyl group of a linear oligoethylene glycol or a linear oligopropylene glycol,
which may be alkylated (e.g., methylated or ethylated) at the terminal, specifically
comprising methoxy-ethyleneoxy and methoxy-propyleneoxy. Additionally, the term
"linear or cyclic oligoalkylene glycol" in "a group obtained by removing one hydrogen
atom from a hydroxyl group of a linear or cyclic oligoalkylene glycol" comprises a
group in which one hydrogen atom of an alkylene contained in a cyclic oligoethylene
glycol or a cyclic oligopropylene glycol is substituted with a hydroxyl group, and one
hydrogen atom has been removed from the hydroxyl group.

"A group in which one hydrogen atom on a carbon atom of a cyclic ether is replaced
by an oxygen atom" is a monovalent group that forms a single bond with another group
at the oxygen atom. The "cyclic ether” in "a group in which one hydrogen atom on
a carbon atom of a cyclic ether is replaced by an oxygen atom" as used herein may
be any cyclic ether, for example, a cyclic ether composed of carbon atoms, hydrogen
atoms, oxygen atoms, and nitrogen atoms, or a cyclic ether composed of carbon atoms,
hydrogen atoms, and oxygen atoms. The cyclic ether may be, for example, a cyclic
ether in which one or more alkylene groups form a ring through an equal number of
oxygen atoms, and the alkylene may be a linear alkylene in one embodiment. The
cyclic ether may also be, for example, a monocyclic cyclic ether.

Furthermore, the "cyclic ether” in "a group in which one hydrogen atom on a carbon
atom of a cyclic ether is replaced by an oxygen atom" may be, for example, a cyclic
ether with 1 to 40 carbon atoms and 1 to 10 oxygen atoms, 1 to 30 carbon atoms and
1 to 10 oxygen atoms, 1 to 20 carbon atoms and 1 to 10 oxygen atoms, 1 to 15 carbon
atoms and 1 to 10 oxygen atoms, 1 to 15 carbon atoms and 1 to 8 oxygen atoms, 1 to
15 carbon atoms and 1 to 6 oxygen atoms, 1 to 15 carbon atoms and 1 to 5 oxygen
atoms, or 1 to 10 carbon atoms and 1 to 4 oxygen atoms. The cyclic part of the "cyclic
ether" in "a group in which one hydrogen atom on a carbon atom of a cyclic ether is
replaced by an oxygen atom" may be, for example, a cyclic part composed of 3 or
more members, 4 or more members, or 5 or more members, and may be a cyclic part
composed of 24 or fewer members, 18 or fewer members, 15 or fewer members, 12 or
fewer members, 9 or fewer members, 8 or fewer members, 7 or fewer members, or 6 or
fewer members. These upper and lower limits can be freely combined.

The "cyclic ether” in "a group in which one hydrogen atom on a carbon atom of
a cyclic ether is replaced by an oxygen atom" may be, for example, ethylene oxide,
oxetane, tetrahydrofuran, tetrahydropyran, 1,4-dioxane, hexamethylene oxide, 12-
crown-4 ether, 15-crown-35 ether, or 18-crown-6 ether, in which one or more hydrogen
atoms on the carbon atom may be substituted with alkyl, alkenyl, alkoxy, halogen, or
hydroxy, and at least the oxygen atom in the crown ether may be substituted with NH.

In one embodiment, the cyclic ether may be oxetane, tetrahydrofuran, tetrahydropyran,
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1,4-dioxane, or 18-crown-6 ether, in another embodiment, it may be tetrahydrofuran or
tetrahydropyran, and in yet another embodiment, it may be tetrahydrofuran.

The hydrogen atom(s) replaced in "a group in which one hydrogen atom on a carbon
atom of a cyclic ether is replaced by an oxygen atom" may be, for example, a hydrogen
atom on the carbon atom forming the cyclic part, and in one embodiment, it may be a
hydrogen atom on the carbon atom forming an alkylene group contained in the cyclic
part.

A first aspect of the present disclosure relates to a polynucleotide represented by the
following formula (I):

X-Y ... (D.

In formula (I), X is a polynucleotide comprising a 5’-cap structure at the 5’-end and
a hydroxyl group bonded to the 3’-carbon of a nucleoside present at the 3’-end, which
forms a phosphodiester bond integrally with the terminal of Y. The polynucleotide has
a structure in which nucleotides are polymerized by phosphodiester bonds. In one em-
bodiment, the polynucleotide regarding X may be a polymer in which all nucleotide
monomers are bonded from the 5’-end to the 3’-end.

It should be noted that the "polynucleotide” and "oligonucleotide" as used herein
are not limited to polymers in which all nucleotide monomers are bonded from the
5’-end to the 3’-end. For example, the "polynucleotide” and "oligonucleotide” may
comprise polymers in which two or more polymers bonded from the 5™-end to the
3’-end form phosphodiester bonds at their respective 5’-ends and/or 3’-ends, or one
or more polymers bonded from the 5’-end to the 3"-end and one or more nucleotide
monomers form phosphodiester bonds at their respective 5’-ends and/or 3’-ends.

Furthermore, the "polynucleotide” and "oligonucleotide" as used herein are not
limited to those in which the monomer units consist only of nucleotide monomers. For
example, the 5-end and/or 3’-end may have a structure not derived from nucleotides.

The nucleotide length of the polynucleotide regarding X according to one em-
bodiment of the present disclosure is not particularly limited, but may be, for example,
30 mer or more, 50 mer or more, 100 mer or more, 300 mer or more, or 500 mer or
more, and may be 1,000,000 mer or less, 300,000 mer or less, 100,000 mer or less,
70,000 mer or less, or 50,000 mer or less, and these upper limits and these lower limits
can be freely combined. The nucleotide length of the polynucleotide regarding X
according to one embodiment of the present disclosure may be, for example, 30 mer or
more and 1,000,000 mer or less, 50 mer or more and 300,000 mer or less, 100 mer or
more and 100,000 mer or less, 300 mer or more and 70,000 mer or less, or 500 mer or
more and 50,000 mer or less.

The polynucleotide regarding X according to one embodiment of the present

disclosure may have a polyadenyl region at the 3’-end. The polyadenyl region is a
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region where the proportion of adenosine monophosphate (5’-adenylic acid, adenosine
phosphate, AMP) is high among the nucleotides constituting the polynucleotide. The
polyadenyl region serves to inhibit the enzymatic degradation of the polynucleotide
from the 3’-end side by nucleases or the like in vivo. Therefore, the polynucleotide
regarding X according to one embodiment of the present disclosure, comprising a
polyadenyl region at the 3’-end, enhances the stability of the polynucleotide in vivo.

The polyadenyl region may have a proportion of adenosine monophosphate among
the nucleotides constituting the region in the polynucleotide regarding X, for example,
50% or more, 60% or more, 70% or more, 80% or more, 85% or more, 90% or
more, 93% or more, 95% or more, 96% or more, 97% or more, 98% or more, or
99% or more, and may be 100% or less, 99% or less, 98% or less, 97% or less, 96%
or less, or 95% or less, and these upper limits and these lower limits can be freely
combined. The polyadenyl region may have a proportion of adenosine monophosphate
among the nucleotides constituting the region in the polynucleotide regarding X, for
example, 100%, 50% or more and 100% or less, 70% or more and 100% or less, 80%
or more and 100% or less, 90% or more and 100% or less, 95% or more and 100%
or less, 97% or more and 100% or less, 98% or more and 100% or less, or 99% or
more and 100% or less. In a specific embodiment, the polyadenyl region may have
a proportion of adenosine monophosphate among the nucleotides constituting the
region in the polynucleotide regarding X of 100%. In other words, in a specific em-
bodiment, the polyadenyl region may be a region consisting of a polymer of adenosine
monophosphate. It should be noted that "the proportion of adenosine monophosphate
among the nucleotides constituting the polyadenyl region in the polynucleotide
regarding X is XX %" means that the region is a polymer consisting of XX% adenosine
monophosphate and (100-XX)% of at least one kind of nucleotide other than adenosine
monophosphate based on the number of nucleotides.

In the polyadenyl region, the nucleotides other than adenosine monophosphate
contained in the nucleotides constituting the region in the polynucleotide regarding
X are not particularly limited and may comprise natural or artificial nucleotides as
constituent units, for example, at least one selected from guanosine monophosphate,
uridine monophosphate, and cytidine monophosphate.

The nucleotide length of the polyadenyl region is not particularly limited, but may
be, for example, 10 mer or more, 20 mer or more, 30 mer or more, 40 mer or more, or
50 mer or more, and may be 1,000 mer or less, 700 mer or less, 500 mer or less, 300
mer or less, or 200 mer or less, and these upper limits and these lower limits can be
freely combined. The nucleotide length of the polyadenyl region according to one em-

bodiment of the present disclosure may be, for example, 10 mer or more and 1,000 mer
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or less, 20 mer or more and 700 mer or less, 30 mer or more and 500 mer or less, 40
mer or more and 300 mer or less, or 50 mer or more and 200 mer or less.

[0042] A 5’-cap structure is a structure present at the 5”-end of mRNA in eukaryotes and
exerts functions such as controlling the translation of mRNA and inhibiting enzymatic
degradation. The 5’-cap structure in the polynucleotide according to the present
disclosure may be a structure present in the mRNA of natural eukaryotic cells, or it
may be an artificial analogue thereof. A 5’-cap structure commonly used by those
skilled in the art can be utilized.

[0043]  The 5’-cap structure may have a structure represented by the following formula. In
the formula, the wavy line represents a bond to the 5’-end of X, R'® represents a natural
or artificial nucleobase, and q represents an integer of 1 to 20.

[Chem.64]

OH OH

O
‘ .
R?SO Q._;?‘.},E
O~ iqg

An example of the 5’-cap structure is a structure represented by the following formula.
In the formula, the wavy line represents a bond to the 5’-end of X, q represents an
integer of 1 to 5 or 2 to 4, and in a preferred embodiment, represents 3.

[Chem.65]

OH OH
0
HQNYN momg} E
HNW(U\:‘*N} ©71q
5 \

[0044]  The 5’-cap structure may have a structure represented by the following formula. In
the formula, the wavy line represents a bond to the 5’-end of X, and R"” and R" each

independently represent hydrogen atom or methyl.
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Such a 5’-cap structure can be introduced using, for example, the CleanCap™ Reagent
series (TriLink BioTechnologies), specifically using CleanCap™ AG, CleanCap™ AU,
CleanCap™ AG3’OMe, or CleanCap" M6, etc.

[0045]  Furthermore, examples of the 5’-cap structure comprise those described in Patent
Literature 2, Patent Literature 3, and Patent Literature 4, which are incorporated herein
by reference.

[0046]  The polynucleotide regarding X according to one embodiment of the present
disclosure may be a polyribonucleotide. In other words, X in the above formula (I)
may be a polyribonucleotide comprising a 5’-cap structure at the 5’-end and a hydroxyl
group bonded to the 3’-carbon of the nucleoside present at the 3’-end, which forms a
phosphodiester bond integrally with the terminal of Y. In a preferred embodiment, X
may be a polyribonucleotide comprising a 5’-cap structure at the 5’-end, a polyadenyl
region at the 3-end, and a hydroxyl group bonded to the 3’-carbon of the nucleoside
present at the 3’-end, which forms a phosphodiester bond integrally with the terminal
of Y.

[0047]  The polyribonucleotide has a structure in which ribonucleotides are polymerized
by phosphodiester bonds. The ribonucleotides constituting the polyribonucleotide
may comprise naturally abundant ribonucleotides such as adenosine monophosphate,
guanosine monophosphate, uridine monophosphate, and cytidine monophosphate,
as well as artificial ribonucleotides that can be used as constituent units of mRNA
in nucleic acid drugs containing mRNA. Examples of such artificial ribonucleotides
comprise pseudouridine monophosphate, 2-thiouridine monophosphate, 6-methy-
ladenosine monophosphate, 6-benzyladenosine monophosphate, inosinic acid
(inosine monophosphate), 5-methylcytidine monophosphate, 1-methylpseudouridine
monophosphate, and 5-hydroxymethylcytidine monophosphate. In one embodiment
of the present disclosure, the ribonucleotide constituting the polyribonucleotide may

be a nucleotide in which the hydroxyl group at the 1’-position of a ribose analogue
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selected from Group A is substituted with a nucleobase selected from Group B, a nu-
cleotide in which the nucleobase in 2-4"-LNA (2’-4’-Locked nucleic acid) is a nu-
cleobase selected from Group B, or a nucleotide that is a monomer constituting PMO
(phosphorodiamidate morpholino oligonucleotide) in which the nucleobase is a nu-
cleobase selected from Group B.
Group A: ribose, 2’-deoxyribose, 2’-fluororibose, 2’-methoxyribose, 2’-(methoxy-eth-
ylenoxy)ribose, 2’-4’-LNA, PMO
Group B: thymine, uracil, cytosine, adenine, guanine, S-methylcytosine, 6-methy-
ladenine, 6-benzyladenine, 1-methyluracil, S-hydroxymethylcytosine, 2-thiouracil, hy-
poxanthine

[Chem.67]

OH OH
24 NA monomer of PMO

The polyribonucleotide according to one embodiment of the present disclosure
comprises a coding region that encodes an amino acid sequence of a translated protein.
The coding region typically starts with a start codon and ends with a stop codon, and
such a region is also known as an open reading frame (ORF). The nucleotide length of
the coding region is not particularly limited and can be appropriately set according to
the translated protein. The nucleotide length of the coding region may be, for example,
6 mer or more, 10 mer or more, 15 mer or more, 20 mer or more, 30 mer or more,

50 mer or more, 100 mer or more, 300 mer or more, or 500 mer or more, and may

be 1,000,000 mer or less, 300,000 mer or less, 100,000 mer or less, 70,000 mer or

less, or 50,000 mer or less, and these upper limits and these lower limits can be freely
combined. The nucleotide length of the coding region according to one embodiment of
the present disclosure may be, for example, 6 mer or more and 1,000,000 mer or less,
15 mer or more and 300,000 mer or less, 30 mer or more and 100,000 mer or less, 100
mer or more and 70,000 mer or less, or 500 mer or more and 50,000 mer or less.

The polyribonucleotide according to one embodiment of the present disclosure may
further comprise a 5”-Untranslated region (5"-UTR). The 5’-UTR is present at the 5’-

end of mRNA and is not translated during the process of protein synthesis, and instead
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plays a role in regulating the translation of the protein encoded by the coding region.

The 5’-UTR may comprise, for example, a Kozak sequence.

The polyribonucleotide according to one embodiment of the present disclosure may
further comprise a 3’-Untranslated region (3’-UTR). The 3’-UTR is present at the

3’-end of mRNA before polyadenylation and is not translated during the process of

protein synthesis, and instead plays a role in regulating the translation of the protein

encoded by the coding region and enhancing the stability of mRNA in vivo. In vivo,

the presence of the 3’-UTR allows the formation of a poly(A) tail at the 3"-end by

poly(A) polymerase.

The polyribonucleotide according to one embodiment of the present disclosure may

comprise the 5-UTR, coding region, and 3’-UTR in this order. In other words, the

polynucleotide regarding X according to one embodiment of the present disclosure

may be a polyribonucleotide comprising a 5’-cap structure at the 5’-end, a hydroxyl

group bonded to the 3’-carbon of the nucleoside present at the 3’-end, which forms a

phosphodiester bond integrally with the terminal of Y, and comprising the 5’-UTR,

coding region, and 3’-UTR in this order. Furthermore, the polynucleotide regarding

X according to one embodiment of the present disclosure may be a polyribonu-

cleotide comprising a 5’-cap structure at the 5’-end, a hydroxyl group bonded to the 3’-

carbon of the nucleoside present at the 3’-end, which forms a phosphodiester bond in-

tegrally with the terminal of Y, and comprising the 5’-UTR, coding region, 3’-UTR,

and polyadenyl region in this order. It should be noted that when the order of the

components of the polynucleotide is specified above, the order is from the 5’-end to the

In formula (I), Y is represented by the following formula (II-A):

3’-end.
[Chem.68]
RT
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O
H
|10
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OH
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-

, the following formula (III):

o
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, the following formula (IV):
[Chem.70]
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, or the following formula (V).

[Chem.71]
MR“* ] ”G &
g RE &
) ; P TS SN N
. o ‘ RO ¢
RA Q %’~O-WF;~N\ 0
7. /M0 F O | AN
. Q Jr L gn
i
{-+—r-0
P
- O ~m Cee V)

In one embodiment of the present disclosure, Y in formula (I) is represented by the

following formula (II'-A):
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, or the following formula (II'-AX).
[Chem.73]

._.O“ 4m L i _f
- - e {1 o —AaX)

In formulas (II-A), (IT'-A), (II'-AX), (IIT), (IV), and (V), the wavy line represents a
bond to X.

[0053]  In a preferred embodiment of the present disclosure, j in the above formula (II-A) is

1. That is, in formula (I), Y is represented by the following formula (II):
[Chem.74]

o oy

m N
_ 1

, the following formula (III):
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[Chem.76]
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, or the following formula (V).
[Chem.77]
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In a preferred embodiment of the present disclosure, j in the above formula (IT'-A) or
(II'-AX) is 1. That is, in a preferred embodiment of the present disclosure, Y in formula

(I) is represented by the following formula (II'):
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[Chem.78]
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, or the following formula (IT'-X).
[Chem.79]
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In formulas (II), (IT"), (IT'-X), (IID), (IV), and (V), the wavy line represents a bond to X.
In formulas (IT), (I'), (IT-X), (II-A), (IT-A), (I'-AX), (IIT), (IV), and (V), R', R", and
R’ each independently represent a nucleobase. When Y has two or more R' groups,
each of the two or more R' groups independently represents a nucleobase, which may
be the same or different nucleobases. When Y has two or more R' groups, each of
the two or more R" groups independently represents a nucleobase, which may be the
same or different nucleobases, or may represent the same nucleobase. When Y has
two or more R’ groups, each of the two or more R® groups independently represents
a nucleobase, which may be the same or different nucleobases, or may represent the
same nucleobase. The nucleobase may be a natural base such as adenine, cytosine,
guanine, uracil, or thymine, or it may be an artificial nucleobase that can be used as a
constituent in nucleic acid drugs containing polynucleotides such as mRNA. Examples
of such artificial nucleobases comprise 5-methylcytosine, 6-methyladenine, 6-benzy-
ladenine, 1-methyluracil, 5-hydroxymethylcytosine, 2-thiouracil, or hypoxanthine.
The nucleobase mentioned above may be, for example, thymine, uracil, cytosine,
adenine, guanine, 5-methylcytosine, 6-methyladenine, 6-benzyladenine, 1-

methyluracil, 5-hydroxymethyleytosine, 2-thiouracil, or hypoxanthine, and may also



57
WO 2025/187713 PCT/JP2025/007821

be adenine, cytosine, guanine, uracil, thymine, or 5-methylcytosine. In other words,
R', R"™, and R’ may be, for example, thymine, uracil, cytosine, adenine, guanine, 5-
methylcytosine, 6-methyladenine, 6-benzyladenine, 1-methyluracil, 5-hydroxymethyl-
cytosine, 2-thiouracil, or hypoxanthine, and may also be adenine, cytosine, guanine,
uracil, thymine, or 5-methylcytosine. R', R", and R’ may be a group represented by a

formula selected from the following group:

[Chem.80]
NHy G MHs i
NJ~\/Ea\i\> HNinN\> Hr;Jj/ E )\J/ )\ HNT UNR
| N
L N HQN/K}N N § %O
M M beasas ol

[0056]  In one embodiment of the present disclosure, R' may be adenine, guanine, cytosine,
thymine, or uracil, and R’ may be thymine, uracil, cytosine, adenine, guanine, or 5-
methylcytosine. In one embodiment of the present disclosure, R' and R' may be
adenine, cytosine, guanine, or uracil, and R* may be thymine, adenine, cytosine,
guanine, uracil, or 5-methylcytosine. In one embodiment of the present disclosure, R
may be adenine, cytosine, or uracil, and R? may be thymine, uracil, cytosine, adenine,
guanine, or 5-methylcytosine. In one embodiment of the present disclosure, R' and R*

may be a group represented by a formula selected from the following group:

[Chem.81]

NH, 0 NH2 0
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and R’ may be a group represented by a formula selected from the following group:
[Chem.82]
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[0057]  In one embodiment of the present disclosure, R' and R may be adenine, and R’
may be thymine, adenine, cytosine, guanine, uracil, or 5-methylcytosine. In one em-
bodiment of the present disclosure, R' and R" may be a group represented by the

following formula:
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[Chem.83]
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and R’ may be a group represented by a formula selected from the following group:

[Chem.84]
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[0058]  In one preferred embodiment of the present disclosure, R' and R' may be adenine,
and R’ may be thymine. In one preferred embodiment of the present disclosure, R' and

R"™ may be a group represented by the following formula:
[Chem.85]

N7 R
L7

and R’ may be a group represented by the following formula:
[Chem.86]

o
HN
|

Ay

[0059]  In formulas (IT), (I"), (IT-X), (II-A), (IT'-A), (T-AX), (IIT), (IV), and (V), R
represents a group obtained by removing one hydrogen atom from a hydroxyl group
of a linear or cyclic oligoalkylene glycol, a group in which one hydrogen atom on a
carbon atom of a cyclic ether is replaced by an oxygen atom, an alkoxy, an optionally
substituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl; or together with
R*, represents a group represented by -O-R'-, wherein R' represents an alkylene, and
wherein the oxygen atom in the group forms a single bond with the carbon atom to

which R? is bonded in formula (II-A), formula (IT'-A), formula (II-AX), formula (II),
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formula (IT'), formula (II'-X), or formula (IV), and R” represents H or together with R
represents the group represented by -O-R'-.

In one embodiment, R* represents a group obtained by removing one hydrogen

atom from a hydroxyl group of a linear or cyclic oligoalkylene glycol having 1 to 40
carbon atoms and 1 to 10 oxygen atoms, a group in which one hydrogen atom on a
carbon atom of a cyclic ether having 1 to 40 carbon atoms and 1 to 10 oxygen atoms
is replaced by an oxygen atom, a C;-C;, alkoxy, an optionally substituted benzyloxy, a
halogen, a hydroxy, a C,-C,, alkenyl, or a C,-C, alkyl; or together with R?, represents
a group represented by -O-R'’-, wherein R" represents a C,-C; alkylene, and wherein
the oxygen atom in the group forms a single bond with the carbon atom to which R is
bonded in formula (II-A), formula (I'-A), formula (II'-AX), formula (II), formula (II'),
formula (I'-X), or formula (IV), and R* represents H or together with R® represents the
group represented by -O-R'’-.

In another embodiment, R” represents a group obtained by removing one hydrogen
atom from a hydroxyl group of a linear or cyclic oligoalkylene glycol having 1 to 15
carbon atoms and 1 to 10 oxygen atoms, a group in which one hydrogen atom on a
carbon atom of a cyclic ether having 1 to 15 carbon atoms and 1 to 10 oxygen atoms is
replaced by an oxygen atom, a C;-C,, alkoxy, a benzyloxy, fluoro, a C,-C,, alkenyl, or
a C;-Cyp alkyl, and R* represents H.

In another embodiment, R” represents a group represented by CH;-(O-CH,-CH,-),0-
or (CH;0(-CH,-CH,-0-),,CH,-),CH-O-, in which p represents an integer of 1 to 2 and
w represents an integer of O to 2; a group in which one hydrogen atom on a carbon
atom of tetrahydrofuran or tetrahydropyran is replaced by an oxygen atom; a C-Ce
alkoxy; a benzyloxy; a C,-Cs alkenyl; or a C;-Cs alkyl, and R* represents H.

In a preferred embodiment, R” is selected from the group consisting of methoxy-

ethyleneoxy, methoxy, a benzyloxy, allyl, and a group represented by the following

formulas:
[Chem.87]
O/
2 |
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and R* represents H.
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In a more preferred embodiment, R” represents methoxy-ethyleneoxy, and R*
represents H.
It should be noted that in the present disclosure, "the carbon atom to which R” is
bonded in a formula (1I), (IT'), (II'-X), (II-A), (II'-A), (II'-AX), or (IV)" refers to a
carbon atom indicated by * in the following formulas:

[Chem.88]
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[Chem.91]
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In formulas (II), (I'), (II-X), (II-A), (II-A), (I'-AX), (III), (IV), and (V), R’ may
represent O, S, BH;', Se’, or dialkylamino. In one embodiment, R’ in formulas (II),
1), I1-X), (II-A), (I'-A), (II'-AX), (II), and (IV) may represent O, S', BHs, or Se’,
and may represent O or S, and in a preferred embodiment, R’ in formulas 1D, 1",
(IT-X), (II-A), (IT'-A), (IT'-AX), (III), and (IV) may represent O". In one embodiment,
R’ in formula (V) may represent dialkylamino, may represent di-C,-C,-alkylamino,
may represent dimethylamino or diethylamino, or may represent dimethylamino.

In formulas (IT), (I'), (IT-X), (II-A), (IT-A), (I-AX), (III), (IV), and (V), R®
represents O, S, or Se. In one embodiment, R® may represent O or S. In a preferred em-
bodiment, R® may represent O.

In formula (IIT), R” may represent H or a group represented by R''-C(=0)-, wherein
R'' represents alkyl. In one embodiment, R’ may represent H or the group where R"" is
C,-Cyp alkyl, in another embodiment, R’ may represent H or the group where R is C;-
C, alkyl, in another embodiment, R’ may represent H or the group where R is C;-C,
alkyl, and in another embodiment, R” may represent H or acetyl.

In formulas (II), (II"), AT-X), (II-A), (T-A), (I'-AX), (I, (IV), and (V), Z', Z", and
7’ each independently represent O, S, Se, NR", or CR"”R" wherein R"?, R”, and R"
each independently represent alkyl or alkenyl. In one embodiment, R"?, R", and R"
each independently represent C;-C, alkyl or C,-C, alkenyl. In another embodiment,
R'%, R"”, and R" each independently represent methyl, ethyl, propyl, vinyl, or allyl. In
another embodiment, R'"?, R"”, and R"* each independently represent methyl.

In one embodiment, Z', Z", and Z* each independently represent O, S, or Se. In one
embodiment, Z', Z", and Z* each independently represent O or S. In a preferred em-

bodiment, Z', Z", and Z* represent O.
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[0065]
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In formulas (II-A), (II'-A), and (IT'-AX), j may represent an integer of 1 to 10, 1 to 5,
1to4, 1to3,or1to2, ormay represent 1. In a preferred embodiment, j may represent
1 or 2, or may represent 1.

In formulas (II), (II'), AI-X), (1I-A), (I'-A), (II'-AX), (III), (IV), and (V), m and n
each independently represent an integer of 1 to 50. In one embodiment, m and n each
independently represent an integer of 1 to 20, 1to 15, 1to 10, 1 to7, 1to 5, 1 to 4, 1
to 3, or 1 to 2. In a preferred embodiment, m may represent an integer of 1 to 10. In a
preferred embodiment, n may represent 1 or 2, or may represent 1.

In formula (V), r may represent an integer of 0 to 20. In one embodiment, r may
represent an integer of 0 to 15, 0t0 10,0t07,0t05,0t04,0t03,0t02,0or0to 1. In
one embodiment, r may be O or 1.

In one embodiment, Y in the above formula (I) may be, for example, a group rep-

resented by a formula selected from the group consisting of the following formulas.
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[0069]  In a preferred embodiment, Y in the above formula (I) may be, for example, a group
represented by a formula selected from the group consisting of the following formulas.
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In the present disclosure, rA means adenosine, and "6rA" or "1rA" means a polyri-
bonucleotide formed by six or one adenosine monophosphate (AMP), respectively.
Additionally, in the present disclosure, "i" in a chemical name indicates that the 3’-
hydroxyl group of ribose in the nucleoside forms a phosphodiester bond with the 3’-
hydroxyl group of ribose in another nucleoside via a phosphorus atom. On the other
hand, "X" in a chemical name indicates that the configuration of the hydroxyl group
and hydrogen atom at the 3’-position of ribose in the nucleoside is reversed compared
to normal ribose (i.c., it becomes xylose). Furthermore, "ps (PS)" in the present

disclosure indicates that the oxygen atom bonded to the phosphorus atom in the phos-
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phodiester bond is replaced by a sulfur atom. In the present disclosure, "rp" and "sp"
indicate that the stereochemical configuration of the substituents on the phosphorus
atom is R and S, respectively. Additionally, "2’-R" and "2’-S" indicate that the stere-
ochemical configuration of the carbon atom substituting the hydrogen atom in the
hydroxyl group bonded to the 2’-carbon atom of ribose is R and S, respectively. In the
present disclosure, "- <number A> - <number B> -" in a chemical name indicates that
the hydroxyl group at the position indicated by number A in the ribose part of the nu-
cleoside abbreviated before number A and the hydroxyl group at the position indicated
by number B in the ribose part of the nucleoside abbreviated after number B form a
phosphodiester bond via a phosphorus atom. Similarly, "<number B> - < nucleoside B
>" indicates a group in which one hydrogen atom is removed from the hydroxyl group
at the position indicated by number B in the ribose part of nucleoside B. Specific ab-
breviations for groups used in the present disclosure mean the following structures, and
for example, the notation "6rA-idA" indicates a structure in which the 3’-end of 6rA
and the wavy part of the group represented by idA below form a phosphodiester bond

with a monophosphorylated nucleic acid.
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In a preferred embodiment of the present disclosure, Y in the above formula (I) is

represented by the following formula (VI):

[Chem.98]
O
- - O
Ns OH Q 2\(
N/ N\ -N F {'? “\\N\X(NH
\“‘.:;N ““EO»»‘%”O O O
O g
q X
g-—o PO OH
~ O ~IMm s (V)

In formula (VI), the wavy line represents a bond to X, and m may represent an integer
of 1 to 20. In one embodiment, m may represent an integer of 1to 15, 1to 10, 1 t0 9,
1to8,1t07,1t06,1t05,1to4,1to3,orl to2.Inapreferred embodiment, m may
represent an integer of 1 to 6, and in a more preferred embodiment, m may represent
an integer of 1 to 3. When Y in the above formula (I) is an oligonucleotide represented
by the above formula (VI), the stability in vivo of the polynucleotide represented by

X comprised in the polynucleotide represented by the above formula (I) is preferably

improved, and its purity becomes high. Furthermore, when Y in the above formula



77

WO 2025/187713 PCT/JP2025/007821

[0073]

[0074]

[0075]

[0076]

(I) is an oligonucleotide represented by the above formula (VI), even if the nucleotide
length of the oligonucleotide having a specific structure introduced to the 3”-end of the
polynucleotide represented by the above formula (I) is extremely short, the stability

in vivo is improved, and for example, even if m is 1, 2, or 3, the stability in vivo is
suitably improved. As a result, for example, since the nucleotide length of the building
block used for the introduction can be short, liquid-phase synthesis of the building
block becomes possible, thereby enabling the inexpensive and highly efficient in-
dustrial production of the polynucleotide represented by the above formula (I).

A producing method of the polynucleotide according to the first aspect of the present
disclosure described above is not particularly limited and can be produced by a method
commonly used by those skilled in the art. The polynucleotide according to one em-
bodiment of the first aspect of the present disclosure may be produced according to the
producing method of the third aspect of the present disclosure described later. When
the polynucleotide according to one embodiment of the first aspect of the present
disclosure is produced according to the producing method of the third aspect of the
present disclosure described later, its purity becomes high.

A second aspect of the present disclosure is a composition comprising the polynu-
cleotide according to one embodiment of the first aspect of the present disclosure.

The composition in this aspect means a composition comprising the polynucleotide
according to one embodiment of the first aspect of the present disclosure, reagents
added for production, and production intermediates, which may be generated or remain
in a production of the polynucleotide according to one embodiment of the first aspect
of the present disclosure.

A composition according to one embodiment may comprise the polynucleotide
according to one embodiment of the first aspect of the present disclosure and a polynu-
cleotide represented by the following formula (VII):

X-OH ... (VID)

, wherein, in formula (VII), X is the same as X in formula (I), and OH represents a
hydroxyl group bonded to the 3’-carbon of the nucleoside present at the 3’-end of X. In
this case, the content of the polynucleotide represented by the above formula (VII) may
be suppressed in the composition according to one embodiment.

In the composition according to one embodiment, a content of the polynucleotide
according to one embodiment of the first aspect of the present disclosure may be 50
mass% or more, 70 mass% or more, 80 mass% or more, 90 mass% or more, 95 mass%
or more, 97 mass% or more, 98 mass% or more, or 99 mass% or more, and may be less
than 100 mass%, 99 mass% or less, 98 mass% or less, 97 mass% or less, 96 mass%
or less, 95 mass% or less, or 90 mass% or less, and these upper limits and these lower

limits can be freely combined.
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A third aspect of the present disclosure is a producing method of the polynu-

cleotide according to one embodiment of the first aspect of the present disclosure.

The producing method according to one embodiment of the third aspect of the present

disclosure comprises contacting a polynucleotide represented by the following formula

(VI):
X-OH ... (VII)

, wherein, in formula (VII), X is the same as X in formula (I), and OH represents a

hydroxyl group bonded to the 3’-carbon of a nucleoside present at the 3"-end of X, with

an oligonucleotide represented by the following formula (VIII-A):

[Chem.99]
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1 nmi(:}
. I ] (l?
R l-;’*O F; 0
g Jk- L. 07 m
, the following formula (IX):
[Chem.100]
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, the following formula (X):
[Chem.101]
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in the presence of RNA ligase or poly(A) polymerase to obtain the polynucleotide rep-
resented by formula (I) (contact step). In a preferred embodiment of the third aspect

of the present disclosure, j in the above formula (VIII-A) may be 1. In other words,

the producing method according to a preferred embodiment of the third aspect of the
present disclosure comprises contacting a polynucleotide represented by the following
formula (VII):

X-OH ... (VID)

, wherein, in formula (VII), X is the same as X in formula (I), and OH represents a
hydroxyl group bonded to the 3’-carbon of a nucleoside present at the 3"-end of X, with

an oligonucleotide represented by the following formula (VIII):

[Chem.103]
G
R'® ?*O
ok SNNISEE
, the following formula (IX):
[Chem.104]
T
R¥~-P~0
o

, the following formula (X):
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[Chem.105]

o Iy bL O Jm R’
- - Cee{X)
, or the following formula (XI):
[Chem.106]
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T
in the presence of RNA ligase or poly(A) polymerase to obtain the polynucleotide
represented by formula (I), (contact step). One embodiment of the third aspect of the
present disclosure is a producing method of the polynucleotide represented by the
above formula (I), wherein Y in the above formula (I) is represented by the above
formula (II-A), and comprises contacting a polynucleotide represented by the above
formula (VII) with an oligonucleotide represented by the above formula (VIII-A) in
the presence of RNA ligase or poly(A) polymerase to obtain the polynucleotide rep-
resented by the above formula (I). One embodiment of the third aspect of the present
disclosure is a producing method of the polynucleotide represented by the above
formula (I), wherein Y in the above formula (I) is represented by the above formula
(II), and comprises contacting a polynucleotide represented by the above formula (VII)
with an oligonucleotide represented by the above formula (VIII) in the presence of
RNA ligase or poly(A) polymerase to obtain the polynucleotide represented by the
above formula (I). One embodiment of the third aspect of the present disclosure is a
producing method of the polynucleotide represented by the above formula (I), wherein
Y in the above formula (I) is represented by the above formula (III), and comprises
contacting a polynucleotide represented by the above formula (VII) with an oligonu-
cleotide represented by the above formula (IX) in the presence of RNA ligase or
poly(A) polymerase to obtain the polynucleotide represented by the above formula

(I). One embodiment of the third aspect of the present disclosure is a producing
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[0079]

method of the polynucleotide represented by the above formula (I), wherein Y in the
above formula (1) is represented by the above formula (IV), and comprises contacting
a polynucleotide represented by the above formula (VII) with an oligonucleotide
represented by the above formula (X) in the presence of RNA ligase or poly(A)
polymerase to obtain the polynucleotide represented by the above formula (I). One
embodiment of the third aspect of the present disclosure is a producing method of the
polynucleotide represented by the above formula (I), wherein Y in the above formula
(I) is represented by the above formula (V), and comprises contacting a polynucleotide
represented by the above formula (VII) with an oligonucleotide represented by the
above formula (XI) in the presence of RNA ligase or poly(A) polymerase to obtain the
polynucleotide represented by the above formula (I). In these cases, R' to R, R", Z',
z" 72 j» m, n, and r in the above formulas (VII), (VIII-A), (IX), (X), and (XI) are the
same as those in formulas (II), (II-A), (IIT), (IV), or (V), and k is an integer of O to 2.
The polynucleotide represented by the above formula (VII) may be a polynucleotide
prepared by a method commonly used by those skilled in the art.

In formulas (VIII), (VIII-A), (IX), (X), and (XI), R" represents O or a group
obtained by removing one hydrogen atom from a hydroxyl group of the hy-
droxymethyl group at the 5' p’-position of adenosine. Here, the group obtained by
removing one hydrogen atom from a hydroxyl group of the hydroxymethyl group at
the 5’-position of adenosine means a group represented by the following formula. In

one embodiment, R” may be O".

[Chem.107]
-
O
0 ==
HOw N\
$ N/%/J’\
HO sy “Wh,

A producing method according to one embodiment of the third aspect of the present
disclosure comprises contacting a polynucleotide represented by the following formula
(VID):

X-OH ... (VID

, wherein, in formula (VII), X is the same as X in formula (I), and OH represents a
hydroxyl group bonded to the 3’-carbon of a nucleoside present at the 3"-end of X, with
an oligonucleotide represented by the following formula (VIII'-A):
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[Chem.108]
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, wherein, in formula (VIIT-A), R' to R, Z', 77, j» m, and n are the same as those in
formula (II'-A), and k represents an integer of O to 2, in the presence of RNA ligase
or poly(A) polymerase to obtain the polynucleotide represented by the above formula
(I) (contact step), wherein R" represents O or a group obtained by removing one
hydrogen atom from a hydroxyl group of the hydroxymethyl group at the 5’-position
of adenosine, and in one embodiment, R"* may be O". A producing method according
to a preferred embodiment of the third aspect of the present disclosure comprises
contacting a polynucleotide represented by the following formula (VII):
X-OH ... (VID
, wherein, in formula (VII), X is the same as X in formula (I), and OH represents a
hydroxyl group bonded to the 3’-carbon of a nucleoside present at the 3"-end of X, with
an oligonucleotide represented by the following formula (VIII'):

[Chem.109]

IR Y O U5 B
, wherein, in formula (VIIT'), R' to R®, Z', Z?, m, and n are the same as those in formula
(IT'), and k represents an integer of O to 2, in the presence of RNA ligase or poly(A)
polymerase to obtain the polynucleotide represented by the above formula (I) (contact
step), wherein R" represents O or a group obtained by removing one hydrogen atom
from a hydroxyl group of the hydroxymethyl group at the 5’-position of adenosine, and
in one embodiment, R'"> may be O'. A producing method according to a more preferred
embodiment of the third aspect of the present disclosure comprises contacting a
polynucleotide represented by the following formula (VII):

X-OH ... (VID
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, wherein, in formula (VII), X is the same as X in formula (I), and OH represents a

hydroxyl group bonded to the 3’-carbon of a nucleoside present at the 3’-end of X, with

an oligonucleotide represented by the following formula (XII):

[Chem.110]
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, wherein, in formula (XII), m is the same as in formula (VI), and k represents an

integer of 0 to 2, in the presence of RNA ligase or poly(A) polymerase to obtain the

polynucleotide represented by the above formula (I) (contact step).

[0080]

A producing method according to one embodiment of the third aspect of the present

disclosure comprises contacting a polynucleotide represented by the following formula

(VID):
X-OH ... (VID

, wherein, in formula (VII), X is the same as X in formula (I), and OH represents a

hydroxyl group bonded to the 3’-carbon of a nucleoside present at the 3’-end of X, with

an oligonucleotide represented by the following formula (VIII'-AX):

[Chem.111]
Q

RS 55—0"]
L.
0 Jk a

m

! CIVITIY —AX)

, wherein, in formula (VIIT'-AX), R' to R%, Z', Z°, J» m, and n are the same as those in

formula (II'-AX), and k represents an integer of O to 2, in the presence of RNA ligase

or poly(A) polymerase to obtain the polynucleotide represented by the above formula

(I) (contact step), wherein R" represents O or a group obtained by removing one

hydrogen atom from a hydroxyl group of the hydroxymethyl group at the 5’-position

of adenosine, and in one embodiment, R” may be O". A producing method according

to a preferred embodiment of the third aspect of the present disclosure comprises

contacting a polynucleotide represented by the following formula (VII):
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X-OH ... (VID
, wherein, in formula (VII), X is the same as X in formula (I), and OH represents a
hydroxyl group bonded to the 3’-carbon of a nucleoside present at the 3’-end of X, with

an oligonucleotide represented by the following formula (VIII'-X):
[Chem.112]

i
R ;'?-«o
S

—H

n ’
VI T =X)

, wherein, in formula (VIIT'-X), R to R® Z', 7%, m, and n are the same as those in
formula (II'-X), and k represents an integer of 0 to 2, in the presence of RNA ligase

or poly(A) polymerase to obtain the polynucleotide represented by the above formula
(I) (contact step), wherein R" represents O or a group obtained by removing one
hydrogen atom from a hydroxyl group of the hydroxymethyl group at the 5’-position of
adenosine, and in one embodiment, R” may be O

In the producing method according to one embodiment, the RNA ligase or poly(A)
polymerase may be RNA ligase. RNA ligase is an enzyme that catalyzes the formation
of a phosphodiester bond between the 3’-end of one ribonucleotide and the 5’-end of
another ribonucleotide. Examples of RNA ligase comprise T4 RNA ligase 1, T4 RNA
ligase 2, and T4 DNA ligase. The T4 RNA ligase 2 may be, for example, a mutant
T4 RNA ligase 2, such as T4 RNA Ligase 2, truncated, T4 RNA Ligase 2, truncated
KQ, and T4 RNA Ligase 2, truncated K227Q (New England Biolabs, Inc.). When
the producing method according to one embodiment uses RNA ligase, in formulas
(VIID), (VIIT'), (VIII'-X), (IX), (X), (XI), or (XII), for example, k may be 0 and R"> may
be O, or for example, k may be 1 and R" may be a group obtained by removing one
hydrogen atom from a hydroxyl group of the hydroxymethyl group at the 5’-position of
adenosine.

In the producing method according to one embodiment, the RNA ligase or poly(A)
polymerase may be poly(A) polymerase. Poly(A) polymerase is an enzyme that
catalyzes the introduction of a poly(A) tail at the 3"-end of mRNA. When the
producing method according to one embodiment uses poly(A) polymerase, in formulas
(VIL), (VIII'), (VIII'-X), (VIII-A), (VIII'-A), (VII'-AX), (IX), (X), (XI), or (XII), for
example, k may be 2 and R"” may be O.
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In the contact step, the conditions for contacting the polynucleotide represented
by the above formula (VII) with the oligonucleotide represented by formulas (VIII),
(VIII), (VIII'-X), (VII-A), (VIII'-A), (VII'-AX), (IX), (X), (XI), or (XII) in the
presence of RNA ligase or poly(A) polymerase are not particularly limited as long as
the polynucleotide represented by the above formula (I) can be obtained, and the con-
centration relationships of each component, other additives and their concentrations,
solvent, temperature, and reaction time can be those commonly used by those skilled
in the art. Examples of the additives comprise ATP, divalent cations (Mgzﬁ Mn*, etc.),
reducing agents (DTT, etc.), RNase inhibitors, polyethylene glycol, pH adjusters, and
buffers.

A fourth aspect of the present disclosure provides a lipid complex comprising: (I)
the polynucleotide according to one embodiment of the first aspect of the present
disclosure, (II) a cationic lipid, and (III) at least one lipid selected from the group
consisting of neutral lipid, polyethylene glycol-modified lipid (PEG lipid), and sterol.
Examples of the lipid complex herein comprise, but are not limited to, LNPs (lipid
nanoparticles).

Examples of the form of a complex according to one embodiment of the fourth
aspect of the present disclosure comprise a complex of the polynucleotide according
to one embodiment of the first aspect of the present disclosure and a membrane
consisting of a lipid monolayer (single molecule) (reverse micelle); a complex of
the polynucleotide according to one embodiment of the first aspect of the present
disclosure and a liposome; and a complex of the polynucleotide according to one em-
bodiment of the first aspect of the present disclosure and a micelle. In a lipid complex
according to an embodiment of the fourth aspect of the present invention, the polynu-
cleotide according to one embodiment of the first aspect of the present disclosure is en-
capsulated in a fine particle comprising a lipid containing a cationic lipid.

The lipid complex according to one embodiment of the fourth aspect of the present
disclosure contains the polynucleotide according to one embodiment of the first aspect
of the present disclosure in a content of, for example, 0.01 to 50% by weight, 0.1 to
30% by weight, or 1 to 10% by weight to the total weight of the lipid complex.

Cationic lipid is an amphiphilic molecule comprising a lipophilic region including
one or more hydrocarbon groups and a hydrophilic region including a polar group
to be protonated at specific pH. Examples of the cationic lipid according to an em-
bodiment comprise, but are not particularly limited to, cationic lipids described
in International Publication Nos. WO 2015/105131, WO 2016/104580, and WO
2017/222016, and alternatively a cationic lipid with improved biodegradability
described in International Publication No. WO 2016/104580 or WO 2017/222016

can be used. Examples of the cationic lipid according to an embodiment comprise
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1-oxo0-1-(undecan-5-yloxy)nonadecan-10-yl-1-methylpiperidine-4-carboxylate, 1-
((2-butyloctyl)oxy)-1-oxononadecan-10-yl-1-methylpiperidine-4-carboxylate, 1-
oxo0-1-(undecan-5-yloxy)heptadecan-8-yl-1-methylpiperidine-4-carboxylate, 21-
0x0-21-(undecan-5-yloxy)heneicosan-10-yl-1-methylpiperidine4-carboxylate, 21-
(octan-3-yloxy)-21-oxoheneicosan-10-yl-1-methylpiperidine-4-carboxylate, 1-((2-
butyloctyl)oxy)-1-oxoicosan-10-yl-1-methylpiperidine-4-carboxylate, (Z)-1-((2-
butylnon-3-en-1-yl)oxy)-1-oxoicosan-10-yl-1-methylpiperidine-4-carboxylate, 1-
oxo-1-((3-pentyloctyl)oxy)icosan-10-yl-1-methylpiperidine-4-carboxylate, 1-((3,4-
dipropylheptyl)oxy)-1-oxoicosan-10-yl-1-methylpiperidine-4-carboxylate, 1-((6-
(butyldisulfanyl)-3-(3-(butyldisulfanyl)propyl)hexyl)oxy)-1-oxoicosan-10-yl-1-
methylpiperidine-4-carboxylate, 2-butyloctyl-10-((4-(dimethylamino)butanoyl)oxy )i-
cosanoate, 2-{9-[(2-butyloctyl)oxy]-9-oxononyl }dodecyl-1-methylpiperidine-4-car-
boxylate, 2-{9-0x0-9-[(3-pentyloctyl)oxy]nonyl}dodecyl 1-methylpiperidine-4-car-
boxylate, 2-nonyl-11-oxo-11-[(3-pentyloctyl)oxy]undecyl-1-methylpiperidine-4-car-
boxylate, bis(3-pentyloctyl) 9-{[(1-methylpiperidine-4-carbonyl)oxy]methyl} heptade-
canedioate, and di[(Z)-2-nonen-1-yl]-9-{[(1-methylpiperidine-4-carbonyl)oxy]methyl }
heptadecanedioate. In an embodiment, the cationic lipid is 2-{9-0x0-9-[(3-penty-
loctyl)oxy]nonyl }dodecyl-1-methylpiperidine-4-carboxylate.

The lipid complex according to one embodiment of the fourth aspect of the present
disclosure contains the above-described cationic lipid in a content of, for example, 10
to 100 mol%, 20 to 90 mol%, or 40 to 70 mol% based on the total lipids contained in
the lipid complex. One cationic lipid can be used singly, and mixture of two or more
cationic lipids can also be used.

The lipid complex according to one embodiment of the fourth aspect of the present
disclosure comprises (I) the above-described cationic lipid and (II) at least one lipid
selected from the group consisting of neutral lipid, polyethylene glycol-modified lipid,
and sterol, as a lipid component. The lipid complex according to one embodiment of
the fourth aspect of the present disclosure contains the lipid component in a content of,
for example, 50 to 99.99% by weight, 70 to 99.9% by weight, or 90 to 99% by weight
to the total weight of the lipid complex.

The term "neutral lipid" refers to a lipid present either as a non-charged form or
as a neutral zwitterion at physiological pH. Examples of the neutral lipid according
to an embodiment comprise dioleoylphosphatidylethanolamine (DOPE), palmi-
toyloleoylphosphatidylcholine (POPC), egg phosphatidylcholine (EPC), dimyris-
toylphosphatidylcholine (DMPC), dipalmitoylphosphatidylcholine (DPPC), dis-
tearoylphosphatidylcholine (DSPC), diarachidoylphosphatidylcholine (DAPC),
dibehenoylphosphatidylcholine (DBPC), dilignoceroylphosphatidylcholine (DLPC),
dioleoylphosphatidylcholine (DOPC), sphingomyelin, ceramide, dioleoylphos-



87

WO 2025/187713 PCT/JP2025/007821

[0091]

[0092]

[0093]

[0094]

[0095]

phatidylglycerol (DOPG), dipalmitoylphosphatidylglycerol (DPPG), palmitoy-
loleoylphosphatidylethanolamine (POPE), and dioleoyl-phosphatidylethanolamine 4-
(N-maleimidomethyl)-cyclohexane-1-carboxylate (DOPE-mal). In an embodiment, the
neutral lipid is distearoylphosphatidylcholine (DSPC). One neutral lipid can be used
singly, and mixture of two or more neutral lipids can also be used.

The lipid complex according to one embodiment of the fourth aspect of the present
disclosure may contain the neutral lipid in a content of, for example, 0 to 50 mol%, 0
to 40 mol%, 0 to 30 mol%, or 0 to 20 mol% based on the total lipids contained in the
lipid complex.

Examples of the polyethylene glycol-modified lipid (PEG lipid) according to one
embodiment of the fourth aspect of the present disclosure comprise PEG2000-DMG
(PEG2000-dimyristyl glycerol), MPEG2000-DMG (MPEG2000-dimyristyl glycerol),
PEG2000-DPG (PEG2000-dipalmitoylglycerol), PEG2000-DSG (PEG2000-dis-
tearoylglycerol), PEG5000-DMG (PEG5000-dimyristyl glycerol), PEG5000-DPG
(PEG5000-dipalmitoylglycerol), PEG5000-DSG (PEG5000-distearoylglycerol),
PEG-cDMA (N-[(methoxypoly(ethylene glycol)2000)carbamyl]-1,2-dimyristy-
loxylpropyl-3-amine), PEG-C-DOMG (R-3-[(w-methoxy-poly(ethylene gly-
col)2000)carbamoyl)]-1,2-dimyristyloxylpropyl-3-amine), polyethylene glycol (PEG)-
diacylglycerol (DAG), PEG-dialkyloxypropyl (DAA), PEG-phospholipid, and PEG-
ceramide (Cer). Examples of PEG-dialkyloxypropyl comprise PEG-dilauryloxypropyl,
PEG-dimyristyloxypropyl, PEG-dipalmityloxypropyl, and PEG-distearyloxypropyl.
In an embodiment, the polyethylene glycol-modified lipid is MPEG2000-DMG
(MPEG2000-dimyristyl glycerol). One polyethylene glycol-modified lipid can be used
singly, and mixture of two or more polyethylene glycol-modified lipids can also be
used.

The lipid complex according to one embodiment of the fourth aspect of the present
disclosure may contain the polyethylene glycol-modified lipid in a content of, for
example, 0 to 30 mol%, 0 to 20 mol%, 0 to 10 mol%, or 0.5 to 2 mol% based on the
total lipids contained in the lipid complex.

Sterol is an alcohol having a steroid backbone. In some embodiments, the sterol
comprises cholesterol, dihydrocholesterol, lanosterol, [3-sitosterol, campesterol,
stigmasterol, brassicasterol, ergosterol, fucosterol, and 33-[N-(N',N'-dimethy-
laminoethyl)carbamoyl]cholesterol (DC-Chol). In an embodiment, the sterol is cho-
lesterol. One sterol can be used singly, and mixture of two or more sterols can also be
used.

The lipid complex according to one embodiment of the fourth aspect of the present
disclosure may contain the sterol in a content of, for example, 0 to 90 mol%, 10 to 80

mol%, or 20 to 40 mol% based on the total lipids contained in the lipid complex.
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Combination of lipid components in the lipid complex according to one embodiment
of the fourth aspect of the present disclosure is not particularly limited, and examples
thereof comprise combination of the above-described cationic lipid, neutral lipid,
and sterol, and combination of the above-described cationic lipid, neutral lipid, poly-
ethylene glycol-modified lipid, and sterol.

The lipid complex according to one embodiment of the fourth aspect of the present
disclosure comprises lipid components of cationic lipid/neutral lipid/polyethylene
glycol-modified lipid/sterol, and the mole ratio of the lipids may be, for example, 10 to
99/0 to 50/0 to 10/0 to 50, or 40 to 70/0 to 20/0.5 to 2/20 to 40.

The "average particle size" of the lipid complex particle according to one em-
bodiment of the fourth aspect of the present disclosure refers to the Z-average particle
size. The average particle size (Z-average) of a lipid complex according to one em-
bodiment of the fourth aspect of the present disclosure may be, for example, 10 to
1000 nm, 30 to 500 nm, or 30 to 200 nm as measured by using a particle size analyzer
(Malvern Panalytical Ltd., Zetasizer Nano ZS), though the average particle size is not
particularly limited thereto.

A fifth aspect of the present disclosure is an oligonucleotide represented by the above
formulas (VIIL), (VIII), (VIII'-X), (VIII-A), (VIII'-A), (VIIT'-AX), (IX), (X), (XD),
or (XII). R'to R’, R, R", Z", Z" 7%, j, m, n, and r in these formulas are the same
as those described in the third aspect of the present disclosure, and k is an integer of
0 to 2, and in one embodiment, k is 0 or 2. These oligonucleotides can be used, for
example, as a building block in the producing method according to the third aspect of
the present disclosure.

A sixth aspect of the present disclosure is a method of improving the stability of
a polynucleotide in vivo, comprising introducing a group represented by the above
formulas (II), (II-A), (II), (IV), or (V) to the 3’-end of the polynucleotide, wherein, in
the formulas, the wavy line represents a bond to the 3’-end of the polyribonucleotide,
andR' to R’, R", R", Z', Z" 77, j, m, n, and r are the same as those described for
formulas (II), (II-A), (ITT), (IV), or (V) in the first aspect of the present disclosure.

A preferred embodiment of the sixth aspect of the present disclosure is a method of
improving the stability of a polynucleotide in vivo, comprising introducing a group
represented by the above formula (II-A) to the 3’-end of the polynucleotide, wherein,
in the formula, the wavy line represents a bond to the 3’-end of the polyribonucleotide,
andR' to R®, Z', 7, J, m, and n are the same as those described for formula (II-A) in
the first aspect of the present disclosure.

A preferred embodiment of the sixth aspect of the present disclosure is a method of

improving the stability of a polynucleotide in vivo, comprising introducing a group
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represented by the above formula (II) to the 3’-end of the polynucleotide, wherein in
the formula, the wavy line represents a bond to the 3’-end of the polyribonucleotide,
and R' to R®, Z', Z*, m, and n are the same as those described for formula (II) in the
first aspect of the present disclosure.

A more preferred embodiment of the sixth aspect of the present disclosure is a method
of improving the stability of a polynucleotide in vivo, comprising introducing a group
represented by the above formula (VI) to the 3’-end of the polynucleotide, wherein, in
the formula, the wavy line represents a bond to the 3’-end of the polyribonucleotide,
and m is the same as described for formula (V]) in the first aspect of the present
disclosure.

The introduction of the above group to the 3’-end of the polynucleotide can be carried
out by methods commonly used by those skilled in the art, for example, by a method
similar to the contact step in the producing method according to one embodiment of
the third aspect of the present disclosure.

The polynucleotide according to the first aspect of the present disclosure, and the
polynucleotide with the above group introduced at the 3’-end according to the method
for improving stability in vivo of the sixth aspect of the present disclosure, have high
stability in vivo. In these cases, high stability means that, for example, a total amount
of the polynucleotide containing the group represented by X in the culture supernatant
or blood 24 hours, 48 hours, 72 hours, 96 hours, or 168 hours after administration to a
subject (e.g., human, mouse, or rat) is 2 times, 3 times, 5 times, 7 times, 10 times, 30
times, 100 times, 250 times, or 500 times or more compared to a total amount when the
same amount of the polynucleotide represented by the following formula (VII):
X-OH ... (VID
is administered, wherein in formula (VII), X is the same as X in formula (I), and OH
represents a hydroxyl group bonded to the 3’-carbon of the nucleoside present at the
3’-end of X. The amount of the polynucleotide may be measured by a method such as
quantitative PCR (q-PCR) or next-generation sequencing.

A seventh aspect of the present disclosure is a method for improving an expression
level of a protein encoded by a coding region in a polyribonucleotide, comprising in-
troducing a group represented by the above formula (II), (II-A), (IIT), (IV), or (V) to
the 3’-end of the polyribonucleotide, wherein the wavy line represents a bond to the
3’-end of the polyribonucleotide, and R' to R’, R™, Z', Z", Z*>, m, n, and r are the same
as those described for formulas (IT), (II-A), (II1), (IV), and (V) in the first aspect of
the present disclosure. A preferred embodiment of the seventh aspect of the present
disclosure is a method for improving the expression level of a protein encoded by a

coding region in a polyribonucleotide, comprising introducing a group represented by
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the above formula (II-A) in the first aspect of the present disclosure to the 3’-end of
the polyribonucleotide, wherein the wavy line represents a bond to the 3’-end of the
polyribonucleotide, and R'toR® 7! 72, j» m, and n are the same as those described for
formula (II-A). A preferred embodiment of the seventh aspect of the present disclosure
is a method for improving the expression level of a protein encoded by a coding region
in a polyribonucleotide, comprising introducing a group represented by the above
formula (II) in the first aspect of the present disclosure to the 3’-end of the polyri-
bonucleotide, wherein the wavy line represents a bond to the 3”-end of the polyribonu-
cleotide, and R! to R®, Z!, 72, m, and n are the same as those described for formula

(II). A more preferred embodiment of the seventh aspect of the present disclosure is a
method for improving the expression level of a protein encoded by a coding region in a
polyribonucleotide, comprising introducing a group represented by the above formula
(VI) to the 3’-end of the polyribonucleotide, wherein the wavy line represents a bond
to the 3’-end of the polyribonucleotide, and m is the same as described for formula
(VD) in the first aspect of the present disclosure. The introduction of the above group
to the 3’-end of the polyribonucleotide can be carried out by a method commonly used
by those skilled in the art, for example, by a method similar to the contact step in the
producing method according to one embodiment of the third aspect of the present
disclosure.

When the polyribonucleotide according to one embodiment of the first aspect of the
present disclosure, the polyribonucleotide with the above group introduced at the 3’-
end according to the method for improving stability in vivo of one embodiment of
the sixth aspect of the present disclosure, or the polyribonucleotide with the above
group introduced at the 3’-end according to the method for improving the expression
level of a protein of one embodiment of the seventh aspect of the present disclosure
are administered to a subject, the amount of the protein encoded by the coding region
increases after a long period of time post-administration. In the sixth aspect of the
present disclosure, "high stability of the polyribonucleotide in vivo" and in the seventh
aspect, "high amount of the protein encoded by the coding region" mean that, for
example, the amount (e.g., enzyme units per volume such as mU/mL, or molar con-
centration) of the protein encoded by the coding region in the culture supernatant or
blood 36 hours, 48 hours, 72 hours, 96 hours, or 168 hours after administration to a
subject (e.g., cell, human, mouse, or rat) is 2 times or more, 3 times or more, 4 times
or more, 5 times or more, 6 times or more, 7 times or more, 8 times or more, 9 times
or more, 10 times or more, 20 times or more, 30 times or more, 50 times or more, 100
times or more, 200 times or more, 300 times or more, 400 times or more, 500 times

or more, 750 times or more, 1000 times or more, 1250 times or more, 1500 times or
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more, 1700 times or more, or 1900 times or more compared to the amount when the
same amount of the polynucleotide represented by the following formula (VII):

X-OH ... (VII)

is administered, wherein, in formula (VII), X is the same as X in formula (I), and OH
represents a hydroxyl group bonded to the 3’-carbon of the nucleoside present at the 3’-
end of X.

An example of a high amount of the protein encoded by the coding region is that the
amount of the protein encoded by the coding region in the culture supernatant 96 hours
or 168 hours after administration to cells is 2 times or more, 3 times or more, 4 times
or more, 5 times or more, 6 times or more, 7 times or more, 8 times or more, 9 times
or more, or 10 times or more compared to the amount when the same amount of the
polynucleotide represented by the above formula (VII) is administered, and in one em-
bodiment, it may be 3 times or more compared to the same.

An example of a high amount of the protein encoded by the coding region is that the
amount of the protein encoded by the coding region in the blood 48 hours, 72 hours,
96 hours, or 168 hours after administration to a mouse or human is 5 times or more,

7 times or more, 10 times or more, 20 times or more, 30 times or more, 100 times or
more, 250 times or more, 500 times or more, 750 times or more, 1000 times or more,
1250 times or more, 1500 times or more, 1700 times or more, or 1900 times or more
compared to the amount when the same amount of the polynucleotide represented by
the above formula (VII) is administered, and in one embodiment, it may be 750 times
or more compared to the same.

"High stability of the polyribonucleotide in vivo" in the sixth aspect of the present
disclosure and "high amount of the protein encoded by the coding region” in the
seventh aspect mean that, for example, the amount of the protein encoded by the
coding region in the culture supernatant or blood 72 hours after administration to a
subject (e.g., cell, human, mouse, or rat) is 15% or more, 16% or more, 17% or more,
18% or more, 19% or more, 20% or more, 21% or more, 22% or more, 23% or more,
24% or more, 25% or more, 26% or more, 27% or more, 28% or more, 29% or more,
or 30% or more of the amount of the protein 24 hours after administration.

An example of a high amount of the protein encoded by the coding region is that the
amount of the protein encoded by the coding region in the blood 96 hours after admin-
istration to a mouse is 3% or more, 5% or more, 6% or more, 7% or more, 8% or more,
9% or more, 10% or more, 11% or more, 12% or more, 13% or more, 14% or more,
15% or more, 16% or more, 17% or more, 18% or more, 19% or more, or 20% or more
of the amount 24 hours after administration, and in one embodiment, it may 10% or

more of the same.
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An example of a high amount of the protein encoded by the coding region is that the
signal intensity detected by a reporter assay (e.g., luminescence intensity generated by
substrate addition) 24 hours, 48 hours, or 72 hours after introducing a polynucleotide
(e.g., a polynucleotide consisting of the nucleotide sequence shown in SEQ ID NO: 1)
encoding a reporter protein as X into cells (e.g., Hep3B cells) is 130% or more, 150%
or more, 155% or more, 160% or more, 165% or more, 170% or more, 175% or more,
180% or more, 185% or more, 190% or more, 195% or more, or 200% or more of the
signal intensity at the same time point when the same amount of the polynucleotide
represented by the above formula (VII) is introduced. The detailed method of such an
evaluation may follow the protocol performed in Example 2 described later.

An eighth aspect of the present disclosure is a kit comprising the polynucleotide
according to one embodiment of the fourth aspect of the present disclosure. The kit
according to the eighth aspect of the present disclosure may be a kit for improving the
stability of the polynucleotide. The kit according to the eighth aspect of the present
disclosure may be a kit for improving the expression level of a protein encoded
by a coding region contained in the polyribonucleotide. The kit according to the
eighth aspect of the present disclosure may further comprise RNA ligase or poly(A)
polymerase. The kit according to the eighth aspect of the present disclosure may
further comprise an instruction manual, which may be electronic, and the instruction
manual may comprise descriptions corresponding to the producing method according
to one embodiment of the third aspect of the present disclosure, the method for
improving stability according to one embodiment of the sixth aspect of the present
disclosure, or the method for improving the expression level according to one em-
bodiment of the seventh aspect of the present disclosure.

Examples

Hereinafter, the present disclosure will be described in more detail referring to
examples, but the present disclosure
is not limited to the following examples.

[Example 1] Preparation of PolyA-modified Fluc-mRNA and PolyA-modified EPO-
mRNA

<Synthesis of monomer>

[Chem.113]
Me TBDRSCI (1.1 eq) Me
9] N/-i imidazole (1.5 eq) 0 N/i
Ho C no O
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(2R,3R,3aS,9aR)-2-(((tert-butyldiphenylsilyl)oxy)methyl)-3-hydroxy-7-
methyl-2,3,3a,9a-tetrahydro-6H-furo[2’,3":4,5]oxazolo[ 3,2-a]pyrimidin-6-one 2:

To a 0°C stirred solution of 2,2’-Anhydro-5-methyluridine 1 (CAS No 22423-26-3,
100.00 g, 0.42 mol) and Imidazole (42.51 g, 0.62 mol) in dry N,N-Dimethylformamide
(500 mL) was added dropwise a solution of TBDPSCI (125.86 g, 0.46 mol) in dry
dichloromethane (200 mL). After the addition, the mixture was warmed back to room
temperature and stirred overnight. After the starting material was consumed, the
mixture was concentrated to remove dichloromethane. Then the residue was carefully
poured into cold water (2 L) with vigorous stirring. The precipitated solid was filtered
and washed with water (300 mL), hexane (300 mL) and diethyl ether (300 mL) suc-
cessively. The solid was collected and dried over vacuum to afford 2 (154.30 g, 77%)
as white solid.

'H NMR (400 MHz, DMSO-d6) 8 7.79 (s, 1H), 7.56 - 7.49 (m, 4H), 7.47 - 7.37 (m,
6H), 6.31 (d,J =5.7 Hz, 1H), 5.99 (d, ] =4.5 Hz, 1H), 5.23 (dd, ] = 5.8, 1.4 Hz, 1H),
4.44 - 4.39 (m, 1H), 4.18 (ddd, ] = 7.5, 4.6, 3.1 Hz, 1H), 3.57 (dd, J = 11.3, 4.8 Hz,
1H), 3.41 (dd, J=11.4, 6.8 Hz, 1H), 1.76 (s, 3H), 0.91 (s, 9H).

[Chem.114]
HO
60e o H
. —@( K Ks) YN O
o _~fo\~( AiMes(1.5 eq) TBDPSO/\LfN\-;
TBDPsom e A=0 - Ho' % Me
i o N xylene, 150°C 36h

2

3
1-((2R,3R,4R,5R)-3-(benzyloxy)-5-(((tert-butyldiphenylsilyl)oxy)methyl)-4-hydrox-
ytetrahydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 3:

To a stirred solution of phenylmethanol (33.89 g, 0.31 mol) in xylene (20 mL)

was added AlMe; (5.65 g, 78.35 mmol, 2 M in toluene) drop-wise allowing gentle
reflux. After the addition, the mixture was stirred at 110°C for 2 hours. Then the
resulting mixture was cooled to RT, transferred to a round-bottomed flask containing
a suspension of 2 (25.00 g, 52.23 mmol) in xylene (75 mL) and stirred at 150°C

for 36 h. After the starting material 2 was consumed, the mixture was poured into
15% potassium sodium tartrate solution (1 L) and stirred for 20 min. After filtration,
the aqueous layer was extracted with DCM (500 mL x 2). The combined organic
phase was washed with water (500 mL) and brine (500 mL), dried over Na,SO,
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and concentrated to dryness. The residue was purified by silica gel column (DCM/
MeOH=50/1, v/v) to afford 3 (13.08 g, 43%) as a white solid.

[Chem.115]

H

o
TBDPSO

Me AlMe; (1.5 eq.) AN
/~\{’O Ni Toluene,136°C,72h T Me

TBDPSO : o '
\'}-——Z‘ kN o OH HO o oM
HO O OMe

(4.0 e, ‘

2 Onte One 0 &) 4

1-((2R,3R,4R,5R)-5-(((tert-butyldiphenylsilyl)oxy)methyl)-3-((1,3-
dimethoxypropan-2-yl)oxy)-4-hydroxytetrahydrofuran-2-yl)-5-methylpyrimi-
dine-2,4(1H,3H)-dione 4:
To a stirred solution of 1,3-dimethoxypropan-2-ol (20.08 g, 0.17 mol) in toluene (20
mL) was added AlMe;(4.52 g, 62.68 mmol, 2 M in toluene) drop-wise allowing gentle
reflux. After the addition, the mixture was stirred at 110°C for 1h. Then the resulting
mixture was cooled to room temperature, transferred to a pressure flask containing a
suspension of 2 (20.00 g, 41.79 mmol) in toluene (25 mL) and stirred at 130°C for 72
hours. After the most 2 was consumed, the mixture was poured into 15% potassium
sodium tartrate solution (1 L) and stirred for 20 min. After filtration, the aqueous layer
was extracted with DCM (500 mL x 2). The combined organic phase was washed with
water (500 mL) and brine (500 mL), dried over Na,SO,4 and concentrated to dryness.
The residue was purified by a silica gel column (DCM/MeOH = 50/1, v/v) to afford 4
(3.20 g, 13%) as white solid.
'H NMR (400 MHz, DMSO-d6) & 11.38 (s, 1H), 7.67 - 7.62 (m, 4H), 7.50 - 7.41 (m,
6H), 7.38 (s, 1H), 5.90 (d, J = 6.0 Hz, 1H), 4.79 (d, ] =4.5 Hz, 1H), 4.26 (dt, ] = 12.6,
4.9 Hz, 2H), 3.96 (q, ) =3.2 Hz, 1H), 3.88 (dd, J = 11.6, 2.7 Hz, 1H), 3.81 (dd, J =
11.6, 3.4 Hz, 1H), 3.77 - 3.71 (m, 1H), 3.44 - 3.38 (m, 2H), 3.37 (d, ] = 4.0 Hz, 1H),
3.28 (s, 3H), 3.27 - 3.22 (m, 1H), 3.14 (s, 3H), 1.42 (s, 3H), 1.04 (s, 9H).

[Chem.116]

OH
(? (6.0 eq)
Me 0
o /ie TBDPSO’\Q‘ ={,
N AlMes(1.5 eq)
TBDPSDA‘(_?' JEPa 3 "G “Me
HO o © sylene, 150°C.48 h

jjpf
Q

2 5
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1-((2R,3R,4R,5R)-5-(((tert-butyldiphenylsilyl)oxy)methyl)-4-hydroxy-3-(((R)-tetrahy-
drofuran-3-yl)oxy)tetrahydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 5:

To a stirred solution of (R)-tetrahydrofuran-3-ol (8.84 g, 0.1 mol) in xylenes (10 mL)
was added AlMe;(1.81 g, 25.07 mmol, 2 M in toluene) drop-wise allowing gentle
reflux. After the addition, the mixture was stirred at 110°C for 2 hours. Then the
resulting mixture was cooled to room temperature, transferred to a round-bottomed
flask containing a suspension of 2 (8.00 g, 16.71 mmol) in xylene (40 mL) and stirred
at 150°C for 48h. After the most 2 was consumed, the mixture was poured into 15%
potassium sodium tartrate solution (500 mL) and stirred for 20 min. After filtration, the
aqueous layer was extracted with DCM (200 mL x2). The combined organic phase was
washed with water (200 mL) and brine (200 mL), dried over Na,SO, and concentrated
to dryness. The residue was purified by a silica gel column (DCM/MeOH = 50/1, v/v)
to afford 5 (3.00 g, 32%) as white solid.

'H NMR (400 MHz, DMSO-d6) & 11.39 (s, 1H), 7.65 (td, J = 8.2, 1.7 Hz, 4H), 7.49 -
7.40 (m, 7H), 5.88 (d, J =5.6 Hz, 1H), 5.18 (d, J = 5.7 Hz, 1H), 4.32 (dq, J = 6.7, 2.2
Hz, 1H), 4.22 (q, J =5.0 Hz, 1H), 4.04 (t, ] = 5.4 Hz, 1H), 3.99 - 3.92 (m, 2H), 3.83
(dd,J=11.4,3.6 Hz, 1H), 3.71 - 3.63 (m, 4H), 1.94 - 1.85 (m, 1H), 1.77 - 1.69 (m,
1H), 1.43 (s, 3H), 1.04 (s, 9H).

[Chem.117]
OH
Vo ,r } (6.0 eq) O N
o - N
| TBDPSG/\( \I

TBDF‘SO/\(I QC AlMes(1.5 eq) J
wg O xylengs, 150°C,48 h s
/‘ (&)

O

, 6

1-((2R,3R,4R,5R)-5-(((tert-butyldiphenylsilyl)oxy)methyl)-4-hydroxy-3-(((S)-tetrahy-
drofuran-3-yl)oxy)tetrahydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 6:

To a stirred solution of (S)-tetrahydrofuran-3-ol (27.61 g, 0.31 mol) in xylenes (20
mL) was added AlMe; (5.65 g, 78.35 mmol, 2 M in toluene) drop-wise allowing
gentle reflux. After the addition, the mixture was stirred at 110°C for 2 hours. Then the
resulting mixture was cooled to RT, transferred to a round-bottomed flask containing
a suspension of 2 (25.00 g, 52.23 mmol) in xylenes (75 mL) and stirred at 150°C for
48h. After most 2 was consumed, the mixture was poured into 15% potassium sodium
tartrate solution (1 L) and stirred for 20 min. After filtration, the aqueous layer was
extracted with DCM (500 mL X 2). The combined organic phase was washed with
water (500 mL) and brine (500 mL), dried over Na,SO,4 and concentrated to dryness.



96

WO 2025/187713 PCT/JP2025/007821

[0111]

The residue was purified by a silica gel column (DCM/MeOH = 50/1, v/v) to afford 6
(8.93 g, 30%) as white solid.

'H NMR (400 MHz, DMSO-d6) 6 11.38 (s, 1H), 7.67 - 7.62 (m, 4H), 7.50 - 7.40 (m,
7H), 5.87 (d,J=5.2 Hz, 1H), 5.19 (d, ] = 6.1 Hz, 1H), 432 (dq, J = 6.1, 3.1, 2.6 Hz,
1H), 4.21 (q, J=5.2 Hz, 1H), 4.06 - 3.98 (m, 2H), 3.98 - 3.91 (m, 2H), 3.83 (dd, J =
11.3, 3.6 Hz, 1H), 3.68 - 3.61 (m, 2H), 3.58 (dd, ] = 9.8, 1.9 Hz, 1H), 1.97 - 1.90 (m,
2H), 1.44 (s, 3H), 1.04 (s, 9H).

[Chem.118]
H MsCI, TEA, THF, Me
OYjIIO 0°C -1t 3h: P
EtOH, 10N NaOH, DMTrQ o N.__NH
/_<Oj’N “Me 60 °C, 16 h ggg" \(I:l;
PMTrO 5 98%, 2 steps
[ HO
HO

7 8
1-((2R,4R,5R)-5-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-hydroxytetrahy-
drofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 8:

Inversion of 3’-OH was performed by following a literature procedure (Duerr, E.-M.;
McGouran, J.F. Molecules 2021, 26, 320). 1-((2R,4S,5R)-5-((bis(4-methoxyphenyl)
(phenyl)methoxy)methyl)-4-hydroxytetrahydrofuran-2-yl)-5-methylpyrimi-
dine-2,4(1H,3H)-dione 7 (5.00 g, 9.181 mmol) in Tetrahydrofuran (41.7 mL) was
added triethylamine (3.20 mL, 22.952 mmol). Then, Methanesulfonyl chloride (1.06
mL, 13.77 mmol) was added dropwise at 0 °C and stirred at room temparature. Upon
the completion of the reaction, Ethanol (20 mL, 0.343 mmol) was added followed
by solution of 10 N NaOH (50 mL). The mixture was heated to 60 °C overnight. It
was diluted with EtOAc, and pH was adjusted to 7 by 4 N HCI. After extraction with
EtOAc and concentration, the crude was purified by a column chromatography (100
g Sfar Biotage column, DCM/MeOH 1 to 5%) to provide 8 (4.8 g, 8.81 mmol, 96 %
yield).

'H NMR (400 MHz, DMSO-dy) 8 1.62-1.66 (m, 3H), 1.79-1.93 (m, 1H), 2.52-2.58
(m, 1H), 3.18 (dd, J=10.32, 2.81 Hz, 1H), 3.38 (dd, J=10.26, 8.13 Hz, 1H), 3.73 (d,
J=0.63 Hz, 6H), 4.03-4.13 (m, 1H), 4.14-4.25 (m, 1H), 5.19 (d, J=3.50 Hz, 1H), 6.10
(dd, J=8.13, 2.13 Hz, 1H), 6.84-6.91 (m, 4H), 7.19-7.32 (m, 7H), 7.43 (d, J=7.66 Hz,
2H), 7.59 (d, J=1.13 Hz, 1H), 11.27 (s, 1H).
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[0113]

1-((2R,3R,4S,5R)-5-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-hydroxy-3-
(2-methoxyethoxy)tetrahydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 10:
1-((2R,3R,4R,5R)-5-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-hydroxy-3-
(2-methoxyethoxy)tetrahydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 9 (5 g,
8.082 mmol) was used following the procedure for 8 to give 10 (4 g, 80% yield).

'H NMR (400 MHz, CD;Cl) & 1.39 (s, 3H), 3.41 (s, 3H), 3.44 (br d, J=1.88 Hz, 1H),
3.50-3.60 (m, 3H), 3.60-3.68 (m, 1H), 3.75-3.80 (m, 1H), 3.82 (s, 6H), 4.05-4.14 (m,
2H), 4.42-4.49 (m, 1H), 6.04 (d, J=3.75 Hz, 1H), 6.86 (br d, J=8.63 Hz, 4H), 7.24-7.36
(m, 7H), 7.43 (br d, J=7.25 Hz, 2H), 7.67 (s, 1H), 8.05 (br s, 1H); MS (ESI, m/z)
calculated for [C3,H;3sN,Oo- H] 617.26 found 617.31.

[Chem.120]
7N
H
z/ N NH, N}——f NHBZ raso N NHBZ
— \TA K(
Is) N
\\(O N\/ Step1 VN\,« Step 2 g N\/
j P O_,%\y {:}MTro
¢" HO
HO 0T\ ome OMe “~OMe
L 12 13
Step 1:

N-(9-((2R,3R,4R,5R)-5-(((tert-butyldimethylsilyl)oxy)methyl)-4-hydroxy-3-(2-
methoxyethoxy)tetrahydrofuran-2-yl)-9H-purin-6-yl)benzamide 12: 2’-MOE-T 11 (39
2, 119.88 mmol) and pyridine (117 mL) was concentrated in vacuo. To the above in
pyridine (117 mL) was added dropwise TBS-C1 (36.1 g, 239.76 mmol) in DCM (39.0
mL) at 0°C. It was warmed up to room temperature slowly and stirred overnight. TMS-
Cl1(22.98 mL, 179.82 mmol) was added to the mixture at 0°C. After it was stirred at

rt for 2 hours, benzoyl chloride (20.87 mL, 179.82 mmol) was added to the mixture at
0°C and it was stirred at rt for 2 days. To the mixture was added ice at 0°C and stirred
for 1 hour. Then, aqueous ammonium hydroxide (100 mL) was added at room tem-

perature and stirred for 1 hour. It was extracted with DCM (200 mL x 2), washed with
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water, dried over Na,SO,, and concentrated. The crude was purified by a column chro-
matography (200 g Sfar, EtOAc/Heptane 5 to 100%) to give 12 (50 g, 77% yield).

'H NMR (400 MHz, , CD;Cl) & 0.00 (d, J=3.75 Hz, 6H), 0.82 (s, 9H), 3.25 (s, 3H),
3.30-3.40 (m, 1H), 3.44-3.52 (m, 1H), 3.54-3.61 (m, 1H), 3.74 (dd, J=11.57, 2.31 Hz,
1H), 3.80-3.91 (m, 2H), 4.08 (br d, J=3.13 Hz, 1H), 4.28-4.36 (m, 2H), 6.14 (d, J=4.50
Hz, 1H), 7.37-7.44 (m, 2H), 7.69 (d, J=7.25 Hz, 1H), 7.90 (br d, J=7.50 Hz, 2H), 8.29
(s, 1H), 8.69 (s, 1H), 8.85 (br s, 1H).

Step 2:
N-(9-((2R,3R,4R,5R)-4-(bis(4-methoxyphenyl)(phenyl)methoxy)-5-(((tert-butyl-
dimethylsilyl)oxy)methyl)-3-(2-methoxyethoxy)tetrahydrofuran-2-yl)-9H-purin-6-
yl)benzamide 13:

To N-(9-((2R,3R,4R,5R)-5-(((tert-butyldimethylsilyl)oxy)methyl)-4-hydroxy-3-
(2-methoxyethoxy)tetrahydrofuran-2-yl)-9H-purin-6-yl)benzamide 12 (18 g,

33.107 mmol) in pyridine (126 mL) was added 4,4’-(chloro(phenyl)methyl-
ene)bis(methoxybenzene) (16.83 g, 49.66 mmol) at room temperature and was stirred
overnight at room temperature. Upon the completion, it was diluted with EtOAc

(300 mL) and washed with water (150 mL). The organic layer was concentrated and
purified by a column chromatography (200 g Sfar, EtOAc/Heptane 5 to 100%) to give
13 (27.6 g, 99% yield).

'H NMR (400 MHz, CD,Cl) & 0.00 (s, 3H), 0.03 (s, 3H), 0.85 (s, 9H), 3.25 (s, 3H),
3.31(dd, J=11.57, 2.69 Hz, 1H), 3.45-3.52 (m, 2H), 3.52-3.59 (m, 2H), 3.67 (dd,
J=11.51, 1.88 Hz, 1H), 3.80 (d, J=1.38 Hz, 6H), 3.81-3.84 (m, 1H), 3.94-3.98 (m, 1H),
4.31 (t, J=4.44 Hz, 1H), 6.44 (d, J=5.13 Hz, 1H), 6.78-6.86 (m, 4H), 7.30-7.34 (m,
1H), 7.43-7.51 (m, 5H), 7.53-7.66 (m, 5H), 7.84 (d, J=7.37 Hz, 1H), 8.05 (d, J=7.38
Hz, 2H), 8.34 (s, 1H), 8.86 (s, 1H), 9.02 (br s, 1H) ; MS (ESI, m/z) calculated for
[C47HssNsOsSi+ H'] 846.38 found 846.3.

[Chem.121]
[::-:N . {—:::N
TBSO o N NHBz HO o N ' NHBz
"'O N~>/N l"fO N-‘st
DMTIG K, DMTO k
OMea ~OMe
13 14

N-(9-((2R,3R,4R,5R)-4-(bis(4-methoxyphenyl)(phenyl)methoxy)-5-(hy-
droxymethyl)-3-(2-methoxyethoxy)tetrahydrofuran-2-yl)-9H-purin-6-yl)benzamide 14:
To N-(9-((2R,3R,4R,5R)-4-(bis(4-methoxyphenyl)(phenyl)methoxy)-5-(((tert-butyl-
dimethylsilyl)oxy)methyl)-3-(2-methoxyethoxy)tetrahydrofuran-2-yl)-9H-purin-6-
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yDbenzamide 13 (15 g, 17.729 mmol) in THF (150 mL) was added pyridine (28.7 mL)
and HF-Pyridine (14.29 g, 88.645 mmol) at 0°C. Then it was stirred overnight at room
temperature. Upon the completion, it was quenched with saturated NaHCO; carefully
and extracted with EtOAc. The crude was purified by a column chromatography (200 g
Sfar, EtOAc/Heptane (20 to 100%) to give 14 (12.5 g, 96% yield).
'H NMR (400 MHz, CD,Cl) & 2.87-2.94 (m, 1H), 2.96 (s, 3H), 3.12-3.21 (m, 1H),
3.22-3.34 (m, 3H), 3.40 (br d, J=12.88 Hz, 1H), 3.55-3.70 (m, 1H), 3.73 (s, 6H), 4.41
(d, J=4.88 Hz, 1H), 4.77 (dd, J=7.82, 5.19 Hz, 1H), 5.75 (br d, J=11.13 Hz, 1H), 6.16
(d, J=8.00 Hz, 1H), 6.78 (br d, J=8.25 Hz, 4H), 7.14-7.18 (m, 1H), 7.21-7.27 (m, 2H),
7.38-7.58 (m, 9H), 7.95 (br d, J=7.50 Hz, 2H), 8.14 (s, 1H), 8.67 (s, 1H), 8.92 (s, 1H);
MS (ESI, m/z) calculated for [C,;H4NsOg - HT] 730.30 found 730.0.

[Chem.122]

Q H o) l&i
HO o Y Q1. TBS-CI, Pyridine HO ¥ %O
N —

~r L o
i Me 2 DMTr-CI, Pyridine Me

HO O“\\»OMS 3.HF-Pyr, Pyridine Mo © N\—ome

15 16

1-((2R,3R,4R,5R)-4-(bis(4-methoxyphenyl)(phenyl)methoxy)-5-(hy-
droxymethyl)-3-(2-methoxyethoxy)tetrahydrofuran-2-yl)-5-methylpyrimi-
dine-2,4(1H,3H)-dione 16:
1-((2R,3R,4R,5R)-4-hydroxy-5-(hydroxymethyl)-3-(2-methoxyethoxy)tetrahydro-
furan-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione (25 g, 79.036 mmol) 15 was used
following similar 3 steps used for 14 to provide 16.
'H NMR (400 MHz, CD:CI) 8 1.90 (s, 3H), 3.27 (ddd, J=12.73, 7.54, 1.88 Hz, 1H),
3.40 (s, 3H), 3.56-3.71 (m, 5SH), 3.77-3.80 (m, 1H), 3.82 (s, 6H), 3.82-3.87 (m, 2H),
5.76 (d, J=3.88 Hz, 1H), 6.85 (dd, J=8.76, 1.50 Hz, 4H), 7.23-7.27 (m, 1H), 7.29-7.34
(m, 2H), 7.42-7.51 (m, 5H), 7.57 (d, J=7.38 Hz, 2H), 8.06 (br s, 1H); MS (ESI, m/z)
calculated for [CsH;sN,O, - H'] 617.26 found 616.91.
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[0118]

1-((6aR,8R,9R,9aS)-9-allyl-2,2 4 4-tetraisopropyltetrahydro-6H-furo[ 3,2-f]
[1,3,5,2,4]trioxadisilocin-8-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 20:

Step 1: In a round bottom flask added 5-Methyl uridine 17 (200.0 g, 0.775 mol) in
pyridine (1.0 L at 25 °C under nitrogen. After 20 minutes of stirring TIPDSiCl, (3-
Dichloro-1, 1, 3, 3-tetraisopropyl disiloxane, 1.2 eq., 0.929 mol) was added dropwise,
maintaining internal temperature at 25-30 °C under nitrogen. The reaction mixture was
allowed to stir at room temperature for 15-20 hours at 25-30°C under nitrogen. The
reaction mixture was quenched with water (2 L) and extracted with EtOAc (5 x 1 L).
The combined EtOAc layers were washed with 1 N aqueous HCl solution (5 x 1 L)

to remove pyridine completely. The combined EtOAc layers were washed with sat.
sodium bicarbonate (2 x 1 L), water (2 x 1 L) and brine solution (1 L). The combined
EtOAc layers were concentrated, swapped with n-heptane (5 x 1 L), and dried under
vacuum below 45°C to get 400.0 g of crude 18 in >100 % yield.

Step 2: In a round bottom flask added 18 (400.0 g, 0.799 mole) and acetonitrile (5.2
L) at 25°C under nitrogen. After 20 minutes of stirring, triethyl amine (155.4 mL, 1.5
eq.) was added dropwise maintaining internal temperature below 25-30°C followed by
4-Dimethylaminopyridine (49.93 g, 0.45 eq.) portion wise at 25-30°C under nitrogen.
The reaction mixture was cooled to 0-5 °C and added O-Phenyl chlorothioformate
(151.3 g, 1.1 eq.) dropwise over a period of 30 minutes at 0-5 °C under nitrogen.

The reaction mixture was stirred at 0-5 °C under nitrogen for 2 hours then cooling
removed, and the reaction mixture was stirred at 25-30 °C under nitrogen for 15-20
hr. After completion of the reaction, solvent was distilled under vacuum and residue
was dissolved in EtOAc (4 L) and added water (3 L). The reaction mixture was stirred
for 30 min. Layers were separated and aq. layer extracted with EtOAc (3 x 1 L). The
combined EtOAc layers were washed with 1 N aq. HCI solution (5 x 1 L) to remove

4-Dimethylamino pyridine completely. The combined EtOAc layers was washed
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with sat. sodium bicarbonate (2 x 1 L), water (2 x 1 L) and brine solution (1 L). The
combined EtOAc layers were concentrated, swapped with n-heptane (5 x 1 L), and
dried under vacuum below 45 °C to get 652.0 g of crude product. The crude product
(652.0 g) was purified by a column chromatography using 8% EtOAc in hexanes as a
mobile phase to afford 303 g of 19.

Step 3: In a round bottom flask added 19 (300.0 g, 0.47 mol) in toluene (600 mL)
at 25-30°C under nitrogen. After 20 minutes of stirring degassed for 30 minutes with
nitrogen. Allyltributyltin was added slowly at 25-30°C under nitrogen. Then added
AIBN portion wise at 25-30°C under nitrogen. Degassed for 10 minutes with nitrogen
at 25-30 °C. The reaction mixture was heated to 100-110°C and maintained at reflux
for 24 hours. After completion of the reaction, the reaction mixture was cooled to
25-30°C and solvent was distilled under vacuum to get crude product as a residue. The
crude product was purified by a column chromatography using 8% EtOAc in hexanes
as a mobile phase to afford 190 g of 20 (50.27 % yield).
'H NMR (400 MHz, CDCl;) 6 ppm 9.12 (s, 1H), 7.36 (s, 1H), 5.96-5.87 (m, 1H),
5.85-5.84 (m, 1H), 5.17-5.08 (m, 2H), 4.56 -4.53, (t, 1H), 4.16-4.01 (m, 3H), 3.93-3.91
(t, 1H), 2.62-2.59 (t, 1H), 2.32-2.21 (m, 1H), 2.05 (s, 1H), 1.92 (s, 3H), 1.28-1.20 (t,
2H), 1.09-1.06 (m, 25 H); MS (ESI, m/z) calculated for [C,sH.N>O4Si, + H'] 525.27
found 524.8.

[Chem.124]
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1-((2R,3R,4S,5R)-3-allyl-5-(((tert-butyldiphenylsilyl)oxy)methyl)-4-hydroxytetrahy-
drofuran-2-yl)-5-methylpyrimidine-2.,4(1H,3H)-dione 21:

Step 1: To a solution of 20 (202.4 g, 385.67 mmol) and TEA (117.08 g, 1.16 mol)

in THF (2 L) was added triethylamine trihydrofluoride (381.75 g, 2.37 mol) and the
reaction stirred for 2 h. Trimethylmethoxysilane (602.94 g, 5.79 mol) was added and
the reaction stirred a further 1 h. All the solvent was removed by evaporation to afford
crude 21 (159.8 g, 146 % yield), which was used directly.

Step 2: To a solution of crude 21 (118.22 g, 418.78 mmol) in DMF (1.1 L) at 0°C
was added imidazole (71.28 g, 1.05 mol). A solution of TBDPSCI (120.86 g, 439.72
mmol) in DMF (100 mL) was added slowly and the reaction allowed to warm to
room temperature and stirred under nitrogen overnight. Further Imidazole (28.51 g,
0.42 mol) and TBDPSCI (48.34 g, 175.89 mmol) were added and stirring continued

overnight. The reaction was quenched by addition of water (8 L) and the aqueous
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extracted with EtOAc (1L x 3), the combined organic layers were washed with brine,
dried over Na,SO, and concentrated. The crude product was triturated with Petroleum
ether (2 L) to give 22 (166 g, 76 % yield) as a white solid.

[0122] General Procedure 1 for Phosphoramidite activation

[Chem.125]
H
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(2R,3R,5R)-2-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-5-(5-methyl-2,4-
dioxo-3,4-dihydropyrimidin-1(2H)-yDtetrahydrofuran-3-yl (2-cyanoethyl) diisopropy-
Iphosphoramidite 23:
1-((2R,4R,5R)-5-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-hydroxyte-
trahydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 8 (1 g, 1.836 mmol) in dry
DCM (6.5 mL) was added Hunig's Base (802 ul, 4.59 mmol) under nitrogen. Then,
3-((chloro(diisopropylamino)phosphaneyl)oxy)propanenitrile (614 pl, 2.754 mmol)
was added dropwise at 0°C and the mixture was stirred overnight at room temperature.
MeOH (1.5 mL, 36.724 mmol) was added and after 10 minutes, the reaction mixture
was concentrated in vacuo. The crude was purified by a column chromatography (50
g Si0,, EtOAc/Heptane 5 to 80% gradient) to give 23 (1.33 g, 97% yield). The di-
astereomers were partially separated during purification.

Peak: 'H NMR (400 MHz, CD;CN) & 0.97 (d, J=6.75 Hz, 6H), 1.12 (d, J=6.75

Hz, 6H), 1.72 (d, J=1.00 Hz, 3H), 2.11-2.14 (m, 1H), 2.41-2.46 (m, 2H), 2.64 (ddd,
J=15.04,7.97, 5.25 Hz, 1H), 3.31-3.45 (m, 3H), 3.48-3.65 (m, 3H), 3.79 (d, J=1.63 Hz,
6H), 4.31 (dt, J=8.13, 3.00 Hz, 1H), 4.42-4.49 (m, 1H), 6.16 (dd, J=7.88, 2.13 Hz, 1H),
6.88-6.92 (m, 4H), 7.23-7.30 (m, 1H), 7.30-7.46 (m, 7H), 7.51 (d, J=7.66 Hz, 2H),
8.89 (br s, 1H); *'P NMR (162 MHz, CD,CN) § 147.11.

Peak 2: '"H NMR (400 MHz, CDsCN) 8 0.91 (d, J=6.75 Hz, 6H), 1.09 (d, J=6.75 Hz,
6H), 1.75 (d, J=1.00 Hz, 3H), 2.30-2.37 (m, 1H), 2.54-2.58 (m, 2H), 2.58-2.63 (m,
1H), 3.23 (dd, J=10.63, 2.25 Hz, 1H), 3.38-3.49 (m, 2H), 3.49-3.60 (m, 2H), 3.67-3.76
(m, 1H), 3.78 (d, J=1.38 Hz, 6H), 4.30 (dt, J=8.35, 2.70 Hz, 1H), 4.49-4.54 (m, 1H),
6.18 (dd, J=8.07, 2.19 Hz, 1H), 6.85-6.91 (m, 4H), 7.22-7.28 (m, 1H), 7.28-7.39 (m,
6H), 7.47-7.52 (m, 3H), 8.90 (br s, 1H); *'P NMR (162 MHz, CD;CN) § 151.16.
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(2R,3S,4R,5R)-2-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-(2-
methoxyethoxy)-5-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin- 1(2H)-yl)tetrahydrofu-
ran-3-yl (2-cyanoethyl) diisopropylphosphoramidite 24:
1-((2R,3R,4S,5R)-5-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-hydroxy-3-
(2-methoxyethoxy)tetrahydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 10
(1.6 g, 2.586 mmol) was used following General Procedure 1 to give 24 (1.8 g, 85%
yield) as a white form.

'H NMR (400 MHz, CD,CN) 8 ppm 1.06 (d, J=6.75 Hz, 3H), 1.18 (d, J=6.63 Hz,

7H), 1.38-1.44 (m, 3H), 2.06-2.13 (m, 3H), 2.52 (t, ]=6.00 Hz, 1H), 2.67-2.74 (m, 1H),
3.29-3.31 (m, 3H), 3.31-3.44 (m, 2H), 3.49-3.68 (m, SH), 3.69-3.95 (m, 9H), 4.14-4.23
(m, 1H), 4.47-4.57 (m, 1H), 5.91-5.96 (m, 1H), 6.87-6.94 (m, 4H), 7.25-7.31 (m, 1H),
7.32-7.40 (m, 6H), 7.45-7.56 (m, 3H), 8.94 (br s, 1H); *'P NMR (162 MHz, CD;CN) &
ppm 149.43, 149.60.

[Chem.127]
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26
(2R,3R,4R,5R)-4-(benzyloxy)-2-(((tert-butyldiphenylsilyl)oxy)methyl)-5-(5-
methyl-2,4-dioxo-3,4-dihydropyrimidin- 1(2H)-yDtetrahydrofuran-3-yl-(2-cyanoethyl)
diisopropylphosphoramidite 26:
1-((2R,3R,4R,5R)-3-(benzyloxy)-5-(((tert-butyldiphenylsilyl)oxy)methyl)-4-hydrox-
ytetrahydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 25 (1.2 g, 2.05 mmol)
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[0125]

was used following General Procedure 1 to give 26 (1.52 g, 94% yield) as a white
form.
'H NMR (400 MHz, CD,CN) 8 ppm 1.05-1.16 (m, 12H), 1.17-1.28 (m, 9H), 1.36-1.41
(m, 3H), 2.54-2.74 (m, 2H), 3.58-3.74 (m, 2H), 3.76-4.01 (m, 4H), 4.06-4.14 (m,
1H), 4.17 (br d, J=2.75 Hz, 0.7H), 4.26 (br d, J=2.50 Hz, 0.3H), 4.53-4.62 (m, 2H),
4.73-4.84 (m, 1H), 6.05-6.10 (m, 1H), 7.08-7.20 (m, 1H), 7.26-7.35 (m, 5H), 7.40-7.53
(m, 6H), 7.65-7.74 (m, 4H), 8.87-9.02 (m, 1H); 31P NMR (162 MHz, CD;CN) & ppm
149.69.

[Chem.128]
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(2R,3R,4R,5R)-2-(((tert-butyldiphenylsilyl)oxy)methyl)-4-((1,3-dimethoxypropan-2-
yDoxy)-5-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yDtetrahydrofuran-3-yl (2-
cyanoethyl) diisopropylphosphoramidite 27:
1-((2R,3R,4R,5R)-5-(((tert-butyldiphenylsilyl)oxy)methyl)-3-((1,3-
dimethoxypropan-2-yl)oxy)-4-hydroxytetrahydrofuran-2-yl)-5-methylpyrimi-
dine-2,4(1H,3H)-dione 4 (1.0 g, 1.67 mmol) was used following General Procedure 1
to give 27 (1.2 g, 92% yield) as a white form.

'H NMR (400 MHz, CD;CN) 6 ppm 1.09-1.17 (m, 12H), 1.19-1.26 (m, 9H), 1.35-1.49
(m, 3H), 2.56 (t, J=6.00 Hz, 1H), 2.66-2.76 (m, 1H), 3.15-3.27 (m, 3H), 3.30-3.34 (m,
3H), 3.34-3.55 (m, 4H), 3.62-3.76 (m, 3H), 3.77-4.04 (m, 4H), 4.12-4.27 (m, 1H),
4.38-4.44 (m, 1H), 4.48-4.56 (m, 1H), 5.99 (br d, J=6.25 Hz, 1H), 7.30-7.40 (m, 1H),
7.41-7.53 (m, 6H), 7.68-7.78 (m, 4H), 8.94 (br s, 1H); *'P NMR (162 MHz, CD;CN) §
ppm 149.49.
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(2R,3R.,4R,5R)-2-(((tert-butyldiphenylsilyl)oxy)methyl)-5-(5-methyl-2,4-dioxo-3,4-di-
hydropyrimidin- 1(2H)-yl)-4-(((R)-tetrahydrofuran-3-yl)oxy)tetrahydrofuran-3-yl (2-
cyanoethyl) diisopropylphosphoramidite 28:
1-((2R,3R,4R,5R)-5-(((tert-butyldiphenylsilyl)oxy)methyl)-4-hydroxy-3-(((R)-tetrahy-
drofuran-3-yl)oxy)tetrahydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 5 (1.1
g, 1.77 mmol) was used following General Procedure 1 to give 28 (1.1 g, 81% yield) as
a white form.

'H NMR (400 MHz, CD;CN) 6 ppm 1.12-1.17 (m, 12H), 1.19-1.24 (m, 9H), 1.43

(s, 3H), 1.76-1.90 (m, 1H), 2.56 (t, J=5.94 Hz, 1H), 2.66-2.80 (m, 2H), 3.41-3.59 (m,
1H), 3.63-3.82 (m, 7H), 3.86-3.97 (m, 2H), 4.02-4.11 (m, 1H), 4.26 (br d, J=2.88 Hz,
0.5H), 4.37 (br dd, J=5.32, 2.69 Hz, 0.5H), 4.47-4.54 (m, 2H), 5.95-6.01 (m, 1H), 7.38
(s, 1H), 7.42-7.53 (m, 6H), 7.68-7.77 (m, 4H), 8.96 (br s, 1H); *'P NMR (162 MHz,
CD;CN) & ppm 149.30, 149.38.

[Chem.130]
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(2R,3R,4R,5R)-2-(((tert-butyldiphenylsilyl)oxy)methyl)-5-(5-methyl-2,4-dioxo-3,4-di-
hydropyrimidin-1(2H)-y1)-4-(((S)-tetrahydrofuran-3-yl)oxy)tetrahydrofuran-3-yl (2-
cyanoethyl) diisopropylphosphoramidite 29:
1-((2R,3R,4R,5R)-5-(((tert-butyldiphenylsilyl)oxy)methyl)-4-hydroxy-3-(((S)-tetrahy-
drofuran-3-yl)oxy)tetrahydrofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 6 (1.2
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[0129]

g, 2.12 mmol) was used following General Procedure 1 to give 29 (1.4 g, 86% yield) as
a white form.
'H NMR (400 MHz, CD;CN) 8 ppm 1.10-1.17 (m, 12H), 1.20-1.27 (m, 9H), 1.42
(s, 3H), 2.01-2.07 (m, 1H), 2.56 (t, J=6.07 Hz, 1H), 2.64-2.80 (m, 2H), 3.24 (br s,
0.5H), 3.46-3.57 (m, 0.5H), 3.61-3.69 (m, 2H), 3.71-3.75 (m, 2H), 3.78-3.87 (m, 2H),
3.87-3.97 (m, 2H), 4.02-4.09 (m, 1H), 4.13-4.18 (m, 1H), 4.24 (br d, J=3.25 Hz, 0.5H),
4.39 (br s, 0.5H), 4.46-4.53 (m, 2H), 5.93-5.99 (m, 1H), 7.36-7.40 (m, 1H), 7.40-7.53
(m, 6H), 7.68-7.77 (m, 4H), 8.99 (br s, 1H); *'P NMR (162 MHz, CD,CN) & ppm
149.08, 149.65.

Synthesis of 2’-allyl T (allylT) Phosphoramidite
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(2R,3S.,4R,5R)-4-allyl-2-(((tert-butyldiphenylsilyl)oxy)methyl)-5-(5-methyl-2,4-
dioxo-3,4-dihydropyrimidin-1(2H)-yDtetrahydrofuran-3-yl (2-cyanoethyl) diisopropy-
Iphosphoramidite 30:
1-((2R,3R,4S,5R)-3-allyl-5-(((tert-butyldiphenylsilyl)oxy)methyl)-4-hydroxytetrahy-
drofuran-2-yl)-5-methylpyrimidine-2,4(1H,3H)-dione 22 (3.3 g, 6.338 mmol) was used
following General Procedure 1 to give 30 (3.5 g, 77% yield).
'H NMR (400 MHz, CD,CN) & ppm 1.08-1.12 (m, 9H), 1.16-1.24 (m, 12H), 1.46-1.56
(m, 3H), 2.35-2.56 (m, 3H), 2.68 (t, J=5.94 Hz, 1H), 3.60-3.75 (m, 3H), 3.73-3.97 (m,
3H), 4.20 (br s, 0.6H), 4.27 (br s, 0.4H), 4.50 (dd, J=8.76, 5.25 Hz, 0.4H), 4.62 (dd,
J=11.26, 4.25 Hz, 0.6H), 5.00-5.15 (m, 2H), 5.74-5.90 (m, 1H), 6.02 (dd, J=9.01, 5.88
Hz, 1H), 7.34 (s, 1H), 7.41-7.53 (m, 6H), 7.68-7.76 (m, 4H), 8.93 (br s, 1H); *'P NMR
(162 MHz, CD;CN) 6 ppm 148.28, 150.69.

General Procedure 2: PSI activation (Huang, Y., et al. (2021). "A P(V) platform for
oligonucleotide synthesis." Science 373(6560): 1265-1270)
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31 (1Pl 32
N-(9-((2R,3R,4R,5R)-4-(bis(4-methoxyphenyl)(phenyl)methoxy)-3-(2-
methoxyethoxy)-5-((((2R,3aS,6R,7aS)-3a-methyl-6-(prop-1-en-2-yl)-2-sulfidohexa-
hydrobenzo[d][1,3,2]oxathiaphosphol-2-yl)oxy)methyl)tetrahydrofuran-2-y1)-9H-
purin-6-yl)benzamide 32:
N-(9-((2R,3R,4R,5R)-4-(bis(4-methoxyphenyl)(phenyl)methoxy)-5-(hy-
droxymethyl)-3-(2-methoxyethoxy)tetrahydrofuran-2-yl)-9H-purin-6-

yl)benzamide 31 (2 g, 2.733 mmol) and (2S,3aS,6R,7aS)-3a-methyl-2-((perfluo-
rophenyl)thio)-6-(prop-1-en-2-yl)hexahydrobenzo[d][1,3,2]oxathiaphosphole 2-
sulfide (1.647 g, 3.69 mmol) ((-)-PSI reagent) were dissolved in acetonitrile (9.11 mL),
and the solution was cooled in ice bath. To the mixture was added DBU (0.536 mL,
3.553 mmol) and it was stirred at 0 °C until the reaction was completed (from 0.5 to 2
hours) as monitored by UPLC-MS. The reaction mixture was diluted by EtOAc was
washed with saturated NaH,PO, (aq.) solution, then saturated NaHCO; (aq.), dried
over Na,SO,, and purified by a silica gel chromatography (Heptane:EtOAc) to give 32
(1.82g, 68.1% yield) a white solid.

'H NMR (400 MHz, CD;CN) 6 ppm 1.59-1.66 (m, 6H), 1.66-1.93 (m, 5H), 2.26 (br

d, J=14.01 Hz, 1H), 2.53 (br s, 1H), 3.28 (s, 3H), 3.48-3.54 (m, 3H), 3.56-3.66 (m,
2H), 3.77 (s, 3H), 3.79 (s, 3H), 4.04-4.16 (m, 3H), 4.22 (dt, J=12.73, 3.20 Hz, 1H),
4.38 (t, J=5.13 Hz, 1H), 4.58 (s, 1H), 4.65 (s, 1H), 6.28 (d, J=3.38 Hz, 1H), 6.87 (dd,
J=12.51, 9.01 Hz, 4H), 7.15-7.20 (m, 1H), 7.30-7.37 (m, 2H), 7.42 (t, J=8.50 Hz, 4H),
7.54-7.62 (m, 4H), 7.65-7.71 (m, 1H), 8.02 (br d, J=7.50 Hz, 2H), 8.23 (s, 1H), 8.67 (s,
1H), 9.27 (br s, 1H); *'P NMR (162 MHz, CD:CN) § 101.00; MS (ESI, m/z) calculated
for [Cs;Hss NsOoPS,+ H'] 978.33 found 977.54.
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N-(9-((2R,3R,4R,5R)-4-(bis(4-methoxyphenyl)(phenyl)methoxy)-3-(2-
methoxyethoxy)-5-((((25,3aR,6S,7aR)-3a-methyl-6-(prop-1-en-2-yl)-2-sulfidohexa-
hydrobenzo[d][1,3,2]oxathiaphosphol-2-yl)oxy)methyl)tetrahydrofuran-2-y1)-9H-
purin-6-yl)benzamide 34:
N-(9-((2R,3R,4R,5R)-4-(bis(4-methoxyphenyl)(phenyl)methoxy)-5-(hy-
droxymethyl)-3-(2-methoxyethoxy)tetrahydrofuran-2-yl)-9H-purin-6-
yl)benzamide 33 (4.2 g, 5.739 mmol) and (2R,3aR,6S,7aR)-3a-methyl-2-((perfluo-
rophenyl)thio)-6-(prop- 1-en-2-yl)hexahydrobenzo[d][1,3,2]oxathiaphosphole 2-sulfide
(3.33 g, 7.461 mmol) ((+)-PSI reagent) were used following General Procedure 2 to
give 34 (5.3 g, 94% yield) as a white form.
'H NMR (400 MHz, CD;CN) & ppm 1.60 (s, 3H), 1.63 (s, 3H), 1.68-1.92 (m, 4H),
1.99-2.14 (m, 2H), 2.53 (br s, 1H), 3.22 (s, 3H), 3.41-3.51 (m, 2H), 3.55-3.60 (m,
2H), 3.79 (s, 3H), 3.80 (s, 3H), 3.85 (br t, J=4.63 Hz, 1H), 3.91-4.05 (m, 3H), 4.17
(dt, J=12.57, 3.28 Hz, 1H), 4.42 (t, J=4.75 Hz, 1H), 4.71 (s, 1H), 4.77-4.80 (m, 1H),
6.27 (d, J=4.63 Hz, 1H), 6.86-6.92 (m, 4H), 7.26-7.31 (m, 1H), 7.33-7.38 (m, 2H),
7.42-7.49 (m, 4H), 7.54-7.63 (m, 4H), 7.64-7.70 (m, 1H), 8.02 (br d, J=7.50 Hz, 2H),
8.29 (s, 1H), 8.67 (s, 1H), 9.29 (br s, 1H); *'P NMR (162 MHz, CD;CN) & 100.54; MS
(ESI, m/z) calculated for [Cs;HssNsOoPS, + H*] 978.33 found 978.1.

Synthesis of (Rp)-RNA-A
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N-(9-((2R,3R,4R,5R)-5-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-3-((tert-
butyldimethylsilyl)oxy)-4-(((2R,3aS,6R,7aS)-3a-methyl-6-(prop-1-en-2-yl)-2-sulfido-
hexahydrobenzo[d][1,3,2]oxathiaphosphol-2-yl)oxy)tetrahydrofuran-2-yl)-9H-purin-6-
yl)benzamide 36:
N-(9-((2R,3R,4R,5R)-5-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-3-
((tert-butyldimethylsilyl)oxy)-4-hydroxytetrahydrofuran-2-yl)-9H-purin-6-
yl)benzamide 35 (1 g, 1.269 mmol) and (2S,3aS,6R,7aS)-3a-methyl-2-((perfluo-
rophenyl)thio)-6-(prop-1-en-2-yl)hexahydrobenzo[d][1,3,2]oxathiaphosphole 2-sulfide
(0.765 g, 1.713 mmol) ((-)-PSI reagent) were used following General Procedure 2 to
provide 36 (1.24 g, 94% yield) as a while form.

'H NMR (400 MHz, CD-CN) & ppm -0.19 (s, 3H), 0.00 (s, 3H), 0.74 (s, 9H), 1.66

(s, 3H), 1.77 (s, 3H), 1.86-1.96 (m, 4H), 2.01-2.08 (m, 1H), 2.20-2.27 (m, 1H), 2.62
(d, J=2617.88 Hz, 1H), 3.39 (dd, J=10.69, 4.44 Hz, 1H), 3.52 (dd, J=10.63, 4.13 Hz,
1H), 3.72 (s, 6H), 4.35 (q, J=4.00 Hz, 1H), 4.51 (dt, J=12.51, 3.25 Hz, 1H), 4.92 (s,
1H), 4.99-5.02 (m, 1H), 5.32 (t, J=5.44 Hz, 1H), 5.54-5.60 (m, 1H), 6.07 (d, J=6.13
Hz, 1H), 6.81 (d, J=8.63 Hz, 4H), 7.15-7.35 (m, 8H), 7.43-7.53 (m, 4H), 7.56-7.61 (m,
1H), 8.06 (br d, J=7.63 Hz, 2H), 8.40 (s, 1H), 8.51 (s, 1H), 9.89 (br s, 1H); *'P NMR
(162 MHz, CD;CN) 6 100.26; MS (ESI, m/z) calculated for [Cs,HgN5sOgPS,Si+ H]
1034.37 found 1034.39.
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N-(9-((2R,3R,4R,5R)-5-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-3-((tert-
butyldimethylsilyl)oxy)-4-(((2S,3aR,6S,7aR)-3a-methyl-6-(prop-1-en-2-yl)-2-sulfido-
hexahydrobenzo[d][1,3,2]oxathiaphosphol-2-yl)oxy)tetrahydrofuran-2-yl)-9H-purin-6-
yl)benzamide 38:
N-(9-((2R,3R,4R,5R)-5-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-3-
((tert-butyldimethylsilyl)oxy)-4-hydroxytetrahydrofuran-2-yl)-9H-purin-6-
ylbenzamide 37 (3 g, 3.807 mmol) and (2R,3aR,6S,7aR)-3a-methyl-2-((perfluo-
rophenyl)thio)-6-(prop-1-en-2-yl)hexahydrobenzo[d][1,3,2]oxathiaphosphole 2-sulfide
(2.210 g, 4.949 mmol) ((+)-PSI reagent) were used following General Procedure 2 to
give 38 (3.15 g, 80% yield).

'H NMR (400 MHz, CD,CN) § ppm -0.20 (s, 3H), 0.00 (s, 3H), 0.75 (s, 9H), 1.68 (s,
3H), 1.78 (s, 3H), 1.79-1.93 (m, 2H), 2.05-2.12 (m, 6H), 2.18-2.25 (m, 1H), 2.63 (br

s, 1H), 3.37 (dd, J=10.76, 4.25 Hz, 1H), 3.54 (dd, J=10.69, 3.94 Hz, 1H), 3.77 (s, 6H),
4.38-4.42 (m, 1H), 4.49 (dt, J=12.73, 3.27 Hz, 1H), 4.90 (s, 1H), 5.01 (s, 1H), 5.22

(t, J=5.44 Hz, 1H), 5.52-5.58 (m, 1H), 6.03 (d, J=6.38 Hz, 1H), 6.83-6.88 (m, 4H),
7.22-7.33 (m, 3H), 7.37 (dd, J=8.76, 1.13 Hz, 4H), 7.49-7.60 (m, 4H), 7.64-7.70 (m,
1H), 8.01 (br d, J=7.50 Hz, 2H), 8.29 (s, 1H), 8.58 (s, 1H), 9.25 (s, 1H); *'P NMR (162
MHz, CD,;CN) 6 102.40; MS (ESI, m/z) calculated for [Cs,HguNsOgPS,Si+ H'] 1034.37
found 1033.78.
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[Chem.136]
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Diethyl 2-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-2-
((((2R,3aS,6R,7aS)-6-isopropyl-3a-methyl-2-oxidohexahydrobenzo[d][ 1,3,2 ]oxathi-
aphosphol-2-yloxy)methyl)malonate 40:
Diethyl 2-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-2-(hydrox-
ymethyl)malonate 39 (4 g, 7.654 mmol) and (2S,3aS,6R,7aS)-2-((4-bro-
mophenyl)thio)-6-isopropyl-3a-methylhexahydrobenzo[d][1,3,2]oxathiaphosphole 2-
oxide (4.19 g, 9.95 mmol) (PO-PSI reagent) were used following General Procedure 2
to give 40 (3.1 g, 54% yield) as a solid.
'H NMR (400 MHz, CD;CN) 8 ppm 0.91 (dd, J=13.45, 6.44 Hz, 6H), 1.19 (t, J=7.13
Hz, 6H), 1.66 (s, 4H), 1.67-1.76 (m, 3H), 2.00-2.11 (m, 3H), 3.52-3.60 (m, 2H),
3.80 (s, 6H), 4.06-4.22 (m, 6H), 4.74 (dd, J=7.00, 4.63 Hz, 2H), 6.87-6.93 (m, 4H),
7.25-7.42 (m, 9H); *'P NMR (162 MHz, CD:CN) & 39.94.

[Chem.137]
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(2R,38S,5R)-5-(6-benzamido-9H-purin-9-y1)-2-((bis(4-methoxyphenyl)
(phenyl)methoxy)methyl)tetrahydrofuran-3-yl dimethylphosphoramidochloridate 42:
To the suspension of N-(9-((2R,4S,5R)-5-((bis(4-methoxyphenyl)
(phenyl)methoxy)methyl)-4-hydroxytetrahydrofuran-2-yl)-9H-purin-6-yl)benzamide
41 (3 g, 4.561 mmol) in MeCN (42.0 mL) and DCM (42.0 mL) was added lithium
bromide (1.307 g, 15.052 mmol) at 20 °C. The mixture was stirred at 20 °C for 30
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[0135]

[0136]

[0137]

min. The suspension turned to be clear solution and then gradually to flowable gel.
The mixture was cooled to 10°C before N,N-Dimethylphosphoramic dichloride (1.182
g, 7.298 mmol) was added. The reaction mixture was further cooled to 0°C, then,
DBU (2.269 mL, 15.052 mmol) in MeCN (5 mL) was added slowly. After 2 hours,
the reaction was worked up with saturated NaH,PO, and extracted with EtOAc. The
organic layer was dried over Na,SO, and filtered. The solvent and volatile organics in
the filtrate were removed on rotavapor. The residue was purified by a column chro-
matography (50 g Biotage Sfar column, EtOAc/Heptane 20 to 100%) to give 42 (2.6 g,
72.8% yield). MS (ESI, m/z) calculated for [C4H,CINGO,P + H'] 783.24 found 783.3.

<Synthesis of oligonucleotides>
The oligonucleotides used for the synthesis of modified mRNA were synthesized
using an automated nucleic acid synthesizer based on the phosphoramidite method
(Table 1). Each sequence was synthesized from the 5’-end to the 3’-end by using 2’-
O-TBDMS-Adenosine (N-Bz)-5’-CEP (ChemGenes #ANP3401) for the introduction
of adenosine (A). The phosphorylation of the 5’-end was performed using Chemical
Phosphorylation Reagent II (Glen Research #171285-25-9). Each modified structure
at the 3’-end was introduced as a 3’-3” bond by using the corresponding phospho-
ramidite reagent (DNA (d), 2’-Fluoro RNA (F), 2’-OMe RNA (OMe), 2’-OMe-N6-
Benzyl RNA (OMe-N6-Bn), 2°-moe RNA (moe), LNA (Ina), 3’-O-Butyl RNA (OBu),
2’-moeoe RNA (moeoe), 2’-C16 RNA (C16), 2"-allyl (allyl), 2’-dimethoxyisopropyl
RNA (dmiPr), 2’-(R)-THF-3-yl RNA (R-THF), 2’-(S)-THF-3-yl RNA (S-THF), 2’-
Benzyl RNA (Bn), 2’-deoxy Xylonucleic acid (dX), 2’-moe Xylonucleic acid (moeX)).
DTTT (Chemgenes #RN-1588) was used as the sulfurizing reagent for the introduction
of phosphorothioate (PS) bonds. After deprotection of each synthesized sequence
according to conventional methods, they were purified using ion-pair reverse-phase
HPLC. 6rA-2’-3’-idT and 6rA-2’-3"-idXT were isolated and purified by reverse-phase
HPLC in the same manner as by-products generated during the synthesis of 6rA-
1dT and 6rA-idXT, and the structure of each sequence was confirmed by mass spec-
trometry. Stereoselective PS-modified nucleic acids (rp, sp) and morpholino nucleic
acids (pmo) were synthesized under the following conditions.

General procedure 3 for sterecopure phosphorothioate linkage
Rp phosphorothioate linkage was obtained using Sp-PSI-monomers that were
prepared from (+)-PSI reagent; Sp phosphorothioate linkage was obtained using Rp-
PSI-monomers that were synthesized from (-)-PSI (Kyle W. Knouse et al., Unlocking
P(V): Reagents for chiral phosphorothioate synthesis. Science 361,1234-1238 (2018)).

Coupling: As reported in W02022232411, PSI-monomer (0.2 mmol) in MeCN
(2 mL, 0.1 M) and base solution [2,6-1utidine 1.1 mL (1 M), DBU 0.5 mL (0.3 M),
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[0138]

[0139]

MeCN 10 mL] (0.9 mL) (>10 eq. DBU and >40 eq. 2,6-utidine) was transferred to the
column. It was shaken for 16 hours, it was drained and washed, and conversion was
analyzed by RP HPLC-Mass after cleavage.
TentagGel-Sarcosine-imoeT-5"-resin intermediate, 41:
[Chem.138]
OH

Ms o O Me
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Step 1:
4-(((2R,3R,4R,5R)-3-(bis(4-methoxyphenyl)(phenyl)methoxy)-4-(2-
methoxyethoxy)-5-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin- 1(2H)-yl)tetrahydrofu-
ran-2-yl)methoxy)-4-oxobutanoic acid 43:
To a mixture of 1-((2R,3R,4R,5R)-4-(bis(4-methoxyphenyl)(phenyl)methoxy)-5-
(hydroxymethyl)-3-(2-methoxyethoxy)tetrahydrofuran-2-yl)-5-methylpyrimi-
dine-2,4(1H,3H)-dione 16 (4.5 g, 7.274 mmol) and succinic anhydride (0.801 g, 8.001
mmol) were added DCM (36.0 mL) and Et;N (3.04 mL, 21.821 mmol) at room tem-
perature. The mixture was stirred overnight at room temperature. To the mixture was
added phosphate buffer (pH 7, 6 vol) and extracted with DCM (8 vol) 3 times. Then
the organic layers were dried over Na,SO, and concentrated to give the crude 43.

Step 2: Solid Phase Synthesis from 3" to 5" direction
TentagGel-Sarcosine-imoeT-rA-OH-5"-resin intermediate 45:
To the resin 44 (up to 10 g, 2 mmol) in a 100 mL solid phase reaction flask was added
43 (4.31 g, 6 mmol) followed by (3H-[1,2,3]Triazolo[4,5-b]pyridin-3-yl)oxy)tri(pyrro-
lidin-1-yl)phosphonium hexafluorophosphate(V) (3.65 g, 7 mmol) in DMF (10 mL)

and hunig’s base (1.551 g, 12 mmol). The mixture was shaken at room temperature
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for 1 day and after the resin was washed with DCM (30 mL x 3), it was treated for 2
minutes with 3% dichloroacetic acid (DCA) in DCM (50 mL) followed by DCM (50
mL) washing to remove the DMTr group. The process was repeated (> 5 times) until
no color was observed. Then the resin was washed with DCM (30 mL x 3), DMF (30
mL x 3) and MeCN (30 mL x 3) to afford intermediate 45.

[0140] IrA-sp-imoeT:

[Chem.139]
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frA-sp-imaeT
IrA-sp-imoeT was prepared from 45 with 38 (Sp-PSI-monomer) and 40 (PO-PSI-
phosphorylating monomer) following General Procedure 3.
[0141] IrA-rp-imoeT:
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1rA-rp-imoeT was prepared from 45 with 36 (Rp-PSI-monomer) and 40 (PO-PSI-
phosphorylating monomer) following General Procedure 3.
[0142] IrA-rp-rA-imoeT:
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Tra-rp-rA-imoeT
IrA-rp-rA-imoeT was prepared from 45 by coupling with 5’-DMT-2-TBS-rA-Bz-3'-
amidite (Chemgene, cat#: ANP-5671) following standard amidite coupling, then, by
coupling with 38 (Sp-PSI-monomer) and 40 (PO-PSI-phosphorylating monomer)
following General Procedure 3.

[0143] IrA-sp-rA-imoeT:
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1A-sp-rA-<imoeT
IrA-sp-rA-imoeT was prepared from 45 by coupling with 5-DMT-2-TBS-rA-Bz-3’-
amidite (Chemgene, cat#: ANP-5671) following standard amidite coupling, then, by
coupling with 36 (Rp-PSI-monomer) and 40 (PO-PSI-phosphorylating monomer)
following General Procedure 3.

[0144]  1rA-sp-rA-sp-rA-imoeT:
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TrA-sp-rA-sp-rA-imoeT
1rA-sp-rA-sp-rA-imoeT was prepared from 45 with 5’-DMT-2-TBS-rA-Bz-3"-amidite
(Chemgene, cat#: ANP-5671), 36 (Rp-PSI-monomer), and 40 (PO-PSI-phospho-
rylating monomer) following standard amidite coupling and General Procedure 3

according to the sequence.
[0145]  1rA-sp-rA-sp-rA-sp-rA-imoeT:
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1rA-sp-rA-sp-rA-sp-rA-imoeT

1rA-sp-rA-sp-rA-sp-rA-imoeT was prepared from 45 with 5'-DMT-2-TBS-rA-Bz-3’-

amidite (Chemgene, cat#: ANP-5671), 36 (Rp-PSI-monomer), and 40 (PO-PSI-phos-

phorylating monomer) following standard amidite coupling and General Procedure 3

according to the sequence.
[0146] General Procedure 4: Solid Phase Synthesis for PMO
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Deprotection of Fmoc on Sar-Wang resin:

Fmoc-SAR-Wang resin (purchased from Aapptec, RWG103, Lot#9953380, 0.65
mmol/g, 110-200 mesh) (0.25 g, 0.16 mmol) in an empty 12 mL syringe column was
treated with DMF (8 mL), allowed resin to swell for 2 hours and drained DMF. The
resin was treated with 20% piperidine in DMF (6 mL), shaken for 3 minutes, removed
solvent, and dried for 1 minute under N, gas (repeated the same sequence for 4 times).
Finally, the resin was washed with DMF (5 mL x 5 times), washed with CH,Cl, (5 mL

X 5 times).

[0147]  General procedure for solid-phase synthesis of PMOs:

The Fmoc deprotected resin (250 mg, 162 pmol, 0.650 mmol/g) was washed with
CH,CI, (20 mL x 5 times), washed with acetonitrile (20 mL x 5 times), and dried. PMO
monomer (1.3 eq.) was loaded to the column as a solid. Then, 20% 1,2,2,6,6-pen-
tamethylpiperidine (PMP, >10.0 eq.) in anhydrous 1,3-dimethyl-2-imidazolidinone
(DML, up to 3 mL) were added to vessel and shaken at room temperature for 20 hours.
Then, steps 5-9 in Table 1 were performed. The synthesis had a series of iterative steps

including deprotection/neutralization/coupling/capping.

[0148] [Table 1]
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Steps in solid-phase PMO synthesis

Step | Reaction Reagent
1 Dctritylation | 2% 3-cyanopyridinc-TFA, 0.9% EtOH, 20% | 7 cycles
TFE/DCM (80 mL) then CH2Cl» (15 mL x 2)
2 Neutralizatio | 10% Hunig’s base in NMP 30 mL x
n 4 times
3 Wash 1,3-dimethyl-2-imidazolidinone (30 mL x 2
times)
MeCN (25 mL x 10 times),
CH2Cl» (25 ml. x 15 times)
4 Coupling Monomer (1.3 eq), DMI (0.05 M), PMP (10 |20 h
eq.)
5 Wash MeCN (25 mL x 10 times),
CH:>Cl: (25mL x 10 timcs)
6 Capping 2,6-Lutidine (30% in MeCN, 6 mL) Ac:O | 3 times
(20% in MeCN, 6 mL)
7 Wash CH2Cl2 (25 mL x 10 timcs)
8 Ac20 10% Morpholine in NMP 40 mL x
removal 4 times
9 Wash CH2Cl> (30 mL x 10 times)

SrA-dA-rp-ipmoA and StrA-dA-sp-ipmoA:
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SrA-dA-rp-ipmoA SrA-dA-sp-ipmoA
Peak 1 Peak 2

5rA-dA-rp-ipmoA and 5rA-dA-sp-ipmoA were prepared from 48 with 42, 5’-DMT-2-
TBS-rA-Bz-3’-amidite (Chemgene, cat#: ANP-5671), and Bis(2-cyanoethyl)-N,N-di-
isopropylphosphoramidite (Cas # 102690-88-0) following General Procedure 4 and
standard amidite coupling according to the sequence. The crude was purified by Ion-
pairing RP HPLC (from 2.5 to 22% Buffer B gradient), stereoisomers were assigned
randomly (SrA-dA-rp-ipmoA for Peak 1 and 5SrA-dA-sp-ipmoA for Peak 2).

[0150]  The structure of each purified oligonucleotide was confirmed by an ESI-MS system
(Waters Xevo G2-XS QTof). The results are shown in Table 2-1, Table 2-2, and Table
2-3.

[Table 2-1]
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p indicates 5'~-phosphorylation. 1 indicates a 3'-3" bond.

Compound name | sequence Caled. MS | Observed MS
6rA-idA 5-pAAAAAA-IdA-3 23054 11538
IM+2H P
6rA-idG S -pAAAAAA-IAG-3 2321.4 1161.8
IM+H2HT
6rA-idC S-pAAAAAA-IC-3 2281.4 114214
IM+H2H P
6rA-idT 5-pAAAAAA-IdT-3 22964 22954
IM-HT
6rA-iFA 5 -pAAAAAA-FA-3 2323.4 2322.2
{M-HT
6rA-iFU 5 -pAAAAAA-FU-3 2300.3 2299.8
IM-HT
6rA-iOMeA S-pAAAAAA-IOMeA-3 23354 2334.2
IM-HT
6rA-iOMell 5-pAAAAAA-IOMeU-3 23124 23112
IM-HT
6rA~-imoeA 5-pAAAAAA-imoeA-3" {23794 1190.8
IM+2H P
6rA~imoeG 5-pAAAAAA-ImoeG-3’ 23954 1198.7
IMH2HP
6rA-~imoemC S-pAAAAAA-ImoemC-3' | 23694 1186.0
IM+2H P
6rA~-imoeT 5-pAAAAAA-ImoeT-3 (23704 1186.3
IM+2H
6rA-~ps-imoeA S-pAAAAAA-ps-imoeA- 23954 2394.6
3 IM-HT
6rA-ilnaA S-pAAAAAA-iInaA-3’ 23334 1167.8
IM+2HP*
6rA-ilnaT 5-pAAAAAA-inal-3’ 2324.4 1163.2
IM+2H
1rA-idT S-pA-idT-3' 651.1 650.1
IM-HT
1rA-imoeT S-pA-imoeTt-3’ 725.1 7241
IM-HT
TrA-ps-tmoeT 5-pA-ps-imoeT-3' 741.1 740.1
IM-HT
6rA-2'-3-dT S-pAAAAAA-2-3-dT-3" {22964 1149.2
IM+2H

[Table 2-2]
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6rA-ps2-idT 5 -pAAAAAA-psZ-idT-3' 123283 1164.9
IM+2H ]
orA-idXT S-pAAAAAA-IAXT-3 2296.4 1149.2
IM+2H >
6rA-2-3'-dXT S-pAAAAAA-Y-3-dXT- 122964 1149.2
3 [M+2H >
6rA-ps-idXT S-pAAAAAA-ps-dXT-3" {23124 1157.2
[M2H P
SeA-dA-rp- S-pAAAAA-dA-rp- 2506.5 1254.4
ipmoA ipmoA-3’ [M+2H P
SeA-dA-sp- S-pAAAAA-dA-sp- 2296.4 1254.4
ipmoA ipmoA-3’ [M+2H]*
1rG-imoe™ 5-pG-imoe1-3' 741.1 740.2
[M-HI
1rC-imoeT 5-pC-imoeT-3' 701.1 700.2
{M-HY
{rU~imoeT 5"-pU~imoeT-3 702.1 701.2
IM-HT
1dT-imoeT 5p-dT-imoeT-3 700.1 699.1
(M-HT
6rA-iIC16A 5-pAAAAAA-ICIOA-3" 125456 1271.8
[M-2H*
o6rA-iallylT 5-pAAAAAA-lyIT-3" 23364 1168.9
IM+2H
OrA-imoeoeA 5'-pAAAAAA-imoeoeA- | 2423.5 1211.3
3 [M-2H]*
2(trA-imoeT) 5-pA-imoeT-A~imoeT-3" 14323 1431.2
[M-HY
1rA-2-imoeT 5'-pA-imoeT-imoeT-3' 1103.2 1102.2
{M-H}
AGC-imoeT 5-pAGC-imoeT-3’ 1375.2 137414
IM-HT
TrA-idmiPrT 5-pA-idmiPrT-3’ 769.2 770.4
IM+HHYT
IrA-12-R-THFT | 5"-pA-i2’-R-THFT-3' 737.2 738.4
[M+HT"
1rA-12-S-THFT | 5"-pA-i2°-S-THFT-3’ 737.2 738.3
IM+HT
6rA-3"-2-OBuA | 5-pAAAAAA-3-2- 23774 1189.7
OBuA-3’ [M+2HP

[Table 2-3]
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1rA-iIOMeA-N6- | 5-pA-iOMeA-N6-Bn-3" | 780.2 781.2
Bn M+HT
IrA-iBnT 5-pA-iBnT-3’ 757.1 758.3
EMEHT
IrA-~rp-imoeT 5-pA-ps(Rp)-imoe1-3' 741.1 740.2
IM-HT
IrA-sp-imoeT 5"-pA-ps{Sp)-imoeT-3’ 741.1 740.2
[M-H]
IrA-rp-rA-imoeT | 5-pA-ps(Rp)rA-imoeT-3' | 1070.2 1069.3
IM-HT
IrA-sp-rA-imoeT | 5-pA-ps(Sp)-rA-imoeT-3' | 1070.2 1069.3
IM-H
TeA-sp-rA-sp-1A- | SpA-ps{SplrA-ps(Sp)- | 1415.2 14144
imoeT rA-imoeT-3' IM-H]
1rA-sp-rA-sp-tA- | 5-pA-ps(Sp)-pA-ps(Sp)- | 1760.2 1759.8
sp-rA-imoeT rA-ps(Sp)-rA-imoeT-3’ IM-HT
6rA-imoeXT 5-pAAAAAA-imoeXT-3' | 23704 1184.5
IM-2H}*

[0151]

[0152]

<Preparation of template DNA>
To prepare the template plasmid DNA used for in vitro transcription (IVT), a plasmid
having a DNA fragment in which the T7 promoter sequence, 5’-UTR sequence,
KOZAK sequence, each ORF sequence, and 3"-UTR sequence are sequentially linked
was synthesized. To 1 pg of the plasmid dissolved in Nuclease-free water (210 pL),
Q5 Hot Start High-Fidelity 2X Master Mix (250 uL, NEB# M0494L), 10 uM sense
primer (20 pL), and 10 uM antisense primer containing poly-T (20 pL) were added.
After incubation at 95°C for 1 minute, 35 cycles of 95°C for 30 seconds, 60°C for 30
seconds, and 72°C for 3 minutes were performed, followed by incubation at 72°C for
S minutes to amplify the template DNA by PCR. After the reaction, isopropanol (500
uL, FujiFilm catalog #166-04836) was mixed, and the mixture was left standing at
-20°C for more than 1 hour. After centrifugation (4°C, 15000 rpm, 30 minutes), the su-
pernatant was discarded. Then, 75% ethanol was added, and after centrifugation (4°C,
15000 rpm, 5 minutes), the supernatant was discarded. This operation was repeated
three times. The obtained precipitate was dissolved in Nuclease-free water to obtain
the template DNA having the desired ORF sequence.

<Preparation of Firefly Luciferase (Fluc)-mRNA>
Using each obtained template DNA, mRNA was prepared by in vitro transcription
(IVT). The following components were mixed: 500 pg/mL template DNA (48 uL), 100
mM CleanCap AG (32 uL, TriLink catalog #N-7113), 100 mM ATP (40 uL, TriLink
catalog #N-1510), 100 mM CTP (40 uL, TriLink catalog #N-1511), 100 mM GTP
(40 uL, TriLink catalog #N-1512), 100 mM N1-methyl-1p-Uridine-5’-Triphosphate
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[0153]

[0154]

(40 pL), UltraPure DNase/RNase-Free Distilled Water (437.6 uL., Thermo Fisher
catalog #10977015), T7 Transcription 10x buffer (80 uL), RNase inhibitor (20 pL,
NEB, catalog #M0314L), Yeast Inorganic pyrophosphatase (16 nL, NEB, catalog
#M2403L), and T7 RNA Polymerase (6.4 uL., Roche catalog #08140669103). The
mixture was incubated at 37°C for 3 hours. RNase-Free DNase I (24 uL, TaKaRa
catalog #2270A) was added and incubated at 37°C for 30 minutes. Then, 10x
phosphatase buffer (96 uL., NEB, catalog #B0289S) and Antarctic phosphatase (48 uL,
NEB, catalog #M0289L) were added and incubated at 37°C for 30 minutes. 8M LiCl
solution (484 uL., Sigma-Aldrich catalog #1.7026) was added, and the mixture was
left standing at -20°C for more than 1 hour. After centrifugation (4°C, 15000 rpm, 30
minutes), the supernatant was discarded. Then, 75% ethanol was added, and after cen-
trifugation (4°C, 15000 rpm, 5 minutes), the supernatant was discarded. This operation
was repeated three times. The obtained precipitate was dissolved in Nuclease-free
water. Thus, mRNA expressing the Fluc protein (Sequence ID No. 1, Table 3) was
obtained.

<Preparation of Human Erythropoietin (EPO)-mRNA>
Using each obtained template DNA, mRNA was prepared by in vitro transcription
(IVT). The following components were mixed: 300 pg/mL template DNA (160 uL),
100 mM CleanCap AG (64 uL, TriLink catalog #N-7113), 100 mM ATP (80 uL,
TriLink catalog #N-1510), 100 mM CTP (80 uL, TriLink catalog #N-1511), 100
mM GTP (80 uL, TriLink catalog #N-1512), 100 mM N1-methyl-\-Uridine-5"-
Triphosphate (80 uL.), UltraPure DNase/RNase-Free Distilled Water (811.2 uL,
Thermo Fisher catalog #10977015), T7 Transcription 10x buffer (160 uL), RNase
inhibitor (40 uL, NEB, catalog #M0314L), Yeast Inorganic pyrophosphatase (32
uL, NEB, catalog #M2403L), and T7 RNA Polymerase (12.8 uL., Roche catalog
#08140669103). The mixture was incubated at 37°C for 3 hours. RNase-Free DNase
I (48 uL, TaKaRa catalog #2270A) was added and incubated at 37°C for 30 minutes.
Then, 10x phosphatase buffer (96 puL, NEB, catalog #B0289S) and Antarctic
phosphatase (48 pL, NEB, catalog #M0289L) were added and incubated at 37°C for
30 minutes. The reaction mixture was divided into two tubes, and 8M LiCl solution
(484 uL, Sigma-Aldrich catalog #L.7026) was added to each. The mixtures were left
standing at -20°C for more than 1 hour. After centrifugation (4°C, 15000 rpm, 30
minutes), the supernatant was discarded. Then, 75% ethanol was added, and after cen-
trifugation (4°C, 15000 rpm, 5 minutes), the supernatant was discarded. This operation
was repeated three times. The obtained precipitate was dissolved in Nuclease-free
water. Thus, mRNA expressing the EPO protein (Sequence ID No. 2, Table 4) was
obtained.
[Table 3]
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<Beg 1D 1> Flue-mBNA 92 bp SWUTRFIORFHIWUTRAPoly A1 20010
SWUTR | AGGGAAAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAL
AAGAGCCACC

QORF AUGGAGGACGCCAAGAACAUCAAGAAGGGUCCCGCCOCC
UUCUACCCCCUGOGAGGACGGCACCGCCGGUGAGCAGCUG
CACAAGGUCAUVQAAGCGGUACGCCCUGGUGCCCOGCATT
AUCGCCUUCACCGACGCCCACANICGAGOUGOACAUCACT
VACGCCGAGUACUUCGAGAUGAGUGUGCGGTUGGCCGA
GOQUCAUGAAGCOGUACGGCCUGAACACCAACCACCGGAU
CGUGGUGUOCAGCGAGAACAGCCUGCAGULICTIUCAUGLC
CGUGCUGGGCGCCCUGUUCAUCHGCGUGGRLGUGGCCCT
CGCCAACGACAUCUACAACGAGCGGRAGCUGCUGAACAG
CAUGGGCAUCAGCCAGCCCACCGUGGUGULICGUGAGCAA
GAAGGGCCHGCAGAAGAUCCUGAACGUGCAGAAGAAGT
UGCCCAUCAUCCAGAAGAUCAUCAUCAUGGACAGCAAGA
CCGACUACCAGGGCUUCCAGAGCAUGUACACCUUCGUGA
CCAGCCACCUGCCCCCCGOCINICAACGAGUACGACUUCG
VGCCCGACGAGCUUCGACCGGOACAAGACCAUCGLCCUGA
UCAUGAACAGCAGCGGCAGCACCGGUCUGTLCAAGGGCG
LGGOCCUGCCCCACCGGACCGUCUGCGUGLGGUUCAGOC
ACGCCCGGGACCCCAUCUUCGGCAACCAGAUCAUCCCCG
ACACCGCCAUCCUGAGCGUGGUGCCAIIUCCACCACGGCY
BCGQCALGULCACCACCCUGGGUUACCUGAUCUGRGGCU
VCCOGGOUGGUGCUGAUGUACCCOUUCGAGGAGGAGLUG
UeGGAGCCUGCAGGACUACAAGAUCCAGAGLGLCCUGC
GGUGCCCACCCUGUUCAGCUUCUUCGCCAAGAQCACTCY
GAUCGACAAGUACGACCUGAGCAACCUGCACGAGAUCGKL
CAGLGGCGGCGCCCCCCUGAGCAAGGAGGUGGGCGAGGL
COLUGGCCAAGCGGUUCCACCUGCCCGGCALICCOGCALGU
CUACGGCCUGALCOAGACCACCAGCGCCAUCCUGAUCAC
CCCCGAGGOGCGACGACAAGCCCGGUGUCGUGGGCAAGGU
GGUGCCCUUCTUCGAGGCCAAGGUGGUGGACCUGGACAL
CGGCAAGACCCUGGGCGUGAACCAGCGGGOUGAGCUGUG
CGUGLGGGGUCCCAUGALICAUGAGCOGCIIACGUGAACAA
CCCCGAGGCCALCCAALGCCCUGAUCGACAAGGACOOGCUG
GCUGCACAGLGGCGACAUCGCCUACUGGGACGAGGACGA
GCACUUCIRICAUCGUGGACCGGCUGAAGAGCCUGALICAA
GUACAAGOGCUACCAGGUOGCCCCCOCCCAGCUGGAGAG
CAUCCUGCUGCAGCACCCCAACALICLIUCGACGCCGGUGH
GGCCOGCCUGLCCOACGACGACGOLGOGTGAGCUGRTECGC
CGCCCUGGUGGUGCUGGAGUACGGCAAGACTCAUGACCGA
GAAGGAGAUCGUGGACUACGUGOUCAGCCAGGUGACCA
CCGCCAAGAAGCUGCGCRGCGOCCUGGUGLUCGUHGGAC
GAGOGUGCCCAAGGOUCUGACCGGCAAGCUGGACGECOGE
AAGAUCCGGGAGAUCCUGAUCAAGGUUAAGAAGOGCGE
CAAGAUCGCCGUGUGA

F-UTR L HAAGCUGCCUHICUGCGGGOCUUIGCCUUCUIGGCCALIGRCC
UUCUHUHCUCTCCCUUGCACCUIGUACCUCUUGGUCHTUGAA
UAAAGCCUGAGUAGGAAGGCGH

[0155] [Table 4]
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<Seq 1D 2> EPO-mRNA (850bp:5'-UTR+ORF+3'-UTR+PolyA(120nt))
5'-UTR [ AGGGAAAUAAGAGAGAAAAGAAGAGUAAGAAGAAAUAU
AAGAGCCACC

ORF | AUGGGCGUGCACGAGUGCCCCGCCUGGCUGUGGCUGCUG
CUGAGCCUGCUGAGCCUGCCCCUGGGCCUGCCCGUGCUG
GGCGCCCCCCCCCGGCUGAUCUGCGACAGCCGGGUGCUG
GAGCGGUACCUGCUGGAGGCCAAGGAGGCCGAGAACAU
CACCACCGGCUGCGCCGAGCACUGCAGCCUGAACGAGAA
CAUCACCGUGCCCGACACCAAGGUGAACUUCUACGCCUG
GAAGCGGAUGGAGGUGGGCCAGCAGGCCGUGGAGGUGU
GGCAGGGCCUGGCCCUGCUGAGCGAGGCCGUGCUGCGGG
GCCAGGCCCUGCUGGUGAACAGCAGCCAGCCCUGGGAGC
CCCUGCAGCUGCACGUGGACAAGGCCGUGAGCGGCCUGC
GGAGCCUGACCACCCUGCUGCGGGCCCUGGGCGCCCAGA
AGGAGGCCAUCAGCCCCCCCGACGCCGCCAGCGCCGCCC
CCCUGCGGACCAUCACCGCCGACACCUUCCGGAAGCUGU
UCCGGGUGUACAGCAACUUCCUGCGGGGCAAGCUGAAGC
UGUACACCGGCGAGGCCUGCCGGACCGGCGACCGGUGA
3"-UTR | UAAGCUGCCUUCUGCGGGGCUUGCCUUCUGGCCAUGCCC
UUCUUCUCUCCCUUGCACCUGUACCUCUUGGUCUUUGAA
UAAAGCCUGAGUAGGAAGGCGG

[0156]  <Synthesis of PolyA-modified Fluc-mRNA>
Using the obtained Fluc-mRNA and oligonucleotides, PolyA-modified mRNA was

synthesized by an enzymatic ligation reaction. The following components were mixed
at the indicated concentrations: Fluc-mRNA (200 ng/uL), synthetic oligonucleotides
(30 uM), ATP (10 mM NEB #M0204), PEG8000 (20% NEB #M0204), T4 RNA
Ligase Reaction Buffer (1X NEB #M0204), SUPERase-In"™ RNase Inhibitor (0.16 U/
uL Thermo Fisher #AM2694), UltraPure DNase/RNase-Free Distilled Water (Thermo
Fisher #10977015), and T4 RNA Ligase 1 (92 pg/mL). The mixture was incubated
at 25°C for 4 hours. mRNA was extracted from the resulting reaction mixture using
AMPure XP (BECKMAN COULTER #A63881) and recovered into Amicon Ultra-0.5
mL 30K (Merck #UFC5030BK). After centrifugation (12000 rpm, 5 minutes) to con-
centrate the solution, 2 mM citrate buffer was added, and centrifugation (12000 rpm, 5
minutes) was performed again to exchange the buffer. This buffer exchange operation
was repeated three times to obtain the purified Poly A-modified Fluc-mRNA (Table 5-1
and Table 5-2).

[0157] [Table 5-1]
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Sequence name mRNA sequence | Structure
Fluc-6rA-idA Seq. ID 1 5'-mRNA-AAAAAA-iIdA-3’
Fluc-6rA-idG Seq.ID 1 5'-mRNA-AAAAAA-IdG-3’
Fluc-6rA-idC Seq. 1D 1 5'-mRNA-AAAAAA-idC-3’
Fluc-6rA-idT Seq.ID 1 5'-mRNA-AAAAAA-IAT-3'
Fluc-6rA-iFA Seq. ID | 5'-mRNA-AAAAAA-IFA-3’
Fluc-6rA-iFU Seq. ID 1 5'-mRNA-AAAAAA-iFU-3'
Fluc-6rA-iOMcA Seq. ID 1 5'-mRNA-AAAAAA-iIOMcA-3’
Fluc-6rA-iOMeU Seq. 1D 1 5'-mRNA-AAAAAA-iOMeU-3'
Fluc-6rA-imoeA Seq.ID 1 5'-mRNA-AAAAAA-imoeA-3’
[Fluc-6rA-imoeG Seq. 1D 1 5'-mRNA-AAAAAA-imoeG-3'
Fluc-6rA-imoemC Seq.ID 1 5'-mRNA-AAAAAA-imoemC-3'
Fluc-6rA-imoeT Seq. D 1 5'-mRNA-AAAAAA-imoeT-3'
Fluc-6rA-ps-imoeA | Seq.ID 1 5'-mRNA-AAAAAA-ps-imoeA-3'
Fluc-6rA-ilnaA Seq.ID 1 5'-mRNA-AAAAAA-ilnaA-3’
Fluc-6rA-ilnaT Seq. ID 1 5'-mRNA-AAAAAA-ilnaT-3’
Fluc-1rA-imoeT Seq.ID 1 5'-mRNA-A-imoeT-3’
Fluc-1rA-ps-imoeT Seq. ID 1 5'-mRNA-A-ps-imoeT-3’
Fluc-6rA-2'-3'-dT Seq.ID 1 5'-mRNA-AAAAAA-2'-3'-dT-3’
Fluc-6rA-ps2-idT Seq. ID 1 5'-mRNA-AAAAAA-ps2-idT-3’
Fluc-6rA-idXT Seq. ID 1 5'-mRNA-AAAAAA-IdXT-3'
Fluc-6rA-2'-3'-dXT Seq. 1D 1 5'-mRNA-AAAAAA-2'-3'-XdT-3’
Fluc-6rA-ps-idXT Seq.ID 1 5'-mRNA-AAAAAA-ps-idXT-3’
IFluc-5rA-dA-rp- Seq. 1D 1 5'-mRNA-AAAAA-dA-rp-ipmoA-
ipmoA 3
Fluc-5rA-dA-sp- Seq. D 1 5'-mRNA-AAAAA-dA-sp-ipmoA-
ipmoA 3
Fluc-1rG-imoeT Seq.ID 1 5'-mRNA-G-imoeT-3’
Fluc-1rC-imoeT Seq. ID 1 5'-mRNA-C-imoeT-3’
Fluc-1rU-imoeT Seq.ID 1 5'-mRNA-U-imoeT-3’
Fluc-1dT-imoeT Seq. ID 1 5'-mRNA-dT-imoeT-3’
Fluc-6rA-iC16A Seq. ID 1 5'-mRNA-AAAAAA-IC16A-3'
Fluc-6rA-iallylT Seq.ID 1 5'-mRNA-AAAAAA-iallylT-3
I'luc-6rA-imoeoeA Seq.ID 1 5'-mRNA-AAAAAA-imoeoeA-3’
Fluc-2(1rA-imoeT) Seq. ID 1 5'-mRNA-A-imoeT-A-imoeT3’
Fluc-1rA-2imoeT Seq. 1D 1 5'-mRNA-A-imoeT-imoeT-3’
Fluc-AGC-imoeT Seq.ID 1 5'-mRNA-AGC-imoeT-3’
Fluc-1rA-idmiPrT Seq. 1D 1 5'-mRNA-A-idmiPr1-3’
Fluc-1rA-i2’-R-THFT | Seq. ID 1 5-mRNA-A-i2'-R-THFT-3'
Fluc-1rA-i2'-S-THFT | Seq. ID 1 5'-mRNA-A-i2'-S-THFT-3’

[Table 5-2]
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Fluc-6rA-3'-2'-OBuA | Seq. ID 1 5'-“mRNA-AAAAAA-3"-2-OBuA-
3
Fluc-1rA-iOMeA.- Seq. ID 1 5'-mRNA-A-iOMeA-N6-Bn-3'
N6-Bn
Fluc-1rA-iBnT Seq.ID 1 5'-mRNA-A-iBnT-3'
Fluc-1rA-rp-imoeT Seq. ID 1 5'-mRNA-A-ps(Rp)-imoeT-3’
Flue-1rA-sp-imoeT Seq. 1D 1 5'-mRNA-A-ps(Sp)-imoeT-3’
Fluc-1rA-rp-rA- Seq. 1D 1 5'-mRNA-A-ps(Rp)-rA-imoeT-3’
imoeT
Fluc-1rA-sp-rA- Seq. ID 1 5'-mRNA-A-ps(Sp)-rA-imoeT-3’
imoeT
Fluc-1rA-sp-rA-sp- Seq. ID 1 5'-mRNA-A-ps(Sp)-rA-ps(Sp)-rA-
rA-imoeT imoeT-3’
Fluc-1rA-sp-rA-sp- Seq. 1D 1 5'-mRNA-A-ps(Sp)-pA-ps(Sp)-rA-
TA-sp-rA-imoeT ps(Sp)-rA-imoeT-3’
Fluc-6rA-imoeXT Seq. ID 1 5'-mRNA-AAAAAA-imoeXT-3'
[0158]  <Synthesis of PolyA-modified Epo-mRNA>

[0159]

Using the obtained EPO-mRNA and oligonucleotides, PolyA-modified mRNA was
synthesized by an enzymatic ligation reaction. The following components were mixed
at the indicated concentrations: EPO-mRNA (200 ng/uL), synthetic oligonucleotides
(30 uM), ATP (10 mM NEB #M0204), PEG8000 (20% NEB #M0204), T4 RNA
Ligase Reaction Buffer (1X NEB #M0204), SUPERase-In"™" RNase Inhibitor (0.16 U/
uL Thermo Fisher #AM2694), UltraPure DNase/RNase-Free Distilled Water (Thermo
Fisher #10977015), and T4 RNA Ligase 1 (92 pg/mL). The mixture was incubated
at 25°C for 4 hours. To the resulting reaction mixture, 8M LiCl (Sigma #L.7026) was
added to a final concentration of 2.7M, and the mixture was left standing at -20°C for
more than 1 hour. After centrifugation (4°C, 12000 rpm, 30 minutes), the supernatant
was discarded. Then, 70% ethanol was added, and after centrifugation (4°C, 12000
rpm, 5 minutes), the supernatant was discarded again. The obtained precipitate was
dissolved in 2 mM citrate buffer to obtain the crude PolyA-modified EPO-mRNA.
<Purification of EPO-mRNA and PolyA-modified EPO-mRNA HPLC>
The obtained crude EPO-mRNA and PolyA-modified EPO-mRNA were each
purified by reverse-phase ion-pair HPLC (HPLC: Shimadzu LC-20A series, Column:
Agilent PLRP-S 4000A, 4.6 x 150 mm, S = 10 um, Mobile phase A: 0.1M TEAA,
Mobile phase B: 0.1M TEAA containing 50% acetonitrile, Gradient conditions:
Mobile phase B 19-34%/26 minutes, Flow rate: 1 mL/min, Column temperature:
75°C). The HPLC-purified fractions were recovered into Amicon Ultra-15 mL 100K
(Merck #UFC910024). After centrifugation (12000 rpm, 5 minutes) to concentrate the
solution, 2 mM citrate buffer was added, and centrifugation (12000 rpm, 5 minutes)

was performed again to exchange the buffer. This buffer exchange operation was
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repeated three times to obtain the HPLC-purified EPO-mRNA and PolyA-modified
EPO-mRNA (Table 6).

[Table 6]
Sequence name | mRNA sequence | Structure
EPO-mRNA Seq. ID 2 5'-mRNA-3’
EPO-6rA-idT Seq. ID 2 5'-mRNA-AAAAAA-IdT-3’
EPO-6rA-imoeT | Seq. ID 2 5'-mRNA-AAAAAA-imoeT-3'

<HPLC Analysis of EPO-mRNA and PolyA-modified EPO-mRNA>
Using EPO-mRNA and oligonucleotides, PolyA-modified mRNA was synthesized by
an enzymatic ligation reaction. The following components were mixed at the indicated
concentrations: EPO-mRNA (200 ng/uL), synthetic oligonucleotides (30 uM), ATP
(10 mM NEB #M0204), PEG8000 (20% NEB #M0204), T4 RNA Ligase Reaction
Buffer (1X NEB #M0204), UltraPure DNase/RNase-Free Distilled Water (Thermo
Fisher #10977015), and T4 RNA Ligase 1 (92 pg/mL). The mixture was incubated
at 25°C for 4 hours. mRNA was extracted from the resulting reaction mixture using
AMPure XP (BECKMAN COULTER #A63881) and recovered into Amicon Ultra-0.5
mL 30K (Merck #UFC5030BK). After centrifugation (12000 rpm, 5 minutes) to con-
centrate the solution, 2 mM citrate buffer was added, and centrifugation (12000 rpm, 5
minutes) was performed again to exchange the buffer. This buffer exchange operation
was repeated three times to obtain the purified PolyA-modified EPO-mRNA. EPO-
mRNA and PolyA-modified EPO-mRNA were each analyzed by reverse-phase ion-
pair HPLC (HPLC: Shimadzu LC-20A series, Column: YMC Triart Bio C4, 4.6 x
150 mm, S =5 pum, Mobile phase A: 0.1M TEAA, Mobile phase B: 0.1M TEAA
containing 50% acetonitrile, Gradient conditions: Mobile phase B 19-28%/26 minutes,
Flow rate: 1 mL/min, Column temperature: 75°C). The HPLC analysis results and the
retention times (RT) of the target substances are shown in Figure 1 and Table 7.
[Table 7]

Sequence name mRNA Structure RT (min)
scquence

EPO-mRNA Seq.ID2 | 5-mRNA-3’ 17.5

EPO-1rA-idT Seq.ID 2 | 5-mRNA-A-idT-3' 17.7

EPO-1rA-imocT Scq. ID2 | 5'-mRNA-A-imocT-3’ 18.2

<PolyA analysis of EPO mRNA>
The HPLC-purified EPO mRNA and PolyA-modified mRNA were enzymatically
digested, and the structure of PolyA was analyzed. The following components were
mixed at the indicated concentrations: mRNA (0.6 pg/uL), ultrapure water, RNase
H Reaction Buffer (1X NEB #M0297), and RNase T1 (20 U/uL Thermo Fisher
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#10977015). The mixture was incubated at 37°C for 3 hours. Free PolyA was purified
from the resulting reaction mixture using Oligo d(T)25 Magnetic Beads (40 uL. NEB
#51419). The structure of the obtained free PolyA was analyzed using an LC-MS
system (HPLC: Shimadzu Nexera series, MS: Thermo Q-Exactive, Column: Waters
ACQUITY Premier Oligonucleotide C18 Column, 130 angstrom, 2.1 x 100 mm, S =
1.7 um, Mobile phase A: 8.6 mM TEA-100 mM HFIP, Mobile phase B: Methanol,
Gradient conditions: Mobile phase B 10-25%/20 minutes, Flow rate: 0.2 mL/min,
Column temperature: 60°C). The MS analysis results of the free PolyA confirmed that
modified nucleic acids were introduced at the PolyA termini (Table 8).

[Table 8]

Sequence name | Free PolyA Calcd. MS Observed MS
[M-H]) [(M-H]

EPO mRNA 5'-A124-3' 40739.5 40735.3

EPO-6rA-idT 5'-A130-idT-3' 43017.9 43018.1

EPO-6rA-imoeT | 5'-A130-imoeT-3" | 43092.0 43086.8

[Example 2] Time-course of Luciferase Expression Using Poly A-modified Fluc-
mRNA in vitro
The Poly A-modified Fluc-mRNA described in Table 5-1 and 5-2 and the transfection
reagent Lipofectamine™ MessengerMAX™ (Invitrogen, Cat# LMRNAQOS) were
diluted in Opti-MEM medium (Gibco, Cat# 31985062) to prepare an mRNA/Mes-
sengerMAX mixture with a final concentration of 2.4 ng/uL nucleic acid and 0.95%
MessengerMAX™. As a negative control, a mixture was prepared using PBS instead
of nucleic acid. 20 uL. of the mRNA/MessengerMAX mixture was dispensed into each
well of a 96-well culture plate, and Hep3B cells (obtained from ATCC), a human liver
cancer cell line, were seeded at 10,000 cells/80 uL/well and cultured under conditions
of 37°C and 5% CO,. After 24 hours, 48 hours, and 72 hours, the supernatant was
removed, and the Steady-Glo™ Luciferase Assay System (Promega, Cat# E2520) and
CellTiter-Glo™ Luminescent Cell Viability Assay (Promega, Cat# G7572) were used
to induce the enzymatic reaction according to the manufacturer's instructions, except
that they were diluted 2-fold with PBS before addition. Absorbance was measured
using Nivo (PerkinElmer). The measured data were corrected by setting the luciferase
expression level of Fluc-mRNA (Fluc-mRNA without modified structure) at 24 hours
post-administration to 100. The corrected measurement data and the analyzed results
are shown in Table 9 and Table 10. In addition to the results shown in the Tables,
the results of xylose-type modification (such as represented by formula (II'-AX) and
formula (II'-A)) showed similar trends to that of ribose-type modification (such as rep-
resented by formula (IT'-A) and formula (IT')).
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[0166] [Table 9]

Relative Steady-Glo/Cell Titer-Glo
(Average, Fluc-mRNA 24h=100)

Sequence name 24h 48h 72h 72h/24h (%)
Fluc-mRNA 100 26 5 5
Fluc-6rA-idA 165 83 30 18
Fluc-6rA-idG 143 80 26 18
Fluc-6rA-idC 131 50 15 11
Fluc-6rA-idT 149 68 21 14
Fluc-6rA-iFA 154 76 24 16
Fluc-6rA-iFU 150 69 23 15
Fluc-6rA-iOMeA 161 69 19 12
Fluc-6rA-iOMeU 204 111 46 23
Fluc-6rA-imoeA 127 63 25 20
Fluc-6rA-imoeG 141 87 37 26
Fluc-6rA-imoemC 135 80 34 25
Fluc-6rA-imoeT 154 97 45 29
Fluc-6rA-ps-imoeA | 110 52 22 20
Fluc-6rA-ilnaA 77 22 5 6
Fluc-6rA-ilnaT 79 24 5
Fluc-1rA-imoeT 169 114 61 36
Fluc-1rA-ps-imoeT | 127 66 22 17

[Table 10]
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[0167]

Relative Steady-Glo/Cell Titer-Glo
(Average, Fluc-mRNA 24h=100)

Sequence name 24h 48h 72h 72h/24h (%)
Fluc-mRNA 100 25 5 5
Fluc-6rA-2'-3'-dT 88 24 4 5
Fluc-6rA-ps2-idT 83 24 6 7
Fluc-6rA-idXT 161 63 16 10
Fluc-6rA-2'-3'-dXT | 153 67 16 10
Fluc-6rA-ps-idXT 185 90 31 17
Fluc-5rA-dA-rp- 96 15 3 3
ipmoA
Fluc-5rA-dA-sp- 105 36 5 5
ipmoA
Fluc-1rG-imoeT 107 39 6 6
Fluc-1rC-imoeT 171 112 36 21
Fluc-1rU-imoeT 154 86 25 16
Fluc-1dT-imoeT 55 25 7 13
Fluc-6rA-iC16A 134 82 30 22
Fluc-6rA-iallylT 168 115 44 26
Fluc-6rA-imoecoeA | 168 91 26 15
Fluc-2(1rA-imoeT) | 62 22 5 8
Fluc-1rA-2imoeT 47 17 4 9
Fluc-AGC-imoeT 105 53 12 11
Fluc-1rA-idmiPrT 162 125 50 31
Fluc-1rA-i2'-R- 147 125 45 31
THFT
Fluc-1rA-i2'-S- 151 125 50 33
THFT

[Example 3] Time-course of Erythropoietin Expression Using PolyA-modified EPO-
mRNA in vitro
The mRNA described in Table 6 and the transfection reagent Lipofectamine™ Mes-
sengerMAX™ (Invitrogen, Cat# LMRNAOQOS) were diluted in Opti-MEM medium
(Gibco, Cat# 31985062) to prepare an mRNA/MessengerMAX mixture with a final
concentration of 2.4 ng/uL nucleic acid and 0.95% MessengerMAX™. As a negative
control, a mixture was prepared using PBS instead of nucleic acid. 20 pL of the
mRNA/MessengerMAX mixture was dispensed into each well of a 96-well culture
plate, and Hep3B cells (obtained from ATCC), a human liver cancer cell line, were
seeded at 10,000 cells/80 pnL/well and cultured under conditions of 37°C and 5% CO,.
After 24 hours, 48 hours, 72 hours, 96 hours, and 168 hours, the Erythropoietin in

the culture supernatant was immobilized and labeled according to the manufacturer's
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[0168]

[0169]

[0170]

protocol using the Quantikine™

Cat# DEPRUO). Absorbance was measured using Envision E2105™ (PerkinElmer),
and the concentration of Erythropoietin was calculated. The results are shown in Table
11.

ELISA Human Erythropoietin Immunoassay (R&D,

[Table 11]
Time | EPO-mRNA | EPO-6rA-1dT | ‘ | Ei*r’(}—érA—‘imoe'I‘
7 mlU/Mmilb., Average) | (mIU/mL, Average) | (mili/iml., Average)

24h {14816 123593 145063

48h 143372 227509 205132

72h 164936 240430 438363

96h 1503523 247585 462389

168h 164831 216996 497434

[Example 4] Time-dependent change of the expression of Erythropoietin expressed
by using PolyA-modified EPO-mRNA in vivo
<Preparation of Lipid Nanoparticles (LNP)>
The PolyA-modified EPO-mRNA described in Table 6 was dissolved in 50 mM
sodium citrate (pH 3.5) to prepare an mRNA dilution. 2-{9-Ox0-9-[(3-penty-
loctyl)oxy]nonyl}dodecyl 1-methylpiperidine-4-carboxylate (TS202), DSPC (Cas#
816-94-4), Cholesterol (Cas# 57-88-5), and MPEG2000-DMG (Cas# 1397695-86-1)
were dissolved in ethanol at a molar ratio of 50/10/38.5/1.5 to prepare a lipid solution.
The mRNA dilution and lipid solution were mixed at a flow rate ratio of 3:1 to achieve
an mRNA-to-lipid weight ratio of 0.056:1, thereby obtaining Lipid Nanoparticles
(LNP). The aqueous solution containing the obtained LNP was dialyzed using Float-
A-Lyzer G2 (SPECTRUM, 100K MWCO) to replace the external solution with PBS,
and then further replaced with a sucrose solution. After concentrating the solution,
it was sterilized by filtration, and the formulation quality was evaluated. The mRNA
concentration and encapsulation efficiency were measured using Quant-iT RiboGreen
RNA Reagent (Invitrogen, Cat# R11491) (the mRNA concentration measured after
dilution with RNase-Free Water was considered as the mRNA present in the external
solution of LNP, and the mRNA concentration measured after dilution with 1% Triton
X-100 was considered as the total mRNA concentration in the formulation to calculate
the encapsulation efficiency). The average particle size (Z-average) was measured
using a particle size analyzer (Malvern, Zetasizer Nano ZS). The results of the for-
mulation quality evaluation of the prepared LNP are shown in Table 12.
[Table 12]
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o [ wraa | A mete T por | Gy
#1 EPO-mRNA 90 .03 953%
777777 #02 EPO~6rA-idT 89 0,07 9384
403 EPO-6rA-imoe 88 0.02 54

[0171]

<Time-dependent change of the expression of Erythropoietin in vivo>

Saline or the LNP shown in Table 12 was intravenously administered to BALB/c mice

(female, 5 weeks old, n=3 per group) via the tail vein at a dose of 0.2 mg/kg mRNA.

Blood samples were collected from the tail vein at 6 hours, 24 hours, 48 hours, 72

hours, and 96 hours post-administration, and from the abdominal aorta under general

anesthesia at 168 hours post-administration, using heparin sodium (Yoshindo Inc.,

Cat# AY). The Erythropoietin in the plasma was immobilized and labeled according

to the manufacturer's protocol using the Quantikine™ ELISA Human Erythropoietin

Immunoassay (R&D, Cat# DEPRUO). Absorbance was measured using Spectramax"™

iD5 (Molecular Devices, LLC), and the concentration was calculated. The results are
shown in Table 13.

[0172] [Table 13]

Time | EPO-mRNA EPO-6rA-idT _ EP(’)~6:‘A-€I}'}D¢'}"
{mil/mL., Average) | (mIU/ml., Average) | (miU/ml, Average)
6h 164607 117720 142263
24h 124134 109816 125776
48h 7381 36720 72237
72h 98 15820 41147
96h 13 7448 235514
168h 0 319 1999
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Claims

A polynucleotide represented by the following formula (I):
X-Y ...(I)

, wherein Y is represented by the following formula (II):
[Chem.1]

— —

——
he

e I R Y
, wherein

the wavy line represents a bond to X,

R' and R’ each independently represent a nucleobase, wherein if
Y has two or more R', then each of the two or more R' may in-
dependently represent a nucleobase; and wherein if Y has two

or more R’, then each of the two or more R* may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom
from a hydroxyl group of a linear or cyclic oligoalkylene glycol,

a group in which one hydrogen atom on a carbon atom of a cyclic
ether is replaced by an oxygen atom, an alkoxy, an optionally sub-
stituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alky];
or together with R*, represents a group represented by -O-R'’-,
wherein R' represents an alkylene, and wherein the oxygen atom
in the group forms a single bond with the carbon atom to which R
is bonded in formula (II),

R’ represents H or, together with R, represents the group rep-
resented by -O-R"-,

R’ represents O, S, BH;', Se, or dialkylamino,

R® represents O, S, or Se,

7' and Z* each independently represent O, S, Se, NR", or
CR"R", wherein R, R”, and R"* each independently represent an
alkyl or alkenyl,

and m and n each independently represent an integer of 1 to 50,
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[Claim 2]
[Claim 3]
[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]

[Claim 9]

[Claim 10]

[Claim 11]
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wherein X is a polynucleotide comprising a 5’-cap structure at the
5’-end and of which a hydroxyl group bonded to the 3’-carbon of
a nucleoside present at the 3’-end forms a phosphodiester bond
together with the terminal of Y.

The polynucleotide according to claim 1, wherein n is 1 or 2.

The polynucleotide according to claim 1 or 2, wherein n is 1.

The polynucleotide according to any one of claims 1 to 3, wherein
R’isO or S, and R%is O.

The polynucleotide according to any one of claims 1 to 4, wherein
R’is O, and R%is O.

The polynucleotide according to any one of claims 1 to 5,

wherein the nucleobase is thymine, uracil, cytosine, adenine,
guanine, 5-methylcytosine, 6-methyladenine, 6-benzyladenine,
1-methyluracil, 5-hydroxymethylcytosine, 2-thiouracil, or hy-
poxanthine.

The polynucleotide according to any one of claims 1 to 6, wherein
R' is adenine, guanine, cytosine, thymine, or uracil, and R’is
thymine, uracil, cytosine, adenine, guanine, or S-methylcytosine.
The polynucleotide according to any one of claims 1 to 7, wherein
R' is adenine, cytosine, or uracil, and R’is thymine, uracil,
cytosine, adenine, guanine, or S-methylcytosine.

The polynucleotide according to any one of claims 1 to 8§, wherein
R' is adenine, and R’ is thymine.

The polynucleotide according to any one of claims 1 to 9, wherein
R’ represents a group obtained by removing one hydrogen atom
from a hydroxyl group of a linear or cyclic oligoalkylene glycol
having 1 to 15 carbon atoms and 1 to 10 oxygen atoms, a group

in which one hydrogen atom on a carbon atom of a cyclic ether
having 1 to 15 carbon atoms and 1 to 10 oxygen atoms is replaced
by an oxygen atom, a C;-C,, alkoxy, a benzyloxy, fluoro, a C,-Cy
alkenyl, or a C;-Cy alkyl, and R* represents H.

The polynucleotide according to any one of claims 1 to 10,
wherein R’ represents a group represented by CH;-(O-CH,-
CH,-),0- or (CH;0(-CH,-CH,-0O-),,CH,-),CH-O-, in which p
represents an integer of 1 to 2 and w represents an integer of 0

to 2; a group in which one hydrogen atom on a carbon atom of

tetrahydrofuran or tetrahydropyran is replaced by an oxygen atom;
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a C-Cy¢ alkoxy; a benzyloxy; a C,-Cs alkenyl; or a C;-Cs alkyl,
and R* represents H.

The polynucleotide according to any one of claims 1 to 11,
wherein R” is selected from the group consisting of methoxy-eth-
yleneoxy, methoxy, a benzyloxy, allyl, and a group represented by

the following formulas:

[Chem.2]
- oH |1 T 5]
R‘! F Fﬁ[ﬁ o\SR
uIHG P\
Z! 0/\(\
&5 NEt-R7
il
|—-0
. O dm L in

I
and R* represents H.
The polynucleotide according to any one of claims 1 to 12,

wherein R” represents methoxy-ethyleneoxy, and R* represents H.

A polynucleotide represented by the following formula (I):
XY ..(D

, wherein Y is represented by the following formula (VI):
[Chem.3]

— - n Ca TV

, wherein the wavy line represents a bond to X, and m represents
an integer of 1 to 20

wherein X is a polynucleotide comprising a 5’-cap structure at the
5’-end and of which a hydroxyl group bonded to the 3’-carbon of
a nucleoside present at the 3’-end forms a phosphodiester bond
together with the terminal of Y.

A producing method of the polynucleotide according to any one
of claims 1 to 14, comprising contacting a polynucleotide rep-
resented by the following formula (VII):

X-OH ... (VII)
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, wherein, X is the same as X in formula (I), and OH represents a
hydroxyl group bonded to the 3’-carbon of a nucleoside present at
the 3’-end of X,

with an oligonucleotide represented by the following formula
(VIII):

[Chem.4]
RB
RS & \
VAR
BN D NH
. DH RY o
RaA %o f-}mN\ 0
??M RN
a i a
i
e

, wherein

R'toR®, Z', Z*, m, and n are the same as those in formula (II),
R" represents O or a group obtained by removing one hydrogen
atom from a hydroxyl group of the hydroxymethyl group at the 5’-
position of adenosine,

and k represents an integer of O to 2,

in the presence of RNA ligase or poly(A) polymerase to obtain
the polynucleotide represented by formula (I).

The producing method according to claim 15, comprising
contacting a polynucleotide represented by the following formula
(VID):

X-OH ... (VII)

, wherein, X is the same as X in formula (I), and OH represents a
hydroxyl group bonded to the 3’-carbon of a nucleoside present at
the 3’-end of X,

with an oligonucleotide represented by the following formula
(XID):

[Chem.5]
R'l ;-QH ‘\\\RB
21 lll"C
Q O—+H
|0
. O dm L n

i1
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, wherein

m is the same as those in formula (VI),

and k represents an integer of O to 2,

in the presence of RNA ligase or poly(A) polymerase to obtain
the polynucleotide represented by formula (I).

The producing method according to claim 15 or 16, wherein m
represents an integer of 1 to 20, 1 to 15, 1 to 12, 1to 10, 1 to 9, 1
to8,1to7,0r1tob.

The producing method according to any one of claims 15-17,
wherein the RNA ligase or poly(A) polymerase is RNA ligase.
An oligonucleotide represented by the following formula (VIII):
[Chem.6]

3 ot 1 T 3]
R’i F *_l—‘l,s O\gR
‘"”O P\
Z! o
F‘@ N—R’
H—i-o

|

. O Jdm o N

ST

, wherein

R' and R’ each independently represent a nucleobase, wherein if
Y has two or more R, then each of the two or more R' may in-
dependently represent a nucleobase; and wherein if Y has two

or more R’, then each of the two or more R* may independently
represent a nucleobase,

R’ represents a group obtained by removing one hydrogen atom
from a hydroxyl group of a linear or cyclic oligoalkylene glycol,

a group in which one hydrogen atom on a carbon atom of a cyclic
ether is replaced by an oxygen atom, an alkoxy, an optionally sub-
stituted benzyloxy, a halogen, a hydroxy, an alkenyl, or an alkyl;
or together with R*, represents a group represented by -O-R'’-,
wherein R'’ represents an alkylene, and wherein the oxygen atom
in the group forms a single bond with the carbon atom to which R*
is bonded in formula (II),

R” represents H or, together with R?, represents the group rep-
resented by -O-R"-,

R’ represents O, S, BH;', Se’, or dialkylamino,
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[Claim 25]

[Claim 26]

[Claim 27]

[Claim 28]
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R® represents O, S, or Se,

R" represents O or a group obtained by removing one hydrogen
atom from a hydroxyl group of the hydroxymethyl group at the 5’-
position of adenosine,

Z' and Z’ each independently represent O, S, Se, NR", or
CR"R", wherein R">, R”, and R'* each independently represent an
alkyl or alkenyl,

k represents an integer of 0 to 2,

m and n each independently represent an integer of 1 to 50.

The oligonucleotide according to claim 19, whereinn is 1 or 2.
The oligonucleotide according to claim 19 or 20, wherein n is 1.
The oligonucleotide according to any one of claims 19 to 21,
wherein R’ is O or S', and R’ is O.

The oligonucleotide according to any one of claims 19 to 22,
wherein R’ is O', and R® is O.

The oligonucleotide according to any one of claims 19 to 23,
wherein the nucleobase is thymine, uracil, cytosine, adenine,
guanine, S-methylcytosine, 6-methyladenine, 6-benzyladenine,
1-methyluracil, 5-hydroxymethylcytosine, 2-thiouracil, or hy-
poxanthine.

The oligonucleotide according to any one of claims 19 to 24,
wherein R' is adenine, guanine, cytosine, thymine, or uracil, and
R’is thymine, uracil, cytosine, adenine, guanine, or 5-methyl-
cytosine.

The oligonucleotide according to any one of claims 19 to 25,
wherein R' is adenine, cytosine, or uracil, and R’is thymine,
uracil, cytosine, adenine, guanine, or 5-methylcytosine.

The oligonucleotide according to any one of claims 19 to 26,
wherein R' is adenine, and R is thymine.

The oligonucleotide according to any one of claims 19 to

27, wherein R” represents a group obtained by removing one
hydrogen atom from a hydroxyl group of a linear or cyclic
oligoalkylene glycol having 1 to 15 carbon atoms and 1 to 10
oxygen atoms, a group in which one hydrogen atom on a carbon
atom of a cyclic ether having 1 to 15 carbon atoms and 1 to 10

oxygen atoms is replaced by an oxygen atom, a C;-Cy alkoxy,
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[Claim 30]

[Claim 31]
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a benzyloxy, fluoro, a C,-Cy, alkenyl, or a C;-C, alkyl, and R*
represents H.

The oligonucleotide according to any one of claims 19 to 28,
wherein R” represents a group represented by CH;-(O-CH,-
CH,-),0- or (CH;0(-CH,-CH,-0O-),,CH,-),CH-O-, in which p
represents an integer of 1 to 2 and w represents an integer of 0

to 2; a group in which one hydrogen atom on a carbon atom of
tetrahydrofuran or tetrahydropyran is replaced by an oxygen atom;
a C;-Cys alkoxy; a benzyloxy; a C,-Cs alkenyl; or a C;-Cs alkyl,
and R* represents H.

The oligonucleotide according to any one of claims 19 to 29,
wherein R is selected from the group consisting of methoxy-eth-
yleneoxy, methoxy, a benzyloxy, allyl, and a group represented by

the following formulas:
[Chem.7]

R1

’"“G
Z'i

L o Am R?

and R* represents H.

The oligonucleotide according to any one of claims 19 to 30,
wherein R” represents methoxy-ethyleneoxy, and R* represents H.
An oligonucleotide represented by the following formula (XII):
[Chem.§]

RB
Ria RS &

VAN \
wot—E—N b NH
OH A AL 0
1 F
R 2 % P—N O
N

.. - \
" ) Fl’ 6]
Q
i}

o] m C e

, wherein
m represents an integer of 1 to 20,

and k represents an integer of 0 to 2.
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[Claim 33] Use of the oligonucleotide according to any one of claims 19 to 32
in improving an in vivo stability of a polynucleotide.

[Claim 34] A kit comprising the oligonucleotide according to any one of
claims 19 to 32, for improving an in vivo stability of a polynu-

cleotide.



