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OLIGONUCLEOTIDE SYNTHESIS USING CYCLIC-PHOSPHOROUS
NUCLEOSIDES

TECHNICAL FIELD

[0001] The present disclosure provides methods for preparing oligonucleotides. In
certain embodiments, the present disclosure provides methods for preparing
oligonucleotides using cyclic-phosphorous nucleosides. In certain embodiments, the
present disclosure provides methods for preparing oligonucleotides using substituted
benzyl alcohol nucleophiles. In certain embodiments, the present disclosure provides
methods for preparing oligonucleotides using cyclic-phosphorous nucleosides and

substituted benzyl alcohol nucleophiles.

DISCLOSURE

[0002] The demand for synthetic oligonucleotides is steadily increasing as advances in
DNA and RNA technology continue to expand through the scientific and medical
communities. Innovations in molecular biology, RNA-based therapeutics, DNA-based
diagnostics, genetic engineering and treatments, and other similar methods continue to
present a high demand for synthesized oligonucleotides that can be used to amplify,
detect, analyze, quantify, modify, or target natural nucleic acids. However, current
methods for synthesizing oligonucleotides (such as automated solid phase synthesis using
phosphoramidite chemistry) can be expensive, limited in scalability, limited in portability
(e.g., due to reliance on specialized packed bed reactors), and often require complex
workflow systems.

[0003] A need therefore exists for oligonucleotide synthesis methods which are
efficient, scalable, easily performed in batch or flow reactors, and reliably provide short,
medium, or long-chain oligonucleotides of interest, including oligonucleotides for direct

use or for use as synthetic building blocks.

SUMMARY

[0004] The details of various embodiments of the present disclosure are set forth in the
description below. In certain embodiments, the present disclosure provides a method for
preparing an oligonucleotide. In certain embodiments, the present disclosure provides a
method for preparing a dinucleotide. In certain embodiments, the present disclosure

provides a method for preparing a trinucleotide. In certain embodiments, the present
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disclosure provides a method for preparing an oligonucleotide which is from 2-20
nucleotides in length.

[0005]  In certain embodiments, the present disclosure provides a method for preparing
a dinucleotide of Formula (iv) or a salt or solvate thereof,
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wherein: wherein Y is O or S, R! and R? are independently chosen from hydrogen,
hydroxy (protected), halogen (including fluorine), N3, (C1-Cao) alkyl and (C1-Cao) alkoxy
group (including methoxy and methoxy ethyl); B! and B? are nucleobases, which may
optionally be protected with one or more protecting groups; and R* is hydrogen or a
protecting group.
[0006] In certain embodiments, the present disclosure provides a method for preparing
a dinucleotide of Formula (iv) or a salt or solvate thereof, wherein the method comprises:
(a) reacting a nucleoside of Formula (i) with P(Y)R3, wherein Y is O or S, and wherein
each R is independently selected from Cl, Br, (C1-Cs) alkoxy, (Cs-Ci2) aryloxy, S-(C1-Cs)
alkyl, O-aryl, and S-aryl, thereby forming a cyclic phosphorous nucleoside of Formula

(ii):
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(b) reacting the cyclic phosphorous nucleoside of Formula (ii) with a nucleoside of
Formula (iii) to form a cyclic phosphorus dinucleotide of Formula (iv), wherein R* is a

protecting group:
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In certain embodiments, the method further comprises removing one or more of the
protecting groups.
[0007] In certain embodiments, the present disclosure provides a method for preparing

a dinucleotide of Formula (vi) or a salt or solvate thereof:
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wherein: Y is O or S; R! and R? are independently chosen from hydrogen, hydroxy
(protected), halogen (including fluorine), N3, (C1-Cao) alkyl, and (C1-Cao) alkoxy
(including methoxy and -O-methoxyethyl); B! and B? are nucleobases, which may
optionally be protected; R* is hydrogen or a protecting group; n is chosen from 1, 2, 3, 4,
and 5; each R’ is independently a substituent on the phenyl ring of a benzyl protecting
group; R® is hydrogen or a protecting group; and R” and R® are independently selected
from hydrogen, (Ci-Czo) alkyl and aryl.
[0008] In certain embodiments, the present disclosure provides a method for preparing
a dinucleotide of Formula (vi) or a salt or solvate thereof, wherein the method comprises:
providing the cyclic phosphorus dinucleotide of Formula (iv), wherein R* is a protecting
group; and reacting the cyclic phosphorus dinucleotide of Formula (iv) with a substituted

benzyl alcohol nucleophile of Formula (v) to form a dinucleotide of Formula (vi):



WO 2024/233624 PCT/US2024/028291

R4

|

(0]

0] A .

Q 1 OH RZ,, o o~
Yal B o =4
Rz/: 0" P\o\\‘ / R7 R8 O R
' R

=
R + - .

“\0_’;
(o]
=
[3.]
37
w
[ V)
4
P
o

B? X ”. —(R%)n
N
(iv) v
(vi)

wherein: each R is independently a substituent on the phenyl ring of the benzyl alcohol
nucleophile; n is chosen from 1, 2, 3, 4, and 5; R® is hydrogen or a protecting group; and
R” and R? are independently selected from hydrogen, (C1-Ca) alkyl and aryl. In certain
embodiments, the method further comprises removing one or more of the protecting
groups from the dinucleotide of Formula (vi).

[0009] In certain embodiments, the present disclosure provides a method for preparing
a dinucleotide of Formula (vi) or a salt or solvate thereof, wherein the method comprises:
(a) reacting a nucleoside of Formula (i) with P(Y)R3, wherein Y is O or S, and wherein
each R is independently selected from Cl, Br, (C1-Cs) alkoxy, (Cs-Ci2) aryloxy, S-(C1-Cs)
alkyl, O-aryl, and S-aryl, thereby forming a cyclic phosphorous nucleoside of Formula

(ii):
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(b) reacting the cyclic phosphorous nucleoside of Formula (ii) with a nucleoside of
Formula (iii) to form a cyclic phosphorus dinucleotide of Formula (iv), wherein R* is a

protecting group:
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(c) reacting the cyclic phosphorus dinucleotide of Formula (iv) with a substituted benzyl

alcohol nucleophile of Formula (v) to form a dinucleotide of Formula (vi):
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(vi)
wherein: each R’ is independently a substituent on the phenyl ring of the benzyl alcohol
nucleophile; n is chosen from 1, 2, 3, 4, and 5; R® is hydrogen or a protecting group; and
R” and R® are independently selected from hydrogen, (Ci-Cao) alkyl and aryl. In certain
embodiments, the method further comprises removing one or more of the protecting
groups from the dinucleotide of Formula (vi).
[0010] In certain embodiments, the present disclosure provides a method for preparing

an oligonucleotide of Formula (vii):
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(vii)
wherein: each Y is independently O or S; R', R?, and R? are independently chosen from
hydrogen, hydroxy (protected), halogen (including fluorine), N3, (C1-C2) alkyl, and (C:-
C20) alkoxy (including methoxy and -O-methoxyethyl); R*is H or a protecting group; n is
chosen from 1, 2, 3, 4, and 5; each R’ is independently a substituent on the phenyl ring of
the benzyl protecting group; each R” and R® is independently selected from hydrogen,
(C1-Cao) alkyl and aryl; B!, B% and B? are nucleobases, which may optionally be

protected; m is chosen from integers ranging from 1 to 18; and X is hydrogen, a
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protecting group, or R Bs.

[0011] In certain embodiments, the present disclosure provides a method for preparing
an oligonucleotide of Formula (vii), wherein the method comprises: providing the
dinucleotide of Formula (vi); and repeating the reactions of steps (a), (b), and (c) from a

method for preparing a dinucleotide of Formula (vi) or a salt or solvate thereof, as

disclosed herein, one or more times to obtain an oligonucleotide of Formula (vii):

(vii)

wherein, in repeating step (b), the cyclic phosphorous nucleoside of Formula (i) is
reacted with the 5' terminal nucleoside of the dinucleotide or oligonucleotide. In certain
embodiments, the method further comprises removing one or more of the protecting
groups.

[0012] In certain embodiments, the present disclosure provides a method for preparing
an oligonucleotide of Formula (vii), wherein the method comprises: (a) reacting a
nucleoside of Formula (i) with P(Y)Rs, wherein Y is O or S, and wherein each R is
independently selected from Cl, Br, (C1-Cs) alkoxy, (Cs-C12) aryloxy, S-(C1-Cs) alkyl, O-

aryl, and S-aryl, thereby forming a cyclic phosphorous nucleoside of Formula (ii):
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(b) reacting the cyclic phosphorous nucleoside of Formula (ii) with a nucleoside of
Formula (iii) to form a cyclic phosphorus dinucleotide of Formula (iv), wherein R* is a

protecting group:



WO 2024/233624 PCT/US2024/028291

-7 -
/R4 R4
o] ' ‘o]
2 ] Y\\?’\[).m

/ P
o O . R2i OH R%,. (0] o ';1
;?'ID\ \M B * O 0 R
o ;R1 BZ Bz
(if) (iii) (iv)

(c) reacting the cyclic phosphorus dinucleotide of Formula (iv) with a substituted benzyl

alcohol nucleophile of Formula (v) to form a dinucleotide of Formula (vi):
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(vi)
wherein: each R’ is independently a substituent on the phenyl ring of the benzyl alcohol
nucleophile; n is chosen from 1, 2, 3, 4, and 5; R® is hydrogen or a protecting group; and
R” and R? are independently selected from hydrogen, (Ci-Cao) alkyl and aryl; and (d)
repeating the reactions of steps (a), (b), and (c) one or more times to obtain an

oligonucleotide of Formula (vii):

(vii)
wherein, in repeating step (b), the cyclic phosphorous nucleoside of Formula (i) is
reacted with the 5' terminal nucleoside of the dinucleotide or oligonucleotide. In certain

embodiments, the method further comprises removing one or more of the protecting

groups.
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[0013] In certain embodiments, the present disclosure provides a method for preparing

an oligonucleotide of Formula (1) or a salt or solvate thereof,
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wherein: each Y is independently O or S; R', R?, and R? are independently chosen from
hydrogen, hydroxy (protected), halogen (including fluorine), N3, (C1-C2) alkyl, and (C:-
C) alkoxy (including methoxy and -O-methoxyethyl); B!, B2 and B? are nucleobases,
which may optionally be protected; R* is hydrogen or a protecting group; m is chosen

from integers ranging from O to 18; and X is hydrogen, a protecting group, or
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[0014] In certain embodiments, the present disclosure provides a method for preparing
an oligonucleotide of Formula (1) or a salt or solvate thereof, wherein the method
comprises: providing a dinucleotide of Formula (vi) or an oligonucleotide of Formula
(vii); and hydrogenating the dinucleotide of Formula (vi) or the oligonucleotide of
Formula (vii); wherein the method produces the oligonucleotide of Formula (1) or a salt
or solvate thereof. In certain embodiments, the method further comprises removing one or
more of the protecting groups.

[0015] In certain embodiments, the present disclosure provides a method for preparing
an oligonucleotide of Formula (1) or a salt or solvate thereof, wherein the method
comprises: (a) reacting a nucleoside of Formula (i) with P(Y)Rs, wherein Y is O or S, and
wherein each R is independently selected from Cl, Br, (C-Cs) alkoxy, (Cs-C12) aryloxy,
S-(C1-Ce) alkyl, O-aryl, and S-aryl, thereby forming a cyclic phosphorous nucleoside of

Formula (ii):
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(b) reacting the cyclic phosphorous nucleoside of Formula (ii) with a nucleoside of
Formula (iii) to form a cyclic phosphorus dinucleotide of Formula (iv), wherein R*is a
protecting group:
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(c) reacting the cyclic phosphorus dinucleotide of Formula (iv) with a substituted benzyl

alcohol nucleophile of Formula (v) to form a dinucleotide of Formula (vi):
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wherein: each R is independently a substituent on the phenyl ring of the benzyl alcohol
nucleophile; n is chosen from 1, 2, 3, 4, and 5; R® is hydrogen or a protecting group; and
R” and R?® are independently selected from hydrogen, (C1-Ca) alkyl and aryl; (d)
optionally, repeating the reactions of steps (a), (b), and (c) one or more times to obtain an

oligonucleotide of Formula (vii):
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(vii)
wherein, in repeating step (b), the cyclic phosphorous nucleoside of Formula (ii) is
reacted with the 5' terminal nucleoside of the oligonucleotide; and (e) hydrogenating the
product of step (c) or step (d); wherein the method produces the oligonucleotide of
Formula (1) or a salt or solvate thereof. In certain embodiments, the method further
comprises removing one or more of the protecting groups.

[0016] In certain embodiments of the present disclosure, the cyclic phosphorus
dinucleotide of Formula (iv) is obtained as a mixture of sterecisomers. In certain
embodiments, the stereoisomers are separated prior to the step of reacting the cyclic
phosphorus dinucleotide of Formula (iv) with a substituted benzyl alcohol nucleophile of
Formula (v).

[0017]  In certain embodiments of the present disclosure, each instance of R’ is an
ortho- or para- substitution on the benzyl group. In certain embodiments, each instance of
R’ is an ortho- substitution on the benzyl group. In certain embodiments, each instance of
R’ is a para- substitution on the benzyl group. In certain embodiments, each instance of
R’ is independently chosen from halogen, (C1-C20) alkyl, (C1-C20) alkoxy, trifluromethyl,
and phenyl. In certain embodiments, each instance of R’ is independently selected from
phenyl, methyl, methoxy, fluoro, chloro, and CF3. In certain embodiments, each instance
of R’ is independently selected from chloro and CFs. In certain embodiments, R’ is a
fused phenyl ring forming a naphthyl ring system. In certain embodiments, the substituted

benzyl alcohol nucleophile of Formula (v) is:

OH OH OH OH OH OH
é/CI é/ Ph é/CF;i é/OMe MeO\é/OMe F\é/F
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[0018] In certain embodiments of the present disclosure, the step of reacting the cyclic
phosphorus dinucleotide of Formula (iv) with a substituted benzyl alcohol nucleophile of
Formula (v) is carried out in a solvent system. In certain embodiments, the solvent
comprises: tetrahydrofuran (THF); 2-methyltetrahydrofuran (2Me-THF); diethyl ether;
1,4-dioxane; dimethylsulfoxide (DMSO), N-methylpyrrolidone (NMP),
dimethylacetamide (DMA), acetonitrile (MeCN), methyl tert-butyl ether (MTBE),
tertAmyl alcohol, toluene, or a mixture thereof.

[0019] In certain embodiments of the present disclosure, the step of reacting the cyclic
phosphorus dinucleotide of Formula (iv) with a substituted benzyl alcohol nucleophile of
Formula (v) is carried out in the presence of a base. In certain embodiments, the base
comprises: n-butyllithium (n-BuLi); lithium tertbutoxide (LiOtBu); lithium
bis(trimethylsilyl)amide (LiHMDS); lithium tetramethylpiperidide (LiTMP); or Li-Rz,
where Rz is alkyl or aryl; sodium t-butoxide (NaOtBu) + lithium chloride (LiCl);
potassium t-butoxide (KOtBu) + lithium chloride (LiCl); triethylamine,
Diazabicycloundecene (DBU), triazabicyclodecene (TBD), or a combination thereof. In
certain embodiments, the base is pre-mixed with the substituted benzyl alcohol
nucleophile of Formula (v) prior to the step of reacting the cyclic phosphorus dinucleotide
of Formula (iv) with a substituted benzyl alcohol nucleophile of Formula (v). In certain
embodiments, the base is lithium tertbutoxide (LiOtBu).

[0020]  In certain embodiments of the present disclosure, the dinucleotide of Formula
(vi) is isolated by reacting with a silyl chloride.

[0021] In certain embodiments of the present disclosure, the cyclic phosphorus
chloride nucleoside of Formula (ii) is obtained as a mixture of stereoisomers. In certain
embodiments, the stereoisomers are separated prior to the step of reacting the cyclic

phosphorous nucleoside of Formula (ii) with a nucleoside of Formula (iii).
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[0022] In certain embodiments of the present disclosure, R? is an alkoxy group linked
to the adjacent O to form a ketal protecting group with R*.
[0023] In certain embodiments of the present disclosure, R* is chosen from H, a silyl
group, trimethylsilyl, triethylsilyl, t-butyldimethylsilyl (TBS, TBDMS), t-
butyldiphenylsilyl, triisopropylsilyl, or a ketal protecting group formed with R2.
[0024] In certain embodiments of the present disclosure, each nucleobase is chosen
from pyrimidines and purines. In certain embodiments, each nucleobase is protected with
one or more protecting groups. In certain embodiments, each nucleobase is protected with
one or more protecting groups independently chosen from dimethyl formamide (DMF),
formamidine, DMF-formamidine, phthalimido, chloro, bromo, acyl, allyl, benzyl, tert-
butyloxycarbonyl (Boc), and benzyloxymethyl (BOM).
[0025]  In certain embodiments of the present disclosure, the oligonucleotide synthesis
method is a liquid phase process (i.e., conducted in liquid phase). In certain embodiments,
the method is conducted using continuous flow. In certain embodiments, the method is
carried out in a flow reactor.
[0026] In certain embodiments, the present disclosure provides an oligonucleotide
(e.g., dinucleotide, trinucleotide) produced by a method of the present disclosure.
[0027] In certain embodiments, the present disclosure provides a cyclic phosphorous
nucleoside of Formula (ii):

R™ oV ey

(in) ;

or a salt or solvate thereof, wherein: Y is S or O; each R is independently selected from
Cl, Br, (C1-Cs) alkoxy, (Cs-C12) aryloxy, S-(C1-Cs) alkyl, O-aryl, and S-aryl; R! is chosen
from hydrogen, hydroxy (protected), halogen (including fluorine), N3, (C1-C2) alkyl, and
(C1-Cao) alkoxy (including methoxy and -O-methoxyethyl); and B! is nucleobase, which
may be optionally protected. In certain embodiments, the present disclosure provides a
cyclic phosphorous nucleoside of Formula (ii) produced by a method of the present
disclosure.
[0028] In certain embodiments, the present disclosure provides a cyclic phosphorus

dinucleotide of Formula (iv):
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(iv) :
or a salt or solvate thereof, wherein: Y is O or S; R! and R? are independently chosen
from hydrogen, hydroxy (protected), halogen (including fluorine), N3, (C1-Cy) alkyl, and
(C1-Co) alkoxy (including methoxy and -O-methoxyethyl); R* is H or a protecting group;
and B! and B? are nucleobases, which may optionally be protected. In certain
embodiments, the present disclosure provides a cyclic phosphorus dinucleotide of
Formula (iv) produced by a method of the present disclosure.

[0029] In certain embodiments, the present disclosure provides a dinucleotide of

Formula (vi):

(vi)
or a salt or solvate thereof, wherein: Y is O or S; R! and R? are independently chosen
from hydrogen, hydroxy (protected), halogen (including fluorine), N3, (C1-Cx) alkyl, and
(C1-Co) alkoxy (including methoxy and -O-methoxyethyl); R* is H or a protecting group;
each R’ is independently a substituent on the phenyl ring of the benzyl protecting group;
R” and R?® are independently selected from hydrogen, (C1-Ca) alkyl and aryl; B! and B?
are nucleobases, which may optionally be protected; and n is chosen from 1, 2, 3, 4, and
5. In certain embodiments, the present disclosure provides a cyclic phosphorus
dinucleotide of Formula (vi) produced by a method of the present disclosure.
[0030] In certain embodiments, the present disclosure provides an oligonucleotide of

Formula (vii):
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(vii)
or a salt or solvate thereof, wherein: each Y is independently O or S; R!, R? and R? are
independently chosen from hydrogen, hydroxy (protected), halogen (including fluorine),
N3, (C1-Cao) alkyl, and (C1-Cz0) alkoxy (including methoxy and -O-methoxyethyl); R* is
H or a protecting group; n is chosen from 1, 2, 3, 4, and 5; each R’ is independently a
substituent on the phenyl ring of the benzyl protecting group; each R” and R® is
independently selected from hydrogen, (C1-Cao) alkyl and aryl; B!, B and B* are

nucleobases, which may optionally be protected; m is chosen from integers ranging from

Y\\ 0
VV‘P\

OI/I. (@]
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1 to 18; and X is hydrogen, a protecting group, or R® . In certain
embodiments, the present disclosure provides an oligonucleotide of Formula (vii)
produced by a method of the present disclosure.

[0031] In certain embodiments, the present disclosure provides an oligonucleotide of

Formula (1) or a salt or solvate thereof,
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wherein: each Y is independently O or S; R!, R?, and R? are independently chosen from
hydrogen, hydroxy (protected), halogen (including fluorine), N3, (C1-Cao) alkyl, and (Ci-
C0) alkoxy (including methoxy and -O-methoxyethyl); B!, B and B® are nucleobases,

which may optionally be protected; R* is hydrogen or a protecting group; m is chosen



WO 2024/233624 PCT/US2024/028291

-15 -

from integers ranging from O to 18; and X is hydrogen, a protecting group, or
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R? . In certain embodiments, the present disclosure provides an

oligonucleotide of Formula (1) produced by a method of the present disclosure.

[0032] In certain embodiments, the present disclosure provides a solution comprising
a nucleoside (e.g., cyclic phosphorous nucleoside) of the present disclosure. In certain
embodiments, the present disclosure provides a solution comprising a dinucleotide of the
present disclosure. In certain embodiments, the present disclosure provides a solution
comprising a trinucleotide of the present disclosure. In certain embodiments, the present
disclosure provides a solution comprising an oligonucleotide of the present disclosure.
[0033] In certain embodiments, oligonucleotides of the present disclosure can be used
in subsequent oligonucleotide or polynucleotide synthesis applications. In certain
embodiments, oligonucleotides of the present disclosure can be used as a blockmer in
solid phase synthesis of oligonucleotides or polynucleotides. In certain embodiments,
oligonucleotides of the present disclosure can be used as blockmer amidites in solid phase
synthesis of oligonucleotides or polynucleotides. In certain embodiments,
oligonucleotides of the present disclosure can be used in enzymatic ligation reactions for

the synthesis of oligonucleotides or polynucleotides.

BRIEF DESCRIPTION OF THE FIGURES

[0034] FIG. 1A and FIG. 1B present an example of an enzyme ligation reaction of
shortmers to produce a ninemer.The demand for synthetic oligonucleotides is steadily
increasing as advances in DNA and RNA technology

[0035] FIG. 2A, FIG. 2B, FIG. 2C, FIG. 2D, FIG. 2E, and FIG. 2F show the results
for Dinucleotide Screen - Plate Key Spotfire Output Overlay 2HR; PhMe (Toluene).
[0036] FIG. 3A, FIG. 3B, FIG. 3C, FIG. 3D, FIG. 3E, and FIG. 3F show the results
for Dinucleotide Screen - Plate Key Spotfire Output Overlay 2HR; ACN.

[0037] FIG. 4A, FIG. 4B, FIG. 4C, FIG. 4D, FIG. 4E, and FIG. 4F show the results
for Dinucleotide Screen - Plate Key Spotfire Output Overlay 20HR; PhMe (Toluene).
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[0038] FIG. 5A, FIG. 5B, FIG. 5C, FIG. 5D, FIG. 5E, and FIG. 5F show the results
for Dinucleotide Screen - Plate Key Spotfire Output Overlay 20HR; ACN.

[0039] FIG. 6 presents a general overview for one embodiment of a solution-phase
method for oligonucleotide synthesis of the present disclosure.

[0040] FIG. 7 presents a general overview for one embodiment of a continuous-flow

oligonucleotide synthesis system of the present disclosure.
DETAILED DESCRIPTION

OLIGONUCLEQOTIDE SYNTHESIS

Oligonucleotides

[0041]  The present disclosure provides methods for preparing oligonucleotides. The
present disclosure also provides oligonucleotides prepared by the methods of the present
disclosure. Oligonucleotides are polymers of linked nucleotides, typically less than about
100 nucleotides in length. In certain embodiments, oligonucleotides of the present
disclosure include at least 2 nucleotides. Thus, in certain embodiments, the
oligonucleotides of the present invention include 2 to 100 nucleotides and all whole-
number integer ranges from (e.g., 2 to 100, 2 to 50, 2 to 30, 2 to 20, 2 to 15, 2 to 10, 2 to
8, 2t0 6, 2 to 3 nucleotides, 3 to 100, 3 to 50, 3 to 30, 3 to 20, 3to 15,3 t0 10,3 to0 8, or
3 to 6 nucleotides, etc.). In certain embodiments, the oligonucleotide includes 2
nucleotides (i.e., a dinucleotide). In certain embodiments, the oligonucleotide includes 3
nucleotides (i.e., a trinucleotide). In certain embodiments the oligonucleotide includes 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleotides.

[0042] In certain embodiments, oligonucleotides of the present disclosure include
from 3 to 100 nucleotides. In certain embodiments, the oligonucleotide includes from 3 to
50 nucleotides. In certain embodiments, the oligonucleotide includes from 3 to 30
nucleotides. In certain embodiments, the oligonucleotide includes from 3 to 20
nucleotides. In certain embodiments, the oligonucleotide includes from 3 to 15
nucleotides. In certain embodiments, the oligonucleotide includes from 3 to 10
nucleotides. In certain embodiments, the oligonucleotide includes from 3 to 8 nucleotides.
In certain embodiments, the oligonucleotide includes from 3 to 6 nucleotides. In certain

embodiments, the oligonucleotide includes 3 nucleotides (i.e., a trinucleotide).
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[0043] In certain embodiments, oligonucleotides of the present disclosure include
from 5 to 20 nucleotides. In certain embodiments, oligonucleotides of the present
disclosure include from 10 to 20 nucleotides. In certain embodiments, oligonucleotides of
the present disclosure include from 15 to 20 nucleotides. In certain embodiments, the
oligonucleotide includes 3 nucleotides. In certain embodiments, the oligonucleotide
includes 5 nucleotides. In certain embodiments, the oligonucleotide includes 6
nucleotides. In certain embodiments, the oligonucleotide includes 7 nucleotides. In
certain embodiments, the oligonucleotide includes 8 nucleotides. In certain embodiments,
the oligonucleotide includes 9 nucleotides. In certain embodiments, the oligonucleotide
includes 10 nucleotides. In certain embodiments, the oligonucleotide includes 11
nucleotides. In certain embodiments, the oligonucleotide includes 12 nucleotides. In
certain embodiments, the oligonucleotide includes 13 nucleotides. In certain
embodiments, the oligonucleotide includes 14 nucleotides. In certain embodiments, the
oligonucleotide includes 15 nucleotides. In certain embodiments, the oligonucleotide
includes 16 nucleotides. In certain embodiments, the oligonucleotide includes 17
nucleotides. In certain embodiments, the oligonucleotide includes 18 nucleotides. In
certain embodiments, the oligonucleotide includes 19 nucleotides. In certain
embodiments, the oligonucleotide includes 20 nucleotides.

[0044]  The term "nucleotide" is defined herein (see below) as an organic compound
having a nucleoside and a phosphate group. The term "nucleoside" is defined herein (see
below) as an organic compound having a nucleobase (e.g., adenine, cytosine, guanine,
thymine, or uracil) covalently attached to a pentose sugar (e.g., ribose or 2'-deoxyribose).
The term "nucleobase” is defined herein (see below) as a heterocyclic moiety of a
nucleoside. In certain embodiments, a nucleobase of the present disclosure is a canonical
nucleobase. In certain embodiments, the nucleobase is a purine base -- adenine (A) or
guanine (G). In certain embodiments, the nucleobase is a pyrimidine base -- thymine (T),
cytosine (C), or uracil (U).

[0045]  In certain embodiments, a nucleobase of the present disclosure is a
noncanonical nucleobase (i.e., not a canonical nucleobase). Examples of noncanonical
nucleobases include, but are not limited to: 3-methylcytosine; S-methylcytosine (5-me-C);
5-ethylcytosine; 5-ethyluracil; S-hydroxymethyl cytosine; 7-methylguanine; 1-
methylguanine; 2-methylguanine; 8-methylguanine; 2,2-dimethylguanine; 1-
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methyladenine; 2-methyladenine; N6-methyladenine; 7-methyladenine; N,N-
dimethyladenine; alkyl derivatives (e.g., 6-methyl, 2-propyl) of adenine and guanine; 5-
propyluracil; xanthine; hypoxanthine; 2-aminoadenine; 2-aminopyridine; 2-aminopurine;
2,6-diaminopurine; 8-aminoguanine; 2-thiouracil; 5-methyl-2-thiouracil; 4-thiouracil; 2-
thiothymine; 2-thiocytosine; 6-thiopurine; 8-thioguanine; 5-halouracil; cytosine; alkynyl
derivatives (e.g., S-propynyl) of uracil and cytosine; 6-azo uracil; S-uracil (pseudouracil);
8-substituted (e.g., 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl, 8-halo) adenines and
guanines; 5-substituted (e.g., S-chloro, 5-bromo, 5-trifluoromethyl) uracils and cytosines;
2-F-adenine; 8-azaguanine; 8-azaadenine; 7-deazaguanine; 7-deazaadenine; 3-
deazaguanine; 3-deazaadenine; tricyclic pyrimidines; phenoxazine cytidine(1H-
pyrimido[5,4-b][1,4]benzoxazin-2(3H)-one); phenothiazine cytidine (1H-pyrimido[5,4-
b][1,4]benzothiazin-2(3H)-one); substituted phenoxazine cytidines (e.g., 9-(2-
aminoethoxy)-H-pyrimido[5,4-b][1,4]benzoxazin-2(3H)-one); carbazole cytidine (2H-
pyrimido[4,5-bJindol-2-one); pyridoindole cytidine (H-pyrido[3',2":4,5]pyrrolo[2,3-
d]pyrimidin-2-one); 2-pyridone; Ns-isopentyladenine; 2-methylthio-Ns-isopentyladenine;
8-bromoadenine; 8-bromoguanine; 8-chloroguanine; 5-bromouracil; 5-fluorouracil; 5-
chlorouracil; 5-iodouracil; 4-acetylcytosine; S-methoxyuracil; 5-hydroxymethyluracil; 5-
(carboxyhydroxymethyl)uracil, 5-(methylaminomethyl)uracil, 5-
(carboxymethylaminomethyl)-uracil; 5-(2-bromovinyl)uracil; uracil-5-oxyacetic acid;
uracil-5-oxyacetic acid methyl ester; pseudouracil, I-methylpseudouracil; queosine;
inosine; 1-methylinosine; and 6-hydroxyaminopurine. Examples of noncanonical
nucleobases also include, but are not limited to: methylated purines or pyrimidines,
alkylated purines or pyrimidines, acylated purines or pyrimidines, halogenated purines or
pyrimidines, deazapurines, alkylated riboses, diaminopurine, inosine, and thiolated
purines or pyrimidines.

[0046] In certain embodiments, the nucleobase is unprotected. In certain
embodiments, the nucleobase is protected by a protecting group. The term “protecting
group” is defined herein (see below) as a chemical moiety that protects reactive or labile
groups on a molecule from undergoing undesired chemical reactions during synthetic
procedures or other chemical reactions. A nucleobase protecting group refers to a
protecting group applied to one or more functional groups of a nucleobase to prevent side

reactions at the nucleobase during the synthesis of oligonucleotides. In certain
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embodiments, nucleobase protecting groups are removed at the end of the oligonucleotide
synthesis. Nucleobase protecting groups can include exocyclic amino groups or lactam
groups. In certain embodiments, a nucleobase protecting group is applied to the N6-amino
group of an adenine moiety. In certain embodiments, a nucleobase protecting group is
applied to N4-amino group of a cytosine moiety. In certain embodiments, a nucleobase
protecting group is applied to the N2-amino group, the N1-lactam (i.e., cyclic amide)
group, and/or the O6-lactam groups of a guanine moiety. In certain embodiments, a
nucleobase protecting group is applied to the N3-lactam group and/or the O4-lactam
group of a uracil or thymine moiety. In certain embodiments, the nucleobase protecting
group is base-labile. Examples of base-labile protecting group include FMOC
(fluorenylmethyloxycarbonyl). In certain embodiments, the nucleobase protecting group
is acid labile. Examples of acid-labile protecting group include triarylmethyl protecting
groups, 4, 4'-dimethoxytriphenyl methyl (DMT), and BOC carbamate (tert-
butoxycarbonyl), In certain embodiments, the nucleobase protecting group is labile with a
reagent other than bases or acids.

[0047] In certain embodiments, the nucleobase protecting group is an amino protecting
group. As used herein, an amino protecting group refers to a protecting group which can
be used to protect an amino group on a molecule. Examples of amino protecting groups
include, but are not limited to, N-methylpyrrolidin-2-ylidenyl (PyA), pivaloyloxymethyl
(POM), 2-trimethylsilylethoxycarbonyl (Teoc), 1-methyl-1-(4-biphenylyl)ethoxycarbonyl
(Bpoc), t-butoxycarbonyl (BOC), allyloxycarbonyl (Alloc), 9-
fluorenylmethyloxycarbonyl (Fmoc), benzyloxycarbonyl (Cbz), formyl, acetyl,
trihaloacetyl, benzoyl, nitrophenylacetyl, 2-nitrobenzenesulfonyl, phthalimido,
dithiasuccinoyl, methyl carbamate, ethyl carbamate, 9-(2-sulfo)fluorenylmethyl
carbamate, 9-(2,7-dibromo)fluorenylmethyl carbamate, 2,7-di-t-butyl-[9-(10,10-dioxo-
10,10,10,10-tetrahydrothioxanthyl)methyl carbamate (DBD-Tmoc), 4-methoxyphenacyl
carbamate (Phenoc), 2,2,2-trichloroethyl carbamate (Troc), 2-phenylethyl carbamate (hZ),
1-(1-adamantyl)-1-methylethyl carbamate (Adpoc), 1,1-dimethyl-2-haloethyl carbamate,
1,1-dimethyl-2,2-dibromoethyl carbamate (DB-t-BOC), 1,1-dimethyl-2,2 2-trichloroethyl
carbamate (TCBOC), 1-(3,5-di-t-butylphenyl)-1-methylethyl carbamate (t-Bumeoc), 2-
(2'- and 4'-pyridyl)ethyl carbamate (Pyoc), 2-(N,N-dicyclohexylcarboxamido)ethyl

carbamate, 1-adamantyl carbamate (Adoc), vinyl carbamate (Voc), 1-isopropylallyl
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carbamate (Ipaoc), cinnamyl carbamate (Coc), 4-nitrocinnamyl carbamate (Noc), 8-
quinolyl carbamate, N-hydroxypiperidinyl carbamate, alkyldithio carbamate, p-
methoxybenzyl carbamate (Moz), p-nitobenzyl carbamate, p-bromobenzyl carbamate, p-
chlorobenzyl carbamate, 2,4-dichlorobenzyl carbamate, 4-methylsulfinylbenzyl
carbamate (Msz), 9-anthrylmethyl carbamate, diphenylmethyl carbamate, 2-
methylthioethyl carbamate, 2-methylsulfonylethyl carbamate, 2-(p-toluenesulfonyl)ethyl
carbamate, [2-(1,3-dithianyl)]methyl carbamate (Dmoc), 4-methylthiophenyl carbamate
(Mtpc), 2,4-dimethylthiophenyl carbamate (Bmpc), 2-phosphonioethyl carbamate (Peoc),
2-triphenylphosphonioisopropyl carbamate (Ppoc), 1,1-dimethyl-2-cyanoethyl carbamate,
m-chloro-p-acyloxybenzyl carbamate, p-(dihydroxyboryl)benzyl carbamate, 5-
benzisoxazolylmethyl carbamate, 2-(trifluoromethyl)-6-chromonylmethyl carbamate
(Tcroc), m-nitrophenyl carbamate, 3,5-dimethoxybenzyl carbamate, o-nitrobenzyl
carbamate, 3,4-dimethoxy-6-nitrobenzyl carbamate, phenyl(o-nitrophenyl)methyl
carbamate, phenothiazinyl-(10)-carbonyl derivative, N'-p-toluenesulfonylaminocarbonyl
derivative, N'-phenylaminothiocarbonyl derivative, t-amyl carbamate, S-benzyl
thiocarbamate, p-cyanobenzyl carbamate, cyclobutyl carbamate, cyclohexyl carbamate,
cyclopentyl carbamate, cyclopropylmethyl carbamate, p-decyloxybenzyl carbamate, 2,2-
dimethoxycarbonylvinyl carbamate, o-(N,N-dimethylcarboxamido)benzyl carbamate, 1,1-
dimethyl-3-(N,N-dimethylcarboxamido)propyl carbamate, 1,1-dimethylpropynyl
carbamate, di(2-pyridyl)methyl carbamate, 2-furanylmethyl carbamate, 2-iodoethyl
carbamate, isoborynl carbamate, isobutyl carbamate, isonicotinyl carbamate, p-(p'-
methoxyphenylazo)benzyl carbamate, 1-methylcyclobutyl carbamate, 1-
methylcyclohexyl carbamate, 1-methyl-1-cyclopropylmethyl carbamate, 1-methyl-1-(3,5-
dimethoxyphenyl)ethyl carbamate, 1-methyl-1-(p-phenylazophenyl)ethyl carbamate, 1-
methyl-1-phenylethyl carbamate, 1-methyl-1-(4-pyridyl)ethyl carbamate, phenyl
carbamate, p-(phenylazo)benzyl carbamate, 2,4,6-tri-t-butylphenyl carbamate, 4-
(trimethylammonium)benzyl carbamate, 2,4,6-trimethylbenzyl carbamate, formamide,
dimethyl formamide (DMF), formamidine, DMF-formamidine, acetamide,
chloroacetamide, trichloroacetamide, trifluoroacetamide, phenylacetamide, 3-
phenylpropanamide, picolinamide, 3-pyridylcarboxamide, N-benzoylphenylalanyl
derivative, benzamide, p-phenylbenzamide, o-nitophenylacetamide, o-

nitrophenoxyacetamide, acetoacetamide, (N'-dithiobenzyloxycarbonylamino)acetamide,
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3-(p-hydroxyphenyl)propanamide, 3-(o-nitrophenyl)propanamide, 2-methyl-2-(o-
nitrophenoxy )propanamide, 2-methyl-2-(o-phenylazophenoxy)propanamide, 4-
chlorobutanamide, 3-methyl-3-nitrobutanamide, o-nitrocinnamide, N-acetylmethionine
derivative, o-nitrobenzamide, o-(benzoyloxymethyl)benzamide, 4,5-diphenyl-3-oxazolin-
2-one, N-phthalimide, N-dithiasuccinimide (Dts), N-2,3-diphenylmaleimide, N-2,5-
dimethylpyrrole, N-1,1,4 4-tetramethyldisilylazacyclopentane adduct (STABASE), 5-
substituted 1,3-dimethyl-1,3,5-triazacyclohexan-2-one, 5-substituted 1,3-dibenzyl-1,3,5-
triazacyclohexan-2-one, 1-substituted 3,5-dinitro-4-pyridone, N-methylamine, N-
allylamine, N-[2-(trimethylsilyl)ethoxy Jmethylamine (SEM), N-3-acetoxypropylamine,
N-(1-isopropyl-4-nitro-2-oxo-3-pyroolin-3-yl)amine, quaternary ammonium salts, N-
benzylamine, N-di(4-methoxyphenyl)methylamine, N-5-dibenzosuberylamine, N-
triphenylmethylamine (Tr), N-[(4-methoxyphenyl)diphenylmethyl]amine (MMTr), N-9-
phenylfluorenylamine (PhF), N-2,7-dichloro-9-fluorenylmethyleneamine, N-
ferrocenylmethylamino (Fcm), N-2-picolylamino N'-oxide, N-1,1-
dimethylthiomethyleneamine, N-benzylideneamine, N-p-methoxybenzylideneamine, N-
diphenylmethyleneamine, N-[(2-pyridyl)mesitylJmethyleneamine, N—(N',N'-
dimethylaminomethylene)amine, N,N'-isopropylidenediamine, N-p-
nitrobenzylideneamine, N-salicylideneamine, N-5-chlorosalicylideneamine, N-(5-chloro-
2-hydroxyphenyl)phenylmethyleneamine, N-cyclohexylideneamine, N-(5,5-dimethyl-3-
oxo-1-cyclohexenyl)amine, N-borane derivative, N-diphenylborinic acid derivative, N-
[phenyl(pentacarbonylchromium- or tungsten)carbonyl]amine, N-copper chelate, N-zinc
chelate, N-nitroamine, N-nitrosoamine, amine N-oxide, diphenylphosphinamide (Dpp),
dimethylthiophosphinamide (Mpt), diphenylthiophosphinamide (Ppt), dialkyl
phosphoramidates, dibenzyl phosphoramidate, diphenyl phosphoramidate,
benzenesulfenamide, o-nitrobenzenesulfenamide (Nps), 2,4-dinitrobenzenesulfenamide,
pentachlorobenzenesulfenamide, 2-nitro-4-methoxybenzenesulfenamide,
triphenylmethylsulfenamide, 3-nitropyridinesulfenamide (Npys), p-toluenesulfonamide
(Ts), benzenesulfonamide, 2,3,6,-trimethyl-4-methoxybenzenesulfonamide (Mtr), 2,4,6-
trimethoxybenzenesulfonamide (Mtb), 2,6-dimethyl-4-methoxybenzenesulfonamide
(Pme), 2,3,5,6-tetramethyl-4-methoxybenzenesulfonamide (Mte), 4-
methoxybenzenesulfonamide (Mbs), 2,4,6-trimethylbenzenesulfonamide (Mts), 2,6-
dimethoxy-4-methylbenzenesulfonamide (iMds), 2,2,5,7,8-pentamethylchroman-6-
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sulfonamide (Pmc), methanesulfonamide (Ms), B-trimethylsilylethanesulfonamide (SES),
9-anthracenesulfonamide, 4-(4',8'-dimethoxynaphthylmethyl)benzenesulfonamide
(DNMBS), benzylsulfonamide, trifluoromethylsulfonamide, and phenacylsulfonamid.
[0048] In certain embodiments, the nucleobase protecting group is a keto/carboxylic
acid protecting group. As used herein, a keto protecting group, a carboxylic acid
protecting group, or a keto/carboxylic acid protecting group refers to a protecting group
which can be used to protect a keto or carboxylic acid group on a molecule. Examples of
keto/carboxylic acid protecting groups include, but are not limited to: silyl protecting
groups such as trimethylsilyl, triethylsilyl, t-butyldimethylsilyl (TBS, TBDMS), t-
butyldiphenylsilyl, or triisopropylsilyl; alkyl protecting groups such as methyl, benzyl, p-
methoxybenzyl, 3,4-dimethoxybenzyl, trityl, t-butyl, or tetrahydropyran-2-yl; alkenyl
protecting groups such as allyl; aryl protecting groups such as optionally substituted
phenyl, biphenyl, or naphthyl; and arylalkyl protecting groups such as substituted benzyl
(e.g., p-methoxybenzyl (MPM), 3,4-dimethoxybenzyl, O-nitrobenzyl, p-nitrobenzyl, p-
halobenzyl, 2,6-dichlorobenzyl, p-cyanobenzyl), or 2- and 4-picolyl.

[0049] In certain embodiments, the nucleobase protecting group is a hydroxyl
protecting group. As used herein, a hydroxyl protecting group refers to a protecting group
which can be used to protect a hydroxyl group on a molecule. Examples of protecting
groups that can be used as a hydroxyl protecting group include, but are not limited to,
acetyl, chloroacetyl, trichloroacetyl, trifluoroacetyl, t-butyl, t-butoxymethyl,
methoxymethyl, bis(2-acetoxyethoxy)methyl (ACE), [(triisopropylsilyl)oxy methyl
(TOM), pivaloyl, benzoyl, p-phenylbenzoyl, monomethoxytrityl (MMTr),
dimethoxytrityl (DMT), 4,4',4"-trimethoxytrityl (TMTr), 1(2-fluorophenyl)-4-
methoxypiperidin-4-yl (FPMP), substituted pixyl, methyl, methoxylmethyl (MOM),
methylthiomethyl (MTM), t-butylthiomethyl, (phenyldimethylsilyl)methoxymethyl
(SMOM), benzyloxymethyl (BOM), p-methoxybenzyloxymethyl (PMBM), (4-
methoxyphenoxy)methyl (p-AOM), guaiacolmethyl (GUM), 4-pentenyloxymethyl
(POM), siloxymethyl, 2-methoxyethoxymethyl (MEM), 2,2 2-trichloroethoxymethyl,
bis(2-chloroethoxy)methyl, 2-(trimethylsilyl)ethoxymethyl (SEMOR), tetrahydropyranyl
(THP), 3-bromotetrahydropyranyl, tetrahydrothiopyranyl, 1-methoxycyclohexyl, 4-
methoxytetrahydropyranyl (MTHP), 4-methoxytetrahydrothiopyranyl, 4-
methoxytetrahydrothiopyranyl S,S-dioxide, 1-[(2-chloro-4-methyl)phenyl]-4-
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methoxypiperidin-4-yl (CTMP), 1,4-dioxan-2-yl, tetrahydrofuranyl,
tetrahydrothiofuranyl, 2,3,3a,4,5,6,7,7a-octahydro-7,8,8-trimethyl-4,7-
methanobenzofuran-2-yl, 1-ethoxyethyl, 1-(2-chloroethoxy)ethyl, 1-methyl-1-
methoxyethyl, 1-methyl-1-benzyloxyethyl, 1-methyl-1-benzyloxy-2-fluoroethyl, 2,2,2-
trichloroethyl, 2-trimethylsilylethyl, 2-(phenylselenyl)ethyl, allyl, p-chlorophenyl, p-
methoxyphenyl, 2,4-dinitrophenyl, benzyl, p-methoxybenzyl, 3,4-dimethoxybenzyl, o-
nitrobenzyl, p-nitrobenzyl, p-halobenzyl, 2,6-dichlorobenzyl, p-cyanobenzyl, p-
phenylbenzyl, 2-picolyl, 4-picolyl, 3-methyl-2-picolyl N-oxido, diphenylmethyl, p,p'-
dinitrobenzhydryl, 5-dibenzosuberyl, triphenylmethyl, a-naphthyldiphenylmethyl, p-
methoxyphenyldiphenylmethyl, di(p-methoxyphenyl)phenylmethyl, tri(p-
methoxyphenyl)methyl, 4-(4'-bromophenacyloxyphenyl)diphenylmethyl, 4,4’ 4"-tris(4,5-
dichlorophthalimidophenyl)methyl, 4,4',4"-tris(levulinoyloxyphenyl)methyl, 4,4',4"-
tris(benzoyloxyphenyl)methyl, 3-(imidazol-1-yl)bis(4',4"-dimethoxyphenyl)methyl, 1,1-
bis(4-methoxyphenyl)-1'-pyrenylmethyl, 9-anthryl, 9-(9-phenyl)xanthenyl, 9-(9-phenyl-
10-oxo)anthryl, 1,3-benzodithiolan-2-yl, benzisothiazolyl S,S-dioxido, trimethylsilyl
(TMS), triethylsilyl (TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS),
diethylisopropylsilyl(DEIPS), dimethylthexylsilyl, t-butyldimethylsilyl (TBS, TBDMS),
t-butyldiphenylsilyl (TBDPS), tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl,
diphenylmethylsilyl (DPMS), t-butylmethoxyphenylsilyl (TBMPS), formate,
benzoylformate, acetate, chloroacetate, dichloroacetate, trichloroacetate, trifluoroacetate,
methoxyacetate, triphenylmethoxyacetate, phenoxyacetate, p-chlorophenoxyacetate, 3-
phenylpropionate, 4-oxopentanoate (Ievulinate), 4,4-(ethylenedithio)pentanoate
(levulinoyldithioacetal), pivaloate, adamantoate, crotonate, 4-methoxycrotonate,
benzoate, p-phenylbenzoate, 2,4,6-trimethylbenzoate (mesitoate), alkyl methyl carbonate,
9-fluorenylmethyl carbonate (Fmoc), alkyl ethyl carbonate, alkyl 2,2,2-trichloroethyl
carbonate (Troc), 2-(trimethylsilyl)ethyl (TSE), 2-(trimethylsilyl)ethyl carbonate
(TMSEC), 2-(phenylsulfonyl) ethyl carbonate (Psec), 2-(triphenylphosphonio) ethyl
carbonate (Peoc), alkyl isobutyl carbonate, alkyl vinyl carbonate, alkyl allyl carbonate,
alkyl p-nitrophenyl carbonate, alkyl benzyl carbonate, alkyl p-methoxybenzyl carbonate,
alkyl 3,4-dimethoxybenzyl carbonate, alkyl o-nitrobenzyl carbonate, alkyl p-nitrobenzyl
carbonate, alkyl S-benzyl thiocarbonate, 4-ethoxy-1-napththyl carbonate, methyl

dithiocarbonate, 2-iodobenzoate, 4-azidobutyrate, 4-nitro-4-methylpentanoate, o-
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(dibromomethyl)benzoate, 2-formylbenzenesulfonate, 2-(methylthiomethoxy)ethyl, 4-
(methylthiomethoxy)butyrate, 2-(methylthiomethoxymethyl)benzoate, 2,6-dichloro-4-
methylphenoxyacetate, 2,6-dichloro-4-(1,1,3,3-tetramethylbutyl)phenoxyacetate, 2,4-
bis(1,1-dimethylpropyl)phenoxyacetate, chlorodiphenylacetate, isobutyrate,
monosuccinoate, (E)-2-methyl-2-butenoate, o-(methoxycarbonyl)benzoate, a-naphthoate,
nitrate, alkyl N,N,N',N'-tetramethylphosphorodiamidate, alkyl N-phenylcarbamate,
borate, dimethylphosphinothioyl, alkyl 2,4-dinitrophenylsulfenate, 2-(2-nitrophenyl)ethyl,
2-(4-cyanophenyl)ethyl 2-(4-nitrophenyl)ethyl (NPE), 2-(4-nitrophenylsulfonyl)ethyl, 2-
nitrophenyl, 4-nitrophenyl, 2,4,6-trimethylphenyl, 2-(2-nitrophenyl)ethyl, sulfate,
methanesulfonate (mesylate), benzylsulfonate, tosylate (Ts), 2-cyanoethyl (CE or Cne),
3,5-dichlorophenyl, 2,4-dimethylphenyl, butylthiocarbonyl, 4,4',4"-tris(benzoyloxy )trityl,
diphenylcarbamoyl, levulinyl, 2-(dibromomethyl)benzoyl (Dbmb), 2-
(isopropylthiomethoxymethyl)benzoyl (Ptmt), 9-phenylxanthen-9-yl1 (pixyl) or 9-(p-
methoxyphenyl)xanthine-9-yl (MOX).

[0050] In certain embodiments, the nucleobase protecting group is a thiol protecting
group. As used herein, a thiol protecting group refers to a protecting group which can be
used to protect a thiol group on a molecule. Examples of protecting groups that can be
used as a thiol protecting group include, but are not limited to, acetyl, chloroacetyl,
trichloroacetyl, trifluoroacetyl, t-butyl, t-butoxymethyl, methoxymethyl, bis(2-
acetoxyethoxy)methyl (ACE), [(triisopropylsilyl)oxy Jmethyl (TOM), pivaloyl, benzoyl,
p-phenylbenzoyl, monomethoxytrityl (MMTr), dimethoxytrityl (DMT), 4,4',4"-
trimethoxytrityl (TMTr), 1(2-fluorophenyl)-4-methoxypiperidin-4-yl (FPMP), substituted
pixyl, methyl, methoxylmethyl (MOM), methylthiomethyl (MTM), t-butylthiomethyl,
(phenyldimethylsilyl)methoxymethyl (SMOM), benzyloxymethyl (BOM), p-
methoxybenzyloxymethyl (PMBM), (4-methoxyphenoxy)methyl (p-AOM),
guaiacolmethyl (GUM), 4-pentenyloxymethyl (POM), siloxymethyl, 2-
methoxyethoxymethyl (MEM), 2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl,
2-(trimethylsilyl)ethoxymethyl (SEMOR), tetrahydropyranyl (THP), 3-
bromotetrahydropyranyl, tetrahydrothiopyranyl, 1-methoxycyclohexyl, 4-
methoxytetrahydropyranyl (MTHP), 4-methoxytetrahydrothiopyranyl, 4-
methoxytetrahydrothiopyranyl S,S-dioxide, 1-[(2-chloro-4-methyl)phenyl]-4-
methoxypiperidin-4-yl (CTMP), 1,4-dioxan-2-yl, tetrahydrofuranyl,
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tetrahydrothiofuranyl, 2,3,3a,4,5,6,7,7a-octahydro-7,8,8-trimethyl-4,7-
methanobenzofuran-2-yl, 1-ethoxyethyl, 1-(2-chloroethoxy)ethyl, 1-methyl-1-
methoxyethyl, 1-methyl-1-benzyloxyethyl, 1-methyl-1-benzyloxy-2-fluoroethyl, 2,2,2-
trichloroethyl, 2-trimethylsilylethyl, 2-(phenylselenyl)ethyl, allyl, p-chlorophenyl, p-
methoxyphenyl, 2,4-dinitrophenyl, benzyl, p-methoxybenzyl, 3,4-dimethoxybenzyl, o-
nitrobenzyl, p-nitrobenzyl, p-halobenzyl, 2,6-dichlorobenzyl, p-cyanobenzyl, p-
phenylbenzyl, 2-picolyl, 4-picolyl, 3-methyl-2-picolyl N-oxido, diphenylmethyl, p,p'-
dinitrobenzhydryl, 5-dibenzosuberyl, triphenylmethyl, a-naphthyldiphenylmethyl, p-
methoxyphenyldiphenylmethyl, di(p-methoxyphenyl)phenylmethyl, tri(p-
methoxyphenyl)methyl, 4-(4'-bromophenacyloxyphenyl)diphenylmethyl, 4,4',4"-tris(4,5-
dichlorophthalimidophenyl)methyl, 4,4',4"-tris(levulinoyloxyphenyl)methyl, 4,4'.4"-
tris(benzoyloxyphenyl)methyl, 3-(imidazol-1-yl)bis(4',4"-dimethoxyphenyl)methyl, 1,1-
bis(4-methoxyphenyl)-1'-pyrenylmethyl, 9-anthryl, 9-(9-phenyl)xanthenyl, 9-(9-phenyl-
10-oxo)anthryl, 1,3-benzodithiolan-2-yl, benzisothiazolyl S,S-dioxido, trimethylsilyl
(TMS), triethylsilyl (TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl (IPDMS),
diethylisopropylsilyl(DEIPS), dimethylthexylsilyl, t-butyldimethylsilyl (TBS, TBDMS),
t-butyldiphenylsilyl (TBDPS), tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl,
diphenylmethylsilyl (DPMS), t-butylmethoxyphenylsilyl (TBMPS), formate,
benzoylformate, acetate, chloroacetate, dichloroacetate, trichloroacetate, trifluoroacetate,
methoxyacetate, triphenylmethoxyacetate, phenoxyacetate, p-chlorophenoxyacetate, 3-
phenylpropionate, 4-oxopentanoate (levulinate), 4,4-(ethylenedithio)pentanoate
(levulinoyldithioacetal), pivaloate, adamantoate, crotonate, 4-methoxycrotonate,
benzoate, p-phenylbenzoate, 2,4,6-trimethylbenzoate (mesitoate), alkyl methyl carbonate,
9-fluorenylmethyl carbonate (Fmoc), alkyl ethyl carbonate, alkyl 2,2,2-trichloroethyl
carbonate (Troc), 2-(trimethylsilyl)ethyl (TSE), 2-(trimethylsilyl)ethyl carbonate
(TMSEC), 2-(phenylsulfonyl) ethyl carbonate (Psec), 2-(triphenylphosphonio) ethyl
carbonate (Peoc), alkyl isobutyl carbonate, alkyl vinyl carbonate alkyl allyl carbonate,
alkyl p-nitrophenyl carbonate, alkyl benzyl carbonate, alkyl p-methoxybenzyl carbonate,
alkyl 3,4-dimethoxybenzyl carbonate, alkyl o-nitrobenzyl carbonate, alkyl p-nitrobenzyl
carbonate, alkyl S-benzyl thiocarbonate, 4-ethoxy-1-napththyl carbonate, methyl
dithiocarbonate, 2-iodobenzoate, 4-azidobutyrate, 4-nitro-4-methylpentanoate, o-

(dibromomethyl)benzoate, 2-formylbenzenesulfonate, 2-(methylthiomethoxy)ethyl, 4-
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(methylthiomethoxy)butyrate, 2-(methylthiomethoxymethyl)benzoate, 2,6-dichloro-4-
methylphenoxyacetate, 2,6-dichloro-4-(1,1,3,3-tetramethylbutyl)phenoxyacetate, 2,4-
bis(1,1-dimethylpropyl)phenoxyacetate, chlorodiphenylacetate, isobutyrate,
monosuccinoate, (E)-2-methyl-2-butenoate, o-(methoxycarbonyl)benzoate, a-naphthoate,
nitrate, alkyl N,N,N' N'-tetramethylphosphorodiamidate, alkyl N-phenylcarbamate,
borate, dimethylphosphinothioyl, alkyl 2,4-dinitrophenylsulfenate, 2-(2-nitrophenyl)ethyl,
2-(4-cyanophenyl)ethyl 2-(4-nitrophenyl)ethyl (NPE), 2-(4-nitrophenylsulfonyl)ethyl, 2-
nitrophenyl, 4-nitrophenyl, 2,4,6-trimethylphenyl, 2-(2-nitrophenyl)ethyl, sulfate,
methanesulfonate (mesylate), benzylsulfonate, tosylate (Ts), 2-cyanoethyl (CE or Cne),
3,5-dichlorophenyl, 2,4-dimethylphenyl, butylthiocarbonyl, 4,4’ 4"-tris(benzoyloxy )trityl,
diphenylcarbamoyl, levulinyl, 2-(dibromomethyl)benzoyl (Dbmb), 2-
(isopropylthiomethoxymethyl)benzoyl (Ptmt), 9-phenylxanthen-9-yl (pixyl) or 9-(p-
methoxyphenyl)xanthine-9-yl (MOX).

[0051] In certain embodiments, the nucleobase protecting group includes a protecting
group for protecting 1,2- or 1,3-diols. Examples of protecting groups for protecting 1,2-
or 1,3-diols include methylene acetal, ethylidene acetal, 1-t-butylethylidene ketal, 1-
phenylethylidene ketal, (4-methoxyphenyl)ethylidene acetal, 2,2,2-trichloroethylidene
acetal, acetonide, cyclopentylidene ketal, cyclohexylidene ketal, cycloheptylidene ketal,
benzylidene acetal, p-methoxybenzylidene acetal, 2,4-dimethoxybenzylidene ketal, 3,4-
dimethoxybenzylidene acetal, 2-nitrobenzylidene acetal, methoxymethylene acetal,
ethoxymethylene acetal, dimethoxymethylene ortho ester, 1-methoxyethylidene ortho
ester, 1-ethoxyethylidine ortho ester, 1,2-dimethoxyethylidene ortho ester, a-
methoxybenzylidene ortho ester, 1-(N,N-dimethylamino)ethylidene derivative, a-(N,N’-
dimethylamino)benzylidene derivative, 2-oxacyclopentylidene ortho ester, di-t-
butylsilylene group (DTBS), 1,3-(1,1,3,3-tetraisopropyldisiloxanylidene) derivative
(TIPDS), tetra-t-butoxydisiloxane-1,3-diylidene derivative (TBDS), cyclic carbonates,
cyclic boronates, ethyl boronate, and phenyl boronate.

[0052]  In certain embodiments, each nucleobase is protected with one or more
protecting groups independently chosen from dimethyl formamide (DMF), N-
methylpyrrolidin-2-ylidenyl (PyA), pivaloyloxymethyl (POM), formamidine, DMF-
formamidine, phthalimido, chloro, bromo, acyl, allyl, benzyl, tert-butyloxycarbonyl

(Boc), and benzyloxymethyl (BOM).
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Cyclic-chlorophosphate nucleosides

[0053] In certain embodiments, the present disclosure provides methods for preparing
oligonucleotides using cyclic-phosphorous nucleosides, or a salt or solvate thereof. As
used herein, a cyclic-phosphorous nucleoside refers to a nucleoside which includes a
P(Y)R3 group bound to the 3' and 5' oxygens of a nucleoside sugar to form a compound of
Formula (ii):
Y\\Eww
R o“ 2

(i)
or a salt or solvate thereof, wherein: Y is O or S; each R is independently selected from
Cl, Br, (C1-Cs) alkoxy, (Cs-C12) aryloxy, S-(C1-Cs) alkyl, O-aryl, and S-aryl; R! is chosen
from hydrogen, hydroxy (protected), halogen (including fluorine), N3, (C1-C2) alkyl, and
(C1-Co) alkoxy (including methoxy and -O-methoxyethyl); and B! is a nucleobase, which
may be optionally protected. In certain embodiments, R! is (C1-C1s) alkyl or (C1-C16)
alkoxy. In certain embodiments, R! is (C1-C12) alkyl or (C1-C12) alkoxy. In certain
embodiments, R! is (C1-Cs) alkyl or (C1-Cs) alkoxy. In certain embodiments, R! is (Ci-
C4) alkyl or (C1-C4) alkoxy. In certain embodiments, R! is fluorine. In certain
embodiments, R! is methoxy. In certain embodiments, R' is O-methoxyethyl (MOE).
[0054] In certain embodiments, the present disclosure provides methods for preparing
a cyclic-phosphorous nucleoside of Formula (ii), or a salt or solvate thereof. In certain
embodiments, the method for preparing a cyclic-phosphorous nucleoside of Formula (ii)
comprises: (a) reacting a nucleoside of Formula (1) with P(Y)R3, wherein Y is O or S, and
wherein each R is independently selected from Cl, Br, (C:-Cs) alkoxy, (Cs-C12) aryloxy,
S-(C1-Ce) alkyl, O-aryl, and S-aryl, thereby forming a cyclic phosphorous nucleoside of

Formula (ii)

(i) (i)
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[0055] In certain embodiments, the present disclosure provides a cyclic-phosphorous
nucleoside of Formula (ii), or a salt or solvate thereof.

[0056] In certain embodiments, the nucleobase of the cyclic phosphorous nucleoside is
a canonical nucleobase. In certain embodiments, the nucleobase is a purine base --
adenine (A) or guanine (G). In certain embodiments, the nucleobase is a pyrimidine base -
- thymine (T), cytosine (C), or uracil (U). In certain embodiments, the nucleobase of the
cyclic phosphorous nucleoside is a noncanonical nucleobase.

[0057] In certain embodiments, the nucleobase of the cyclic-phosphorous nucleoside
is unprotected. In certain embodiments, the nucleobase of the cyclic-phosphorous
nucleoside is protected with a nucleobase protecting group. In certain embodiments, the
nucleobase of the cyclic-phosphorous nucleoside is protected with an amino nucleobase
protecting group. In certain embodiments, the nucleobase of the cyclic-phosphorous
nucleoside is protected with a keto/carboxylic acid nucleobase protecting group. In
certain embodiments, the nucleobase of the cyclic-phosphorous nucleoside is protected
with a hydroxyl nucleobase protecting group. In certain embodiments, the nucleobase of
the cyclic-phosphorous nucleoside is protected with a thiol nucleobase protecting group.
In certain embodiments, the nucleobase of the cyclic-phosphorous nucleoside is protected
with one or more protecting groups independently chosen from dimethyl formamide
(DMF), formamidine, DMF-formamidine, phthalimido, chloro, bromo, acyl, allyl, benzyl,
tert-butyloxycarbonyl (Boc), and benzyloxymethyl (BOM).

[0058]  In certain embodiments, the cyclic phosphorus chloride nucleoside of Formula
(ii) is obtained as a mixture of stereoisomers. In certain embodiments, the stereoisomers

are separated prior to subsequent reaction steps.

Dinucleotides

[0059] In certain embodiments, the present disclosure provides methods for preparing
oligonucleotides using a dinucleotide which comprises a cyclic-phosphorous nucleoside
of the present disclosure, or a salt or solvate thereof. In certain embodiments, the present
disclosure provides methods for preparing oligonucleotides using a dinucleotide of

Formula (iv) or a salt or solvate thereof’
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(iv)
wherein: Y is O or S; R! and R? are independently chosen from hydrogen, hydroxy
(protected), halogen (including fluorine), N3, (C1-Cao) alkyl, and (C1-Cao) alkoxy group
(including methoxy and -O-methoxyethyl); B! and B2 are nucleobases, which may
optionally be protected with one or more protecting groups; and R* is hydrogen or a
protecting group. In certain embodiments, R! and R? are independently chosen from (Ci-
Cis) alkyl and (C1-Ci6) alkoxy. In certain embodiments, R! and R? are independently
chosen from (C1-C12) alkyl and (C1-C12) alkoxy. In certain embodiments, R' and R? are
independently chosen from (C1-Cs) alkyl and (C1-Cs) alkoxy. In certain embodiments, R!
and R? are independently chosen from (Ci-C4) alkyl and (C1-C4) alkoxy. In certain
embodiments, R! and R? are fluorine. In certain embodiments, R' and R? are methoxy. In
certain embodiments, R! and R? are O-methoxyethyl (MOE).
[0060] In certain embodiments, the present disclosure provides a method for preparing
a dinucleotide of Formula (iv) or a salt or solvate thereof, wherein the method comprises:
(a) reacting a nucleoside of Formula (i) with P(Y)R3, wherein Y is O or S, and wherein
each R is independently selected from CI, Br, (C1-Cs) alkoxy, (Cs-Ci2) aryloxy, S-(C1-Ce)
alkyl, O-aryl, and S-aryl, thereby forming a cyclic phosphorous nucleoside of Formula

(ii):
HO
kﬁ)‘m P(Y)Rs o o}
\ — Y\:F'::Q‘E“
HOY "//,R1 R0 "T;g
(i) (i) - and

(b) reacting the cyclic phosphorous nucleoside of Formula (ii) with a nucleoside of
Formula (iii) to form a cyclic phosphorus dinucleotide of Formula (iv), wherein R*is a

protecting group:
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In certain embodiments, the method further comprises removing one or more of the
protecting groups.
[0061] In certain embodiments, the cyclic phosphorus chloride nucleoside of Formula
(ii) is obtained as a mixture of stereoisomers. In certain embodiments, the stereoisomers
are separated prior to the step of reacting the cyclic phosphorous nucleoside of Formula
(i1) with a nucleoside of Formula (iii).
[0062] In certain embodiments, the present disclosure provides a dinucleotide of
Formula (iv) or a salt or solvate thereof.
[0063] In certain embodiments, R? is an alkoxy group linked to the adjacent 3' oxygen
to form a ketal protecting group with R*.
[0064] In certain embodiments, R* is hydrogen. In certain embodiments, R* is a
protecting group. In certain embodiments, R*is a hydroxyl protecting group. In certain
embodiments, R* is chosen from a silyl group, trimethylsilyl, triethylsilyl, t-
butyldimethylsilyl (TBS, TBDMS), t-butyldiphenylsilyl, or triisopropylsilyl. In certain
embodiments, R* forms a ketal protecting group with R2.
[0065] In certain embodiments, the cyclic phosphorus dinucleotide of Formula (iv) is
obtained in an (R) stereoisomer configuration. In certain embodiments, the cyclic
phosphorus dinucleotide of Formula (iv) is obtained in an (S) stereocisomer configuration.
In certain embodiments, the cyclic phosphorus dinucleotide of Formula (iv) is obtained as
a mixture of stereoisomers. In certain embodiments, the cyclic phosphorus dinucleotide of
Formula (iv) is obtained as a mixture of (R) and (S) stereoisomers. In certain
embodiments, the stereoisomers are separated prior to subsequent synthesis steps. In
certain embodiments, the stereoisomers are separated prior to the step of reacting the
cyclic phosphorus dinucleotide of Formula (iv) with a substituted benzyl alcohol

nucleophile of Formula (v).
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[0066] In certain embodiments, the mixture of stereoisomers comprises at least about
10% of (R) configuration product. In certain embodiments, the mixture of stereoisomers
comprises at least about 20% of (R) configuration product. In certain embodiments, the
mixture of sterecisomers comprises at least about 30% of (R) configuration product. In
certain embodiments, the mixture of sterecisomers comprises at least about 40% of (R)
configuration product. In certain embodiments, the mixture of stereoisomers comprises at
least about 50% of (R) configuration product. In certain embodiments, the mixture of
stereoisomers comprises at least about 60% of (R) configuration product. In certain
embodiments, the mixture of stereoisomers comprises at least about 70% of (R)
configuration product. In certain embodiments, the mixture of stereoisomers comprises at
least about 75% of (R) configuration product. In certain embodiments, the mixture of
stereoisomers comprises at least about 80% of (R) configuration product. In certain
embodiments, the mixture of stereoisomers comprises at least about 85% of (R)
configuration product. In certain embodiments, the mixture of stereoisomers comprises at
least about 90% of (R) configuration product. In certain embodiments, the mixture of
stereoisomers comprises at least about 95% of (R) configuration product.

[0067] In certain embodiments, the mixture of stereoisomers comprises at least about
10% of (S) configuration product. In certain embodiments, the mixture of stereoisomers
comprises at least about 20% of (S) configuration product. In certain embodiments, the
mixture of stereoisomers comprises at least about 30% of (S) configuration product. In
certain embodiments, the mixture of stereoisomers comprises at least about 40% of (S)
configuration product. In certain embodiments, the mixture of stereoisomers comprises at
least about 50% of (S) configuration product. In certain embodiments, the mixture of
stereoisomers comprises at least about 60% of (S) configuration product. In certain
embodiments, the mixture of stereoisomers comprises at least about 70% of (S)
configuration product. In certain embodiments, the mixture of stereoisomers comprises at
least about 75% of (S) configuration product. In certain embodiments, the mixture of
stereoisomers comprises at least about 80% of (S) configuration product. In certain
embodiments, the mixture of stereoisomers comprises at least about 85% of (S)
configuration product. In certain embodiments, the mixture of stereoisomers comprises at
least about 90% of (S) configuration product. In certain embodiments, the mixture of

stereoisomers comprises at least about 95% of (S) configuration product.
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[0068] In certain embodiments, the mixture of stereoisomers comprises a ratio of (R)
configuration product to (S) configuration product. In certain embodiments, the mixture
of stereoisomers has an (R)/(S) ratio of at least about 1.0. In certain embodiments, the
mixture of stereoisomers has an (R)/(S) ratio of at least about 2.0. In certain
embodiments, the mixture of stereoisomers has an (R)/(S) ratio of at least about 3.0. In
certain embodiments, the mixture of stereoisomers has an (R)/(S) ratio of at least about
4.0. In certain embodiments, the mixture of stereoisomers has an (R)/(S) ratio of at least
about 5.0. In certain embodiments, the mixture of stereoisomers has an (R)/(S) ratio of at
least about 6.0. In certain embodiments, the mixture of stereoisomers has an (R)/(S) ratio
of at least about 7.0. In certain embodiments, the mixture of stereoisomers has an (R)/(S)
ratio of at least about 8.0. In certain embodiments, the mixture of stereoisomers has an
(R)/(S) ratio of at least about 9.0. In certain embodiments, the mixture of stereoisomers
has an (R)/(S) ratio of at least about 10.0. In certain embodiments, the mixture of
stereoisomers has an (R)/(S) ratio of at least about 11.0. In certain embodiments, the
mixture of stereoisomers has an (R)/(S) ratio of at least about 12.0. In certain
embodiments, the mixture of stereoisomers has an (R)/(S) ratio of at least about 13.0. In
certain embodiments, the mixture of stereoisomers has an (R)/(S) ratio of at least about
14.0.

[0069] In certain embodiments, the mixture of sterecisomers has an (S)/(R) ratio of at
least about 1.0. In certain embodiments, the mixture of stereoisomers has an (S)/(R) ratio
of at least about 2.0. In certain embodiments, the mixture of stereoisomers has an (S)/(R)
ratio of at least about 3.0. In certain embodiments, the mixture of stereoisomers has an
(S)/(R) ratio of at least about 4.0. In certain embodiments, the mixture of stereoisomers
has an (S)/(R) ratio of at least about 5.0. In certain embodiments, the mixture of
stereoisomers has an (S)/(R) ratio of at least about 6.0. In certain embodiments, the
mixture of stereoisomers has an (S)/(R) ratio of at least about 7.0. In certain
embodiments, the mixture of stereoisomers has an (S)/(R) ratio of at least about 8.0. In
certain embodiments, the mixture of stereoisomers has an (S)/(R) ratio of at least about
9.0. In certain embodiments, the mixture of stereoisomers has an (S)/(R) ratio of at least
about 10.0. In certain embodiments, the mixture of stereoisomers has an (S)/(R) ratio of at
least about 11.0. In certain embodiments, the mixture of stereoisomers has an (S)/(R) ratio

of at least about 12.0. In certain embodiments, the mixture of sterecisomers has an (S)/(R)
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ratio of at least about 13.0. In certain embodiments, the mixture of stereoisomers has an

(S)/(R) ratio of at least about 14.0.

Substituted benzyl alcohol nucleophiles

[0070] In certain embodiments, the present disclosure provides methods for preparing
oligonucleotides using a substituted benzyl alcohol nucleophile. As used herein, a
substituted benzyl alcohol nucleophile or "BnOH" refers to a benzyl alcohol which
includes at least one substitution on the benzene ring. A substituted benzyl alcohol
nucleophile can include a primary benzyl alcohol (Bn-CH2;-OH), a secondary benzyl
alcohol (Bn-CH(R”)-OH), or a tertiary benzyl alcohol (Bn-C(R7)(R?¥)-OH). In certain
embodiments, the present disclosure provides methods for preparing oligonucleotides
using a substituted benzyl alcohol nucleophile of Formula (v):
OH
R’——R®
Z 3 5
s Rn

v)
wherein: n is chosen from 1, 2, 3, 4, and 5; each R’ is independently a substituent on the
phenyl ring of the benzyl alcohol nucleophile; and R” and R® are independently selected
from hydrogen, (C1-Czo) alkyl and aryl.
[0071] In certain embodiments, each instance of R° is an ortho- or para- substitution
on the benzyl group. In certain embodiments, each instance of R’ is an ortho- substitution
on the benzyl group. In certain embodiments, each instance of R’ is a para- substitution
on the benzyl group. In certain embodiments, each instance of R’ is independently chosen
from: halogen, (C1-Cao) alkyl, (C1-Cao) alkoxy, trifluromethyl, and phenyl (substituted or
unsubstituted). In certain embodiments, R® is a fused phenyl ring forming a naphthyl ring
system. In certain embodiments, R’ is (C1-C16) alkyl or (C1-Ci6) alkoxy. In certain
embodiments, R’ is (C1-C12) alkyl or (C1-C12) alkoxy. In certain embodiments, R is (C;-
Cs) alkyl or (C1-Cs) alkoxy. In certain embodiments, R? is (C1-C4) alkyl or (C1-Ca)
alkoxy.

[0072] In certain embodiments, the substituted benzyl alcohol nucleophile of Formula

(v)is:
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[0073] In certain embodiments, the present disclosure provides methods for preparing
oligonucleotides using cyclic-phosphorous nucleosides and substituted benzyl alcohol
nucleophiles. In certain embodiments, the present disclosure provides methods for

preparing a dinucleotide of Formula (vi) or a salt or solvate thereof:

(vi)
wherein: Y is O or S; R! and R? are independently chosen from hydrogen, hydroxy
(protected), halogen (including fluorine), N3, (C1-Cao) alkyl, and (C1-Cao) alkoxy
(including methoxy and -O-methoxyethyl); B! and B? are nucleobases, which may
optionally be protected; R* is hydrogen or a protecting group; n is chosen from 1, 2, 3, 4,
and 5; each R’ is independently a substituent on the phenyl ring of the benzyl protecting
group; R® is hydrogen or a protecting group; and R” and R® are independently selected
from hydrogen, (C1-Cz0) alkyl and aryl. In certain embodiments, R! and R are
independently chosen from (Ci-Cis) alkyl and (Ci-C16) alkoxy. In certain embodiments,
R! and R? are independently chosen from (C;-Ci2) alkyl and (C;-C12) alkoxy. In certain
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embodiments, R! and R? are independently chosen from (C:-Cs) alkyl and (C1-Cs) alkoxy.
In certain embodiments, R! and R? are independently chosen from (C;-Ca) alkyl and (Ci-
C4) alkoxy. In certain embodiments, R' and R? are fluorine. In certain embodiments, R!
and R? are methoxy. In certain embodiments, R' and R? are -O-methoxyethyl (MOE).
[0074]  In certain embodiments, the present disclosure provides a method for preparing
a dinucleotide of Formula (vi) or a salt or solvate thereof, wherein the method comprises:
providing the cyclic phosphorus dinucleotide of Formula (iv), wherein R* is a protecting
group; and reacting the cyclic phosphorus dinucleotide of Formula (iv) with a substituted

benzyl alcohol nucleophile of Formula (v) to form a dinucleotide of Formula (vi):

R2I '

R4
|
0 Y
0] - .

9 1 OH R%,, (o) ﬁ,\O\\ Z
Ya B R
o P\o\\‘ / R7 R8 (0] % R

2

=1
R + -

'\\O_’i;
(o]
ps]
(3]
3
X
=
X
[+-]

1
B2 X —— (R,

(iv) ()
(vi)

wherein: each R’ is independently a substituent on the phenyl ring of the benzyl alcohol
nucleophile; n is chosen from 1, 2, 3, 4, and 5; R® is hydrogen or a protecting group; and
R” and R® are independently selected from hydrogen, (Ci-Cao) alkyl and aryl. In certain
embodiments, the method further comprises removing one or more of the protecting
groups from the dinucleotide of Formula (vi).

[0075]  In certain embodiments, the present disclosure provides a method for preparing
a dinucleotide of Formula (vi) or a salt or solvate thereof, wherein the method comprises:
(a) reacting a nucleoside of Formula (i) with P(Y)R3, wherein Y is O or S, and wherein
each R is independently selected from CI, Br, (C1-Cs) alkoxy, (Cs-Ci2) aryloxy, S-(C1-Ce)
alkyl, O-aryl, and S-aryl , thereby forming a cyclic phosphorous nucleoside of Formula

(i1):
HO
O_ gt P(Y)Rs o 0
- Vs, B!
HO\\\‘ - R/ \o\\ _;

N ¥
0 (i)
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(b) reacting the cyclic phosphorous nucleoside of Formula (ii) with a nucleoside of
Formula (iii) to form a cyclic phosphorus dinucleotide of Formula (iv), wherein R*is a

protecting group:

q ¥
Z Q
0 o, Rraw OH R, ooV L
Y\:lla\ \M B + ° 0 R
R [0) S B2

R1
(if) (i) (iv)
and

(c) reacting the cyclic phosphorus dinucleotide of Formula (iv) with a substituted benzyl

alcohol nucleophile of Formula (v) to form a dinucleotide of Formula (vi):

R4
5 0
2 ; - TN A\ 7 8 %
R, o O Z R R , .
o) R! + R R
= B2
R Z

—(R%)n

N
(iv) ()] i
wherein: each R’ is independently a substituent on the phenyl ring of the benzyl alcohol
nucleophile; n is chosen from 1, 2, 3, 4, and 5; R® is hydrogen or a protecting group; and
R” and R® are independently selected from hydrogen, (Ci-Ca0) alkyl and aryl. In certain
embodiments, the method further comprises removing one or more of the protecting
groups from the dinucleotide of Formula (vi).
[0076] In certain embodiments, the present disclosure provides a dinucleotide of
Formula (vi) or a salt or solvate thereof.
[0077]  In certain embodiments, R® is hydrogen. In certain embodiments, R® is a
protecting group. In certain embodiments, R® is a hydroxyl protecting group. In certain
embodiments, R® is chosen from a silyl group, trimethylsilyl, triethylsilyl, t-
butyldimethylsilyl (TBS, TBDMS), t-butyldiphenylsilyl, or triisopropylsilyl.
[0078]  In certain embodiments, the process of reacting the cyclic phosphorus

dinucleotide of Formula (iv) with a substituted benzyl alcohol nucleophile of Formula (v)
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forms a dinucleotide with [3'-5']-linkage (e.g., a dinucleotide of Formula (vi)). In certain
embodiments, the process of reacting the cyclic phosphorus dinucleotide of Formula (iv)
with a substituted benzyl alcohol nucleophile of Formula (v) forms a dinucleotide with
[5'-5']-linkage. In certain embodiments, the process of reacting the cyclic phosphorus
dinucleotide of Formula (iv) with a substituted benzyl alcohol nucleophile of Formula (v)
forms a mixture of isomers (e.g., constitutional isomers). In certain embodiments the
mixture of isomers includes a mixture of [3'-5']-linkage and [5'-5']-linkage stereoisomers.
In certain embodiments, the isomers are separated prior to subsequent synthesis steps.
[0079] In certain embodiments, the mixture of isomers comprises at least about 10%
of [3'-5']-linkage product. In certain embodiments, the mixture of isomers comprises at
least about 20% of [3'-5']-linkage product. In certain embodiments, the mixture of
isomers comprises at least about 30% of [3'-5']-linkage product. In certain embodiments,
the mixture of isomers comprises at least about 40% of [3'-5']-linkage product. In certain
embodiments, the mixture of isomers comprises at least about 50% of [3'-5']-linkage
product. In certain embodiments, the mixture of isomers comprises at least about 60% of
[3'-5']-linkage product. In certain embodiments, the mixture of isomers comprises at least
about 70% of [3'-5']-linkage product. In certain embodiments, the mixture of isomers
comprises at least about 75% of [3'-5']-linkage product. In certain embodiments, the
mixture of isomers comprises at least about 80% of [3'-5']-linkage product. In certain
embodiments, the mixture of isomers comprises at least about 85% of [3'-5']-linkage
product. In certain embodiments, the mixture of isomers comprises at least about 90% of
[3'-5']-linkage product. In certain embodiments, the mixture of isomers comprises at least
about 95% of [3'-5']-linkage product.

[0080] In certain embodiments, the mixture of isomers comprises at least about 10%
of [5'-5']-linkage product. In certain embodiments, the mixture of isomers comprises at
least about 20% of [5'-5']-linkage product. In certain embodiments, the mixture of
isomers comprises at least about 30% of [5'-5']-linkage product. In certain embodiments,
the mixture of isomers comprises at least about 40% of [5'-5']-linkage product. In certain
embodiments, the mixture of isomers comprises at least about 50% of [5'-5']-linkage
product. In certain embodiments, the mixture of isomers comprises at least about 60% of
[5'-5']-linkage product. In certain embodiments, the mixture of isomers comprises at least

about 70% of [5'-5']-linkage product. In certain embodiments, the mixture of isomers
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comprises at least about 75% of [5'-5']-linkage product. In certain embodiments, the
mixture of isomers comprises at least about 80% of [5'-5']-linkage product. In certain
embodiments, the mixture of isomers comprises at least about 85% of [5'-5']-linkage
product. In certain embodiments, the mixture of isomers comprises at least about 90% of
[5'-5']-linkage product. In certain embodiments, the mixture of isomers comprises at least
about 95% of [5'-5']-linkage product.

[0081] In certain embodiments, the mixture of isomers comprises an [S] ratio of [3'-
5'l-linkage over [5'-5']-linkage. In certain embodiments, the mixture of isomers has an [S]
ratio of at least about 1.0. In certain embodiments, the mixture of isomers has an [S] ratio
of at least about 2.0. In certain embodiments, the mixture of isomers has an [S] ratio of at
least about 3.0. In certain embodiments, the mixture of isomers has an [S] ratio of at least
about 4.0. In certain embodiments, the mixture of isomers has an [S] ratio of at least
about 5.0. In certain embodiments, the mixture of isomers has an [S] ratio of at least
about 6.0. In certain embodiments, the mixture of isomers has an [S] ratio of at least
about 7.0. In certain embodiments, the mixture of isomers has an [S] ratio of at least

[

[

[

about 8.0. In certain embodiments, the mixture of isomers has an [S] ratio of at least

about 9.0. In certain embodiments, the mixture of isomers has an [S] ratio of at least
n

about 10.0. In certain embodiments, the mixture of isomers has an [S] ratio of at least
about 11.0. In certain embodiments, the mixture of isomers has an [S] ratio of at least
about 12.0. In certain embodiments, the mixture of isomers has an [S] ratio of at least
about 13.0. In certain embodiments, the mixture of isomers has an [S] ratio of at least
about 14.0.

[0082] In certain embodiments, the step of reacting the cyclic phosphorus dinucleotide
of Formula (iv) with a substituted benzyl alcohol nucleophile of Formula (v) is carried out
in a solvent system. In certain embodiments, the solvent comprises: tetrahydrofuran
(THF); 2-methyltetrahydrofuran (2Me-THF); diethyl ether; 1,4-dioxane;
dimethylsulfoxide (DMSO), N-methylpyrrolidone (NMP), dimethylacetamide (DMA),
acetonitrile (MeCN), methyl tert-butyl ether (MTBE), tertAmyl alcohol, toluene, or a
mixture thereof.

[0083] In certain embodiments, the step of reacting the cyclic phosphorus dinucleotide
of Formula (iv) with a substituted benzyl alcohol nucleophile of Formula (v) is carried out

in the presence of a base. In certain embodiments, the base comprises: n-butyllithium (n-
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BulLi); lithium tertbutoxide (LiOtBu); lithium bis(trimethylsilyl)amide (LiHMDS);
lithium tetramethylpiperidide (LiTMP); or Li-Rz, where Rz is alkyl or aryl; sodium t-
butoxide (NaOtBu) + lithium chloride (LiCl); potassium t-butoxide (KOtBu) + lithium
chloride (LiCl); triethylamine, Diazabicycloundecene (DBU), triazabicyclodecene (TBD),
or a combination thereof. In certain embodiments, the base is pre-mixed with the
substituted benzyl alcohol nucleophile of Formula (v) prior to the step of reacting the
cyclic phosphorus dinucleotide of Formula (iv) with a substituted benzyl alcohol
nucleophile of Formula (v). In certain embodiments, the base is lithium tertbutoxide
(LiOtBu).

[0084]  In certain embodiments, the dinucleotide of Formula (vi) is isolated by reacting

with a silyl chloride.

Protected oligonucleotides

[0085] In certain embodiments, the present disclosure provides a method for preparing
a phospho-protected oligonucleotide. In certain embodiments, the present disclosure

provides a method for preparing an oligonucleotide of Formula (vii):

wherein: each Y is independently O or S; R!, R% and R* are independently chosen from
hydrogen, hydroxy (protected), halogen (including fluorine), N3, (C1-Ca0) alkyl, and (C;-
C20) alkoxy (including methoxy and -O-methoxyethyl); R* is H or a protecting group; n is
chosen from 1, 2, 3, 4, and 5; each R’ is independently a substituent on the phenyl ring of
the benzyl protecting group; each R” and R® is independently selected from hydrogen,
(C1-C2o) alkyl and aryl; B!, B2 and B? are nucleobases, which may optionally be

protected; m is chosen from integers ranging from 1 to 18; and X is hydrogen, a
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protecting group, or a cyclic-phosphorous nucleoside R . In certain

embodiments, R!, R?, and R? are independently chosen from (C1-Cis) alkyl and (C1-Cie)
alkoxy. In certain embodiments, R!, R?, and R? are independently chosen from (C1-C12)
alkyl and (C1-Ci2) alkoxy. In certain embodiments, R!, R?, and R? are independently
chosen from (C1-Cs) alkyl and (C1-Cs) alkoxy. In certain embodiments, R!, R?, and R? are
independently chosen from (C;-Ca) alkyl and (C1-C4) alkoxy. In certain embodiments, R!,
R?2, and R? are fluorine. In certain embodiments, R!, R% and R? are methoxy. In certain
embodiments, R!, R?, and R? are -O-methoxyethyl (MOE).

[0086] In certain embodiments, the present disclosure provides a method for preparing
an oligonucleotide of Formula (vii), wherein the method comprises: providing the
dinucleotide of Formula (vi); and repeating the reactions of steps (a), (b), and (c) from a
method for preparing a dinucleotide of Formula (vi) or a salt or solvate thereof, as

disclosed herein, one or more times to obtain an oligonucleotide of Formula (vii):

wherein, in repeating step (b), the cyclic phosphorous nucleoside of Formula (ii) is
reacted with the 5' terminal nucleoside of the dinucleotide or oligonucleotide. In certain
embodiments, the method further comprises removing one or more of the protecting
groups.

[0087] In certain embodiments, the present disclosure provides a method for preparing
an oligonucleotide of Formula (vii), wherein the method comprises: (a) reacting a
nucleoside of Formula (i) with P(Y)R3, wherein Y is O or S, and wherein each R is
independently selected from Cl, Br, (C1-Cs) alkoxy, (Cs-C12) aryloxy, S-(C1-Cs) alkyl, O-

aryl, and S-aryl, thereby forming a cyclic phosphorous nucleoside of Formula (ii):



WO 2024/233624 PCT/US2024/028291

_41 -
HO
KEO)‘m P(Y)Rs O/\Iio)< \
L — % B
HO" Z RO =,

() (i) :
(b) reacting the cyclic phosphorous nucleoside of Formula (ii) with a nucleoside of
Formula (iii) to form a cyclic phosphorus dinucleotide of Formula (iv), wherein R*is a
protecting group:
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(c) reacting the cyclic phosphorus dinucleotide of Formula (iv) with a substituted benzyl

alcohol nucleophile of Formula (v) to form a dinucleotide of Formula (vi):
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(vi)

wherein: each R is independently a substituent on the phenyl ring of the benzyl alcohol
nucleophile; n is chosen from 1, 2, 3, 4, and 5; R® is hydrogen or a protecting group; and
R” and R?® are independently selected from hydrogen, (C1-Cao) alkyl and aryl; and (d)
repeating the reactions of steps (a), (b), and (c) one or more times to obtain an

oligonucleotide of Formula (vii):
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(vii)
wherein, in repeating step (b), the cyclic phosphorous nucleoside of Formula (ii) is
reacted with the 5' terminal nucleoside of the dinucleotide or oligonucleotide. In certain
embodiments, the method further comprises removing one or more of the protecting
groups.

[0088]  In certain embodiments, the present disclosure provides an oligonucleotide of
Formula (vii) or a salt or solvate thereof.

[0089] In certain embodiments, X is hydrogen. In certain embodiments, R6 of the
terminal nucleoside is deprotected and X is hydrogen. In certain embodiments, X is a
protecting group. In certain embodiments, X is a hydroxyl protecting group. In certain
embodiments, X is chosen from a silyl group, acyl group, trimethylsilyl, triethylsilyl, t-
butyldimethylsilyl (TBS, TBDMS), t-butyldiphenylsilyl, or triisopropylsilyl.

[0090] In certain embodiments, X is a cyclic-phosphorous nucleoside

Yo
WR

Oru. O

N 3

R? , wherein Y is O or S. In certain embodiments, X is a cyclic-
phosphorous nucleoside which can be used to continue elongation of the oligonucleotide
by repeating the reactions of steps (a), (b), and (c) from a method for preparing a

dinucleotide of Formula (vi) as disclosed herein.

Synthesized oligonucleotides

[0091] In certain embodiments, the present disclosure provides a method for preparing
an oligonucleotide. In certain embodiments, the present disclosure provides a method for

preparing an oligonucleotide of Formula (1) or a salt or solvate thereof,
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(1)
wherein: each Y is independently O or S; R!, R?, and R? are independently chosen from
hydrogen, hydroxy (protected), halogen (including fluorine), N3, (C1-Ca0) alkyl, and (C;-
C) alkoxy (including methoxy and -O-methoxyethyl); B!, B and B? are nucleobases,
which may optionally be protected; R* is hydrogen or a protecting group; m is chosen

from integers ranging from O to 18; and X is hydrogen, a protecting group, or

Y\\ O
V\/‘R

O/Il. (o)

N 3
3 B

R . In certain embodiments, R!, R?, and R? are independently chosen

from (C1-Cis) alkyl and (C1-Ci6) alkoxy. In certain embodiments, R!, R%, and R?* are
independently chosen from (C:-Ci2) alkyl and (C:-C12) alkoxy. In certain embodiments,
R!, R?, and R? are independently chosen from (C;-Cs) alkyl and (C1-Cs) alkoxy. In certain
embodiments, R!, R?, and R? are independently chosen from (C1-C4) alkyl and (C1-Ca)
alkoxy. In certain embodiments, R!, R?, and R? are fluorine. In certain embodiments, R!,
R?, and R? are methoxy. In certain embodiments, R!, R?, and R? are -O-methoxyethyl
(MOE).

[0092] In certain embodiments, the present disclosure provides a method for preparing
an oligonucleotide of Formula (1) or a salt or solvate thereof, wherein the method
comprises: providing a dinucleotide of Formula (vi) or an oligonucleotide of Formula
(vii); and hydrogenating the dinucleotide of Formula (vi) or the oligonucleotide of
Formula (vii); wherein the method produces the oligonucleotide of Formula (1) or a salt
or solvate thereof. In certain embodiments, the method further comprises removing one or
more of the protecting groups.

[0093] In certain embodiments, the present disclosure provides a method for preparing

an oligonucleotide of Formula (1) or a salt or solvate thereof, wherein the method
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comprises: (a) reacting a nucleoside of Formula (i) with P(Y)R3, wherein Y is O or S, and
wherein each R is independently selected from Cl, Br, (C1-Ce) alkoxy, (Cs-Ci12) aryloxy,
S-(C1-Cs) alkyl, O-aryl, and S-aryl, thereby forming a cyclic phosphorous nucleoside of

Formula (ii):

HO
(o] B! P(Y)R; o 0
—_— Y\\Fl’ B!
H o\\\‘ ,”/ R/ ~, o\\‘ _‘/
//R1 R1

(i (ii) :
(b) reacting the cyclic phosphorous nucleoside of Formula (ii) with a nucleoside of
Formula (iii) to form a cyclic phosphorus dinucleotide of Formula (iv), wherein R*is a

protecting group:

/R4 R4
//’- = Ya! B1
(0] OH 2 2 \/P\ \3
(0] 1 Rz\““ R 1. (0] (0) =
Y\\|ID B + (0] fo) R'
R” \0\\‘ /
R B? B2

(i) (iii) (iv) .
(c) reacting the cyclic phosphorus dinucleotide of Formula (iv) with a substituted benzyl

alcohol nucleophile of Formula (v) to form a dinucleotide of Formula (vi):

R4
|
Q
z . o
R o o% L R’——R® ] s
o} R * 2N — g2
IR Z

(iv) v}

(v
wherein: each R is independently a substituent on the phenyl ring of the benzyl alcohol
nucleophile; n is chosen from 1, 2, 3, 4, and 5; R® is hydrogen or a protecting group; and
R” and R? are independently selected from hydrogen, (Ci-Cao) alkyl and aryl; (d)
optionally, repeating the reactions of steps (a), (b), and (c) one or more times to obtain an

oligonucleotide of Formula (vii):
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(vii) :

wherein, in repeating step (b), the cyclic phosphorous nucleoside of Formula (ii) is
reacted with the 5' terminal nucleoside of the oligonucleotide; and (e) hydrogenating the
product of step (c) or step (d); wherein the method produces the oligonucleotide of
Formula (1) or a salt or solvate thereof. In certain embodiments, the method further
comprises removing one or more of the protecting groups.

[0094] In certain embodiments, the oligonucleotide is a blockmer. As used herein, the
term blockmer refers to an oligonucleotide which includes at least two consecutive
nucleotide units sharing a common structural feature (i.e., chemistry or stereochemistry)
at the nucleobase, sugar and/or internucleotide linkage. The at least two consecutive
nucleotide units sharing a common structural feature can be referred to as a "block".
[0095] In certain embodiments, oligonucleotides of the present disclosure can be used
in subsequent oligonucleotide or polynucleotide synthesis applications. In certain
embodiments, oligonucleotides of the present disclosure can be used as blockmer
amidites in solid phase synthesis of oligonucleotides or polynucleotides. In certain
embodiments, oligonucleotides of the present disclosure can be used in enzymatic ligation
reactions for the synthesis of oligonucleotides or polynucleotides.

[0096] In certain embodiments, the present disclosure provides a polynucleotide of
Formula (1) or a salt or solvate thereof, wherein m is chosen from integers ranging from 0
to 100. In certain embodiments, m is chosen from integers ranging from 1 to 18. In
certain embodiments, m is chosen from integers ranging from 1 to 3.

[0097] In certain embodiments of the present disclosure, the oligonucleotide synthesis
method is a liquid phase process (i.e., conducted in liquid phase). As used herein, a liquid
phase process refers to a process in which all reaction components (e.g., starting
materials, reagents, catalysts, bases) are dissolved fully in a solvent mixture, such that

there are no solid particles present.
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[0098]  In certain embodiments, the method is conducted using continuous flow. As
used herein, continuous flow refers to a process in which starting materials, reagents,
catalysts, bases, and all other reaction components are continuously added to a reactor
while the product, side-products, unreacted starting materials, and other reaction
components are continuously removed from the reactor.

[0099] In certain embodiments, the method is carried out in a flow reactor. As used
herein, flow reactor refers to a pipe, a tube, a continuously stirred tank reactor (CSTR), a
cascade of multiple CSTRs, an intermittently filled and emptied batch reactor, glass
microreactor, or other reactors which can be operated continuously. In certain
embodiments, the method is carried out in a flow reactor at ambient temperature (e.g., 20-
25 °C). In certain embodiments, the method is carried out in a flow reactor with a reaction
time between 45-120 minutes. In certain embodiments, the method is carried out in a flow

reactor with a reaction time between 45-60 minutes.

DEFINITIONS

[0100]  Unless stated otherwise, the following terms and phrases have the meanings
described below. The definitions are not meant to be limiting in nature and serve to
provide a clearer understanding of certain aspects of the present disclosure.

[0101]  Approximately/About: As used herein, the terms "approximately" and "about"
are used interchangeably herein and refer to a value that is within +/- 10% of the recited
value as applied to one or more values of interest. In certain embodiments, the term refers
to a range of values that fall within +/- 10%, +/- 9%, +/- 8%, +/- 7%, +/- 6%, +/- 5%, +/-
4%, +/- 3%, +/- 2%, +/- 1%, or less of the stated reference value, unless otherwise
expressly stated or otherwise clearly evident from the context.

[0102]  Complementary: As used herein, the terms "complementary" or
"complementarity" refer a structural relationship between two nucleotides, nucleosides, or
nucleobases (e.g., on two opposing nucleic acids or on opposing regions of a single
nucleic acid strand such as a hairpin), wherein the relationship permits the two
nucleotides to form base pairs with one another. For example, a purine nucleotide of one
nucleic acid that is complementary to a pyrimidine nucleotide of an opposing nucleic acid
may base pair together by forming hydrogen bonds with one another. Complementary
nucleotides can base pair in the canonical Watson-Crick manner (i.e., adenine pairing

with thymine or uracil, and guanine pairing with cytosine), or in any other manner that
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allows for the formation of stable duplexes. Likewise, two nucleic acids may have regions
of multiple nucleotides that are complementary with each other to form regions of
complementarity.

[0103]  Deoxyribonucleotide: Asused herein, the term "deoxyribonucleotide" refers a
nucleotide having a hydrogen in place of a hydroxyl at the 2' position of its pentose sugar
when compared with a ribonucleotide. A modified deoxyribonucleotide has one or more
modifications or substitutions of atoms other than hydroxyl at the 2' position, including
modifications or substitutions in or of the nucleobase, sugar, or phosphate group.

[0104]  Double-stranded oligonucleotide: As used herein, the terms "double-stranded
oligonucleotide" or "ds oligonucleotide" refer to an oligonucleotide that is in a duplex
form. The complementary base-pairing of duplex region(s) of a ds oligonucleotide can be
formed between antiparallel sequences of nucleotides of covalently separate nucleic acid
strands. Likewise, complementary base-pairing of duplex region(s) of a ds
oligonucleotide can be formed between antiparallel sequences of nucleotides of nucleic
acid strands that are covalently linked. Moreover, complementary base-pairing of duplex
region(s) of a ds oligonucleotide can be formed from single nucleic acid strand that is
folded (e.g., via a hairpin) to provide complementary antiparallel sequences of
nucleotides that base pair together. A ds oligonucleotide can include two covalently
separate nucleic acid strands that are fully duplexed with one another. A ds
oligonucleotide can include two covalently separate nucleic acid strands that are partially
duplexed (e.g., having overhangs at one or both ends). A ds oligonucleotide can include
an antiparallel sequence of nucleotides that are partially complementary, and thus, may
have one or more mismatches, which may include internal mismatches or end
mismatches.

[0105]  Duplex: As used herein, the terms "duplex" and "duplex region" in reference to
nucleic acids (e.g., oligonucleotides), refer to a structure formed through complementary
base pairing of two antiparallel sequences of nucleotides, whether formed by two
covalently separate nucleic acid strands or by a single, folded strand (e.g., via a hairpin).
A duplex may form despite not having full complementarity between the two strands, or
when an abasic moiety is present.

[0106]  Modified internucleotide linkage: As used herein, the term "modified

internucleotide linkage" refers to an internucleotide linkage having one or more chemical
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modifications when compared with a reference internucleotide linkage having a
phosphodiester bond. A modified internucleotide linkage is a non-naturally occurring
linkage.

[0107]  Modified nucleotide: Asused herein, the term "modified nucleotide" refers to a
nucleotide having one or more chemical modifications when compared with a
corresponding reference nucleotide selected from: adenine ribonucleotide, guanine
ribonucleotide, cytosine ribonucleotide, uracil ribonucleotide, adenine
deoxyribonucleotide, guanine deoxyribonucleotide, cytosine deoxyribonucleotide, and
thymidine deoxyribonucleotide. A modified nucleotide is a non-naturally occurring
nucleotide. A modified nucleotide can have, for example, one or more chemical
modification in its sugar, nucleobase, and/or phosphate group. Additionally, or
alternatively, a modified nucleotide can have one or more chemical moieties conjugated
to a corresponding reference nucleotide.

[0108]  Nucleobase: As used herein, the term "nucleobase" refers to a heterocyclic
moiety of a nucleoside (e.g., adenine in adenosine, cytosine in cytidine, guanine in
guanosine, thymine in thymidine, and uracil in uridine). A nucleobase can be a
"canonical nucleobase" or "primary nucleobase," which are used interchangeably herein
and include the purine bases adenine (A) and guanine (G), and the pyrimidine bases
thymine (T), cytosine (C) and uracil (U). A nucleobase can be a "noncanonical
nucleobase," which include synthetic or natural nucleobases which are not a canonical
nucleobase.

[0109]  Nucleoside: As used herein, the term "nucleoside" refers to an organic
compound having a nucleobase -- for example, adenine, cytosine, guanine, thymine, or
uracil -- covalently attached to a pentose sugar -- for example, ribose or 2'-deoxyribose.
[0110]  Nucleotide: As used herein, the term "nucleotide" refers to a nucleoside in a
phosphorylated form (e.g., a phosphate ester or thiophosphate ester of a nucleoside). A
nucleotide can serve as a monomeric unit of nucleic acid polymers (e.g.,
oligonucleotides) such as deoxyribonucleic acid (DNA) and ribonucleic acid (RNA).
[0111]  Oligonucleotide: As used herein, the term "oligonucleotide" refers to a polymer
of linked nucleotides, each of which can include a canonical or noncanonical nucleobase.
An oligonucleotide is typically less than about 100 nucleotides in length. An

oligonucleotide may be single-stranded (ss) or double stranded (ds). An oligonucleotide
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may or may not have duplex regions. Oligonucleotides can include dinucleotide or
trinucleotide polymers. As used herein, the term "polynucleotide" refers to a polymer of
linked nucleotides which can be more than about 100 nucleotides in length. As used
herein, the term dinucleotide includes two linked nucleosides with a one or more
phosphate-based linkages (e.g., a dinucleoside with two nucleosides and a cyclic
phosphorus, phosphate ester, or thiophosphate ester linkage). As used herein, the term
trinucleotide includes three linked nucleosides with two or more phosphate-based
linkages (e.g., a trinucleoside with three nucleosides and cyclic phosphorus, phosphate
ester, or thiophosphate ester linkages).

[0112]  Phosphate analog: As used herein, "phosphate analog" refers to a chemical
moiety that mimics the electrostatic and/or steric properties of a phosphate group.
Examples of phosphate analogs include, but are not limited to, 5' phosphonates, such as '
methylene phosphonate (5'-MP) and 5'-(E)-vinylphosphonate (5'-VP). An oligonucleotide
can have a phosphate analog at a 4'-carbon position of the sugar (referred to as a "4'-
phosphate analog") or at a 5'-terminal nucleotide in place of a 5'-phosphate. An example
of a 4'-phosphate analog is oxymethylphosphonate, in which the oxygen atom of the
oxymethyl group is bound to the sugar moiety (e.g., at its 4'-carbon) or analog thereof.
See, e g, Intl. Patent Application Publication No. WO 2018/045317. Other modifications
have been developed for the 5' end of oligonucleotides (see, e.g., Intl. Patent Application
No. WO 2011/133871; US Patent No. 8,927,513; and Prakash et al. (2015) Nuc. Acids
Res. 43:2993-3011).

[0113]  Protecting group: As used herein, the terms "protecting group" or "protective
group" refer to a chemical moiety which is known in the art to protect reactive or labile
groups on a molecule (e.g., hydroxyl, amino, and thiol groups) against undesired
reactions during synthetic procedures and other chemical reactions. Protecting groups are
typically used selectively and/or orthogonally to protect labile sites in a molecule from
undergoing undesired modifications during chemical reactions at other reactive sites
within the molecule, and can then be removed to leave the labile group unprotected and
available for further reactions.

[0114]  Ribonucleotide: As used herein, the term "ribonucleotide" refers to a nucleotide
having a ribose as its pentose sugar, which contains a hydroxyl group at its 2' position. A

modified ribonucleotide is a ribonucleotide having one or more modifications or
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substitutions of atoms other than hydrogen at the 2' position, including modifications or
substitutions in or of the nucleobase, sugar, or phosphate group.

[0115]  Substituted benzyl alcohol nucleophile: As used herein, the terms "substituted
benzyl alcohol nucleophile" or "BnOH" refer to a benzyl alcohol which includes at least
one substitution on the benzene ring. A substituted benzyl alcohol nucleophile can
include a primary benzyl alcohol (Bn-CH>-OH), a secondary benzyl alcohol (Bn-CH(R")-
OH), or a tertiary benzyl alcohol (Bn-C(R”)(R®)-OH).

[0116]  Strand. As used herein, the term "strand" refers to a single, contiguous
sequence of nucleotides linked together through internucleotide linkages (e.g.,
phosphodiester linkages or phosphorothioate linkages). A strand can have two free ends
(e.g., a5' end and a 3' end).

[0117]  Synthetic: As used in the context of a product herein (e.g., synthetic
oligonucleotide, synthetic nucleobase), the term "synthetic" refers to a nucleic acid or
other compound that is artificially synthesized (e.g., using a machine such as, for
example, a solid phase nucleic acid synthesizer) or that is otherwise not derived from a
natural source (e.g., a cell or organism) that normally produces the nucleic acid or other

compound.

General Considerations

[0118]  Those skilled in the art will recognize or be able to ascertain using no more
than routine experimentation, one or more equivalents to the specific embodiments in
accordance with the present disclosure described herein. The scope of the present
disclosure is not intended to be limited to the above Description or the following
Examples.

[0119] At various places in the present disclosure, substituents, or properties of
compounds of the present disclosure are disclosed in groups or in ranges. It is intended
that the present disclosure comprise each and every individual or sub-combination of the
members of such groups and ranges, and that such groups or ranges include the endpoints.
By way of nonlimiting example, if a group or range is from about 1 to about 10, then the
group or range includes both the value of about 1 and the value of about 10.

[0120]  Articles such as "a," "an," and "the" may mean one or more than one unless
indicated to the contrary or otherwise evident from the context. Claims or descriptions

that comprise "or" between one or more members of a group are considered satisfied if
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one, more than one, or all of the group members are present in, employed in, or otherwise
relevant to a given product or process unless indicated to the contrary or otherwise
evident from the context. The present disclosure can include embodiments in which
exactly one member of the group is present in, employed in, or otherwise relevant to a
given product or process. The present disclosure can include embodiments in which more
than one, or the entire group members are present in, employed in, or otherwise relevant
to a given product or process.

[0121]  The term "comprising” is intended to be open and permits but does not require
the inclusion of additional elements or steps. When the term "comprising" is used herein,
the term "consisting of" and "consisting essentially of" is also encompassed and
disclosed.

[0122]  The abbreviation, "e.g.," is derived from the Latin exempli gratia, and is used
herein to indicate a non-limiting example. Thus, the abbreviation "e.g.," is synonymous
with the term "for example." The abbreviation, "i.e.." is derived from the Latin id est, and
is used herein to indicate a non-limiting rewording or clarification. Thus, the abbreviation
"i.e.," is synonymous with the term "that is."

[0123]  Any particular embodiment of the present disclosure that falls within the prior
art may be explicitly excluded from any one or more of the claims. Any particular
embodiment of the agents, methods, and/or compositions of the present disclosure can be
excluded from any one or more claims, for any reason, whether or not related to the
existence of prior art.

[0124]  The present specification will control in instances where publications, patent
applications, patents, and other references mentioned herein are incorporated by reference
and are in conflict with the present specification.

[0125]  Section headings, materials, methods, and examples are illustrative only and

not intended to be limiting.

EXAMPLES

[0126]  Unless noted otherwise, all reactions in the following Examples were set up
inside of a chemical fume hood and run under a nitrogen or argon atmosphere. Anhydrous
acetonitrile (MeCN) was purchased from Sigma-Aldrich. HPLC-grade toluene was
purchased from Sigma-Aldrich and was further purified by successive filtration through

neutral alumina and CuO columns under argon pressure. Reactions were run in oven-
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dried reaction tubes (Fisherbrand, 16 x 125 mm, product no. 1495935A) sealed with a
screw cap (Thermo Fisher Scientific, catalog no. B7995-18), and fitted with a Teflon-
lined septum (Thermo Fisher Scientific, catalog no. C47995-15). Solvents used for
extractions, crystallizations, and column chromatography were purchased from Sigma-
Aldrich as ACS grade, expect for hexanes, which were HPLC grade. Lithium tert-
butoxide (LiOt-Bu) was purchased from Alfa Aesar and stored in a nitrogen-filled
glovebox. All preparative reactions were set up in the nitrogen filled glovebox and closed
reaction vials were taken outside and stirred for noted time. Screening of reaction
conditions and mechanistic experiments were carried out with the aid of a nitrogen-filled
glovebox. Organic compounds were purified by flash chromatography using Silicycle
SiliaFlash P60 (230-400 mesh) silica gel either manually or using a CombiFlash NextGen
300 automated chromatography system.

[0127]  For general analytics, CDCl; and ds-DMSO were purchased from Cambridge
Isotope Labs. NMR spectra were collected on Bruker Avance III HD 400 or 500 MHz
spectrometer. 'H (CDCl3: & 7.26; ds-DMSO: § 2.50) and *C NMR shifts (CDCl3: &
77.16; ds-DMSO: 6 39.52) were referenced to residual solvent peaks. The following
abbreviations were used to characterize multiplicities: s = singlet, bs = broad singlet, d =
doublet, t = triplet, q = quartet, p = pentet, sept = septet, m = multiplet. *C and °F
spectra were obtained with 'H decoupling. Gas chromatography (GC) analyses were
performed on an Agilent 7890A gas chromatograph with an FID detector using a J&W
DB-1 column (10 m, 0.1 mm I.D.). LC/MS was recorded on an Agilent 6120 Quadrupole
LC/MS. Elemental analyses were performed by Atlantic Microlabs Inc., Norcross, GA,
USA. High-resolution mass spectra were recorded on a JEOL AccuTOF LC-Plus 46
DART system and on an Agilent Technologies 6545 Q-TOF LC/MS system. IR spectra
were recorded on a Nicolet iS5 spectrometer equipped with an iD5 diamond laminate
ATR accessory from Thermo Fisher Scientific. IR spectra were acquired from neat
samples. Melting points were obtained using a Stanford Research Systems EZ-Melt

melting point apparatus.
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Example 1. Preparation of substrates -- C, A, G, U

a. Synthesis of 3°.5’-Bis-TBS-protected nucleosides (GP1)

o .a imidazote {4 equiv), TBSCH {3 equiv.} o s
mf"‘\{ ‘ly" DMP{R.5+1 M), 18h, 18 . mm”’”{ \fv“
#E e 1888 ome

[0128] A 50 mL round bottom flask equipped with a magnetic stir bar was charged
with nucleosides 'B' (U, C, A or G, 1 equiv.) and imidazole (4 equiv.) and dried in vacuo
by using standard Schlenk line technique. This mixture was dissolved in anhydrous DMF
(0.5-1 M, depending on solubility) and #-butyldimethylsilyl chloride (3 equiv.) was added.
The reaction mixture was stirred for 18 hours at room temperature under an inert
atmosphere. Upon completion of reaction (monitored by TLC or LC-MS analysis),
reaction mixture was diluted with water (50 mL) and extracted with ethyl acetate (3x100
mL). The combined organic layer was washed with brine (100 mL) and dried over
anhydrous Na;SO4 and evaporated. The residue was purified by silica gel column
chromatography and eluted with ethyl acetate/hexane, 6:4. Fractions containing the

product were pooled and evaporated.

b. Synthesis of Benzyl-protected nucleosides (GP2)

188G for Cand A
e Nak (2.5 squiv.), BnBr (3 squiv.), 50
\\( \};—"5 For G, -
/ NaH (3.5 equiv.), Brbr (4.5 squiv), "\( 9
Tasgd e - d
B850 ome

[0129] A 100-mL round bottom flask equipped with a magnetic stir bar was charged
with Bis-TBS-protected cytidine (1 equiv.) and dry DMF (0.3 M). The resulting solution
was cooled down to 0 °C and NaH was added. The resulting solution was stirred for 5
minutes and benzyl bromide was added dropwise at 0 °C. The progress of reaction was
monitored by LC-MS analysis. After 45 minutes, second portion of NaH was added and
stirred for additional 1 hour at 0 °C. The reaction mixture was warmed to RT and stirred
for 30 minutes before quenched with NH4ClI (50 mL). The resulting mixture was
extracted with EtOAc (100 mLx3). The combined organic layer was washed with brine
(100 mL), dried over Na2SOs, filtered, and concentrated in vacuo. The crude product was

purified by silica gel column chromatography with hexanes/ethyl acetate as eluants (0-
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100% gradient) by using a Combi-Flash NextGen 300 automated chromatography
system.

c. Synthesis of 3’.5’-dihydroxy nucleoside via tbs-deprotection (GP3)
TBSO

o TBAF {2.05 equiv.), HO
gEn THF, 0 °C. 2h 0 8n
. 8
S0 % R
OMe HO' OMe

[0130] A 100 mL round bottom flask equipped with a magnetic stir bar was charged
with Bis-TBS-multibenzylprotected nucleoside (4 mmol) and dry THF (20 ml). The
reaction mixture was cooled to 0 °C and tetrabutylammonium fluoride (TBAF, 1M
solution in THF, 8.2 mmol, 8.2 mL) was added dropwise. The reaction was stirred for 1
hour at 0 °C. The reaction was monitored via LC-MS. Upon completion of the reaction, it
was quenched with NH4Cl (10 mL) and diluted with water (10 mL). The resulting
mixture was extracted with ethyl acetate (100 mL x3). The mixture was then concentrated
under reduced pressure. The crude product was purified by flash chromatography on a
silica gel column using methylene chloride-methanol (0 to 5% gradient) (for C) or
hexane-ethyl acetate (0 to 100% gradient, for A, G) to give the final product compound
(87-97% yield) as a white solid.

d. Synthesis of 3-OTBS-5-OH- nucleosides via selective deprotection of 5°-Siloxy of
bis-TBS-nucleoside (GP4)

T8SO TFAMH,0 (1:1) "o
[} 6 THF (0.2M) o
B 0°C, 4h \\QaB““
TBSO' -"()Me TBSO‘; ."OMe

[0131]  Isolated or crude bis-TBS-protected nucleosides (U, dibenzyl-C, -A, and tri-
benzyl G; 1 equiv.) were dissolved in THF (0.2 M) and treated with TFA (5 equiv.) in
H>0 (TFA:H20, 1:1 mixture) at 0 °C. The reaction was monitored via LC-MS. Upon
completion after 4-6 hours, the reaction was diluted with equal volume water and pH
adjusted to 7 to 8 with solid sodium bicarbonate. The aqueous layer was extracted with
ethyl acetate (3x150 mL) and washed with brine (100 mL). The combined organic layer

was dried over sodium sulfate and concentrated with the aid of rotavapor. The residue
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purified by silica gel column chromatography and eluted with hexane-ethyl acetate [0 to

100% gradient] to give 5’-OH, 3-TBS-nucleoside (70-80% yields).

e. One pot-procedure to synthesize 3-OTBS-5-OH-nucleosides from nucleoside (GP5)

HO O Y
THSO OMe
1-((2R,3R,4R,5R)-4-((tert-butyldimethylsilyl)oxy)-5-(hydroxymethyl)-3-
methoxytetrahydrofuran-2-yl)pyrimidine-2,4(1H,3H)-dione, S1
Step 1

= TBSCH (2.2 equiv.} TN

§ e} : ) o

0 N-(/w" imidazale (2.2 squiv.), DMF (184} Qyw‘r‘\f”
pm/\i}" },z—m . Ha/\tj \”,_nn
AN
Ho me Q@

& Step 2 .
TFA {4 equiv.), DOR (Q.4M) R

[0132] To a solution of 2’-O-methyl uridine (10 g, 39 mmol) in DMF (30 mL) was
added imidazole (5.80 g, 85.0 mmol) and the solution was cooled to 5 °C. To the solution
was added TBSCI (12.8 g, 85.0 mmol) slowly over 15 minutes. The reaction was then
warmed to 23 °C and found to reach completion within 20 hours. The reaction was added
to a separatory funnel containing 100 mL ethyl acetate and washed 5 x 250 mL with
water to remove the DMF. The organic layer was dried over sodium sulfate and
concentrated to dryness. The white solids were redissolved in dichloromethane (100 mL)
and treated with TFA (18.2 g, 160 mmol). After 20 hours, the reaction was poured into a
flask containing 300 mL water and pH adjusted to pH = 8 with solid sodium bicarbonate.
The aqueous layer was extracted with dichloromethane (3x150 mL). The
dichloromethane layer was dried over sodium sulfate and concentrated to 30 mL or until
solids begin to precipitate. The concentrated solution was then transferred to a flask
equipped with overhead stirring and treated with 70 mL hexanes. The solution was aged
for 3 hours and the solids were collected via filtration funnel and the cake was rinsed with
100 mL hexanes. The solids were dried in a vacuum oven resulting white solids (9.9 g,

68%). The crude solids were found to be 95% pure by HPLC and used without further
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purification. The identity was confirmed with proton NMR and MS analysis and found to
be consistent with data in literature (Chem. Commun. 2021, 57 (55), 6808-6811).

[0133] 'H NMR (400 MHz, CDCl3) & 8.34 (s, 1H), 7.68 (d, J=8.1 Hz, 1H), 5.75 (dd,
J=8.1,23 Hz, 1H), 5.68 (d,J=4.1 Hz, 1H), 438 (t, /= 5.1 Hz, 1H), 4.09 (dt, /= 5.0,
2.2 Hz, 1H), 4.06 — 3.95 (m, 2H), 3.85 — 3.72 (m, 1H), 3.51 (s, 3H), 2.61 — 2.52 (m, 1H),
0.94 (s, 9H), 0.14 (s, 3H), 0.13 (s, 3H).

[0134] '3C NMR (101 MHz, CDCls) § 163.44, 150.24, 142.10, 10231, 91.11, 85.33,
82.55, 69.57, 61.06, 58.47, 25.71, 25.65, 18.15, -4.72, -4.82.

f. Benzyloxymethyl acetal (BOM)-protection of nucleoside (GP6)

F;YO AN
o DBU{1.3 eq.), 0 °C, 40 min o N//Y
m/\(_?“ )/NH BOMC! {1.3 eq., 95% pure} Hc’\Q" ?f’N\-'* o8

RO oMe” > RG  ome®
R =H, R = H, 86% yield
R=0TES R=OTES, 76% yield

[0135] To 100-mL round bottom flask equipped with a magnetic stir bar containing
50.0 mL of DMF, was added 1-(4-hydroxy-5-(hydroxymethyl)-3-
methoxytetrahydrofuran-2-yl)pyrimidine-2,4(1H,3H)-dione (7.11 g, 25.0 mmol). The
resulting solution was treated with DBU (4.85 mL, 32.5 mmol, 1.3 equiv.) and BOMCI
(4.50 mL, 32.5 mmol, 1.3 equiv.) at 0 °C for 40 minutes. The progress of reaction was
monitored by TLC analysis. Upon completion, the reaction was quenched with H2O (50
mL), and the resulting mixture was extracted with EtOAc (150 mLx4). The combined
organic layer was washed with brine (100 mL), dried over Na2SQg, filtered, and
concentrated in vacuo. The crude product was purified by silica gel column
chromatography with DCM/MeOH as eluants (0-5% MeOH-DCM gradient) by using a
Combi-Flash NextGen 300 automated chromatography system.
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g. DMF-formamidine protection of NH, of nucleoside (GP7)

\
— #eq =N N—
Py I G e
Y wd N U
Sy NN 8 8 N

gx{; DRIF, o 188 X

Adenosine-ketal >30% yieid

\
Ni
M:/
k

NHz MeD
o ﬂ MeG>_N< 5eq} D J@/\(

a0 bme He  Ome

DRIF ot 188

Wy

2°-OMe-Cytidine 85% yield
[0136] An oven-dried 100-mL RB-flask equipped with a magnetic stir bar was
charged with adenosine-ketal (1 equiv) or 2'-OMe-cytidine (1 equiv), and then 1, 1-
dimethoxy-N,N- dimethylmethanamine (5 equiv, 32.5 mmol) in DMF (10 mL, 0.65 M).
After stirring for 18 hours at room temperature, the reaction mixture was concentrated to
dryness (20 x 2 mL toluene was added to aid the evaporation of DMF under reduced
pressure) and the crude white solid triturated with ether (3 x 100 mL). The solid was
collected by filtration and dried under high vacuum for 12 hours to yield >90% pure
product (90-95%) as off-white solid.

h. N-Alkylations of uridine

1-((2R,3R,4R,5R)-4-hydroxy-5-(hydroxymethyl)-3-methoxytetrahydrofuran-2-yl)-3-(3-
methylbut-2-en-1-yl)pyrimidine-2,4(1H,3H)-dione

Y 1-bromo-3-raathylbut-2-gns (1.8 squiv.), =0

== T
0 //\)& o //Y
e LN K05 (2.0 equiv.) T G e N
~r D BN
o' ome® HO ome® Jw/

Me
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[0137] To a 50-mL round bottom flask equipped with a magnetic stir bar containing
30.0 mL of DMF was added 2’-O-methyl uridine (5.96 g, 23.069 mmol, 1.0 equiv.), 1-
bromo-3-methylbut-2-ene (4.77 mL, 6.15 mmol, 1.79 equiv.) and potassium carbonate
(6.35 g, 45.96 mmol, 2.0 equiv.). The reaction mixture was allowed to stir at 60 °C for 4h
before it was diluted with 30 mL of water and extracted with dichloromethane (3%20
mL). The organic layer was collected, dried over magnesium sulfate, filtered,
concentrated, and purified by silica gel column chromatography with acetone/hexane =
1:1 as eluent followed by drying under vacuum overnight to give titled compound as a
white solid with a yield of 54%. The identity was confirmed with proton NMR and MS
analysis and found to be consistent with data in literature (J. Am. Chem. Soc. 2017, 139,
5467—5473).

[0138] 'H NMR (500 MHz, CDCl3) § 7.73 (d, J=8.1 Hz, 1H), 5.81 (d, J=3.1 Hz,
1H), 5.78 (d, J= 8.1 Hz, 1H), 5.24 (td, J=7.7, 7.0, 1.6 Hz, 1H), 4.61 — 4.48 (m, 2H),
4.35(dt,J=172, 5.6 Hz, 1H), 4.08 — 3.98 (m, 3H), 3.88 (ddd, /= 12.7, 6.1, 2.8 Hz, 1H),
3.61 (s, 3H), 2.74 (d, J= 6.2 Hz, 1H), 2.71 (d, J= 7.3 Hz, 1H), 1.82 (d, J= 1.4 Hz, 3H),
1.72 (d, /= 1.6 Hz, 3H).

[0139]  3C NMR (126 MHz, CDCls) & 162.65, 150.90, 139.01, 137.41, 118.28,
102.23, 90.19, 84.85, 82.98, 68.61, 61.32, 58.87,39.41, 25.85, 18.25.

i. Bis-Boc protection of Cytidine

HO — NH . TBSO — NH
o //}/ 2 1BsCI, Imidazole, o e
N}},N DMF, RT, 20h, 92% yield NYN
HO  ome® 850" OMe’

8]
i i %’OEBM
O TBSO

Bud '8y

ZN\__N
- 0 //h/ 0’8y
DMAP (0.2 eq.), KQ‘N)/“ Zi/

NEt (2.2 eq), DMF, RT,20h . O

69% yield
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G

7
TBAF (2.1 eq.), o'Bu

THF, 0 °C HO @T .
91% vield o . | OBy
F— . YN O

HO  ‘ome’

i. Bis-Boc protection of Adenosine

/L?i 0 {‘:‘IJ\ /""M
I N -
HO —N 8i S O o NH;
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W ipr S e,

s Y Ny s

0 g Oie
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k. Phthalimido protection of Adenosine

A i \‘ /L =R
HO O \ NH3
,e:::N ] o 1
O b NH, iPr._J 73
= } 3o iPr*'S{ S,

o Ky '/OM e
R Py, 0°C to rf, 20 hr -0 ®
O ome TN 84% yield w7\
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76% yield o ONe

1. Guanosine protection

NtBu
)]\ (3.2 equiv.)
MeoN Npe,
TBSO O>__N/*‘~N then
TR Y VK)&G BnBr (4.0 equiv.) Benzylation
Dile DME (0.3M) Mixture
NN
e 0°C 16h
HoN Ag. Quench
NtBu
/U\ (3.2 equiv.)
MG?N NI\"}EQ
’ TBSO
then N/RQN
BnBr (4.0 equiv.) _—_— 4 OB
DMF (0.3M) Ot N !{!
0°C 16h Y
anN
Ag. Quench 42% Yield

Example 2. Spectra of specific monomers

a. DMF-A-diol

[0140] 'HNMR (500 MHz, DMSO) & 8.92 (t, J = 0.6 Hz, 1H), 8.51 (s, 1H), 8.42 (s

1H), 6.06 (d, J = 5.9 Hz, 1H), 5.33 — 5.26 (m, 2H), 4.41 — 4.31 (m, 2H), 3.98 (q, /= 3.6
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Hz, 1H), 3.68 (ddd, J = 12.0, 4.9, 3.8 Hz, 1H), 3.57 (ddd, J = 12.0, 6.5, 3.8 Hz, 1H), 3.31
(s, 3H), 3.20 (d, /= 0.5 Hz, 3H), 3.13 (d, J = 0.6 Hz, 3H).

[0141] '3C NMR (126 MHz, DMSO) § 159.37, 158.09, 151.90, 151.11, 141.33,
125.77, 86.28, 85.63, 82.47, 68.74, 61.36, 57.48, 54.92, 40.69, 34.58.

b. 3-TBS-G-DMF-AMIDE

[0142] 'H NMR (500 MHz, CDCls) & 8.46 (s, 1H), 7.71 (s, 1H), 7.16 — 7.13 (m, 1H),
5.80(d,.J=7.4 Hz, 1H), 4.50 (dd, /= 4.9, 1.4 Hz, 1H), 442 (dd, J= 7.5, 4.9 Hz, 1H),
4.15 (p, J= 1.4 Hz, 1H), 3.90 (dd, J= 12.6, 2.1 Hz, 1H), 3.68 (dd, J = 12.6, 1.5 Hz, 1H),
3.27 (s, 3H), 3.18 (t, J = 2.2 Hz, 3H), 3.12 — 3.05 (m, 3H), 0.93 (t,/= 1.1 Hz, 9H), 0.12
(dt, J= 8.5, 1.0 Hz, 6H).

c. 3-TBS-ABn»

[0143] '"H NMR (500 MHz, CDCl3)  8.36 (s, 1H), 7.79 (s, 1H), 7.36 — 7.24 (m, 10H),
5.86(d, /J=8.0Hz, 1H), 5.80 —4.75 (m, 4H), 4.72 (dd, /=8.0,4.6 Hz, 1H), 4.61 (d, /=
4.6 Hz, 1H), 422 (d, /= 1.6 Hz, 1H),3.97 (dd, /=13.1, 1.6 Hz, 1H), 3.74 (d, /J=13.0
Hz, 1H), 3.29 (s, 3H), 0.96 (s, 9H), 0.16 (d, J = 8.6 Hz, 6H).

d. 3-TBS-T-BOM

[0144] 'H NMR (400 MHz, CDCl3) § 7.38 — 7.16 (m, 7H), 6.10 (t, /= 6.7 Hz, 1H),
5.44 (s, 2H), 4.65 (s, 2H), 4.43 (dt, J= 6.8, 3.7 Hz, 1H), 3.87 (dd, J = 9.8, 3.4 Hz, 2H),
3.71(ddd, J = 12.1, 6.4, 3.5 Hz, 1H), 2.36 — 2.10 (m, 3H), 0.85 (s, 9H).

[0145] 3C NMR (101 MHz, CDCls) § 163.54, 151.13, 138.11, 135.70, 128.41,
127.80, 127.75, 110.46, 87.68, 87.61, 72.37, 71.71, 70.66, 62.24, 40.69, 25.84, 18.08,
13.40, -4.55, -4.72.

e. 3-TBS-N-Allyl-U-diol

[0146] 'H NMR (400 MHz, CDCl3) & 7.24 (s, 1H), 5.38 — 5.30 (m, 2H), 4.80 (tp, J =
6.9, 1.4 Hz, 1H), 4.16 — 4.02 (m, 2H), 3.90 (dt, /= 7.2, 5.6 Hz, 1H), 3.66 — 3.55 (m, 3H),
3.43(ddd, J=12.6,6.2,2.8 Hz, 1H), 3.17 (s, 3H), 2.23 (d, /= 7.2 Hz, 1H), 2.16 (s, 1H),
1.37 (s, 3H), 1.28 (q, /= 1.1 Hz, 3H).

[0147] 3CNMR (101 MHz, CDCl3) § 162.73, 162.62, 150.89, 139.25, 137.06,
118.38, 101.85, 90.10, 85.06, 83.28, 69.56, 60.66, 58.46, 39.30, 36.56, 31.49, 25.76,
18.19, 18.15, -4.68, -4.79.
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f. Adenosine-N-Formamidine

[0148] 'H NMR (500 MHz, CDCl3) & 8.93 (s, 1H), 8.47 (s, 1H), 7.90 (s, 1H), 6.57 —
6.52 (m, 1H), 5.86 (d,.J = 4.9 Hz, 1H), 5.20 (t, /= 5.4 Hz, 1H), 5.10 (dd, J=5.9, 1.3 Hz,
1H), 4.51 (q,J = 1.6 Hz, 1H), 3.96 (dd, /= 12.7, 1.5 Hz, 1H), 3.80 — 3.73 (m, 1H), 3.19
(s, 3H), 1.62 (s, 3H), 1.35 (s, 3H).

[0149] 13C NMR (126 MHz, CDCls) § 160.43, 158.43, 152.16, 150.14, 141.38,
127.69, 114.04, 94.41, 86.12, 83.05, 81.81, 63.53, 41.48, 35.36, 27.75, 25.34.

Example 3. Synthesis of cyclic-chlorophosphate nucleosides (GP8)

a. Study of conditions for synthesis of cyclic chlorophosphite

/‘% POCH (1.05 eq.), catalyst (0.25 eq) o o -
Base (9_ 0 eg), Soivent {0.1M) ;ﬁ}—ﬂ%a
HoY

Ll e =

Q N
OMeO R kY
Ct ﬁMeQ R

Yields and dr are determined based on ¥ NMR. R = 1, 1-dimethylatiy} Major

[0150] An oven-dried 100 mL Schlenk flask equipped with a magnetic stir bar, was
charged with protected diol-nucleosides (1 equiv., 2 mmol), DMAP (0.1-0.2 equiv., 60-
120 mg, 0.25-0.5 mmol) in DCM (18 mL, 0.1 M). To the resulting suspension
triethylamine or S-Collidine (2.2 equiv, 4.4 mmol in 1 mL DCM) was added via syringe.
The resulting solution was cooled to -20 °C, and freshly distilled POCI3 (1.05 equiv., 2.1
mmol in 1 mL DCM) was added in one portion. After letting the solution stir for one
hour, it was warmed to O °C and stirred overnight. The diastereoselectivity of the crude
product was monitored by taking aliquots of reaction mixture and by analyzing with *'P
NMR. The reaction mixture was further stirred at room temperature for 2-4 hours until
the diastereomeric ratio (dr) of crude product reached to >20:1. Once the crude dr
achieved >20:1, reaction mixture was diluted with 10 mL of freshly distilled diethyl ether
to precipitate the amine salt. The resulting suspension was filtered via frit filter funnel and
the residue was rinsed with diethyl ether (10x2 mL). The filtrate was concentrated with
the aid of rotary evaporator. The crude product was purified via silica gel (crude product
was loaded on column by dissolving in minimum amount of DCM, height, ~2-inch,
diameter, ~0.9-inch ) column chromatography with hexanes: ethyl acetate (0 to 80%

gradient) by using a Combi-Flash NextGen 300 automated chromatography system.
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[0151]  Variations in synthesis conditions are summarized in Table 1. Resulting cyclic-
chlorophosphate nucleoside yields and diastereomeric ratios (dr) are also summarized in

Table 1.

Table 1 - Cyclic-chlorophosphate nucleoside synthesis conditions

Entry { Catalyst Base Solvent Temp {C), Time Yield {dr)
1 None n-Buli MTBE -20, th < 5%
2 None LIHMDS THF -20, 1h 20% (10:1)
3 | pAwmP KHMDS THF -20, 1h trace
4 DAMP DMAP MeCN =20, 1h 20% (10:1)
5 DMAP S-Colidine | MeCN 20, 1h 20% (3:1)
& | DMAP DMAP DOM -20, 2h 40% (15:9)
7 DMAP S-Colidine | DCM .20, th 40% (1:2.5)
8 DMAP | S-Colidine | DO -20, 20h 50% QSZi’;’; (gi—{f;:d{ P
g | DMAP | S-Colidine | DOM 20, ththen0.200 | o0 Esofgz*‘d<;§ig 4 20:1)
10 | DMAP | Triethylamine| DCM 20, 1h then 0, 20h 78% (20:1)

(48% isolated vield, dr 20:1)
T9% (30:1)
{58% isolated vield, dr 35:1)

11 DMAP Triethylamine | DOM | 220, th then 0, 20h, 1t 3h

b. Study of nucleosides for synthesis of cyclic chlorophosphite

Hide
s
e e v - 2 e
.~ POCK, {1.05 0.}, DMAP (2.1 eq} o ’\3' \ 3;’_&):&
HQ Nowr NG 2.2 eqh DOM 010 ggé\w, N
RQ"“ s ‘3{8 h ‘t§;, {;:! \R
& 2050 to 0 deg. 20h, then KT, &

[0152]  Cyclic-chlorophosphate nucleosides were synthesized according to the general
procedures in Examples 3a, but using various nucleosides. Resulting cyclic-
chlorophosphate nucleosides with their yield and diastereomeric ratio (dr) were as

follows:
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2-OMe-U-Allyl-CI-CP,
50% yield, 20:1 dr

0
C

j?i

-deoxy-TBOM-CI-CP,
55% yield, 16:1 dr
with collidine, 51% vyield, 4.1 dr

° ° /_>=
O—P\ 2 N
crf

BnO

2'-F-U-BOM-CI-CP,
with collidine, 48% yield, 18:1 dr
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QWF\Q\‘ / }_‘N
Onte
2‘«@&{%3‘%3@&%‘{3%&%
82% vield, 381 dr
with collidine, 46% yield,

ﬁ:>— f‘}

oMe 0

»2001 dr

2-OMe-C(N-Bn,)-CI-CP,
30% vield, 40:1 dr

N
o o [4 Ci
| N/ \
O=P__ .. N
Cl{ o . N:::/
OMe
2-0OMe-6Cl-punne-CI-CP,
47% vyield, 10:1 dr

NBn2

Y

5Me

2’-OMe-A(N-Bn,)-CI-CP,
47% yield, 10:1 dr
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¢. Guanosine cyclic phosphate synthesis
EtsN 0 ENES
HO 0 3 N
N DMAP o} N
At /
o N _osn __POCl g o L = / OBn
OMe N / DCM ® NQN
7/'\* 0°C 16h g
Bn,N BnoN

Example 4. Synthesis of specific cyclic-chlorophosphate nucleosides

a. 3-((benzyloxy)methyl)-1-((2S.4aR_6R.7R.7aR)-2-chloro-7-methoxy-2-

oxidotetrahydro-4H-furo[3.2-d][1.3.2]dioxaphosphinin-6-yl)pyrimidine-2.4(1H.3H)-

8n0O
[0153] The compound was synthesized by following general procedure GP8 using U-
BOM (1.85 g, 4.9 mmol, 1 equiv.), triethylamine (1.09 g, 10.76 mmol, 2.2 equiv.),
DMAP (120 mg, 0.098 mmol, 0.2 equiv.) and POCI3 (824 mg, 5.37 mmol, 1.1 equiv.), in
DCM (35 mL, 0.14M). Column conditions. SiO2-25g column, wet loading by dissolving
in minimum amount of DCM, Hex-EA gradient (0% to 80%), 1380 mg of desired product
isolated as white solid. Yield = 62%, dr = 38:1.
[0154] 3P NMR (162 MHz, CDCl3) § -1.12, -1.72.
[0155] 'H NMR (400 MHz, CDCl3) § 7.41 — 7.27 (m, 5H), 7.13 (d, J = 8.1 Hz, 1H),
5.79(d, J= 8.1 Hz, 1H), 5.50 — 5.41 (m, 2H), 5.30 (q, J= 0.9 Hz, 1H), 4.92 (ddd, J=9.9,
5.1,3.5 Hz, 1H), 4.78 — 4.64 (m, 3H), 4.46 (ddd, J=11.2,9.7, 1.7 Hz, 1H), 432 (d, J=
5.1 Hz, 1H), 4.25 (td, J = 10.3, 4.7 Hz, 1H), 3.57 (s, 3H).
[0156] '3C NMR (101 MHz, CDCls) & 162.22, 150.38, 141.12, 137.83, 128.52,
128.01, 127.82, 103.03, 97.69, 80.02, 79.95, 79.55, 79.46, 72.67, 70.93, 70.83, 70.51,
70.30, 70.24, 59.87.
[0157] HR-MS is not determined as the compound hydrolyzed in the process of

analysis.
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b. 3-((benzyloxy)methyl)-1-((2S.4aR.6R. 7R 7aR)-2-chloro-7-fluoro-2-

oxidotetrahydro-4H-furo[3.2-d][1.3.2]dioxaphosphinin-6-y])pyrimidine-2.4(1H.3H)-

BnO
[0158] The compound was synthesized by following general procedure GP8 using U-
BOM (900 mg, 2.46 mmol, 1 equiv.), triethylamine (522 mg, 5.17 mmol, 2.1 equiv.),
DMAP (60 mg, 0.049 mmol, 0.2 equiv.) and POCI3 (414 mg, 2.70 mmol, 1.1 equiv.), in
DCM (25 mL, 0.1M). Column conditions. Si02-10g column, wet loading by dissolving in
minimum amount of DCM, Hex-EA gradient (0% to 80%), 530 mg of desired product
isolated as white solid. Yield = 48%, dr = 18:1.
[0159] 3P NMR (162 MHz, CDCls) & -1.62, -2.04.
[0160] 'H NMR (400 MHz, CDCl3) § 7.38 — 7.27 (m, 5H), 7.12 (d, J = 8.0 Hz, 1H),
5.82(d, J=8.0 Hz, 1H), 5.65 — 5.36 (m, 3H), 5.31 (s, 1H), 5.30 (s, 2H), 5.15 (ddt, J =
22.9,8.6,4.0 Hz, 1H), 4.76 (dd, J= 9.7, 4.6 Hz, 1H), 4.69 (s, 2H), 4.51 (t, /= 10.0 Hz,
1H), 4.24 (td, J=10.3, 4.6 Hz, 1H), 4.12 (q, /= 7.1 Hz, 1H).
[0161] HR-MS is not determined as the compound hydrolyzed in the process of

analysis.

c. 1-((28.4aR 6R.7R.7aR)-2-chloro-7-methoxy-2-oxidotetrahydro-4H-furo[3.2-

1)-4-(dibenzylamino)pyrimidin-2(1H)-one

0 0 =
o) N/..>——NBn2
ot T~ )——N

¢ :(')Me{)

[0162] The compound was synthesized by following general procedure GP8 using C-

d][1.3.2]dioxaphosphinin-6-

Bn2 (870 mg, 2.46 mmol, 1 equiv.), triethylamine (443 mg, 4.37 mmol, 2.2 equiv.),
DMAP (24 mg, 0.02 mmol, 0.1 equiv.) and POCI3 (335 mg, 2.19 mmol, 1.1 equiv.), in
DCM (21 mL, 0.1M). Column conditions. Si02-10g column, wet loading by dissolving in
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minimum amount of DCM, Hex-EA gradient (0% to 100%), 304 mg of desired product
isolated as white solid. Yield = 30%, dr =22:1.

[0163] 3'P NMR (162 MHz, CDCl3) 6 -0.96, -1.11.

[0164] 'H NMR (400 MHz, CDCl3) § 7.34 — 7.17 (m, 12H), 7.07 (d, J = 7.3 Hz, 2H),
5.78 (d,J= 7.7 Hz, 1H), 5.26 (d, J = 14.4 Hz, 1H), 5.18 (ddd, J= 9.6, 5.0, 3.6 Hz, 1H),
5.02 - 4.90 (m, 2H), 4.63 (ddd, J=27.1, 9.6, 4.7 Hz, 1H), 4.51 — 4.39 (m, SH), 4.21 (td, J
=103, 4.7 Hz, 1H), 3.53 (s, 3H).

[0165] '*C NMR (101 MHz, CDCl3) & 164.53, 154.59, 144.22, 136.64, 135.55,
129.25, 128.82, 128.65, 128.03, 127.91, 126.26, 98.34, 92.95, 80.30, 80.23, 79.84, 79.75,
77.36, 71.24, 71.14, 70.40, 70.35, 59.70, 50.85, 50.57.

[0166] HR-MS is not determined as the compound hydrolyzed in the process of

analysis.

d. 3-((benzyloxy)methyl)-1-((2S.,4aR.6R.7aS)-2-chloro-2-oxidotetrahydro-4H-
furo[3.2-d][1,3.2]dioxaphosphinin-6-y1)-5-methylpyrimidine-2.4(1H.3H)-dione

Me
0 0 =
___é N O
CI_I ~o 3 N
H O
BnO

[0167] The compound was synthesized by following general procedure GP8 using T-
BOM (2.5 g, 7.18 mmol, 1 equiv.), triethylamine (1.598 g, 15.79 mmol, 2.2 equiv.),
DMAP (175 mg, 1.43 mmol, 0.1 equiv.) and POCI; (1.21 g, 7.89 mmol, 1.1 equiv.), in
DCM (60 mL, 0.12M). Column conditions. Si02-25¢g column, wet loading by dissolving
in minimum amount of DCM, Hex-EA gradient (0% to 85%), 1700 mg of desired product
isolated as white solid. Yield = 55%, dr = 16:1.

[0168] 3'P NMR (162 MHz, CDCl3) 6 -1.48, -1.98.

[0169] 'H NMR (400 MHz, CDCl3) 8 7.40 — 7.28 (m, SH), 7.28 — 7.22 (m, 1H), 6.92
(q, /=12 Hz, 1H), 5.97 (dd, J= 8.8, 3.0 Hz, 1H), 5.48 (d, /= 1.7 Hz, 2H), 5.04 — 4.91
(m, 1H), 4.79 — 4.61 (m, 3H), 4.53 (ddd, J = 10.6, 9.7, 1.7 Hz, 1H), 3.95 (dddd, J=10.7,
9.1,4.6,0.7 Hz, 1H), 2.74 — 2.53 (m, 2H), 1.95 (d, J= 1.2 Hz, 3H).
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[0170] '*C NMR (126 MHz, CDCl3) & 163.13, 150.39, 137.95, 135.67, 128.47,
127.92,127.82,111.49, 88.37,79.12, 79.07, 77.36, 73.71, 73.66, 72.57, 71.07, 70.99,
70.75, 34.70, 34.62.

[0171] HR-MS is not determined as the compound hydrolyzed in the process of

analysis.

e. (2S.4aR.6R.7R.7aR)-2-chloro-6-(6-chloro-9H-purin-9-yl)-7-methoxytetrahydro-
4H-furo[3.2-d][1.3.2]dioxaphosphinine 2-oxide

/\{IN/‘CI

[0172] The compound was synthesized by following general procedure GP8 using 2-
OMe-A(6Cl)-diol (1050 mg, 3.5 mmol, 1 equiv.), triethylamine (777 mg, 7.68 mmol, 2.2
equiv.), DMAP (43 mg, 1.43 mmol, 0.1 equiv.) and POCIl3 (589 mg, 3.84 mmol, 1.1
equiv.), in DCM (30 mL, 0.12M). Column conditions. Si02-10 g column, wet loading by

dissolving in minimum amount of DCM, Hex-EA gradient (0% to 85%), 620 mg of
desired product isolated as white solid. Yield = 47%, dr=10:1.

[0173] 3P NMR (162 MHz, CDCls) & -1.16, -1.76.

[0174] 'H NMR (400 MHz, CDCl3) & 8.80 (s, 1H), 8.18 (s, 1H), 6.01 (s, 1H), 5.60 (dt,
J=8.9,42Hz, 1H), 490 — 437 (m, 4H), 3.63 (s, 3H).

[0175] '3C NMR (101 MHz, CDCls) § 152.55, 144.61, 132.93, 91.84, 80.24, 80.15,
80.03, 79.97, 71.01, 70.91, 70.64, 70.58, 60.20.

[0176] HR-MS is not determined as the compound hydrolyzed in the process of

analysis.
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methoxytetrahydro-4H-furo[3.2-d][1.3.2]dioxaphosphinine 2-oxide

NB“Q

[0177]  The compound was synthesized by following general procedure GP8 using A-
Bn2 (2.2 g, 477 mmol, 1 equiv.), triethylamine (1.061 g, 10.49 mmol, 2.2 equiv.), DMAP
(58 mg, 0.47 mmol, 0.1 equiv.) and POCI3 (804 mg, 5.24 mmol, 1.1 equiv.), in DCM (45
mL, 0.11M). Column conditions. Si02-25g column, wet loading by dissolving in
minimum amount of DCM, Hex-EA gradient (0% to 100%), 1220 mg of desired product
isolated as white solid. Yield =47%, dr = 18:1.

[0178] 3P NMR (203 MHz, CDCls) & -1.01, -1.26.

[0179] 'H NMR (500 MHz, CDCl3) § 8.37 (s, 1H), 7.73 (s, 1H), 7.33 — 7.24 (m, 11H),
5.90 (s, 1H), 5.81 (ddd, J = 9.7, 4.9, 3.6 Hz, 1H), 5.00 (s, 2H), 4.70 (ddd, J = 27.2, 9.6,
4.7Hz, 1H), 4.63 (d, J= 4.9 Hz, 1H), 4.51 (ddd, J=11.0, 9.6, 1.6 Hz, 1H), 4.38 (td, J =
10.3, 4.6 Hz, 1H), 3.60 (s, 3H).

[0180] '3C NMR (101 MHz, CDCls) & 152.41, 150.19, 138.39, 128.84, 127.95,
127.69, 120.56, 91.79, 80.31, 80.22, 80.12, 80.05, 71.22, 71.12, 70.53, 70.47, 60.00.
[0181] HR-MS is not determined as the compound hydrolyzed in the process of

analysis.

g 1-((2S.,4aR 6R.7R.7aR)-2-chloro-7-methoxy-2-oxidotetrahyvdro-4H-furo[3.2-

d][1.3.2]dioxaphosphinin-6-yl)-3-(3-methylbut-2-en-1-y)pyrimidine-2 4(1H.3H)-

[0182]  The title compound was synthesized by following general procedure GP8 using
U-Allyl-diol (650 mg, 2 mmol, 1 equiv.), S-collidine (507 mg, 4.18 mmol, 2.1 equiv.),
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DMAP (49 mg, 0.4 mmol, 0.2 equiv.) and POCl; (804 mg, 5.24 mmol, 1.1 equiv.), in
DCM (20 mL, 0.1M). Column conditions. Si02-10 g column, wet loading by dissolving
in minimum amount of DCM, Hex-EA gradient (0% to 100%), 400 mg of desired product
isolated as white solid. Yield = 49%, dr = 14:1.

[0183] 3'P NMR (162 MHz, CDCl3) 6 -1.08, -1.71.

[0184] 'H NMR (400 MHz, CDCl3) & 7.12 (d, J = 8.1 Hz, 1H), 5.81 (d, /= 8.0 Hz,
1H), 5.35 (d, /= 1.1 Hz, 1H), 5.20 (tdd, J= 6.8, 2.8, 1.4 Hz, 1H), 4.93 (ddd, J=9.8, 5.1,
3.5 Hz, 1H), 4.72 (ddd, J=27.1,9.7, 4.7 Hz, 1H), 4.57 — 4.42 (m, 3H), 4.36 (d, /= 5.0
Hz, 1H), 4.26 (td, J=10.3, 4.7 Hz, 1H), 3.58 (s, 3H), 1.81 (s, 3H), 1.72 (d, /= 1.2 Hz,
3H).

[0185] HR-MS is not determined as the titled compound hydrolyzed in the process of

analysis.

Example 5. Synthesis of cyclic dinucleotides

a. Multi-pot synthesis — Method A (GP9)
[0186] Inside the N2-filled glovebox, a 20 mL reaction tube A equipped with a

magnetic stir-bar, was charged with LiOtBu (1 equiv., 1 mmol), and the reaction tube was
then taken out of the glovebox, put under nitrogen atmosphere via the Schlenk-line
technique and kept at -20 °C with aid of a cryocooler. A stock of solution with 5’-OH-
nucleoside (1 equiv., 1 mmol) in Toluene (5 mL, 0.2 M) was added to the reaction tube A.
The resulting reaction was stirred at -20 °C for 30 min.

[0187]  Another 20 mL reaction tube B equipped with magnetic stir bar was charged
with cyclic-chlorophosphate nucleosides (1.2 equiv., 1.2 mmol) and 5 mL of MeCN. The
reaction mixture was cooled to -20 °C with aid of a cryocooler. The pre-stirred solution of
alkoxide from reaction tube A was transferred to a round bottom flask via syringe
dropwise over the period of 5 minutes while stirring under nitrogen atmosphere. The
resulting reaction mixture was stirred for 18 hours at -20 °C. In cases where incomplete
conversion was observed, the reaction was warmed to room temperature for 30 minutes to
ensure 100% conversion. The reaction was tracked by *'P NMR. Upon completion of the
reaction, the crude reaction mixture was concentrated under reduced pressure and the
crude product was purified via Combi-Flash NextGen 300 automated chromatography

system with hexane: ethyl acetate (0% to 100% gradient). Alternatively, DCM:
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Acetonitrile (2% isopropanol) or DCM: Ethyl acetate (2% MeOH) was used for more
polar compounds. For adenosine and cytidine containing cyclic dinucleotide, DCM:

MeOH was used as an eluant (0% to 10%).

b. Multi-pot synthesis — Method B (GP10)

[0188] A solution of 5’-OH-nucleoside (1 equiv., 1 mmol) and triethylamine (1.1
equiv., 1.1 mmol) in dichloromethane (2.5 mL) was added to reaction tube A containing a
solution of POCI; (1 equiv., 1 mmol) in DCM (2.5 mL), dropwise over a period of 25
minutes while stirring at -20 °C. The resulting solution was stirred for 30 minutes.

[0189]  Another reaction tube B equipped with magnetic stir bar was charged with
protected diol-nucleosides (1 equiv., 1 mmol) and DMAP (2.2 equiv., 2.2 mmol) in DCM
(5 mL, 0.2M). The resulting suspension was cooled to -78 °C. The pre-stirred solution
from reaction tube A was cannula transferred to reaction tube B. The resulting mixture
was stirred for an additional 1 hour at -78 °C and slowly warmed to room temperature,
while stirring for another 1 hour. The reaction was monitored by *'P NMR and upon
completion, it was diluted with diethyl ether to precipitate the salts and filtered with frit
filter funnel. The resulting filtrate was concentrated under reduced pressure. The crude
product was purified via Combi-Flash NextGen 300 automated chromatography system
with silica gel column with hexanes:acetone (0% to 100% gradient, Crude product was
loaded on the column by dissolving in minimum amount of DCM (height, ~3-inch,
diameter, ~0.9-inch). Alternatively, DCM:Acetone was used for more polar compounds.
For adenosine containing cyclic dinucleotide, DCM:MeOH was used as an eluant (0% to

5%)

c. Study of reaction conditions for synthesizing cyclic dinucleotides

= '}?
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[0190] Cyclic dinucleotides were synthesized according to the general procedures of
Example 5b, but using various synthesis conditions as summarized in Table 2. Resulting

cyclic dinucleotides yields (based on *'P NMR) are also summarized in Table 2.
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Table 2 — Cyclic dinucleotide synthesis conditions

dr of CI-CP Base  Solvent m‘f;f;‘; ?Src’s?,%ﬂn) 31:i:sm
11 LoBu MeoN o o%

51 LiOtBu MeCN 31 90%

511 LiOtBu  Toluens 4:1 91%

51 NaCGtBu Toluene 21 84%

511 KOtBu  Toluene 11 78%

1511 LiCiBu  Toluene 51 90%

Scaled up

51 LiCtBu  Toluens 4:1 80% (70% isolated yield)

20:1 LiCtBu  Teluene &1 > 20% (88% isolated yiald}

341 (1.1 equiv) LIOBu ACNfToluene > 10:1 > Q0% (86% isolated yield)

d. Study of nucleosides for synthesis of cyclic dinucleotides

HO
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[0191]  Cyclic-dinucleotides were synthesized according to the general procedures in

Examples 5b, but using various nucleosides. Resulting cyclic dinucleotides with their
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yield and/or diastereomeric ratio (dr) were as follows [yields and dr are reported for

isolated materials; structure of major diastereomer shown]

L8] : Q
Q Q
TBSQ: O. /\Q-—Uamrl TBS% Ol yBsom
p ~P . p =P .
ELaC N (bl NP /

MeO::. o ot MeOs. o 2
fo) OMe o OMe

TELT ysoMm BOMUUaOM

allylygyallyl 83% yield, dr 15:1
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88% vield, dr = 5:1 (66% for dr 20:1)
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63% yield, dr 10:1 74% vield, dr 12:1
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e. One-pot synthesis — Method C (GP11)
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[0192] A solution of 5’-OH-nucleoside (1 equiv., 1 mmol) and triethylamine (1.1
equiv., 1.1 mmol) in dichloromethane (2.5 mL) was added to reaction tube A containing a
solution of POCI3 (1 equiv., 1 mmol) in DCM (2.5 mL), dropwise over a period of 25
minutes while stirring at -20 °C. The resulting solution was stirred for 30 minutes.
[0193]  Another reaction tube B equipped with magnetic stir bar was charged with diol
(1 equiv., 1 mmol) and DMAP (2.2 equiv., 2.2 mmol) in DCM (5 mL, 0.2M). The
resulting suspension was cooled to -78 °C. The pre-stirred solution from reaction tube A
was cannula transferred to reaction tube B. The resulting mixture was stirred for
additional 1 hour at -78 °C and slowly warmed to room temperature while stirring for
another 1 hour. The reaction was monitored by 3'P NMR and upon completion, it was
diluted with diethyl ether to precipitate the salts and filtered with frit filter funnel. The
resulting filtrate was concentrated under reduced pressure. The crude product was
purified via Combi-Flash NextGen 300 automated chromatography system with silica gel
column with hexanes:acetone (0% to 100% gradient). Crude product was loaded on
column by dissolving in minimum amount of DCM, height, ~3-inch, diameter, ~0.9-inch.
Alternatively, DCM:Acetone can be used for more polar compounds. For adenosine

containing cyclic dinucleotide, DCM:MeOH was used as an eluant (0% to 5%).

f. Guanosine dimer synthesis

HO 0, o Q
N Loy (22equv) | T N
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Obe Ny o DM L NN

-25°C 2Zh
BHQN BRQN




WO 2024/233624 PCT/US2024/028291

-77 -

HOTN-O sy

N
\\‘L}‘ 8 /’\\\‘\ N
Tas0” % ?’/’Kfo O\\é/\[)‘

OMa Vel o=

® Ny Nen o
BripN TBSO,,, buse N N MR
{0.6 eguiv.) . | 'y "
DCM e
then

LIOIBU{1.3 equiv) {d %o Yieig)
-25°C 2h ro i
By N"<

lm

Example 6. Synthesis of specific cyclic dinucleotides

a. 3-((benzyloxy)methyD)-1-((2R.4aR 6R.7R.7aR)-2-(((2R,3R 4R 5R)-5-(3-
((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-y1)-3-((tert-

butyldimethylsilyl)oxy)-4-methoxytetrahydrofuran-2-yl)methoxy)-7-methoxy-2-
oxidotetrahydro-4H-furo[3.2-d][1.3.2]dioxaphosphinin-6-yl)pyrimidine-2 4(1H.3H)-

MeOn.. o’
o) OMEO
o BnO
BnO ; N
\, N)j BOMUuBOM

o)

dione

[0194] The compound was synthesized by following general procedure GP10 using 3-
((benzyloxy)methyl)-1-((2R,3R,4R,5R)-4-((tert-butyldimethylsilyl)oxy)-5-
(hydroxymethyl)-3-methoxytetrahydrofuran-2-yl)pyrimidine-2,4(1H,3H)-dione (3-
OTBS-U-BOM, 400 mg, 0.81 mmol, 1 equiv.), LiOtBu (72 mg, 0.89 mmol, 1.1 equiv.),
3-((benzyloxy)methyl)-1-((2S,4aR ,6R,7R,7aR)-2-chloro-7-methoxy-2-oxidotetrahydro-
4H-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)pyrimidine-2,4(1H,3H)-dione (U-BOM-Cl-
CP, 410 mg, 0.89 mmol, 1.1 equiv.), and in Toluene:ACN (1:1). Column conditions:
Si02-10g column, Next-Gen automated system, wet loading by dissolving in minimum
amount of DCM, Hex-EA gradient (0% to 100%), desired product was isolated as white
solid in two fractions. Yield = F2, 66%, dr =20:1, F1, 17%, 15:1. Overall yield = 83%.
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[0195] 3P NMR (162 MHz, CDCls) § -3.76.

[0196] 'H NMR (400 MHz, CDCl3) & 7.61 (d,.J = 8.2 Hz, 1H), 7.44 — 7.26 (m, 10H),
7.14(d, J=8.2 Hz, 1H), 5.91 (d, /= 2.0 Hz, 1H), 5.81 (t, J = 8.5 Hz, 2H), 5.60 — 5.43 (m,
SH), 4.80 (ddd, /= 10.0, 5.1, 1.3 Hz, 1H), 4.73 (s, 4H), 4.70 — 4.59 (m, 1H), 4.59 — 4.48
(m, 2H), 4.39 — 4.23 (m, 2H), 4.22 — 4.11 (m, 3H), 3.69 (dd, J= 4.2, 2.0 Hz, 1H), 3.59 (s,
3H), 3.59 (s, 3H), 0.94 (s, 9H), 0.14 (d, J = 2.3 Hz, 6H).

[0197] 3C NMR (101 MHz, CDCl3) § 162.66, 162.15, 150.94, 150.38, 139.34,
138.23, 137.96, 137.93, 128.50, 128.47, 127.94, 127.88, 127.84, 127.73, 102.93, 102.10,
95.36, 89.13, 83.36, 81.44, 81.36, 80.31, 80.23, 78.07, 78.03, 77.36, 72.67, 72.44, 70.99,
70.93, 70.61, 70.41, 69.39, 69.31, 69.15, 66.51, 66.45, 59.45, 58.58, 25.77, 18.20, -4.53, -
4.83.

[0198] HR-MS (Q-TOF, ESI) calculated for [C42HssN4O1sPSi [M+H*]: 937.3063,
found 937.3009.

b. 3-((benzyloxy)methy1)-1-((2R_ 4aR.6R.7R.7aR)-2-(((2R.3R 4R .5R)-5-(3-
((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-y1)-3-((tert-

butyldimethylsilyl)oxy)-4-methoxytetrahydrofuran-2-yl)methoxy)-7-fluoro-2-

oxidotetrahydro-4H-furo[3.2-d][1.3.2]dioxaphosphinin-6-yl)pyrimidine-2.4(1H.3H)-

dione

[0199] The compound was synthesized by following general procedure GP10 using 3-
OTBS-U-BOM (200 mg, 0.41 mmol, 1 equiv.), LiOtBu (34 mg, 0.43 mmol, 1.05 equiv.),
F-U-BOM-CI-CP (200 mg, 0.45 mmol, 1.1 equiv.), and in Toluene: ACN (1:1). Column

conditions: Si02-10g column, Next-Gen automated system, wet loading by dissolving in
minimum amount of DCM, Hex-EA gradient (0% to 100%), desired product was isolated
as white solid. Yield = 77%, dr=5:1.

[0200] 3'P NMR (162 MHz, CDCl3) & -4.29, -6.86.
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[0201] 'H NMR (400 MHz, CDCl3) & 7.55 (d, J = 8.2 Hz, 1H), 7.40 — 7.27 (m, 12H),
7.08 (d,J=8.2 Hz, 1H), 5.86 (d, /= 2.1 Hz, 1H), 5.82 — 5.72 (m, 3H), 5.53 — 5.33 (m,
8H), 4.70 (d, J = 4.8 Hz, 4H), 4.58 — 4.45 (m, 3H), 4.36 (ddd, J=11.6, 6.2, 2.3 Hz, 2H),
4.28 - 4.10 (m, 4H), 3.70 (dd, J= 4.5, 2.2 Hz, 1H), 3.56 (s, 4H), 0.92 (d, /= 1.7 Hz,
10H), 0.12 (d, J = 1.2 Hz, 6H).

[0202] HR-MS (Q-TOF, ESI) calculated for CaiHs:FN4O14PSi [M+H']: 903.3044,
found 903.3038.

c. 3-((benzyloxy)methyD)-1-((2R.3R 4R.5R)-4-((tert-butyldimethylsilyl)oxy)-5-
((((2R.4aR_.6R.7R.7aR)-6-(4-(dibenzylamino)-2-oxopyrimidin-1(2H)-yl)-7-methoxy-

2-oxidotetrahydro-4H-furo[3.2-d][1.3.2]dioxaphosphinin-2-yl)oxy)methyl)-3-

methoxytetrahydrofuran-2-yl)pyrimidine-2.4(1H.3H)-dione
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[0203] The compound was synthesized by following general procedure GP using 3-
OTBS-U-BOM (200 mg, 0.41 mmol, 1 equiv.), LiOtBu (36 mg, 0.44 mmol, 1.1 equiv.),
C-Bn2-CI-CP (235 mg, 0.45 mmol, 1.12 equiv.), and in Toluene:ACN (1:1). Column
conditions: Si102-10g column, Next-Gen automated system, wet loading by dissolving in
minimum amount of DCM, DCM-EA (1% MeOH) gradient (0% to 100%), desired
product was isolated as white solid. Yield = 250 mg, 63%, dr = 10:1.

[0204] 3'P NMR (162 MHz, CDCl3) § -3.55, -6.36.

[0205] 'H NMR (400 MHz, CDCl3) 6 7.60 (d, J = 8.2 Hz, 1H), 7.40 — 7.26 (m, 15H),
7.12(d, J=7.3 Hz, 2H), 5.90 (d, /= 2.1 Hz, 1H), 5.82 (dd, J=9.0, 8.0 Hz, 2H), 5.75 (s,
1H), 5.54 — 5.40 (m, 2H), 5.03 (q, J = 14.7 Hz, 2H), 4.75 — 4.58 (m, 4H), 4.53 (s, 1H),
4.53 — 4.43 (m, 4H), 4.34 (ddd, J= 113, 9.6, 5.5 Hz, 2H), 425 — 4.11 (m, 3H), 3.69 —
3.61 (m, 4H), 3.61 — 3.51 (m, 4H), 0.91 (s, 10H), 0.11 (d, J = 2.4 Hz, 6H).

[0206] 3C NMR (101 MHz, CDCl3) § 164.50, 164.36, 162.75, 162.67, 154.70,
150.98, 141.29, 138.20, 137.98, 136.76, 135.65, 129.25, 128.80, 128.61, 128.45, 128.00,
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127.87, 127.84, 126.29, 102.14, 94.62, 92.69, 88.94, 83.37, 81.53, 81.45, 80.63, 80.56,
78.09, 78.05, 72.42, 70.95, 70.89, 70.40, 69.70, 69.62, 69.13, 66.43, 66.38, 59.29, 58.55,
58.53, 50.79, 50.49, 25.81, 25.77, 18.19, -4.45, -4.54, -4.73, -4.84.

[0207] HR-MS (Q-TOF, ESI) calculated for CagHsoNsO13PSi, [M+H']: 974.3768,
found 974.3761.

d. 3-((benzyloxy)methyl)-1-((2R,3R 4R, 5SR)-4-((tert-butyldimethylsilyl)oxy)-5-
((((2R.4aR_.6R.7R.7aR)-6-(6-chloro-9H-purin-9-y1)-7-methoxy-2-oxidotetrahydro-
4H-furo[3.2-d][1.3.2]dioxaphosphinin-2-yl)oxy)methyl)-3-methoxytetrahydrofuran-2-
yD)pyrimidine-2.4(1H.3H)-dione
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[0208] The compound was synthesized by following general procedure GP10 using 3-
OTBS-U-BOM (400 mg, 0.81 mmol, 1 equiv.), LiOtBu (72 mg, 0.89 mmol, 1.1 equiv.),
A(6C1)-CI-CP (371 mg, 0.97 mmol, 1.2 equiv.), and in Toluene:ACN (1:1). Column
conditions: Si02-10g column, Next-Gen automated system, wet loading by dissolving in
minimum amount of DCM, Hex-EA gradient (0% to 100%), desired product was isolated
as white solid in two fractions. Yield = 500 mg, 74%, dr=15:1.

[0209] 3'P NMR (162 MHz, CDCl3) § -4.02, -6.82.

[0210] 'H NMR (400 MHz, CDCl3) 6 8.80 (d, /= 0.6 Hz, 1H), 8.17 (d, J= 1.4 Hz,
1H), 7.61 (d, J = 8.2 Hz, 1H), 7.39 — 7.27 (m, 5H), 6.02 (d, /= 0.9 Hz, 1H), 5.89 (d, J =
1.9 Hz, 1H), 5.82 (d, /= 8.2 Hz, 1H), 5.57 - 5.41 (m, 3H), 4.71 (s, 2H), 4.69 — 4.49 (m,
SH), 437 (ddd, J = 10.9, 9.5, 5.5 Hz, 2H), 4.21 — 4.13 (m, 2H), 3.72 - 3.66 (m, 1H), 3.59
(s, 4H), 3.57 (s, 3H), 0.92 (s, 9H), 0.13 (d, J = 1.3 Hz, 6H).

[0211] '3C NMR (101 MHz, CDCls) & 162.65, 152.70, 152.22, 150.93, 150.79,
144.26, 138.22, 137.94, 132.72, 128.47, 127.88, 127.78, 102.11, 91.65, 89.25, 83 .38,
81.41, 81.33, 80.57, 80.49, 78.39, 72.45, 71.37,71.31, 70.41, 69.54, 69.46, 69.18, 66.54,
66.48, 59.87, 58.62, 25.78, 18.22, -4.51, -4.82.
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[0212] HR-MS (Q-TOF, ESI) calculated for C3sHasCINsO12PSi, [M+Na']: 859.2261,
found 859.2256.

e. 3-((benzyloxy)methyl)-1-((2R.4aR.6R, 7R 7aR)-2-(((2R.3R. 4R ,5R)-3-((tert-

methoxytetrahydrofuran-2-yl)methoxy)-7-methoxy-2-oxidotetrahydro-4H-furo[3.2-
d][1.3.2]dioxaphosphinin-6-yl)pyrimidine-2.4(1H.3H)-dione

TBSO o ° -
- Oy} N/_>=O
; P .- N

BnyN

[0213] The compound was synthesized by following general procedure GP10 using 3-
OTBS-A-Bn (350 mg, 0.6 mmol, 1 equiv.), LiOtBu (59 mg, 0.73 mmol, 1.2 equiv.), U-
BOM-CI-CP (335 mg, 0.73 mmol, 1.2 equiv.), and Toluene:ACN (1:1, 7 mL). Column
conditions: S102-10g column, Next-Gen automated system, wet loading by dissolving in
minimum amount of DCM, DCM:MeOH gradient (0% to 5%), desired product was
isolated as white solid. Yield = 530 mg, 87%, dr =22:1.

[0214] 3P NMR (162 MHz, CDCls) & -3.99, -6.90.

[0215] 'H NMR (400 MHz, CDCl3) & 8.40 (s, 1H), 7.95 (s, 1H), 7.36 — 7.21 (m, 17H),
6.92 (d,J=8.1 Hz, 1H), 6.11 (d, J=3.8 Hz, 1H), 5.64 (d, /= 8.1 Hz, 1H), 5.42 (d, J =
1.9 Hz, 3H), 4.96 (s, 2H), 4.74 — 4.63 (m, 4H), 4.55 — 437 (m, 3H), 4.36 — 4.16 (m, 4H),
4.04 (d, /J=5.0 Hz, 1H), 3.52 (s, 3H), 3.50 (s, 3H), 0.94 (s, 9H), 0.17 (d, /= 2.9 Hz, 6H).
[0216] 3C NMR (101 MHz, CDCl3) & 162.17, 155.13, 152.92, 150.85, 150.29,
139.56, 137.95, 137.64, 128.73, 128.50, 128.03, 127.93, 127.72, 127.49, 120.36, 102.68,
95.58,87.27, 82.53, 82.23, 82.15, 80.19, 80.12, 78.22, 78.18, 72.63, 70.62, 70.56, 70.39,
69.16, 69.08, 66.89, 66.84, 59.41, 58.77, 25.89, 18.28, -4.55, -4.72.

[0217] HR-MS (Q-TOF, ESI) calculated for C40HsoN7012PSi, [M+H"]: 998 388, found
998.3893.
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f. 3-((benzyloxy)methyl)-1-((2R.4S.5R)-5-((((2R.4aR .6R.7R.7aR)-6-(3-
((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-y1)-7-methoxy-2-

oxidotetrahydro-4H-furo[3.2-d][1.3.2]dioxaphosphinin-2-yl)oxy)methyl)-4-((tert-

butyldimethylsilyDoxy)tetrahydrofuran-2-y1)-5-methylpyrimidine-2 4(1H.3H)-dione

_,‘
121
7]
0
) /P
B0
/
. O
YZ
Lo
o]

8n0 }"N
\”_N%/Z BOMT(;BOM

o Me
[0218] The compound was synthesized by following general procedure GP10 using 3-
OTBS-T-BOM (250 mg, 0.52 mmol, 1 equiv.), LiOtBu (51 mg, 0.63 mmol, 1.2 equiv.),
U-BOM-CI-CP (289 mg, 0.63 mmol, 1.2 equiv.), and Toluene:ACN (1:1, 6 mL). Column
conditions: Si02-10g column, Next-Gen automated system, wet loading by dissolving in
minimum amount of DCM, Hex:EA gradient (0% to 100%), desired product was isolated
as white solid. Yield = 420 mg, 89%, dr =22:1.
[0219] 3P NMR (162 MHz, CDCl) 6 -3.60, -6.41.
[0220] 'H NMR (400 MHz, CDCl3) § 7.41 — 7.31 (m, 10H), 7.29 (d, J = 7.1 Hz, 3H),
7.13 (d, J=8.2 Hz, 1H), 6.34 (t, /= 6.7 Hz, 1H), 5.80 (dd, J=8.1, 0.7 Hz, 1H), 5.57 —
5.42 (m, 6H), 4.82 — 4.70 (m, 6H), 4.65 (ddd, J=17.7,9.7, 5.3 Hz, 2H), 4.58 — 4.38 (m,
4H), 4.38 — 4.23 (m, 3H), 4.16 — 4.03 (m, 2H), 3.58 (d, /= 0.7 Hz, 3H), 2.34 (ddd, J =
13.6,6.1,3.4Hz, 1H), 2.16 — 2.04 (m, 2H), 2.01 — 1.96 (m, 3H), 0.92 (s, 9H), 0.12 (d, J =
1.7 Hz, 6H).
[0221] *C NMR (126 MHz, CDCl3) § 163.50, 163.43, 162.23, 151.17, 151.15,
151.09, 151.07, 150.44, 150.39, 139.53, 139.40, 138.04, 137.99, 137.89, 137.86, 135.54,
135.25, 133.72, 128.50, 128.44, 128.42, 127.95, 127.84, 127.81, 127.72, 110.88, 110.70,
110.46, 102.85, 95.31, 95.23, 87.18, 87.15, 86.99, 85.74, 85.69, 85.66, 85.64, 85.59,
85.54, 85.37, 80.64, 80.60, 80.22, 80.21, 80.16, 80.15, 79.75, 79.71, 78.10, 78.07, 78.04,
72.65, 72.41, 72.40, 72.38, 71.48, 70.71, 70.69, 70.66, 70.59, 70.53, 69.57, 69.51, 69.44,
69.38, 63.65, 63.38, 62.47, 62.17, 62.09, 59.67, 59.40, 59.38, 26.04, 26.03, 25.89, 25.82,
25.77,13.40, 13.39, 13.34, -2.83, -3.46, -5.28, -5.37.
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[0222] HR-MS (Q-TOF, ESI) calculated for Ca;HssN4O14PSi, [M+H']: 899.3295,
found 899.3288.

2. 3-((benzyloxy)methyl)-1-((2R. 3R 4R 5R)-4-((tert-butyldimethylsilyl)oxy)-5-

2R 4aR.6R.7R.7aR)-6-(6-(dibenzylamino)-9H-purin-9-y1)-7-methoxy-2-

oxidotetrahydro-4H-furo[3.2-d][1.3.2]dioxaphosphinin-2-y])oxy)methyl)-3-

methoxytetrahydrofuran-2-yl)pyrimidine-2.4(1H.3H)-dione
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[0223] The compound was synthesized by following general procedure GP10 using 3-
OTBS-U-BOM (400 mg, 0.81 mmol, 1 equiv.), LiOtBu (78 mg, 0.97 mmol, 1.2 equiv.),
A-Bn2-CI-CP (528 mg, 0.97 mmol, 1.2 equiv.), and Toluene:ACN (1:1, 8 mL). Column
conditions: Si02-10g column, Next-Gen automated system, wet loading by dissolving in
minimum amount of DCM, Hex:EA gradient (0% to 100%), desired product was isolated
as white solid. Yield = 680 mg, 87%, dr =30:1.

[0224] 'HNMR (500 MHz, CDCl3) & 8.38 (s, 1H), 7.73 (s, 1H), 7.62 (d, /= 8.2 Hz,
1H), 7.37 (d,J = 7.1 Hz, 2H), 7.34 — 7.20 (m, 16H), 5.94 — 5.88 (m, 2H), 5.84 (d, /= 8.2
Hz, 1H), 5.67 (ddd, J=10.0, 5.2, 1.1 Hz, 1H), 5.48 (q, J= 9.7 Hz, 3H), 4.97 (s, 2H), 4.70
(s, 2H), 4.67 — 4.57 (m, 2H), 4.53 (dtt, /=9.9, 6.3, 3.5 Hz, 2H), 4.38 — 4.28 (m, 2H), 4.18
(qd, J=17.5, 3.8 Hz, 2H), 3.66 (dd, J= 4.7, 2.1 Hz, 1H), 3.57 (s, 3H), 3.56 (s, 3H), 0.91
(s, 10H), 0.12 (s, 6H).

[0225] 3P NMR (203 MHz, CDCl3) & -4.06, -6.54.

[0226] 3C NMR (126 MHz, CDCls) & 162.57, 155.06, 153.17, 150.87, 150.28,
138.06, 137.86, 137.56, 128.65, 128.35, 127.75, 127.73, 127.38, 120.32, 102.05, 91.52,
88.88, 83.32, 81.41, 81.34, 80.45, 80.39, 78.48, 78.45, 77.24, 72.32, 71.06, 71.01, 70.29,
69.73, 69.66, 69.05, 66.21, 66.16, 59.57, 58.49, 25.72, 25.67, 18.10, -4.65, -4 91.

[0227] HR-MS (Q-TOF, ESI) calculated for C4sHsoN7O12PSi, [M+Na']: 998.388,
found 998.3887.
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h. 3-((benzyloxy)methyl)-1-((2R.4aR.6R.7aS)-2-(((2R.3R.4R.5R)-5-(3-
((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-yl)-3-((tert-

butyldimethylsilyl)oxy)-4-methoxytetrahydrofuran-2-yl)methoxy)-2-oxidotetrahydro-
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[0228]  The compound was synthesized by following the general procedure GP10
using 3-OTBS-U-BOM (270 mg, 0.61 mmol, 1 equiv.), LiOtBu (54 mg, 0.67 mmol, 1.1
equiv.), T-BOM-CI-CP (330 mg, 0.67 mmol, 1.1 equiv.), and Toluene:ACN (1:1, 6 mL).
Column conditions: Si02-10g column, Next-Gen automated system, wet loading by
dissolving in minimum amount of DCM, MeOH:DCM gradient (0% to 5%), desired
product was isolated as white solid. Yield = 500 mg, 91%, dr =5:1.

[0229] 'H NMR (500 MHz, CDCl3) § 7.61 — 7.55 (m, 1H), 7.43 — 7.29 (m, 10H), 6.92
(d,J=1.4Hz, 1H), 6.28 (dd, J= 8.7, 2.7 Hz, 1H), 4.99 — 4.82 (m, 1H), 4.73 (d, J= 7.2
Hz, 4H), 4.67 — 4.47 (m, 4H), 4.40 — 4.29 (m, 1H), 4.22 — 4.11 (m, 2H), 4.00 — 3.84 (m,
1H), 3.73 (q, J = 1.9 Hz, 1H), 3.59 (s, 3H), 2.68 — 2.40 (m, 2H), 2.04 — 1.88 (m, 4H), 0.94
(s, 12H), 0.14 (d, J= 5.4 Hz, 8H).

[0230] 3P NMR (162 MHz, CDCI3) & -3.64, -6.68.

[0231] '3C NMR (126 MHz, CDCls) & 163.02, 162.61, 150.89, 150.67, 138.42,
138.01, 137.95, 133.83, 128.48, 128.45, 127.90, 127.86, 127.81, 127.77, 111.85, 102.01,
89.68, 86.08, 83.23, 81.41, 81.34, 77.36, 77.33, 77.30, 74.20, 74.15, 72.53, 72.46, 70.85,
70.40, 69.58, 69.52, 69.28, 66.84, 66.79, 58.61, 35.57, 35.50, 25.84, 25.78, 18.22, 13.42, -
4.46, -4.80.

[0232] HR-MS (Q-TOF, ESI) calculated for Chemical Formula: C42HssN4O14PSi,
[M+Na']:921.3114, found 921.3110.
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i. AA-Bn2-dimer -- (2R 4aR.6R,7R.7aR)-2-(((2R.3R 4R 5R)-3-((tert-
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[0233] The compound was synthesized by following general procedure GP10 using 3-
OTBS-A-Bn2 (400 mg, 0.69 mmol, 1 equiv.), LiOtBu (67 mg, 0.83 mmol, 1.2 equiv.),
ABn2-CI-CP (452 mg, 0.83 mmol, 1.2 equiv.), and Toluene:ACN (1:1, 7 mL). Column
conditions: Si102-10g column, Next-Gen automated system, wet loading by dissolving in
minimum amount of DCM, MeOH:DCM gradient (0% to 5%), desired product was
isolated as white solid. Yield = 650 mg, 86%, dr = 14:1.

[0234] 3P NMR (162 MHz, CDCls) & -4.02, -6.62.

[0235]  'H NMR (400 MHz, CDCl3) & 8.46 (s, 1H), 8.41 (s, 1H), 8.00 (s, 1H), 7.60 (s,
1H), 7.38 — 7.20 (m, 25H), 6.15 (d, /= 3.9 Hz, 1H), 5.87 (s, 1H), 5.61 (dd, J=9.5, 5.1
Hz, 2H), 5.50 (s, 4H), 5.01 (s, SH), 4.78 (t, J = 5.3 Hz, 1H), 4.62 — 4.24 (m, 10H), 3.56 (s,
3H), 3.55 (s, 3H), 1.00 (s, 9H), 0.22 (d, /= 1.3 Hz, 6H).

[0236] '3C NMR (101 MHz, CDCl3) & 155.17, 155.14, 153.19, 152.92, 150.84,
150.37, 137.69, 137.66, 128.74, 128.69, 128.65, 127.96, 127.47, 127.42, 120.42, 120.39,
91.55,87.33, 82.51, 82.31, 82.23, 80.56, 80.48, 78.65, 78.61, 77.36, 70.85, 70.77, 70.42,
69.61, 69.53, 66.77, 66.72, 59.57, 58.78, 51.04, 49.43, 25.90, 18.29, -4.55, -4.70.

[0237] HR-MS (Q-TOF, ESI) calculated for CssHgsN1gOoPSi, [M+Na*]:1103.4335,
found 1103.433.
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i. 3-((benzyloxy)methyl)-1-((2R.4aR .6R,7R.7aR)-2-(((2R.3R.3aS.9aR )-3-((tert-
butyldimethylsilyl)oxy)-6-0x0-2.3.3a,9a-tetrahydro-6H-furo[2'.3":4.5]oxazolo[3.2-

a]pyrimidin-2-yl)methoxy)-7-methoxy-2-oxidotetrahydro-4H-furo[3,2-
d][1.3.2]dioxaphosphinin-6-yl)pyrimidine-2.4(1H.3H)-dione

o
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[0238] The compound was synthesized by following general procedure GP10 using
5’-OH-Cyclo-U (200 mg, 0.59 mmol, 1 equiv.), LiOtBu (52 mg, 0.65 mmol, 1.1 equiv.),
U-BOM-CI-CP (296 mg, 0.65 mmol, 1.1 equiv.), and Toluene:ACN (1:1, 9 mL). Column
conditions: Reverse phase C-18 column, Next-Gen automated system, wet loading by
dissolving in minimum amount of DMSO, Water: ACN gradient (10% to 100%), desired
product was isolated as white solid. Yield = 230 mg, 51%, dr >99:1.

[0239]  *'P NMR (203 MHz, CDsCN) § -5.19.

[0240] 3P NMR (203 MHz, CDCl3) § -4.64.

[0241] 'H NMR (500 MHz, CD3CN) & 7.54 (d, /= 7.4 Hz, 1H), 7.41 — 7.25 (m, 6H),
6.23 (d,J=5.8 Hz, 1H), 5.90 (d, /= 7.5 Hz, 1H), 5.71 (d, J = 8.1 Hz, 2H), 5.37 (s, 2H),
5.20(dd, J= 5.8, 1.6 Hz, 1H), 4.64 (s, 2H), 4.63 — 4.58 (m, 1H), 4.57 (ddd, J=3.6, 1.6,
0.6 Hz, 1H), 4.39 (dt, /= 10.3, 9.1 Hz, 1H), 4.29 (dtd, J=5.4, 3.7, 1.7 Hz, 1H), 4.23 (td,
J=10.3,5.7 Hz, 1H), 4.15 — 4.02 (m, 2H), 3.98 (ddd, J=11.8, 6.8, 5.3 Hz, 1H), 3.52 (s,
3H), 2.13 (s, 4H), 0.93 (s, 8H), 0.20 (s, 3H), 0.17 (s, 3H).

[0242] 3C NMR (126 MHz, CD:CN) § 172.57, 163.53, 161.05, 151.93, 141.24,
139.63, 136.85, 129.46, 128.74, 128.70, 110.64, 102.86, 94.76, 90.99, 90.10, 86.94,
86.87,81.21, 81.15, 79.10, 79.06, 77.56, 72.77, 71.47, 71.26, 71.19, 70.67, 70.61, 67.64,
67.59, 59.60, 26.14, 18.74, -4.56, -4.65.

[0243] HR-MS (Q-TOF, ESI) calculated for C33H43N4O013PSi, [M+Na']: 785.2226,
found 785.2221.
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k. 1-((2R.48S.5S)-4-azido-5-((((2R.4aR.6R.7R.7aR )-6-(3-((benzyloxy)methyl)-2.4-
dioxo-3.4-dihydropyrimidin-1(2H)-yl)-7-methoxy-2-oxidotetrahydro-4H-furo[3.2-

d][1.3.2]dioxaphosphinin-2-yl)oxy)methyl)tetrahydrofuran-2-yI1)-3-

((benzyloxy)methyl)-5-methylpyrimidine-2.4(1H.3H)-dione
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[0244] The compound was synthesized by following general procedure GP10 using
2°-N3 (300 mg, 0.77 mmol, 1 equiv.), LiOtBu (74 mg, 0.92 mmol, 1.2 equiv.), U-BOM-
CI-CP (426 mg, 0.93 mmol, 1.2 equiv.), and Toluene:ACN (1:1, 8 mL). Column
conditions: Si02-10g column, Next-Gen automated system, wet loading by dissolving in
minimum amount of DCM, hexanes: ethyl acetate gradient (0% to 100%), desired product
eluted at 100% ethyl acetate and was isolated as white solid. Yield = 520 mg, 83%, dr =
30:1.

[0245] 3P NMR (203 MHz, CDCl3) § -3.76, -6.49.

[0246] 'HNMR (500 MHz, CDCl3) § 7.40 — 7.23 (m, 11H), 7.11 (d, J = 8.2 Hz, 1H),
6.18 (t, J= 6.4 Hz, 1H), 5.78 (d, /= 8.1 Hz, 1H), 5.50 (d, /= 13.7 Hz, 3H), 5.46 (d, J =
1.8 Hz, 2H), 4.78 (ddd, J = 10.1, 5.1, 1.3 Hz, 1H), 4.70 (d, J = 2.3 Hz, 4H), 4.67 — 4.58
(m, 1H), 4.54 — 4.43 (m, 2H), 4.43 — 431 (m, 2H), 4.27 (td, J= 10.3, 5.4 Hz, 1H), 4.11 (1,
J=6.2Hz, 1H), 4.05 (dq, J=5.5, 2.8 Hz, 1H), 3.56 (s, 3H), 2.49 (ddd, J = 14.0, 6.5, 4.8
Hz, 1H), 2.33 (ddd, J=13.9, 7.5, 6.3 Hz, 1H), 1.96 (s, 3H).

[0247] BC NMR (126 MHz, CDCl3) § 163.41, 162.13, 150.91, 150.37, 139.35,
138.04, 137.90, 134.06, 128.51, 128.45, 128.03, 127.95, 127.87, 127.83, 127.79, 127.73,
127.71,127.70, 127.68, 110.84, 102.95, 95.33, 85.98, 82.28, 82.23, 80.26, 80.20, 78.13,
78.09, 77.41, 77.16, 76.91, 72.66, 72.64, 72.43, 70.84, 70.79, 70.69, 70.60, 69.50, 69.44,
67.86, 67.81, 60.09, 59.43, 37.73, 13.32.

[0248] HR-MS (Q-TOF, ESI) calculated for C3sHaoN7013P, [M+H"]: 810.2494, found
810.2495.
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L (BE)-N'-(9-((2R.3R 4R.5R)-5-((((2R.4aR .6R.7R.7aR)-6-(3-((benzyloxy)methy])-2.4-
dioxo-3.4-dihydropyrimidin-1(2H)-yl)-7-methoxy-2-oxidotetrahydro-4H-furo[3.2-
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[0249] The compound was synthesized by following general procedure GP10 using 3-
OTBS-DMF-A-Bn2 (275 mg, 0.61 mmol, 1 equiv.), LiOtBu (54 mg, 0.67 mmol, 1.1
equiv.), U-BOM-CI-CP (308 mg, 0.67 mmol, 1.1 equiv.), and in Toluene:ACN (1:1).
Column conditions: Si02-10g column, Next-Gen automated system, wet loading by
dissolving in minimum amount of DCM, DCM-MeOH gradient (0% to 5%), desired
product was isolated as white solid. Yield = 460 mg, 86%, dr=15:1. Mass was
confirmed via LC-MS.

[0250] 3'P NMR (162 MHz, CDCl3) § -3.87, -6.91.

[0251] 'H NMR (400 MHz, CDCl3) & 8.98 (s, 1H), 8.55 (d, /= 1.1 Hz, 1H), 8.05 (s,
1H), 7.38 — 7.22 (m, 7H), 6.05 (d, J=3.4 Hz, 1H), 5.73 (dd, J=8.2, 1.1 Hz, 1H), 5.48 —
5.39 (m, 2H), 5.37 (s, 1H), 4.79 (t, J= 5.6 Hz, 1H), 4.74 — 4.63 (m, 3H), 4.55 — 4.44 (m,
2H), 4.41 — 4.18 (m, 4H), 4.06 (d, J=5.1 Hz, 1H), 3.97 (td, /= 10.2, 5.8 Hz, 1H), 3.49
(dd,J=5.5,1.1Hz, 6H),3.21(dd, /=174, 1.2 Hz, 6H), 0.95 (d, /= 1.1 Hz, 9H), 0.18
(d, J=5.6 Hz, 6H).

[0252] 3C NMR (101 MHz, CDCls) & 162.32, 160.03, 158.62, 153.08, 151.27,
150.33, 141.00, 140.56, 137.90, 128.49, 128.44, 127.93, 127.74, 126.62, 102.54, 95.87,
87.59, 82.39, 81.83, 81.75, 79.90, 79.83, 78.29, 78.25, 77.36, 72.61, 70.52, 70.35, 70.32,
70.27, 69.06, 68.98, 66.41, 66.35, 59.39, 58.87, 41.46, 35.23, 25.88, 18.25, -4.57, -4 81.
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m. (E)-N'-(9-((3aR.4R_6R.6aR)-6-((((2R 4aR.6R.7R.7aR)-6-(3-((benzyloxy)methyl)-
2.4-dioxo0-3.4-dihydropyrimidin-1(2H)-y1)-7-methoxy-2-oxidotetrahydro-4H-
furo[3.2-d][1,3.2]dioxaphosphinin-2-yoxy)methy])-2.2-dimethyltetrahydrofuro[3.4-

[0253] The compound was synthesized by following general procedure GP10 using
KETAL-DMF-A-5'OH (215 mg, 0.59 mmol, 1 equiv.), LiOtBu (52 mg, 0.65 mmol, 1.1
equiv.), U-BOM-CI-CP (299 mg, 0.65 mmol, 1.1 equiv.), and in Toluene:ACN (1:1).
Column conditions: Si02-10g column, Next-Gen automated system, wet loading by
dissolving in minimum amount of DCM, DCM:MeOH gradient (0% to 10%), desired
product was isolated as white solid. Yield = 82%, dr =23:1. Mass was confirmed via LC-
MS.

[0254] *'P NMR (162 MHz, CDCl3) § -4.24, -6.93.

[0255] 'H NMR (400 MHz, CDCl3) & 9.02 — 8.99 (m, 1H), 8.60 (s, 1H), 8.04 (s, 1H),
7.39—7.29 (m, SH), 7.19 (d, /= 8.2 Hz, 1H), 6.18 (d, /=23 Hz, 1H), 5.77 (d, J = 8.1
Hz, 1H), 5.55 — 5.48 (m, 1H), 5.46 (d, /= 1.3 Hz, 2H), 5.38 (d, /= 1.0 Hz, 1H), 5.14 (dd,
J=6.2,3.0Hz, 1H), 4.71 (s, 2H), 4.59 — 4.27 (m, 5H), 4.04 (d, /= 5.1 Hz, 1H), 3.94 (td,
J=10.3, 5.6 Hz, 1H), 3.51 (s, 3H), 3.27 (d, J = 0.6 Hz, 3H), 3.22 (s, 3H), 1.65 (s, 3H),
1.43 (s, 3H).
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n. (BE)-N'-(1-((3aR.4R ,6R.6aR )-6-((((2R.4aR.6R 7R . 7aR )-6-(3-((benzyloxy)methyl)-
2.4-dioxo0-3.4-dihydropyrimidin-1(2H)-y1)-7-methoxy-2-oxidotetrahydro-4H-
furo[3.2d][1.3.2]dioxaphosphinin-2-yloxy)methy1)-2.2-dimethyltetrahydrofuro[3.4-

d][1.3]dioxol-4-y1)-2-ox0-1.2-dihydropyrimidin-4-y1)-N.N-dimethylformimidamide
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[0256] The compound was synthesized by following general procedure GP10 with
modification using dmf-C-5'-OH (250 mg, 0.74 mmol, 1 equiv.), LiOtBu (65 mg, 0.81
mmol, 1.1 equiv.), 3-((benzyloxy)methyl)-1-((2S,4aR,6R,7R,7aR)-2-chloro-7-methoxy-2-
oxidotetrahydro-4H-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)pyrimidine-2,4(1H,3H)-
dione (U-BOM-CI-CP, 373 mg, 0.81 mmol, 1.1 equiv.),, and in Toluene:ACN (1:5).
Column conditions: Si02-10g column, Next-Gen automated system, wet loading by
dissolving in minimum amount of DCM, DCM:MeOH gradient (0% to 10%), desired
product was isolated as pale-white solid. Yield =280 mg, 50%, dr = 14:1. Mass was
confirmed via LC-MS.

[0257] P NMR (162 MHz, CDCls) & -3.94, -6.65.

[0258] 'H NMR (400 MHz, CDCl3) & 8.75 (s, 1H), 7.75 (s, 1H), 7.44 (d, J = 7.2 Hz,
1H), 7.39 — 7.21 (m, 8H), 6.08 (d, /= 7.2 Hz, 1H), 5.80 (d, J = 8.2 Hz, 1H), 5.69 (s, 1H),
5.58(d, /J=1.6 Hz, 1H), 5.53 — 5.41 (m, 2H), 5.17 (dd, /=6.3, 1.6 Hz, 1H), 4.95 (dd, J =
6.5, 3.1 Hz, 1H), 4.69 (s, 3H), 4.64 — 4.39 (m, SH), 4.26 (td, /= 10.2, 5.6 Hz, 1H), 4.00
(d,J=5.1 Hz, 1H), 3.55 (s, 3H), 3.33 (d, /= 13.6 Hz, 7H), 3.18 (s, 3H), 3.15 — 3.08 (m,
3H), 2.84 (s, 1H), 1.56 (s, 3H), 1.35 (s, 3H).

[0259] 3C NMR (101 MHz, CDCls) & 172.40, 162.37, 159.02, 157.08, 156.12,
150.55, 144.57, 139.32, 137.96, 128.49, 127.91, 127.82, 127.77, 114.15, 103.19, 102.88,
98.00, 94.07, 87.01, 86.95, 85.05, 81.72, 80.48, 80.40, 77.98, 77.94, 77.36, 72.56, 70.73,
70.67, 70.59, 69.48, 69.40, 69.31, 69.25, 59.35, 46.60, 41.84, 39.27, 35.70, 35.56, 27.16,
25.33.
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0. 3-((benzyloxy)methyl)-1-((2R.4aR.6R.7R.7aR)-2-(((3aR.4R.6R.6aR )-6-(3-
((benzyloxy)methyl)-2 4-dioxo-3.4-dihydropyrimidin-1(2H)-yl)-2,2-
dimethyltetrahydrofuro[3.4-d][1.3]dioxol-4-yl)methoxy)-7-methoxy-2-
oxidotetrahydro-4H-furo[3.2-d][1,3.2]dioxaphosphinin-6-yl)pyrimidine-2.4(1H.3H)-

BnO >’N
\—-NM Ketal-BOM|(yBOM

o

[0260] The compound was synthesized by following general procedure GP10 using
Ketal-U-BOM (300 mg, 0.74 mmol, 1 equiv.), LiOtBu (65 mg, 0.82 mmol, 1.1 equiv.),
U-BOM-CI-CP (374 mg, 0.82 mmol, 1.1 equiv.), and in Toluene:ACN (1:1, 8 mL).
Column conditions: Si02-10g column, Next-Gen automated system, wet loading by
dissolving in minimum amount of DCM, DCM:MeOH gradient (0% to 5%), desired
product was isolated as white solid. Yield = 550 mg, 90%, dr = 15:1.

[0261] 3'P NMR (203 MHz, CDCl3) § -3.92, -6.77.

[0262] 'H NMR (500 MHz, CDCl3) § 7.43 — 7.29 (m, 10H), 7.10 (d, J = 8.1 Hz, 1H),
5.83 — 5.75 (m, 2H), 5.72 (d, J= 2.2 Hz, 1H), 5.59 — 5.43 (m, 5H), 4.92 (ddd, J = 23.6,
6.5, 2.5 Hz, 2H), 4.78 — 4.67 (m, SH), 4.50 — 4.36 (m, 4H), 4.35— 421 (m, 1H), 4.10 (d, J
=5.1 Hz, 1H), 3.58 (s, 3H), 1.61 (s, 3H), 1.39 (s, 3H).

[0263] 3C NMR (126 MHz, CDCls) & 162.48, 162.05, 150.82, 150.25, 140.40,
139.25, 137.84, 137.81, 128.38, 128.36, 127.82, 127.77, 127.67, 127.66, 127.61, 114.63,
102.76, 102.26, 102.20, 95.24, 95.20, 85.49, 85.43, 84.60, 80.61, 80.14, 80.08, 78.00,
77.96, 77.23,72.53, 72.43, 70.64, 70.59, 70.47, 70.45, 69.21, 69.15, 68.44, 68.40, 59.39,
27.13, 25.29.

[0264] HR-MS (Q-TOF, ESI) calculated for C3sHasN4O15P, [M+Na*]:849.2355, found
849.236.
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Example 7. Regioselective Ring-Opening of Cvclic Phosphate of Dinucleosides

a. General procedure (GP12) for regioselective ring opening reaction of cyclic

dinucleotides
OH

X X
Q e
THSQ o O {1eq}
o O

LIOtBuU {2 eq.), Solvent (0.05M)

oY wd Ty ome R
\

§
S Me To the pre-sfired solution of LGBy + BY’OH],
Me cyelin-dinticientide was added
1{1eq.), 0.025 mmol
OH
o o o} TBSO Q O iyt
) 9 o ] [ DW
("\’/\OJ?\OV- MeO. a~ é ' Rt
MO, s . Ho A
4 G Bnte . a Qe
X X it X
iyl e i
)
2 [3-5-Linkage 3 [5-5}-Linkage

[0265] In anitrogen-filled glovebox, an oven-dried reaction tube containing a Teflon-

coated magnetic stir bar was charged with LiOtBu (0.05 mmol, 1.5 - 2 equiv.), a

substituted benzyl alcohol nucleophile (BnOH) ( 0.025 mmol, 1.0 equiv.) and 0.25 mL of

solvent, and then taken outside the glovebox. The mixture was left stirring for 20 minutes

at RT and cooled to -20 °C over a period of 10 minutes. Then, a solution of cyclic

dinucleotide (1) (0.025 mmol, 1 equiv.) in solvent (0.25 mL) was added in one portion at

-20 °C and left stirring at that temperature for 3-4 hours. The reaction was quenched with

a solution of acetic acid (0.05 mmol, 2.0 equiv.) in MeCN (0.5 mL) at -20 °C. Upon

stirring for 5 minutes, a solution of internal standard, PO(OPh)3 (0.025 mmol, 1.0 equiv.)

in MeCN(0.5 mL) was added and NMR vyields and regioselectivities were recorded.

Results for various BnOH and solvents are shown in Table 3:
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Table 3 - Ring-Opening of Cyclic Phosphate of Dinucleosides

4/028291

Entry Alcohof drof1 Solvent Yield 2-[3-5] 3-[5-5] S
1 2-Ci-8nOH 21 MeCN g7% 70% 27% 26
2 2-Ph-BnCH 21 MeCN 81% 62% 19% 3.3
3 2,6-Cl-BnOH 21 MeCN 99% 70% 29% 24
4 2,4,6-Mez-BnOH 211 MeCN 97% 64% 33% 33
5 2-MeQ-BnOH 41 MeCN 99% 70% 29% 2.4
6 2-CI-BnOH 4:1 MeCN 89% 70% 19% 37
7 2-CF4-BnOH 4:1 MeCN 92% 4% 18% 4.1
8 2,4-Cl-BnOH 4:1 MeCN 85% 71% 14% 5.1
8 2-C1-BnOH 4:1 MTBE 88% 72% 14% 51
10 2-Cl-BnCH 411 Toluene 90% 75% 15% 5.0
11 2-CF3-BnOH 4:1 Tolusne 89% T1% 18% 40
12 2-C4-BnCH 511 Toluene 88% 74% 14% 5.3
13 2-CF3-BnOH 5:1 Toluens 886% 75% 11% 89
14 2,6-F2-BnOH 54 Toluene 93% T4% 19% 38
1% I-NaphthylCHOH &1 Toluene 89% 76% 13% 58
16* 2-CF3-BnOH 20:1 Toluene 92% 88% 5% 14

(* - BOM as protecting group on N-uridine; S denotes the ratio of [3'-5']-linkage over [5'-

5']-linkage; yields and selectivities are determined via *'P-NMR)

b. General procedure (GP13) for regioselective ring opening reaction of cyclic

dinucleotides

1a-1g, 1n-1s Cy-Nu (1 eq.)

OH

CF;

(1-2 eqg)

1. LIOtBu (1.5 eq.), So (0.04M)

-20°C, 3to4dh

1850
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2a-2g,

3-TBS-protected cyclic dinucleotides (UU, UT, UUF, UC, AU, GU)

o]
1l
..r?\
o MeOre. o
O

2n-2s

o]
B't
oY
R
CFy



WO 2024/233624 PCT/US2024/028291

-94 -

{f.GH

:\‘ CFg y it}
| | (12eq) ye PR N )

ﬁ o o - M Q et
4 e . -‘ 1
Mot _ s \ . - . N 5 8
STF . o(\_;) \L &4 Liowu {1.5 eq.}), Sof {{.U5K) o S e T
&, o o T o s iy o F
] % 20°C. 3w i3S h o ~ R
& -

! 2. Anetlic acid {2 89.) 23 ‘ CFy
111, Cy-Nu {1 e 2g-2

ketal-containing cyclic dinucleotides {UU, CU, GU, AU, AT)

Unless otherwise noted, reaction condition: 1.5 eq LICIBu, 1 eq. CF;BnGH. 1 aq (0.028mmol) 1-Cy-Nu at -20 °C, 3h.
3 denotes the ratio of [3-8}inkage (2) over {5-5}inkage (3).
Conv., vields and selectivities are determinad via T'P-NMR by using {PHOPO as an internal standard
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[0266] In a nitrogen-filled glovebox, an oven-dried reaction tube containing a Teflon-
coated magnetic stir bar was charged with LiOtBu (0.037 mmol, 1.5 equiv.), 2-CF3:BnOH
(as the substituted benzyl alcohol nucleophile, BnOH) (0.05 mmol, 2.0 equiv., 0.25 mL of
stock solution in anhydrous toluene (0.2M)) and taken outside the glovebox. The mixture
was left stirring for 20 minutes at room temperature and cooled to -20 to -25 °C over a
period of 10 minutes. Then, a solution of protected cyclic dinucleotide (0.025 mmol, 1
equiv.) in toluene (0.35 mL) was added in one portion at -20 to -25 °C and left stirring at
that temperature for 3-4 hours. The reaction was quenched with a solution of acetic acid
(0.05 mmol, 2.0 equiv.) in MeCN(0.5 mL) at -20 °C. Upon stirring for 5 minutes, a
solution of internal standard, PO(OPh); (0.025 mmol, 1.0 equiv.) in MeCN(0.5 mL) was
added and NMR yields were recorded. Resulting dinucleotides with their yield and
diastereomeric ratio (dr) were as follows (S denotes the ratio of [3'-5']-linkage over [5'-
5']-linkage; yields and selectivity are determined via *'P-NMR, using PO(OPh); as

internal standard).
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Yield 92%, [3-5] 86%

[5-5] 8%, 8 = 14.33

PCT/US2024/028291
- 95
OH Me
TBSO g ©
MeO o’ [ 0" }—N
Q BnCFB
uBOM
2b (from 1b, dr 20:1)
Tol (0.035M)
Yield 87%, [3-5} 92%
[5-5] 5%, S = 18.5
o]
TBSO_ i b*‘“ \d..«mv:.a2
07 oY
MeQ:.. o
\8 CFa
UEUM

2¢ (from 1, dr 20:1)

1.1 eq. LIOBY, Tol {0.04M)
Yield 80%, [3-8] 73%

{5-51 17%,8=4.3

2d {from 1d, dr 1:1)

MeCN:Tol (1:1, 0.05M}, 8h, Conv. 88%
Yield 82%, {3-5] 70%

{5-5] 12%, 8 =583

OH
OH hitied ﬁ %—ua{m
) = ; P
TBSQ q fa}"“ MeOr. el
; £ i)—u RS o A ome
MO, 0¥ o T 7/" /*"N Bt
O o\ 5Me C / N
BCFs \ v
SOM
u =N

2d'(from 1d, dr 1:1)
Yield 82%, [3-5] 70%
[5-5] 12%, S = &

2e, {from 1e, dr 34:1)
Yield 100%, [3-5] 90%
{556} 10%, 5= 8
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o4
0 L\—"Q
il E \-mu“z)\k o
J O bme
Mei MeQ- O Bahe
f"%\ £ f;«&'\ N
Mo N \r {I ,} ggmmb{
L1 NN
o
2f, (from 1f, dr 6:1) 2q, {from 1g, dr 30:1)
Yield 88%, [3-5] 75%, 98% yieid, [3-5] 94%,
{5-5]13%.5S=6 [5-5] 4%.5 = 23

O
Q
0, ,A.-—O( o e
Q 9 5O [ i U
s i Y AP
o oo O T
v, ] & Y & \ s Ode
e} \8 apy OMe Bn
ne

7R }Q 0
%o N
o hi ﬁ 2h {from 1h dr 1613,
SOM

29 (rom g dr 20:1) >
g. CF3BnOH,
2eq. CRRnOH, TOL0.04M)  Heah TolMeCN (3.1, 0.04M), Conv. 95%
Yield 93%, [3-5] 88% e (o
[5-5]5%. 5 = 17.8 Yield 84%, [3-5] 80%
‘ (551 4%, § = 20

O

_ﬁ,c,_ % >__Urmm o

; 3

o, o7 oY A o ~Q, ==
Ay q —}"l i %‘N/T/——'D

g\ BnCH o p P 5

Q. ¢ - 2 i N
MeN N "{\/\K\ 5 ° 6:«1@;5/7« ‘Bom
Yl Q N OFS
it J\N/> N‘/M g N]” By
\n/ 20 (from 1, or 34:1), ‘>\,_»Z‘“ )
= 2.5 eq. CF3BROH, 3 eq. LICBu ¥ N 2f (from 1§, dr 22:1)
TokMaGN {1:1, 0.0400), Cony. B4% /= RGN (0.054)
Yield 91%, {3-5] 79% Me;N Yield 89%, [3 5} 76%

[5-5} 12%, S = 6.6 [5-6] 13%, S = 5.8
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2o, from BOMABCE gr 120
Conv. 85%, Yield 95%,
{3-5] 88%, [5-5] 7%, S =13
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OH
‘ 8]

Me
il KD-—tq/—-g:c
o o

o . }—N\
0 B
BnCF’S

o]

-

BOM

2K {from 1k, dr 3:1)
MeCN:Tol {1:1, 0.05M)
Yield 99%, [3-5] 90%
[5-5} 9%, 8 = 10

2§ (from 1, dr 301)
Yield 89%, [3-5] 80%
[5-519%. 8 = 10

2n, frony BOMeBe e 4214
*Corry, $2%, Yisld 32%,
£3-5) 84%, [5-51 9%, 8 = 10

RN
*Solvant: TohACN 1)

OR

2p, from BOMUABN dr 30-4
Yieid 100%, [3-5] 7%
[5-5] 3%, S = 24
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N S / N N /1 j
= -
BrgN N BN N
2q, from BPAUBOM oy 22:4 2s, from BRAABN dr 14:1
Yield 100%, [3-5] 96% Yield 100%, [3-5] 94%
[5-514%, S =24 [5-5]6%, S = 16

c. General procedure (GP14) for regioselective ring opening reaction of cyclic

dinucleotides followed by trapping with TBSCI

iy N OLi
—~8
s o Q );:/CFE %,3 § KL’ g%
8 oy ;}.«g? b {2 8} . \{1\0-1- Po ™
Rz..(' -\}”\‘o* oY { - & ~ &
o R LIOBU (1.5 4.}, Tot (0.04M} - A
B 20 to -25 °C, 4h |
1, Cy-Nut {1 eq.} =
.12 nmnal e 2 -
DTES
Lo
RY o i AN 3
TRSO! (3 equiv) N 8 L/ B
. .
(6 equiviin MeON  ga, /" Yo~ v Y
- S"é RN Re
-2010 0 °C, 18h, A .
then RT 2-3 h 7 j»«* »

[0267]  Step I: In a nitrogen-filled glovebox, an oven-dried reaction tube containing a
Teflon-coated magnetic stir bar was charged with LiOtBu (0.18 mmol, 1.5 equiv.), 2-
CF3BnOH (as the substituted benzyl alcohol nucleophile, BnOH) (0.24 mmol, 2.0 equiv.,
1 mL stock solution in anhydrous toluene, (0.24M)) and taken outside the glovebox. The
mixture was stirred at room temperature for 20 minutes and then cooled to -20 to -25 °C
over a period of 10 minutes. Then, a solution of protected cyclic dinucleotide (0.12 mmol,
1 equiv.) in toluene (2 mL) was added in one portion at -20 °C and left stirring at that

temperature for 4 hours.
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[0268]  Step II: In 4-mL vial, a solution of TBSCI (0.36 mmol, 3 equiv.) and

Imidazole (0.72 mmol, 6 equiv.) in 0.5 mL MeCN was prepared and subjected to the

reaction tube of Step I with syringe in one portion. The resulting mixture was stirred for 1

hour at -20 °C and slowly warmed up to 0 °C, and stirred overnight (16-18 hours). The

reaction was further warmed up to room temperature and monitored via LC-MS to ensure

>90% conversion. Upon completion, a few drops of methanol were added to quench

excess of TBS-Imidazolium salts. The reaction was diluted with dichloromethane and

transferred to round bottom flask. The crude mixture was evaporated to dryness with aid

of rotavopor and purified via Combi-Flash NextGen 300 automated chromatography

system by using silica gel column with DCM-EtOAc(1% MeOH) gradient. Resulting

cyclic dinucleotides with their yield and diastereomeric ratio (dr) were as follows:

$TBS
O

K[ >~UEQM
MG .. 'r’\‘cd ot T
. “antrs Qe

1BOM

TBSO

G B

3a, UL-BOM,
75% yield, dr 28:1

QTRS

2 6 ) BON

3¢, ULE.BOM,
76% yisld, dr 3511

OTRE

Lo

s

TBSQ f; g\)_ﬂaom
et Y
Spprs H

P,
- S
Q
e, . : S
G

iJ 308

3h, UT-BOM,
79% yield, dr 321

QTS

3d, ket-ULLBON,
9% yield, dr 1111
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i 508 ) "i\ﬁ""
~ - W Ml .. -
‘\rf\ow !\Q\ : § 0\ ory 6&?@
i O Bt o 8o~
o ancre UNe

a
°\ N
. N
§ N, 27
BOM--N f} \;’ ’L*n
N,
o "
& we 3e TU-BOM, } 37, AU-BOM,
85% vield, dr 3811 aa—T 64% yield, dr 91
oTBS
s ) =it 0TBS
TBSY i ‘\.«N\()\\/Wm o
RO it TBSD o N, - NER
Meﬁn‘/\\(\ Y é o til A 3] \/}-‘N i
Onte - : I R N
=R }“‘0 gt MeO: <\ T‘b\o &9 ;’IPM ‘Bn
N‘§~ P }..«0 s Ohte
re "\N{;} yBos
Bri;hN
3¢, AA-Bn, {86% NMR yisld) 3h, UC-BN, {69% NMR yield)
2% yield, dr »56:1 B1% yield, dr 2011
QTS OTHS
o
G, o
733(?; %’ g DY ROM TESQ g >.4N§ 2 G
N N e
? é Q\E‘nwz One MaDr- & 8 ange  Nees
i e sn{.‘.\“;\
NN yoor
M
&) "
3, Cy-UU-BOM, 3, UA{B-CI), (73% NMR yield, 80% conv.)

56% yield, dr 22:1

59% yield, dr 1711
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d. General procedure for regioselective ring opening reaction of cyclic dinucleotides

with TBD catalyst

oM
CFy

Q {1eq

Catalyst/Base (x eq.), Tol {0.035M)
-20 °C, 3h

To the pre-stirred solution of {catalyst+ Bn'OH],

1(1eq) e .
o cyclic dinucleotide was added
o o
— o 'rssq: i /\(_—7,9
p B o’? S
MGOH' O {) MEO"~ 0 0 Ho\ (R'
Q © * R CF.
D SN Yy
BOMMNM L i BOM~— %j le\.:w»r L
” )
O 2[3-5}Linkage 3, [5-5-Linkage
OH
O =
O
TBSQ N AE)—N/WIO 1850 o ) —
o OMe O BOM MeOr:. o~ t,) ot }—N\
-~ > d ~ OMeO BOM
2-OMeyyBOM Bos Q\v.ch
dr = 20:1 b}
LiOtBu (1.5 equiv.) TBD (8.3 squiv)
Yield 99% Yield 92%
{3-5] 90% [3-5] 80%
{5-5] 9% {5-5] 12%
§=10 S = 6.67
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o
TB5Q Og] /\i)-n 0 78SQ ° o
IR - N ] i N o
MeQr:- c e ¢ ‘sowm MeO oo N
0 —_ & o o BOM
UBOM
BOM s
UBOMT2-deoxy | N
dr = 20:1 N
LiOtBu (1.5 equiv.) TBD {0.3 eqube}
Yield 97% Yield 99%
{3-5] 92% {3-5] 93%
15-5] 5% [5-5] 6%
S$=185 S=155

Q o
TBSO o ==
= 04l Nio TBSQ 0 °
P : il N [e)
o o N ; P .
MeQr- ¢ 'Bom MeO:s 0”1 0" N,
© — o RN o Bom

yBoM

UBOM /A\ CFJ
2'~deoxy-TU-BOM, E
dr = 20:1 3
LiOtBu (1.5 equiv.) TR (0.3 equiv.}

Yield 97% Yield 99%

[3-5] 92% [3-5] 93%

[5-5] 5% [5-5] 6%

S=185 S5=155

[0269] In a nitrogen-filled glovebox, an oven-dried reaction tube containing a Teflon-
coated magnetic stir bar was charged with LiOtBu (0.18 mmol, 1.5 equiv.), 2-CF;BnOH
(as the substituted benzyl alcohol nucleophile, BnOH) (0.24 mmol, 2.0 equiv., 1 mL stock
solution in anhydrous toluene, (0.24M)) and taken outside the glovebox. The mixture was
stirred at room temperature for 20 minutes and then cooled to -20 to -25 °C over a period
of 10 minutes. Then, a solution of protected cyclic dinucleotide (0.12 mmol, 1 equiv.) in
toluene (2 mL) was added in one portion at -20 °C and left stirring at that temperature for

4 hours.
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General procedure for regioselective ring opening reaction of cyclic dinucleotide
oK

CF4
(2 eq) It
O

- O
T8SQ o ] o
: Ox) ,\E%B 1 LiIOBuU {1 58q), Tol (0.048) o0 i K[\}.m*
P

R ¢ -26 °C, 3-4h - 0" e Y
0 R - & o) ft

2. Acetic acid (2 &g.)
: CF,

235 inkage Xy

1, Cy-Nu {1 eq.)
3'-TBS-protected cyclic dinucleotides

Reaction condition: 1-Cy-Nu, 1 eg (0.025mmol) 1.5 eq LiOtBu, 2 eq. 2-CF3BnOH, at -20 °C, 4h,
S denotes the ratio of [3-5]-linkage (2) over {5-5}-linkage (2").
Conv.,, vields and selectivities are determined via *'P-NMR by using (PhO);PO as an internal standard

pyrimidmes purines
Bn\
l /g N ™oy
‘4
? © <N | N')
R=H, uBOM L.
R = Me, TBOM cEn AT
OH
OH —
o THSO 0 \[3-”//}‘“\
[+] o ki R Bn
TBS(% i AR oo o o / %N\Bn
MeOi.. OJE‘)\O‘)‘ “ © O\Bncfa Otte O
] \Snu—a Oe LjEON
UBGM
from BOMUABR 4 30:1 from BOMUCBs gr 12-9
Vield 100%, [3-5] 97% “Conv, 92%, Yield 92%,
(5.5] 3%, S = 24 [3-5] 84%, [5-5] 8%, S = 10
*Solvent: TollACN (5:1)
850 b /C!
MeO .. 0“‘”1“‘ ‘
Bn(‘F3
UBQM
from BOMUASTE qr 124 from BAUBOM 4 25
Cony. 95%, Yield 95%, Yield 100%, [3-5] 96%
{5-5] 4%, S = 24

[3-5] 88%, [5-5] 7%. S = 13
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OH
Q
TBSC% ?3 > o AR Ns
% e .- <
MeO:.. Odé\o\ >
Q \Bnc“ OMe Q
ABn

THON
from BPAABR dr 1409

Yield 100%, [3-5] 94%

[5-5] 6%, S = 16

from NSTUBOM r 5301
Yield 100%, [3-5] 96%
[5-5] 4%, S = 24

f. General procedure for regioselective ring opening reaction of cyclic dinucleotides

OH

X
o —
0 1
TBSQ 0\\‘/\[)_”/_—%() (1 eq)
P 2

MeOs:. o =) < N\
o BMe O BOM -
Q .

}—N LiOtBu (1.5 eq.), MeCN:Tol {1:1)
RN / 1, Cy-Nu {1 eq.) -20°C,3t03.5h

ol

o] A
TBSQ i % N r_>=o TESO
N

o —
0
5 < i }‘N/_/\=O
A o N E+ - P
MeOr .. S \ SIS SN
0. 0o c'n

N
amed R —— MO o \
. ! -0 R
20w, o >-"° e
2 orl A X
- ,» ﬂ/ or 20h }«N o
™ \,f R“N}‘} . '
o d
3
BOMCH on E* = AC,0
e

\
85Q kQ_ /_\ TBSQ‘ o
Mol
MeOu: gl/\ OJ \ omc Oy—gjor/\
som-N%) é/ Rdh}j

100% conversion 100% conversion
{LC-MS Analysis) {LC-MS Anatysis}
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S
E* = TBSCI Tes.
With 1.5 eq TBSCOTY, 0% conv.
TBSQ ? ‘3 --~ (TBSOTS has acidic impurities)

i N 0 2 eq. TBSOTY, deprotection of existing TRS-group

71% NMR yield

P,
Meldi - 07 \““ .
o OMeO 3 eq. TBSQTE + 8 eq. Imidazole
T 80% conversion based on HPLC,

0

No reaction without imidazole, with 3 eg. TBSCi+ 6 eq. Imidazole, 90% conv. via HPLC,
75% NMR yield, [5-5-Jlinkages remained unreacted.

o. General procedure for regioselective ring opening reaction of cyclic dinucleotides

o OH
o /_>=—=- [
{"‘L N O P LOF
N ‘

o)
.. ot o Y N ey
—J( f_'(\ 6Meo>_ “Bom E ,;]/ {1 sy
Qe (o] s
Kr LiOtBu (1.5 eq.), Solvent (0.05M)
20 °G, 3h
/N W
<N‘_ Ketal-AU, To the pre-stirred solution of [LiOtBu + Bn'OH],
dr 291 cyclic dinucleotide was added
N“-:r\ B

Ne—
/
o -
) — g N
o 0
o J T Y O
p - o, ‘ o
o, o"é:“o' 4 >—N\ . D S % O
S ~ R 06 R + ) \l
; X ALK
B NN \ﬁxj/

{3'-5')-Linkage [5°-5’)-Linkage
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i\\ N’;‘l\ & "3
#
{0.3 agquiv. of TRDY
r_rsj)\m\: /_{‘j AW ,v{}m
. ,‘/L\].,-»QFR ’f/L\\AN fyt; PN CFy
! f
g fo‘f"' N
MeCN:Tol{1:1)  pmaCN:Tol (1:1) MeCN
Conv. 92/0 Conv. 100% Conv. 100%
Yield 75“/0 Yield 100% Yield B9%
[3-5] Goofo [3-5] 83% [3.5] 76%
[5-5} 15% [5-5] 17% (5-5] 13%
h. Guanosine dimer ring-opening
T8SQ ? /\N
o’ﬁ\o“
MeGon I 2-CF,BnOH (2.0 equiv.)
le} Na NBn LiOtBu (1.5 equiv.)
BroNL N »
Y ] N> Bn,N Toluene (0.03 M)
~20°C, 3h
BoN N4 (dr: 1:1.6) el
o HCOOH (2.0 equiv.)
TBSQ !OI /\N
\‘P oY
MeOuug\O |\O B
8] OM \
BN N NBn
N
- 1 /> BnoN
N FsC
o)

86% lIsolated Yield

3'5':55 =1:19
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Example 8. Synthesis of cyclic trimer

a. General procedure (GP15) for one-pot svnthesis of cyclic trimer

B,
0ud \D_ P {j (1B eq) 2 i N
o P\Qi “’\
Meo ?A am LB (1.5 eq.), Msor-. g:'/\“‘ &) omo
Q.
\}\:) Tdugne {0.04 M), Cm
R¥_ 1, Cyu (3 6] 209G, 4h Rﬂu ,
g £.22 mmol, 200 mg ;;’“‘ V”
UU, dr >20:1 | F pShinkage, ~90%
o _— - o ] SO 7
o
f o LT
R\a‘,. }h&'ﬁ & T S N
o 3 ) » o Byed’  mom
bued  poM CLCRtrap o *
. £ oo
TRSQ 8 /
MeCH (0.12 M) -20°C, 2h ? A %r_\,;*—“ﬂ
. wevand YT 0L L N
Mods of Addition A: & ~  OmMed Bow
CLGP solution to Alkoxide solution
sost N
Maods of Addition B &
Atkoxide solution to CLCP solution e Ny e ol
U-GLOGR, dr 3411 180 mg, 55% isolated yield,

dr at P2 >88:1, 90% purity

[0270]  Step I: In a nitrogen-filled glovebox, an oven-dried reaction tube A containing
a Teflon-coated magnetic stir bar was charged with 2-CF:BnOH (as a substituted benzyl
alcohol nucleophile, BnOH) (0.18 mmol, 1.5 equiv.) and LiOtBu (0.18 mmol, 1.5 equiv.),
dissolved in anhydrous toluene (1 mL) and taken outside the glovebox. The mixture was
stirred at room temperature for 30 minutes and then cooled to -25 °C. Then, a solution of
protected cyclic dinucleotide (0.12 mmol, 1 equiv.) in toluene (2 mL) was added in one
portion at -25 °C and left stirring at that temperature for 4 hours.

[0271]  Step II: Another reaction tube B was charged with C1-CP (0.18 mmol, 1.5
equiv.) in solvent (e.g., MeCN (0.2 mL)) and the reaction tube was taken outside of the
glove box. The reaction tube was kept at -25 °C for 10 minutes and the pre-stirred
alkoxide solution from reaction tube A was transferred to reaction tube B dropwise with
the aid of a syringe. Alternatively, the pre-stirred CI-CP solution from reaction tube B
was transferred to reaction tube A dropwise with the aid of a syringe. The reactions were
stirred at -25 °C for 18 hours. The reactions were diluted with dichloromethane and

transferred to round bottom flask. The crude mixtures were evaporated to dryness with
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aid of rotavapor and purified via column chromatography by using DCM-EtOAc (1%
MeOH) gradient.

[0272]  Several different reaction conditions and substrate concentrations were studied

for the synthesis of the cyclic trimers. Results are shown in Table 4:

Table 4 - Reaction conditions and substrate concentrations for synthesis of cyclic

trimers
drof 1:Cy-Nu  CLCP {equiv).  Solventfor Mode of Yield dr
€1-CF Sol. addition (major [3-5)-Cy-trimer) (major [3.6]-Cy-trimer)
2001 1.5 Tol:pAeCN (0.2 mL) A 31% 2.7
20:1 15 MaCN (0.2 mL) A §4% 31
20:1 1.5 Toluene {0.3 mb) B 66% 21
20:1 10 MeCN (0.2 ral.) B 74% 381
2001 15 MeCN (3.2 mL) B 85% 4311
20:1 15 MeCN (0.2 ml) B 90% 511

b. General procedure (GP16) for one-pot synthesis of trinucleotide blockmers

CH

o " . CFs o
TBSO o ooenn
E ﬁﬁgA\:)—N/ﬁFo {1.509) ™sg i N/—>=0
gt s N PN N
MeOr. © 3 . - "0 H
Q/\ 2 & som LiOtBu {15 q.), med-{ s amo}_ Bom
s o

N Toluene (0.04 M), \>-—N CFs

R.‘u)r) 1, CyNu (1 ea) -205C, 4h Rl )
4 0.22 mmot, 200 mg ROR r

Uy, dr >20:1 L {3’-§']-Linkage, ~80%

O [ SO

% kY
o omed  bom CICP-trap o tmed  Bom

1850
MeCN (0.12 M)-25°C, 2h B
Mode of Addition B: MeOrr
Alkoxide solution to CLCP solution 0
U-CI-CP, dr 34:1 ysow

180 myg, 55% isolated yield,
dr at P2 >99:1, 90% purity
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o
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| {2.5-3eq) LN S
- me 8 TN N

O
P o
LIOtBu (1.5 - 2.5 eq) MeOre. ¥ 1o Y } ..... N
Toluene {0.03 M}, 3_/:,{/\ o tved R
-30°C,3-5h K oF
\}..»n A 3 s
ROR R“”}j %
S -
jf\'n'(ii:\ Q’{Ss
N A {
TBS-trap SN o e} /m%
Fald o8 N o
TESCH (4 - 6 eq) S5 e };—ﬂ\
imidazole (8 - 12 eq) 4 Dt BOM

MeON, 20 °C to 0 %G, o
18h, then RT, 2~ 3 hr TBEY b ,fﬁ:o

RS }r
Meo 4 67 Bed” N\scm
»>B8% conversion s G @ k
N

N I _EF
.. : . \ - a
with 80% conversion, Bow-~—N E
40-72% isolated vield };j N
¢

[0273] Step I: In a nitrogen-filled glovebox, an oven-dried reaction tube A containing
a Teflon-coated magnetic stir bar was charged with 2-CF3:BnOH (as a substituted benzyl
alcohol nucleophile, BnOH) (0.18 mmol, 1.5 equiv.) and LiOtBu (0.18 mmol, 1.5 equiv.),
dissolved in anhydrous toluene (0.18M, 1 mL) and taken outside the glovebox. The
mixture was stirred at room temperature for 30 minutes and then cooled to -25 °C. Then, a
solution of protected cyclic dinucleotide (0.12 mmol, 1 equiv.) in toluene (2 mL) was
added in one portion at -25 °C and left stirring at that temperature for 4 hours.

[0274]  Step II: Another reaction tube B was charged with C1-CP (0.18 mmol, 1.5
equiv.) in MeCN (0.6 mL) and the reaction tube was taken outside of the glove box. The
reaction tube was kept at -25 °C for 10 minutes and the pre-stirred alkoxide solution from
reaction tube A was transferred to reaction tube B dropwise with the aid of a syringe. The
reaction was stirred at -25 °C for 18 hours.

[0275]  Step III: Reaction tube C was charged with 2-CF3BnOH (as a substituted
benzyl alcohol nucleophile, BnOH) (0.36 mmol, 3 equiv.) and LiOtBu (0.30 mmol, 2.5
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equiv.) in 1 mL of toluene and stirred for 30 minutes before adding to reaction tube B
dropwise at -30 °C. The reaction was stirred for 5 hours at -30 °C.

[0276]  Step IV: To the reaction tube C, a solution of TBSCI (0.72 mmol, 6 equiv.)
and Imidazole (1.44 mmol, 12 equiv.) in 1 mL MeCN was added to one portion. The
resulting mixture was stirred for 1 hour at -30 °C and slowly warmed up to 0 °C, stirred
overnight (16-18 hours). The reaction was further warmed up to room temperature and
monitored via LC-MS to ensure >90% conversion. Upon completion, a few drops of
methanol were added to quench excess of TBS-Imidazolium salts. The reaction was
diluted with dichloromethane and transferred to round bottom flask. The crude mixture
was evaporated to dryness with aid of rotavapor and purified via column chromatography
by using DCM-EtOAc(1% MeOH) gradient. The crude product was loaded on silica gel

10g column by dissolving in minimum amount of DCM.

c. General procedure for 4-step one-pot synthesis of trinucleotide blockmers
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1, Cy-Nu (1 eq.), 4o T
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5 w
pyrimidines purines
0 Bﬂ.\EN
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8¢, AAA (Lys), 5d, AUU {Leu),

method A, 40% yield, method A, 26% vield

method B, 47% yield method B, 46% yield {(nmr yieid 73%)
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method A, 43% vield metheod A, 44% yield
{NMR yield 70%}

[0277] Isolated yields are reported for one-pot, 4 steps sequence. NMR yields are
reported based on *'P NMR by using (PhO);PO as an internal standard. Method A:
compound was isolated via column chromatography on silica gel by using DCM:EtOAc

(2% MeOH) gradient, and compound was isolated via C-18 reverse phase column.

d. Isolation of trimer blockmer

[0278]  Crude trimer blockmer product was purified via reverse phase column-
chromatography on automated system. Resulting trinucleotide blockmers with their yield

were as follows:



WO 2024/233624 PCT/US2024/028291
-112 -
o oTeS
N 7 o
1. ROR £ o] B’

2. CI-CP-trap ;T'JP\O‘\. /

856 o 0 2ROR o e
? ogl B? 4.TBS-trap

. O
o QA Tk b ﬁ k[)‘B’
0 0 MEO: . OJ ‘\0‘“ >
g LN —py? N4 8. BMe
1, Cy-Nu {1 eq.), of ot T I\
0.12 mmol E B! 4 e ”/CFS
J
pyrmidioss purines
13]\ Bﬂ‘N
R . BOM ]
- j 8
\'E N [ kﬁ, %
NN !
f; Q \nz’L\«o
RaH, {80 ;
R = Me, T9OH e
TESQ
ST -1
o 1. YU, (no wark-up, isolated via silica gel column
“g"“a‘\' “om chromatography, wet loading, 48% yield
13
Q ancr:s
o 2. UL, {aqueous wark-up}, isofated via silica gel column
TBSC% ﬁ _\}_UQQM chromatography, dry loading, deconposition to dimer
; o JP\O‘,. with BOM-deprotection + TBS-deprotection of §-O of
Mol 4 0B Bua trimer
yEom 3. UUU, NMR i 9 is0! :
. . yield 76% {no work-up), isclated via C-18,
4a, UUU {(Phe) reverse phase column chromatography, 48% yield
OTES
O\ _ayBOM
Q
g
"‘Q‘ . o
Qf BEntFe
T88Q o BSQ e g
: P . M .
oo oY et Y
Mel: g/\ OBntEs el Q/\ égnws One
ABn ABr
4b, AAA (Lys), 4c, AUU {Leuw),

st 1, 40% yield
{no work-up), wetlpading
run 2, with reversed phase column; 47% yield

ran 1, 26% yield {ho work-up, dry loading)
run 2, NMR yield 73%,
reversed phase column; 48% yield



WO 2024/233624 PCT/US2024/028291

-113 -
TREQ TEEG
L{cijlusom \‘\g“som
0 Q
N ST, o
P OhMe g“ \ Oble
O B OBaTE
TBSQ 2 ° - 7 B-CH Tasg q * ABR
; P .. ; P
MeOs . o¥itor Y MeOs. Yo
) o DR CF3 bfﬂe \ DERCE ‘om e
{BOM yBoM
4d, UABC'U, 43% yield T‘lljii ,Iuﬁté&gy;i; d 70%,
{no work-up, wet loading) Reversed phase column; 44% vield

[0279]  With reversed phase column chromatography, the compounds do not
decompose but separation is not base line to base line. Addition of 0.1% buffer solution

of NH4OC(O)H or NH4OAc in water can help in separation.

Example 9. Synthesis of open-ringed TBS-protected-dimers

a. (2R, 3R.4R 5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-

y1)-2-(((tert-butyldimethylsilyDoxy)methyl)-4-methoxytetrahydrofuran-3-yl
(((2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-3.,4-dihydropyrimidin-1(2H)-

y1)-3-((tert-butyldimethylsilyl)oxy)-4-methoxytetrahydrofuran-2-yl)methyl) (2-

(trifluoromethyl)benzyl) phosphate
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[0280] The compound was synthesized by following GP14 (2-steps, one-pot sequence)
using UU-Cy-Nu (117 mg, 0.12 mmol) in 2 mL Toluene:ACN (5:1), LiOtBu (15 mg,
0.18 mmol, 1.5 equiv.), and 2-CF3BnOH [43 mg, 0.24 mmol, 2.0 equiv., 1 mL stock
solution in anhydrous toluene, (0.24M)] for step 1 and TBSCI (55 mg, 0.36 mmol, 3
equiv.) and imidazole (49 mg, 0.72 mmol, 6 equiv.) in 0.5 mL MeCN for step 2. Column
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conditions: Si02-10g column, Next-Gen automated system, wet loading by dissolving in
minimum amount of DCM, Hexanes: Ethyl acetate (0% to 100%), desired product was
isolated as white solid. Yield = 84 mg, 61%, dr=29:1.

[0281] 3P NMR (162 MHz, CDCl3) & -1.91 (major), -2.49 (minor).

[0282] 'H NMR (400 MHz, CDCl3) § 7.77 (d, J = 8.2 Hz, 1H), 7.56 (dd, J=7.8, 4.7
Hz, 2H), 7.45 (dd, J = 25.5, 8.0 Hz, 2H), 7.35 (t, /= 7.7 Hz, 1H), 7.30 — 7.11 (m, 10H),
5.93(d,J=3.7 Hz, 1H), 5.75 (d, /= 2.2 Hz, 1H), 5.61 (d, J= 8.2 Hz, 1H), 5.54 (d, J =
8.2 Hz, 1H), 5.36 (qd, J=9.7, 7.4 Hz, 4H), 5.27 — 5.14 (m, 3H), 4.77 (q, J = 5.5 Hz, 1H),
4.59 (d,J=3.2 Hz, 4H), 4.28 (ddd, J= 117, 6.1, 2.2 Hz, 1H), 4.20 — 4.10 (m, 2H), 4.02
(qd, J=17.5, 3.6 Hz, 2H), 3.90 (dd, J=11.9, 1.9 Hz, 1H), 3.80 (t, J = 4.3 Hz, 1H), 3.70
(dd, J=11.9, 1.7 Hz, 1H), 3.53 (dd, J= 4.7, 2.2 Hz, 1H), 3.43 (s, 3H), 3.36 (s, 3H), 0.83
(s, 9H), 0.78 (s, 9H), 0.03 (s, 6H), -0.03 (d, J = 10.0 Hz, 6H).

[0283] 3C NMR (101 MHz, CDCls) & 162.62, 162.49, 151.06, 150.91, 138.23,
138.06, 137.98, 137.96, 133.61, 132.52, 129.65, 129.04, 128.45, 128.44, 128.08, 127.86,
127.82, 126.40, 126.34, 125.53, 102.20, 102.13, 89.27, 87.24, 83.30, 82.92, 82.83, 82.62,
81.59,81.51, 73.79, 73.74, 72.39, 70.40, 70.38, 69.46, 66.17, 65.97, 65.92, 61.54, 58.58,
58.57,25.99, 25.74, 18.47, 18.17, -4.55, -4.88, -5.45.

[0284] HR-MS (Q-TOF, ESI) calculated for CssHz6F3N4O1sPsiz, [M+Na']:1227.4377,
found 1227.4368.

b. ((2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-

y1)-3-((tert-butyldimethylsily)oxy)-4-methoxytetrahydrofuran-2-yl)methyl

oxopyrimidin-1(2H)-vy1)-4-methoxytetrahydrofuran-3-yl) (2-(trifluoromethyl)benzyl)

phosphate

o ==
o NBn
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[0285] The compound was synthesized by following GP14 (2-steps, one-pot sequence)
using UC-Cy-Nu (117 mg, 0.12 mmol) in 2 mL Toluene:ACN (5:1), LiOtBu (15 mg, 0.18
mmol, 1.5 equiv.), and 2-CF3BnOH [43 mg, 0.24 mmol, 2.0 equiv., 1 mL stock solution
in anhydrous toluene, (0.24M)] for step 1 and TBSCI (55 mg, 0.36 mmol, 3 equiv.) and
imidazole (49 mg, 0.72 mmol, 6 equiv.) in 0.5 mL MeCN for step 2. Column conditions:
Si02-10g column, Next-Gen automated system, wet loading by dissolving in minimum
amount of DCM, DCM: Ethyl acetate (2% MeOH) gradient (0% to 100%), desired
product was isolated as white solid. Yield = 84 mg, 61%, dr = 20:1.

[0286] 3P NMR (203 MHz, CDCl3) & -1.91.

[0287] °F NMR (471 MHz, CDCl3) & -59.76.

[0288] 'H NMR (500 MHz, CDCl3) § 7.92 (d, J= 7.8 Hz, 1H), 7.61 (d, J=8.1 Hz,
2H), 7.50 (dd, J = 19.6, 7.9 Hz, 2H), 7.39 (t, J = 7.7 Hz, 1H), 7.34 — 7.16 (m, 16H), 7.09
(s, 1H), 6.03 (d, /= 2.0 Hz, 1H), 5.80 (d, J=2.3 Hz, 1H), 5.67 (d, J= 7.8 Hz, 1H), 5.57
(d, /=82 Hz, 1H), 5.45 — 535 (m, 2H), 5.28 (d, J = 6.4 Hz, 2H), 4.98 (q, /= 14.2 Hz,
2H), 4.80 (ddd, J= 7.4, 6.1, 4.9 Hz, 1H), 4.64 (s, 2H), 4.43 (s, 2H), 4.31 (ddd, J = 11.6,
5.9,2.0 Hz, 1H), 4.22 — 4.14 (m, 2H), 4.10 — 4.01 (m, 2H), 3.99 (dd, /=12.0, 2.1 Hz,
1H), 3.94 (dd, J = 4.9, 2.1 Hz, 1H), 3.76 — 3.69 (m, 1H), 3.61 — 3.51 (m, 2H), 3.50 (s,
3H), 3.46 (s, 3H), 0.82 (s, 9H), 0.78 (s, 9H).

[0289]  '3C NMR (126 MHz, CDCls) & 164.28, 162.53, 155.41, 150.97, 141.16,
138.08, 137.99, 137.21, 136.23, 133.66, 132.56, 129.46, 129.18, 128.96, 128.71, 128.46,
127.84, 127.67, 126.50, 126.35, 126.31, 125.28, 123.10, 102.13, 91.85, 89.04, 88.14,
83.35,82.53, 81.91, 81.83, 81.68, 81.62, 77.36, 72.92, 72.88, 72.40, 70.37, 69.40, 66.06,
65.80, 65.75, 60.80, 58.56, 58.50, 50.81, 50.31, 25.95, 25.88, 25.75, 18.41, 18.18, -4.56, -
4.88, -5.43, -5.46.

[0290] HR-MS (Q-TOF, ESI) calculated for Cs2Hzg1F3Ns5014PSiz, [M+Na']:1286.4900,
found 1286.4894.
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methoxytetrahydrofuran-3-yl) (2-(trifluoromethyl)benzyl) phosphate
oTES

3g, AA-Bn, (86% NMR yield)
72% yield, dr >50:1

[0291] The compound was synthesized by following GP14 (2-steps, one-pot sequence)
using UU-Cy-Nu (130 mg, 0.12 mmol) in 2 mL Toluene, LiOtBu (15 mg, 0.18 mmol, 1.5
equiv.), and 2-CF3BnOH [43 mg, 0.24 mmol, 2.0 equiv., 1 mL stock solution in
anhydrous toluene, (0.24M)] for step 1 and TBSCI (55 mg, 0.36 mmol, 3 equiv.) and
Imidazole (49 mg, 0.72 mmol, 6 equiv.) in 0.5 mL MeCN for step 2. Column conditions:
Si02-10g column, Next-Gen automated system, wet loading by dissolving in minimum
amount of DCM, DCM: Ethyl acetate (1% MeOH) gradient (0% to 100%), desired
product was isolated as white solid. Yield = 120 mg, 72%, dr = 50:1.

[0292] '°F NMR (471 MHz, CDCl3) § -59.86.

[0293] 3P NMR (203 MHz, CDCl3) § -1.77.

[0294] 'H NMR (500 MHz, CDCl3) & 8.38 (s, 1H), 8.36 (s, 1H), 7.96 (s, 1H), 7.93 (s,
1H), 7.67 (d, J= 7.8 Hz, 1H), 7.61 (d, /= 7.7 Hz, 1H), 7.45 (t,J = 7.8 Hz, 1H), 7.37 —
7.21 (m, 25H), 6.17 (d, J = 6.6 Hz, 1H), 6.10 (d, J = 4.1 Hz, 1H), 5.49 (s, 3H), 5.36 (d, J
=6.3 Hz, 2H), 5.16 (ddd, J=7.2, 4.7, 2.5 Hz, 1H), 4.96 (s, 3H), 4.59 (qd, J = 4.9, 2.6 Hz,
2H), 4.46 (ddd, J=10.9, 5.8, 3.8 Hz, 1H), 4.38 (ddd, J = 13.4, 5.4, 3.5 Hz, 2H), 4.34 —
4.23 (m, 2H), 3.88 — 3.75 (m, 2H), 3.49 (s, 3H), 3.40 (s, 3H), 0.93 (s, 9H), 0.89 (s, 9H),
0.14 (s, 3H), 0.12 (s, 3H).

[0295]  3C NMR (126 MHz, CDCls) & 155.08, 155.05, 152.93, 152.81, 151.30,
150.76, 137.90, 137.48, 136.94, 134.08, 132.39, 129.41, 128.71, 128.53, 128.07, 128.02,
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127.39, 126.08, 126.04, 125.29, 123.11, 120.46, 120.17, 87.48, 85.43, 84.14, 84.09,
82.75, 82.68, 82.58, 82.08, 82.05, 77.36, 75.70, 75.66, 70.53, 66.68, 65.92, 62.66, 58.86,
58.71,26.10, 25.86, 25.84, 18.46, 18.26, -4.55, -4.74, -5.25, -5.42.

[0296] HR-MS (Q-TOF, ESI) calculated for C70HssF3N10O10PSi> [M+Na']:
1393.5649, Found 1393.5642.

d. (CR.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo0-3.4-dihydropyrimidin-1(2H)-

y1)-3-((tert-butyldimethylsilyl)oxy)-4-methoxytetrahydrofuran-2-yl)methyl
((2R.3R.4R.5R)-2-(((tert-butyldimethylsilyl)oxy)methyl)-5-(6-chloro-9H-purin-9-y1)-

4-methoxytetrahydrofuran-3-yl) (2-(trifluoromethyl)benzyl) phosphate
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[0297]  The compound was synthesized by following GP14 (2-steps, one-pot sequence)
using UA(6C1)-Cy-Nu (101 mg, 0.12 mmol) in Toluene (2 mL), LiOtBu (15 mg, 0.18
mmol, 1.5 equiv.), and 2-CF3BnOH [43 mg, 0.24 mmol, 2.0 equiv., 1 mL stock solution
in anhydrous toluene, (0.24M)] for step 1 and TBSCI (55 mg, 0.36 mmol, 3 equiv.) and
imidazole (50 mg, 0.72 mmol, 6 equiv.) in 0.5 mL MeCN for step 2. Column conditions:
Si02-10g column, Next-Gen automated system, wet loading by dissolving in minimum
amount of DCM, DCM: ethyl acetate (1% MeOH) gradient (0% to 100%), desired
product was isolated as white solid. Yield = 80 mg, 59%, dr =17:1.

[0298] 3'P NMR (203 MHz, CDCl3) 6 -1.71, -2.12.

[0299]  !°F NMR (471 MHz, CDCls) & -59.70.

[0300] 'H NMR (500 MHz, CDCl3) & 8.75 (s, 1H), 8.47 (s, 1H), 7.66 (dd, J=8.1, 2.2
Hz, 2H), 7.61 — 7.53 (m, 2H), 7.45 (t, /= 7.7 Hz, 1H), 7.38 — 7.29 (m, 4H), 7.29 — 7.22
(m, 2H), 6.24 (d, J = 6.2 Hz, 1H), 5.87 (d, J=2.1 Hz, 1H), 5.69 (d, J = 8.2 Hz, 1H), 5.50
—5.30(m, 4H), 5.12 (ddd, J=7.2,4.7,2.7 Hz, 1H), 4.69 (s, 2H), 4.51 — 4.39 (m, 3H),
4.27(ddd, J=11.6, 5.2, 2.9 Hz, 1H), 4.19 — 4.08 (m, 3H), 3.97 (dd, /= 11.6, 2.8 Hz, 1H),
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3.86(dd, J=11.6, 2.4 Hz, 1H), 3.65 (dd, J= 4.4, 2.1 Hz, 1H), 3.54 (s, 3H), 3.38 (s, 3H),
0.95 (s, 9H), 0.93 — 0.85 (m, 10H), 0.18 — 0.05 (m, 12H).

[0301] '3C NMR (126 MHz, CDCl3) § 162.51, 152.43, 151.70, 151.40, 150.92,
143.39, 138.06, 137.94, 133.62, 133.55, 132.49, 132.21, 129.68, 129.06, 128.46, 128.12,
127.86, 127.82, 126.45, 126.41, 126.37, 126.32, 123.08, 102.19, 89.37, 85.94, 84.67,
84.63, 83.35, 83.15, 83.12, 81.54, 81.47, 77.36, 75.60, 75.55, 72.42, 70.38, 69.45, 66.26,
65.91, 65.87, 62.66, 60.53, 58.90, 58.60, 26.12, 26.08, 25.75, 25.74, 18.53, 18.20, -4.52, -
4.84, -5.23, -5.36.

[0302] HR-MS (Q-TOF, ESI) calculated for C40He7CIF3N6O13PSiz, [M+Na']:
1149.3575, found 1149.3568.

e. ((3aR. 4R .6R 6aR)-6-(3-((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-
1(2H)-y1)-2.2-dimethyltetrahydrofuro[3.4-d][1,3]dioxol-4-y)methyl ((2R.3R 4R_5R)-
5-(3-((benzyloxy)methyl)-2.4-dioxo-3,4-dihydropyrimidin- 1 (2H)-y1)-2-(((tert-

butyldimethylsilyDoxy)methy])-4-methoxytetrahydrofuran-3-yl) (2-

(trifluoromethyl)benzyl) phosphate

oTBS
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[0303] The compound was synthesized by following GP14 (2-steps, one-pot sequence)
using katal-UU-Cy-Nu (100 mg, 0.12 mmol, dr 10:1) in Toluene (1.6 mL), LiOtBu (15
mg, 0.18 mmol, 1.5 equiv.), and 2-CF3BnOH [43 mg, 0.24 mmol, 2.0 equiv., I mL stock
solution in anhydrous toluene, (0.24M)] for step 1 and TBSCI (55 mg, 0.36 mmol, 3
equiv.) and imidazole (50 mg, 0.72 mmol, 6 equiv.) in 0.5 mL MeCN for step 2. Column
conditions: Si02-10g column, Next-Gen automated system, wet loading by dissolving in
minimum amount of DCM, hexanes: ethyl acetate gradient (0% to 100%), desired product
was isolated as white solid. Yield = 107mg, 79%, dr =>99:1

[0304] 3P NMR (203 MHz, CDCls) & -2.26, -2.31.
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[0305] '°F NMR (471 MHz, CDCls) & -59.73, -59.85.

[0306]  'HNMR (500 MHz, CDCl3) 8 7.87 (d, J= 8.2 Hz, 1H), 7.66 (t, J = 8.0 Hz,
2H), 7.59 — 7.53 (m, 1H), 7.43 (q,J = 7.2 Hz, 1H), 7.39 — 7.23 (m, 12H), 7.16 (d, J = 8.1
Hz, 1H), 6.05 (d, J= 4.0 Hz, 1H), 5.73 — 5.64 (m, 2H), 5.61 (d, J = 2.0 Hz, 1H), 5.49 (d, J
=98 Hz, 1H), 5.48 — 5.42 (m, 2H), 5.37 (d, J = 9.8 Hz, 1H), 5.32 (d, J= 6.5 Hz, 2H),
4.93 —4.78 (m, 4H), 4.70 (s, 2H), 4.67 (s, 2H), 4.38 — 4.26 (m, 4H), 3.97 (dd, J= 118,
1.9 Hz, 1H), 3.92 (t, /= 4.4 Hz, 1H), 3.80 (dd, /= 11.9, 1.7 Hz, 1H), 3.46 (s, 3H), 1.55
(s, 3H), 1.34 (s, 3H), 0.92 (s, 9H), 0.12 (s, 6H).

[0307] 3C NMR (126 MHz, CDCl3) § 162.65, 162.47, 151.11, 150.83, 140.82,
138.30, 137.99, 137.96, 133.86, 133.80, 132.47, 129.43, 128.78, 128.44, 127.86, 127.85,
127.83, 127.75, 126.24, 126.19, 114.79, 102.45, 102.20, 95.72, 87.20, 85.96, 85.91,
84.56, 84.53, 83.04, 82.98, 82.67, 82.65, 80.91, 77.36, 73.79, 73.75, 72.47, 72.37, 70.44,
70.41, 67.70, 67.66, 66.05, 66.01, 65.98, 61.71, 58.60, 27.21, 26.00, 25.37, 18.46, -5.47.
[0308] HR-MS (Q-TOF, ESI) calculated for CsyHssFsN4O16PSi, [M+Na']: 1139.3668,
found 1139.3661.

f (2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-
y1)-2-(((tert-butyldimethylsilyl)oxy)methyl)-4-methoxytetrahydrofuran-3-yl
(((2R.3S8,5R)-5-(3-((benzyloxy)methyl)-5-methyl-2.4-dioxo-3.4-dihydropyrimidin-
1(2H)-vD)-3-((tert-butyldimethylsilyl)oxv)tetrahydrofuran-2-yl)methyl) (2-

(trifluoromethyl)benzyl) phosphate

0TBs

[0309] The compound was synthesized by following GP14 (2-steps, one-pot sequence)
using UT-Cy-Nu (110 mg, 0.12 mmol, dr 5:1) in Toluene (1.6 mL), LiOtBu (15 mg, 0.18
mmol, 1.5 equiv.), and 2-CF3BnOH [43 mg, 0.24 mmol, 2.0 equiv., 1 mL stock solution
in anhydrous toluene, (0.24M)] for step 1 and TBSCI (55 mg, 0.36 mmol, 3 equiv.) and
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imidazole (50 mg, 0.72 mmol, 6 equiv.) in 0.5 mL MeCN for step 2. Column conditions:
Si02-10g column, Next-Gen automated system, wet loading by dissolving in minimum
amount of DCM, hexanes: ethyl acetate gradient (0% to 100%), desired product was
isolated as white solid. Yield =112 mg, 85%, dr =>99:1.

[0310]  3'P NMR (203 MHz, CDCl3)  -1.97, -2.42.

[0311] '°F NMR (471 MHz, CDCl3) § -59.77.

[0312] 'H NMR (500 MHz, CDCl3) § 7.87 (d, J=8.2 Hz, 1H), 7.65 (dd, J=17.8, 3.7
Hz, 2H), 7.55 (t, J= 7.6 Hz, 1H), 7.43 (t, J= 7.7 Hz, 1H), 7.40 — 7.35 (m, 4H), 7.35 —
7.27 (m, 6H), 7.25 (s, 1H), 6.31 (dd, /= 7.2, 6.2 Hz, 1H), 6.05 (d, /=3.9 Hz, 1H), 5.71
(d,J=82Hz, 1H), 5.52 — 5.42 (m, 4H), 5.34 (d, J = 6.5 Hz, 2H), 487 (¢, J = 5.3 Hz,
1H), 4.70 (d, J = 7.3 Hz, 4H), 4.35 (dt, J=7.0, 3.6 Hz, 1H), 4.28 (dt, /= 5.6, 1.8 Hz, 1H),
4.24 (dd, J=6.2, 3.5 Hz, 2H), 4.00 (dt, J = 8.8, 2.1 Hz, 2H), 3.94 (t, /= 4.3 Hz, 1H), 3.81
(dd, J=11.9, 1.7 Hz, 1H), 3.47 (s, 3H), 2.25 (ddd, J = 13.5, 6.2, 3.6 Hz, 1H), 2.01 (dt, J =
13.6, 6.9 Hz, 1H), 1.86 (d, J = 1.2 Hz, 3H), 0.93 (s, 9H), 0.88 (s, 10H), 0.13 (s, 6H), 0.07
(d, J=4.7 Hz, 6H).

[0313] HR-MS (Q-TOF, ESI) calculated for CssH76F3N4O15PSiz, [M+Na']:
1211.4427, found 1211.4438.

a. (2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo0-3.4-dihydropyrimidin-1(2H)-
y1)-2-(((tert-butyldimethylsily)oxy)methyl)-4-fluorotetrahydrofuran-3-yl
(((2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-

y1)-3-((tert-butyldimethylsilyl)oxy)-4-methoxytetrahydrofuran-2-yl)methyl) (2-

(trifluoromethyl)benzyl) phosphate

oTBS
'I:\o‘ N

Meo:. Qfo’
e

o

BnO

Qj

[0314]  The titled compound was synthesized by following GP14 (2-steps, one-pot
sequence) using F-UU-Cy-Nu (108 mg, 0.12 mmol, dr 5:1) in Toluene (2 mL), LiOtBu
(11.5 mg, 0.14 mmol, 1.2 equiv.), and 2-CF;BnOH [43 mg, 0.24 mmol, 2.0 equiv., 1 mL
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stock solution in anhydrous toluene, (0.24M)] for step 1 and TBSCI (55 mg, 0.36 mmol, 3
equiv.) and imidazole (50 mg, 0.72 mmol, 6 equiv.) in 0.5 mL MeCN for step 2. Column
conditions: Si02-10g column, Next-Gen automated system, wet loading by dissolving in
minimum amount of DCM, hexanes: ethyl acetate gradient (0% to 100%), desired product
was isolated as white solid. Yield =97 mg, 75%, dr =>99:1

[0315] *'P NMR (203 MHz, CDCl3) § -2.03, -2.07.

[0316] '°F NMR (471 MHz, CDCls) & -59.64, -202.82 (dt, J = 51.4, 15.3 Hz).

[0317] 'HNMR (500 MHz, CDCl3) § 7.74 (d, J = 8.2 Hz, 1H), 7.69 — 7.54 (m, 3H),
7.50(d, /J=8.2Hz, 1H), 7.45 (t, /= 7.6 Hz, 1H), 7.39 — 7.22 (m, 11H), 6.09 (dd, /=
15.2, 2.6 Hz, 1H), 5.84 (d,J=2.1 Hz, 1H), 5.71 (d, J=8.2 Hz, 1H), 5.65 (d, J=8.2 Hz,
1H), 5.51 — 5.41 (m, 4H), 5.34 — 5.27 (m, 3H), 5.00 — 4.86 (m, 2H), 4.70 (d, J = 3.6 Hz,
4H), 4.40 (ddd, J=11.6, 6.2, 2.3 Hz, 1H), 431 —4.21 (m, 2H), 4.17 — 4.00 (m, 3H), 3.83
(dd, J=12.0, 1.9 Hz, 1H), 3.64 (dd, J= 4.9, 2.2 Hz, 1H), 3.53 (s, 3H), 0.91 (s, 9H), 0.89
(s, 9H), 0.12 (d, J = 1.3 Hz, 6H), 0.09 (s, 3H), 0.06 (s, 3H).

[0318] 3C NMR (126 MHz, CDCls) & 162.49, 162.39, 150.88, 150.84, 138.05,
137.98, 137.95, 133.23, 133.16, 132.58, 129.98, 129.22, 128.44, 127.85, 127.82, 127.78,
126.51, 126.47, 126.42, 102.48, 102.13, 92.37, 92.35, 90.82, 90.80, 89.38, 88.08, 87.82,
83.28, 82.31, 82.24, 81.45, 81.39, 72.80, 72.76, 72.68, 72.64, 72.51, 72.39, 70.47, 70.37,
69.43, 66.50, 66.22, 66.17, 60.95, 58.58, 25.97, 25.72, 18.48, 18.17, -4.55, -4.92, -5.44, -
5.46.

[0319] HR-MS (Q-TOF, ESI) calculated for CssH73FaN4O15PSi,, [M+Na']:
1215.4177, found 1215.4171.
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h. ((2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-

y1)-3-((tert-butyldimethylsilyl)oxy)-4-methoxvytetrahydrofuran-2-yl )methyl
((2R_3S.5R)-5-(3-((benzyloxy)methyl)-5-methyl-2_4-dioxo-3.4-dihydropyrimidin-
1(2H)-yD)-2-(((tert-butyldimethvlsilyDoxy)methyDtetrahydrofuran-3-yl) (2-

(trifluoromethyl)benzyl) phosphate
QTBS Me

o —
o
MeO».. Q/\o" o N
)
o, 8n0

N CF3

[0320] The compound was synthesized by following GP-14 (2-steps, one-pot
sequence) using UT-Cy-Nu (110 mg, 0.12 mmol) in Toluene (2 mL), LiOtBu (15 mg,
0.18 mmol, 1.5 equiv.), and 2-CF3BnOH [43 mg, 0.24 mmol, 2.0 equiv., 1 mL stock
solution in anhydrous toluene, (0.24M)] for step 1 and TBSCI (55 mg, 0.36 mmol, 3
equiv.) and imidazole (50 mg, 0.72 mmol, 6 equiv.) in 0.5 mL MeCN for step 2. Column
conditions: Si02-10g column, Next-Gen automated system, wet loading by dissolving in
minimum amount of DCM, hexanes: ethyl acetate gradient (0% to 100%), desired product
was isolated as white solid. Yield = 115 mg, 79%, dr =>99:1.

[0321] 3P NMR (203 MHz, CDCl3) § -1.88.

[0322] '°F NMR (471 MHz, CDCl3) & -59.55.

[0323] 'H NMR (500 MHz, CDCl3) 8 7.74 — 7.69 (m, 1H), 7.69 — 7.58 (m, 2H), 7.55
(d,J=82Hz, 1H), 7.52 — 7.46 (m, 1H), 7.43 (q, J = 1.2 Hz, 1H), 7.41 — 7.37 (m, 4H),
7.37—17.28 (m, SH), 7.28 — 7.23 (m, 2H), 6.37 (dd, J=9.1, 5.2 Hz, 1H), 5.89 (d, J=2.1
Hz, 1H), 5.72 (d, J= 8.2 Hz, 1H), 5.53 — 5.44 (m, 4H), 5.32 (qd, J = 12.7, 7.0 Hz, 2H),
5.01(t,J=5.8 Hz, 1H), 4.71 (s, 4H), 4.42 (ddd, J= 11.6, 6.0, 2.2 Hz, 1H), 4.29 (q, J =
1.9 Hz, 1H), 425 (ddd, /=11.6,5.3,3.1 Hz, 1H), 420 -4.11 (m, 2H), 3.90 (dd, /=11.5,
2.1 Hz, 1H), 3.85 (dd, J=11.5, 2.2 Hz, 1H), 3.68 (dd, J = 4.6, 2.1 Hz, 1H), 3.56 (s, 3H),
2.53 —2.46 (m, 1H), 2.06 (dddd, J=15.3, 9.1, 5.6, 2.1 Hz, 1H), 1.93 (d, J= 1.2 Hz, 3H),
0.92 (d, J=0.7 Hz, 19H), 0.13 (d, J= 1.1 Hz, 6H), 0.12 (d, J= 4.3 Hz, 6H).
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[0324] 3C NMR (126 MHz, CDCls) & 163.46, 162.48, 150.97, 150.88, 138.10,
137.94, 133.65, 133.40, 133.33, 132.57, 130.03, 129.19, 128.41, 128.37, 128.26, 127.80,
127.75, 127.72, 126.48, 126 44, 126.39, 110.57, 102.12, 89.40, 85.96, 85.92, 85.40,
83.27, 81.45, 81.38, 79.70, 79.66, 72.36, 72.32,70.67, 70.36, 69.45, 66.21, 65.97, 65.93,
63.38, 5855, 39.39, 39.35, 25.97, 25.72, 18.35, 18.16, 13.31, -4.54, -4.87, -5.33, -5.46.
[0325] HR-MS (Q-TOF, ESI) calculated for CssH76F3N4O15PSis, [M+Na']:
1211.4427, found 1211.4420.

1. 2R.3R 4R.5R)-5-(3-((benzyloxy)methy1)-2.4-dioxo0-3.4-dihydropyrimidin-1(2H)-
y1)-2-(((tert-butyldimethylsily)oxy)methyl)-4-methoxytetrahydrofuran-3-yl
(((2R.3R.4R 5R)-3-((tert-butyldimethylsilyloxy)-5-(6-(((E)-

N
—
Me \Me

[0326] The compound was synthesized by following GP-14 (2-steps, one-pot
sequence) using N-dmf-3-TBS-AU-BOM-Cy-Nu (105 mg, 0.12 mmol) in Toluene (2
mL), LiOtBu (15 mg, 0.18 mmol, 1.5 equiv.), and 2-CF3BnOH [43 mg, 0.24 mmol, 2.0
equiv., 1 mL stock solution in anhydrous toluene, (0.24M)] for step 1 and TBSCI (55 mg,
0.36 mmol, 3 equiv.) and imidazole (50 mg, 0.72 mmol, 6 equiv.) in 0.5 mL MeCN for
step 2. Column conditions: Si02-10g column, Next-Gen automated system, wet loading
by dissolving in minimum amount of DCM, DCM:MeOH gradient (0% to 5%), desired
product was isolated as white solid. Yield = 90 mg, 64%, dr =10:1.

[0327] 3'P NMR (162 MHz, CDCl3) § -2.10, -2.33.

[0328] F NMR (471 MHz, CDCl3) § -59.82.

[0329] 'H NMR (400 MHz, CDCl3) & 8.93 (s, 1H), 8.48 (s, 1H), 8.01 (s, 1H), 7.86 (d,
J=8.2Hz, 1H), 7.63 (d, /= 7.9 Hz, 2H), 7.56 — 7.46 (m, 1H), 7.45 — 7.20 (m, 8H), 6.05
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~5.99 (m, 2H), 5.69 (d,.J= 8.2 Hz, 1H), 5.47 (q, /= 9.8 Hz, 2H), 5.36 — 5.27 (m, 2H),
4.85(q,.J= 5.3 Hz, 1H), 4.71 (s, 2H), 4.57 (¢, J = 5.0 Hz, 1H), 4.45 — 4.36 (m, 2H), 4.33
—4.20 (m, 3H), 3.94 — 3.85 (m, 2H), 3.74 (dd, J = 12.0, 1.7 Hz, 1H), 3.45 (s, 3H), 3.40 (s,
3H), 3.24 (s, 3H), 3.18 (s, 3H), 0.91 (s, 10H), 0.90 (s, 8H), 0.10 (d, J = 6.8 Hz, 7H), 0.08
(d,J= 1.0 Hz, 6H).

[0330] *C NMR (101 MHz, CDCl3) § 162.70, 159.93, 158.36, 158.31, 152.84,
151.30, 151.09, 140.79, 138.44, 138.02, 133.89, 133.80, 132.42, 129.51, 128.65, 128.42,
127.87, 127.80, 127.56, 126.89, 126.18, 126.13, 126.07, 102.10, 87.63, 87.26, 82.99,
82.92 82.80,82.74, 82.72, 82.20, 73.73, 73.68, 72.36, 70.67, 70.40, 67.03, 66.97, 65.93,
61.61, 58.65, 58.58, 41.39, 35.26, 25.98, 25.82, 18.43, 18.23, -4.58, -4.82, -5.48, -5.50.
[0331] HR-MS (Q-TOF, ESI) calculated for Cs3Hs1F3N7013PSi2, [M+Na']:
1310.5013, found 1310.5008.

i. Cyclo-UU-BOM-TBS-TRAP

0TBS
8] e
O
PN KD—”} :

OXI\D\‘M 4 N

BnO

N“ N > CFy
[¢] ™

[0332] The compound was synthesized by following GP-14 (2-steps, one-pot
sequence) using cyclo-UU-Cy-Nu (90 mg, 0.12 mmol) in Toluene:ACN (5:1, 2 mL),
LiOtBu (15 mg, 0.18 mmol, 1.5 equiv.), and 2-CF3BnOH [43 mg, 0.24 mmol, 2.0 equiv.,
1 mL stock solution in anhydrous toluene, (0.24M)] for step 1 and TBSCI (55 mg, 0.36
mmol, 3 equiv.) and imidazole (50 mg, 0.72 mmol, 6 equiv.) in 0.5 mL MeCN for step 2.
Column conditions: Si02-10g column, Next-Gen automated system, wet loading by
dissolving in minimum amount of DCM, hexanes: ethyl acetate gradient (0% to 100%),
desired product was isolated as white solid. Yield = 70 mg, 56%, dr =>99:1.

[0333] 3'P NMR (162 MHz, CDCI3) § -2.50.

[0334] "F NMR (376 MHz, CDCl3) § -59.62.

[0335] 'H NMR (400 MHz, CDCl3) § 7.87 (d, J=8.2 Hz, 1H), 7.66 (dq, J = 15.0, 7.7
Hz, 3H), 7.46 (t, J= 7.6 Hz, 1H), 7.42 — 7.26 (m, 7H), 6.12 (dd, J = 19.4, 5.3 Hz, 2H),
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6.04 (d, /J=7.5Hz, 1H), 5.72 (d, /= 8.1 Hz, 1H), 5.48 (q, /J=9.7 Hz, 2H), 5.36 - 5.27
(m, 2H), 5.12 — 5.06 (m, 1H), 4.88 — 4.80 (m, 1H), 4.69 (s, 2H), 4.56 — 4.50 (m, 1H), 4.36
426 (m, 2H), 4.07 — 3.82 (m, SH), 3.40 (d, /= 2.1 Hz, 3H), 0.92 (s, 10H), 0.89 (s, 9H),
0.13 (dd, /=104, 8.5 Hz, 12H).

[0336] '3C NMR (101 MHz, CDCls) § 171.16, 162.54, 159.36, 151.11, 138.38,
137.85, 134.33, 133.52, 133.43, 132.59, 129.85, 128.78, 128.33, 127.76, 127.72, 126.07,
126.02, 110.85, 102.22, 89.82, 88.77, 86.73, 86.52, 86.45, 83.33, 8326, 82.51, 82.48,
76.42, 7470, 74.64, 72.23, 70.31, 66.14, 65.90, 65.85, 62.10, 58.50, 25.90, 25.54, 18.32,
17.87, -4.93, -5.08, -5.55, -5.58.

[0337] HR-MS (Q-TOF, ESI) calculated for C47HesF3N4O14PSiz, [M+Na']:
1075.3539, found 1075.3505.

Example 10. Removal of protecting sroups via hydrogenation

a. General procedure (GP17) for removal of protecting groups via hydrogenation

oM
—_— o o =
E & N Q OH
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5 BMe®  BOM
Q
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[0338]  An oven-dried reaction tube containing a Teflon-coated magnetic stir bar was
charged with BOM- and benzyl protected [3'-5'] and [5'-5'] dinucleotide linkages (1
equiv.) and methanol (10:1, 0.05M) and HCO2H (0.5%). To it was added 10% Pd-C
(10%) under N». H; gas was introduced to the reaction mixture using a double-folded
balloon. Reaction was monitored by LC-MS. Upon completion, the reaction mixture was

filtered through a Celite pad and washed with MeOH. All volatiles were evaporated in
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vacuo. A solution of internal standard, PO(OPh)s (0.025 mmol, 1.0 equiv.) in MeCN (0.5
mL) was added and NMR yields were recorded.

[0339]

shown in Table 5 (with BOM as the nucleoside protecting group):

Table S - Rate of Protecting Group (PG) hydrogenation

Entey  Benzyl PG Solvent

k| 2-CF-Bn MaOHITHF
2 2-CF 4B MeOHITHE
2 1-Naphthalene-CHz  MeQHITHF
4 1-Naphthalene-CH, MeQH/THF
] 2-CH-Br MeOH

Time

Results

2h incomplete deprotection of hoth Bn and BOM group

18h

Results for a study of the rate of protecting group (PG) hydrogenation are

complete deprotection of Ba and incomplete deprotection of BOM

2h completa deprotention of Bp and incomplete deprotection of BOM

18h

3h campiete deprotection of Bn and BOM

{ fom SM dr = 5:1}

complete deprotection of Bn and incomplete deprotection of BOM
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Table 6 - Deprotection of dinucleotide blockmer

Entry Pd (x mol%) Solvent/Additives Remark
1 10% MeOH No significant conv.
2 70% MeOH 3h, 50% conv., two products
3 100% IPAH,0 (10:1) 2h, 20% conv.

HCOOH (10 mol%)

4 100% IPA:H,0 (10:1) 2h, ~20% conv.
AcOH (10 mol%)

Conversion based on LC-MS and 31P-NMR analysis

c. Deprotection of trinucleotide blockmer, UUU

oras F” =5
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\\‘— “ : “f}t BOM
ﬂc i G ,
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1] Molzcular Waight: 1012.88
Observed Mazss via LEC-MS 2 1083
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d. Deprotection of trinucleotide blockmer, AAA

otas N NB orss N
prs e Pald ! ey
f N £d (X moi%], 1, Balloon;, Pt N
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Entry  Pd (x mol%) Remark
1 10 mol% No reaction
2 80 mol% 70% Conv. based on F NMR
non-selective deprotection
e. Deprotection Screen of Novel Nucleosides and dimers
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Screenl’n}z set up.

[0340] In an N2 filled glovebox solid nucleosides were added to doseheads for
dispensing. Nucleotides with syrup consistencies were dispensed as stock solutions in
acetonitrile, thereafter the acetonitrile was evaporated under a stream of Na.

[0341]  Solid substrates were added to doseheads and dispensed on the Quantos (5 mg
basis, with the dinucleotide 3'-5' and 5'-5' mixtures adjusted such that 5 mg of the desired
isomer was dispensed). Pd/C (Johnson Matthey JM 10R39) was dispensed at 10 mol%
loading on the Quantos. Thereafter solvents were added to the reaction wells neat, or in
the case of mixtures the solvents were pre-mixed first then dispensed from Falcon tubes
to the appropriate vials using a single channel pipette. The plate was fitted with a slitted
mat to which cross-slits had been added with an Exacto-style flat-bladed tool and the
plate was removed from the glove box and placed in the CAT96 apparatus, which was
then sealed. The CAT96 was programmed to run for 3 hours at 30 psi Hz atmosphere at
RT, then the program was run with a fixed stir rate of 300 rpm.

Preparation of analvtical samples:

[0342] The plate was unsealed and a 20 pL aliquot from each vial was taken then
added to an appropriately labeled 0.45 um filter vial using a multichannel pipette. The
samples were filtered into a 96-well collection plate and 10 uL. sample aliquots from each
well was added to the appropriate corresponding well in a 96-well labeled UPLC sample
plate using a multi-channel pipette.

[0343] 20 mL of a 2.5 mM stock solution of internal standard IS-01 (13.6 mg) using
MeOH was prepared. 400 uL of the internal standard stock solution was added to each
filter vial using a multi-channel pipette and the filter vial tops were inserted to filter the
samples. The samples were analyzed using LCMS (the OA high pH fast method at 2.0 uLL
injection volume). Each sample was given a lot number reflecting its position in the
reaction plates and directly corelated with that position on the analytical plates, e.g.,
CAX-D01021-012-XXX where XXX included AO1-H12.

[0344]  Screening Results are shown in Table 7A and Table 7B (X = Mixture of partial
deprotected species; 0 = Mixture of full and partial deprocted product; + =95+%

conversion to fully deprotected product)
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Table 7A — Screening Results with No Additive

Nucleoside | EtOH | IPA | THF | EtOAc | o t()llgzzi-IzO ngﬁzo

o e

FOTBSAE™ | X | X | X | X X X
3;-8;138 ] o + + 0
3;(11};1325 x | x| x % X X
3;nOcTBES | x| x % X X
3;%1;?35 x | x| x % X X
BOM. BOM

mgimgrlf(l)JH3 0 0 0 0 0 ’

Dameron | 0 [ 00| o0 ‘ i

Table 7B — Screenin

Results with 0.5 mol% Formic Acid Additive

Nucleoside | EtOH | IPA | THF | EtOAc Etoll?l’:ilzo H,i(fﬁzo
o I e I B
3OTBSfG™ | X | X | X X X X
S'ﬂ?};%s 0 0| o + + *
SLH%?ZS < | x| x X X X
3;1%;138 < | x | x X X X
3;noGTBlnass < | x| x X X X
BON—TBON

mgimg:lrlng3 0 0 0 ’ ’ "
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Example 11. Synthesis of cyclic trimers

Cyclic trimer: UUU

a. (2R.3R 4R 5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-
yD-2-((((4aR.6R.7R,7aR)-6-(3-((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-
1(2H)-y1)-7-methoxy-2-oxidotetrahydro-4H-furo[3.,2-d][1.3.2]dioxaphosphinin-2-
ylhoxy)methyl)-4-methoxytetrahydrofuran-3-yl (((2R,3R 4R 5R)-5-(3-
((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-yl)-3-((tert-

butyldimethylsilyDoxy)-4-methoxytetrahydrofuran-2-yl)methyl) (2-

(trifluoromethyl)benzyl) phosphate

[0345] The compound was synthesized by following GP-15 (2-steps, one-pot
sequence) using UU-Cy-Nu (200 mg, 0.22 mmol) in Toluene (3 mL), LiOtBu (26 mg,
0.33 mmol, 1.5 equiv.), and 2-CF3BnOH [58 mg, 0.33 mmol, 1.5 equiv., 2 mL stock
solution in anhydrous toluene, (0.33M)] for step 1 and U-BOM-CI-CP (160 mg, 0.35
mmol, 1.6 equiv.) in 1.2 mL MeCN for step 2. Column conditions: Si02-10g column,
Next-Gen automated system, wet loading by dissolving in minimum amount of DCM,
DCM:MeCN (2% iPrOH) gradient (0% to 80%). Fractions were analyzed via LC-MS and
the fractions containing desired product was pooled, concentrated to afford the titled
compound as white solid with 90% purity. Overall yield (2 steps) = 180 mg, 57%.

[0346] 3'P NMR (203 MHz, CDCl3) 6 -1.87, -4.01.

[0347] '°F NMR (471 MHz, CDCl3) § -59.70.

[0348] 'HNMR (500 MHz, CDCls) 6 7.67 (dd, J = 11.6, 7.8 Hz, 2H), 7.60 (q, J = 7.5
Hz, 1H), 7.55 (d, J= 8.2 Hz, 1H), 7.52 — 7.41 (m, 3H), 7.40 — 7.27 (m, 15H), 7.11 (d, J =
8.2 Hz, 1H), 5.93 (d, J=3.5 Hz, 1H), 5.91 — 5.86 (m, 1H), 5.86 — 5.74 (m, 3H), 5.66 (d, J
=8.2 Hz, 1H), 5.55 — 5.40 (m, 8H), 5.35 (d, J = 6.5 Hz, 2H), 4.86 (q, /= 6.1 Hz, 1H),
4.78 (dd, J=10.0, 5.1 Hz, 1H), 4.74 — 4.59 (m, 8H), 4.52 — 4.43 (m, 3H), 4.42 (dd, J =
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9.4,29Hz, 1H), 438 (dt,/J=6.1,2.8 Hz, 1H), 427 (ddd, /= 10.5, 9.0, 5.4 Hz, 2H), 4.18
—4.06 (m, 4H), 4.00 (dd, /J=5.2,3.5 Hz, 1H), 3.67 (dd, /=4.4, 2.3 Hz, 1H), 3.56 (s, 3H),
3.52 (s, 3H), 3.48 (s, 3H), 0.89 (s, 9H), 0.08 (d, /= 11.2 Hz, 6H).

[0349] BC NMR (126 MHz, CDCl3) § 162.58, 162.45, 162.17, 151.00, 150.96,
150.39, 139.62, 138.38, 138.02, 137.96, 137.92, 132.60, 129.62, 129.11, 128.51, 128.48,
127.95, 127.90, 127.89, 127.87, 127.84, 127.75, 126.43, 102.97, 102.68, 102.09, 95.60,
89.41, 88.52, 83.24, 81.64, 81.47, 80.39, 80.22, 80.16, 78.09, 73.18, 72.66, 72.47, 72.44,
70.84,70.78, 70.61, 70.47, 70.41, 69.55, 66.34, 59.46, 58.72, 58.58, 53.57,31.07, 18.20, -
4.54, -4.85.

[0350] HR-MS (Q-TOF, ESI) calculated for CssHs1F3NsO24P2Si, [M+H']: 1513.4572,
found 1513.4565.

TBS-trap-UUU-BOM-[3'-5']-trimer-blockmer

b. (2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-diox0-3.4-dihydropyrimidin-1(2H)-
vD-2-(((((CR.3R_4R.5R)-5-(3-((benzyloxy)methy])-2.4-dioxo-3.4-dihydropyrimidin-
1(2H)-y1)-2-(((tert-butyldimethylsilyl)oxy)methyl)-4-methoxytetrahydrofuran-3-

yDoxy ) (2-(trifluoromethyl)benzyl)oxy)phosphoryl)oxy)methyl)-4-
methoxytetrahydrofuran-3-yl (((2R.3R 4R .5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-
3.4-dihydropyrimidin-1(2H)-yl)-3-((tert-butyldimethylsilyl)oxy)-4-

methoxytetrahydrofuran-2-yl)methyl) (2-(trifluoromethyl)benzyl) phosphate
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[0351] The compound was synthesized by following GP-16 (4-steps, one-pot
sequence) using UU-Cy-Nu (110 mg, 0.12 mmol) in toluene (2 mL), LiOtBu (15 mg,
0.18 mmol, 1.5 equiv.), and 2-CF3BnOH [32 mg, 0.18 mmol, 1.5 equiv., 1 mL stock
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solution in anhydrous toluene, (0.18M)] for step 1 and U-BOM-CI-CP (88 mg, 0.19
mmol, 1.6 equiv.) in 0.6 mL MeCN for step 2. LiOtBu (24 mg, 0.30 mmol, 2.5 equiv.),
and 2-CF3:BnOH [64 mg, 0.36 mmol, 3 equiv., 1 mL stock solution in anhydrous toluene,
(0.36M)] for step 3 and TBSCI (109 mg, 0.72 mmol, 6 equiv.) and imidazole (98 mg,
1.44 mmol, 12 equiv.) in 1 mL MeCN for step 4. Column conditions: Si02-10g column,
Next-Gen automated system, wet loading by dissolving in minimum amount of DCM,
DCM:Ethyl acetate (2% MeOH) gradient (0% to 80%). Fractions were analyzed via LC-
MS and the fractions containing desired product was pooled, concentrated to afford the
titled compound as white solid with 90% purity. Overall yield (4 steps-sequence) = 106
mg, 49%.

[0352] 3P NMR (203 MHz, CDCl3) § -1.66, -2.20.

[0353] 'HNMR (500 MHz, CDCl3) 5 7.86 (d, /= 8.2 Hz, 1H), 7.65 (dd, J=11.7, 7.7
Hz, SH), 7.58 (td, J = 7.8, 4.5 Hz, 3H), 7.51 (d, J = 8.2 Hz, 1H), 7.47 — 7.40 (m, 4H), 7.38
—7.28 (m, 14H), 7.28 — 7.23 (m, 6H), 6.06 (d, J = 4.3 Hz, 1H), 5.92 (d, /= 4.2 Hz, 1H),
5.83 (d, /=22 Hz, 1H), 5.74 — 5.61 (m, 4H), 5.52 — 5.29 (m, 12H), 4.90 — 4.81 (m, 2H),
4.69(d, /=49 Hz, TH), 447 - 4.18 (m, 7H), 4.17 —4.05 (m, 3H), 3.98 (dd, /=11.9,2.0
Hz, 1H), 3.91 —3.87 (m, 2H), 3.82 (dd, J=11.9, 1.7 Hz, 1H), 3.66 — 3.61 (m, 1H), 3.52
(s, 3H), 3.43 (s, 3H), 3.42 (s, 3H), 0.93 (s, 9H), 0.88 (s, 9H), 0.13 (s, 6H), 0.09 (s, 3H),
0.06 (s, 3H).

[0354] '3C NMR (126 MHz, CDCl3) & 162.61, 162.50, 162.30, 151.12, 151.02,
150.89, 138.26, 138.22, 137.97, 137.96, 137.90, 133.42, 132.64, 132.59, 130.12, 129.64,
129.24, 129.14, 128.46, 128.45, 127.87, 127.85, 127.83, 126.48, 126.44, 126.40, 102.72,
102.32,102.11, 89.45, 88.31, 87.02, 83.23, 83.11, 83.05, 82.61, 81.54, 81.48, 81.33,
81.31, 80.60, 74.35, 74.31, 73.46, 73.42, 72.43, 72.39, 70.46, 70.43, 70.38, 69.46, 66.52,
66.33, 66.16, 66.12, 65.97, 61.85, 58.72, 58.62, 58.56, 25.99, 25.73, 18 .46, 18.17, -4.56, -
4.88, -5.46.

[0355] HR-MS (Q-TOF, ESI) calculated for Cs2Hi02FsNeO25P2Sis, [M+Na']:
1825.5705, found 1825.5695.
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y1)-4-methoxytetrahydrofuran-2-yl ) methyl ((2R.3R.4R.5R)-2-(((({(2R.3R.4R.5R)-2-
tert-butyldimethylsilyl)oxy)methyl)-5-(6-(dibenzylamino)-9H-purin-9-y1)-4-

methoxytetrahydrofuran-3-yl)oxy)((2-

(trifluoromethyl)benzyl)oxy)phosphoryl)oxy)methyl)-5-(6-(dibenzylamino)-9H-

purin-9-y1)-4-methoxytetrahydrofuran-3-vl) (2-(trifluoromethyl)benzyl) phosphate

OTBs
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[0356] The compound was synthesized by following GP-16 (4-steps, one-pot
sequence) using AA-Bnz-Cy-Nu (130 mg, 0.12 mmol) in toluene (2 mL), LiOtBu (15 mg,
0.18 mmol, 1.5 equiv.), and 2-CF3BnOH [32 mg, 0.18 mmol, 1.5 equiv., 1 mL stock
solution in anhydrous toluene, (0.18M)] for step 1 and A-Bn,-CI1-CP (104 mg, 0.19 mmol,
1.6 equiv.) in 0.6 mL MeCN for step 2. LiOtBu (24 mg, 0.30 mmol, 2.5 equiv.), and 2-
CF3BnOH [64 mg, 0.36 mmol, 3 equiv., 1 mL stock solution in anhydrous toluene,
(0.36M)] for step 3 and TBSCI (109 mg, 0.72 mmol, 6 equiv.) and imidazole (98 mg,
1.44 mmol, 12 equiv.) in 1 mL MeCN for step 4. Column conditions: SiO2-10g column,
Next-Gen automated system, wet loading by dissolving in minimum amount of DCM,
DCM:Ethyl acetate (2% MeOH) gradient (0% to 80%). Fractions were analyzed via LC-
MS and the fractions containing desired product was pooled, concentrated to afford the
titled compound as white solid with 90% purity. Overall yield (4 steps-sequence) = 100
mg, 40%. Mass confirmed by LC-MS.

[0357] 3P NMR (203 MHz, CDsCN) § -1.90, -2.28.

[0358] °F NMR (471 MHz, CDsCN) § -59.96, -60.01.
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[0359] 'H NMR (500 MHz, CD;CN) & 8.26 (d, J=2.9 Hz, 1H), 8.24 (s, 2H), 8.07 (s,
1H), 8.02 (d, J = 4.8 Hz, 1H), 8.00 (s, 1H), 7.66 (ddd, /= 10.3, 5.9, 2.3 Hz, 4H), 7.53 (q,
J=8.1Hz, 2H), 7.42 (dt, J = 15.1, 7.6 Hz, 2H), 7.31 — 7.12 (m, 35H), 6.08 (d, /= 4.4 Hz,
1H), 6.05 (d, J = 6.5 Hz, 1H), 6.01 (d, J = 5.8 Hz, 1H), 5.45 (s, 4H), 5.29 (t, /= 7.8 Hz,
6H), 5.13 (ddd, J= 7.5, 4.8, 2.8 Hz, 2H), 4.91 (s, SH), 4.69 (dt, J = 16.8, 5.0 Hz, 3H),
4.43 — 430 (m, 7H), 4.19 (dd, J= 7.1, 3.8 Hz, 2H), 3.76 — 3.67 (m, 2H), 3.37 (s, 3H),
3.32 (s, 3H), 3.31 (s, 3H), 0.91 (s, 9H), 0.83 (s, 9H), 0.11 (d, J = 3.7 Hz, 6H), -0.00 (d, J =
1.3 Hz, 6H).

[0360] 3C NMR (126 MHz, CD:CN) § 169.09, 155.37, 155.34, 155.31, 152.94,
152.89, 152.80, 151.58, 151.32, 151.26, 138.77, 138.68, 138.28, 134.48, 133.24, 130.58,
130.53, 129.46, 129.41, 129.06, 129.02, 128.99, 128.09, 128.03, 127.64, 127.61, 126.64,
126.59, 126.55, 125.96, 123.78, 120.59, 120.52, 120.32, 117.86, 87.36, 86.87, 85.87,
84.38, 83.37, 82.96, 81.98, 81.07, 75.72, 74.97, 70.92, 67.71, 67.09, 66.33, 62.93, 58.67,
58.53, 58.37, 31.77, 25.85, 25.81, 25.64, 18.50, 18.24, -4.93, -5.12, -5.67, -5.76.

d. 2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-
vD-2-(((((CR.3R.4R.5R)-5-(3-((benzyloxy)methy])-2.4-dioxo0-3.4-dihydropyrimidin-
1(2H)-yD)-2-(((tert-butyldimethylsilyl)oxy)methyl)-4-methoxytetrahydrofuran-3-

yDoxy }((2-(trifluoromethyl)benzyl)oxy)phosphoryl)oxy )methyl)-4-
methoxytetrahydrofuran-3-yl (((2R.3R_ 4R _5R)-3-((tert-butyldimethylsilyl)oxy)-5-(6-

dibenzylamino)-9H-purin-9-y1)-4-methoxytetrahydrofuran-2-yl)methyl) (2-

(trifluoromethyl)benzyl) phosphate
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[0361] The compound was synthesized by following GP-16 (4-steps, one-pot
sequence) using Bn2-AU-Cy-Nu (120 mg, 0.12 mmol) in toluene (2 mL), LiOtBu (15
mg, 0.18 mmol, 1.5 equiv.), and 2-CF3BnOH [32 mg, 0.18 mmol, 1.5 equiv., 1 mL stock
solution in anhydrous toluene, (0.18M)] for step 1 and U-BOM-CI-CP (88 mg, 0.19
mmol, 1.6 equiv.) in 0.6 mL MeCN for step 2. LiOtBu (24 mg, 0.30 mmol, 2.5 equiv.),
and 2-CF3BnOH [64 mg, 0.36 mmol, 3 equiv., 1 mL stock solution in anhydrous toluene,
(0.36M)] for step 3 and TBSCI (109 mg, 0.72 mmol, 6 equiv.) and imidazole (98 mg,
1.44 mmol, 12 equiv.) in 1 mL MeCN for step 4. Column conditions: Si02-10g column,
Next-Gen automated system, wet loading by dissolving in minimum amount of DCM,
DCM:Ethyl acetate (2% MeOH) gradient (0% to 80%). Fractions were analyzed via LC-
MS and the fractions containing desired product was pooled, concentrated to afford the
titled compound as white solid with 90% purity. Overall yield (4 steps-sequence) = 60
mg, 26%.

[0362]  Alternatively, the crude product was purified with reversed-phase C-18 column
chromatography with the aid of Next-Gen automated system. The crude product was
loaded on pre-packed 25g, C-18 column by dissolving in minimum amount of DMSO,
Water:ACN gradient (0% to 100%). Fractions were analyzed via LC-MS and the
fractions containing desired product was pooled, concentrated to afford the titled
compound as white solid with 90% purity. Overall yield (4 steps-sequence) = 105 mg,
46%. Mass confirmed by LC-MS.

[0363] 3'P NMR (203 MHz, CDCl3) § -1.85, -2.30.

[0364] 'HNMR (500 MHz, CDCl3) § 7.92 (d, J = 4.2 Hz, 1H), 7.90 — 7.84 (m, 1H),
7.62(ddd, /J=17.2,7.7,1.3 Hz, 4H), 7.54 (dd, /= 8.3, 6.7 Hz, 1H), 7.50 — 7.24 (m, 26H),
6.07 (dd, J=11.4, 4.0 Hz, 2H), 5.75 — 5.61 (m, 2H), 5.52 — 5.36 (m, 6H), 5.36 — 5.22 (m,
5H), 5.02 —4.79 (m, 4H), 4.85 (ddt, /=17.5, 7.1, 5.0 Hz, 2H), 4.74 — 4.63 (m, SH), 4.37
—4.19 (m, 7H), 4.00 — 3.92 (m, 1H), 3.92 —3.78 (m, 3H), 3.47 (s, 3H), 3.43 (s, 3H), 3.39
(s, 3H), 0.91 (d, /= 2.7 Hz, 18H), 0.13 — 0.09 (m, 12H).

[0365] '3C NMR (126 MHz, CDCls) & 162.62, 162.34, 155.06, 152.78, 151.10,
151.05, 151.03, 150.65, 138.31, 138.23, 137.98, 137.96, 137.92, 137.58, 133.64, 133.48,
133.42, 132.60, 132.46, 130.03, 129.51, 129.11, 128.75, 128.71, 128.69, 128.43, 127.98,
127.84, 127,81, 127.41, 126.39, 126.35, 126.22, 126.18, 126.13, 126.09, 125.27, 125.24,
123.09, 123.07, 120.41, 102.67, 102.27, 88.06, 87.58, 87.01, 83.12, 83.06, 82.65, 82.63,



WO 2024/233624 PCT/US2024/028291

-137 -

82.59, 82.40, 82.34, 81.37, 81.34, 80.69, 80.64, 7432, 74.28, 73.39, 73.36, 72.37, 70.50,
70.42, 67.03, 66.99, 66.42, 66.12, 66.08, 61.85, 58.74, 58.71, 58.68, 58.66, 58.61, 25.98,
25.81, 18.44, 18.39, 18.22, -4.58, -4.82, -5.46, -5.49.

€. 2R.3R.4R.5R)-2-((((((2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-diox0-3.4-
dihydropyrimidin-1(2H)-y1)-2-(((tert-butyldimethylsilyl)oxy)methyl)-4-

methoxytetrahydrofuran-3-yl)oxy)((2-

(trifluoromethylbenzyl)oxy)phosphoryl)oxy)methyl)-5-(6-chloro-9H-purin-9-y1)-4-
methoxytetrahydrofuran-3-yl ((2R.3R.4R_5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-
3.4-dihydropyrimidin-1(2H)-y])-3-((tert-butyldimethylsilyl)oxy)-4-

methoxytetrahydrofuran-2-yl)methyl) (2-(trifluoromethyl)benzyl) phosphate
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[0366] The compound was synthesized by following GP-16 (4-steps, one-pot
sequence) using UA(6C1)-Cy-Nu (101 mg, 0.12 mmol) in toluene (2 mL), LiOtBu (15
mg, 0.18 mmol, 1.5 equiv.), and 2-CF3BnOH [32 mg, 0.18 mmol, 1.5 equiv., 1 mL stock
solution in anhydrous toluene, (0.18M)] for step 1 and U-BOM-CI-CP (89 mg, 0.19
mmol, 1.6 equiv.) in 0.6 mL MeCN for step 2. LiOtBu (24 mg, 0.30 mmol, 2.5 equiv.),
and 2-CF3:BnOH [64 mg, 0.36 mmol, 3 equiv., 1 mL stock solution in anhydrous toluene,
(0.36M)] for step 3 and TBSCI (109 mg, 0.72 mmol, 6 equiv.) and imidazole (98 mg,
1.44 mmol, 12 equiv.) in 1 mL MeCN for step 4. Column conditions: SiO2-10g column,
Next-Gen automated system, wet loading by dissolving in minimum amount of DCM,
DCM:Ethyl acetate (2% MeOH) gradient (0% to 80%). Fractions were analyzed via LC-

MS and the fractions containing desired product was pooled, concentrated to afford the
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titled compound as white solid with 90% purity. Overall yield (4 steps-sequence) = 100
mg, 40%, dr 4:1. Mass confirmed by LC-MS.

[0367] 3P NMR (203 MHz, CDCl3) § -1.16 (P1, minor diastereomer), -1.51(P1, major
diastereomer), -2.36, (P2, major diastereomer), -2.67(P2, minor diastereomer).

[0368] 'H NMR (500 MHz, CDCl3) for mixture of diastereomers: & 8.69 (s, 1H),
8.32 (s, 1H), 7.88 — 7.78 (m, 2H), 7.65 (q, J = 7.4 Hz, 4H), 7.62 — 7.48 (m, 8H), 7.48 —
7.39 (m, 4H), 7.39 — 7.26 (m, 16H), 7.26 — 7.18 (m, 3H), 6.16 — 6.02 (m, 3H), 5.87 — 5.81
(m, 2H), 5.76 — 5.68 (m, 2H), 5.66 (dd, J=8.2, 1.6 Hz, 1H), 5.57 — 5.25 (m, 15H), 5.18
(tdd, J=7.8,4.8,2.7 Hz, 2H), 4.94 — 483 (m, 2H), 4.73 — 4.62 (m, 8H), 4.56 — 4.48 (m,
2H), 4.48 — 4.32 (m, 5H), 4.32 — 4.23 (m, 3H), 4.18 — 4.03 (m, 6H), 4.02 — 3.89 (m, 3H),
3.81(dd, /=119, 1.7 Hz, 1H), 3.66 (p, J = 2.5 Hz, 2H), 3.52 (s, 6H), 3.44 (s, 4H), 3.34
(s, 4H), 0.89 (d, J = 3.6 Hz, 27H), 0.16 — 0.04 (m, 18H).

[0369] '*C NMR (126 MHz, CDCls) for mixture of diastereomers & 162.61, 162.46,
152.33, 152.31, 151.69, 151.65, 151.42, 151.17, 151.11, 150.88, 150.86, 144.05, 144.01,
138.35, 138.26, 138.22, 138.20, 137.96, 137.89, 137.76, 133.41, 132.51, 132.44, 132.41,
129.80, 129.78, 129.57, 129.10, 129.04, 128.97, 128.94, 128.42, 128 41, 127.83, 127.78,
126.34, 125.23, 123.05, 120.87, 102.46, 102.28, 102.09, 102.04, 89.59, 89.47, 88.28,
87.02, 86.75, 86.32, 83.26, 83.22, 83.13, 83.07, 82.88, 82.59, 82.57, 82.13, 82.08, 82.03,
81.49, 81.43, 81.00, 80.93, 80.90, 75.08, 74.67, 74.63, 74.49, 74.45, 72.41, 72.38, 72.33,
70.40, 70.36, 69.46, 69.44, 68.25, 66.37, 66.32, 66.09, 66.05, 62.07, 61.89, 60.49, 59.02,
58.95,58.91, 58.86, 58.61, 58.55, 25.96, 25.93, 25.71, 25.70, 21.16, 18.41, 18.16, 14.31, -
4.56, -4.90, -5.50, -5.54, -5.57.
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f. CR.3R.4AR.5R)-2-((((({(2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-3.4-
dihydropyrimidin-1(2H)-y1)-2-(((tert-butyldimethylsilyl)oxy)methyl)-4-

methoxytetrahydrofuran-3-yl)oxy)((2-

trifluoromethyl)benzyl)oxy)phosphoryl)oxy)methy1)-5-(6-(dibenzylamino)-9H-
purin-9-y1)-4-methoxvtetrahydrofuran-3-yl (((2R.3R.4R_5R)-5-(3-
((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-y1)-3-((tert-

butyldimethylsilyDoxv)-4-methoxvtetrahydrofuran-2-yvl)methyl) (2-

(trifluoromethyl)benzyl) phosphate

= oTES g

s G (L

,{ S
4 o

H;,P\o\\ ‘ OBn
UMe

[0370]  The compound was synthesized by following GP-16 (4-steps, one-pot
sequence) using UA-Bn2-Cy-Nu (120 mg, 0.12 mmol) in toluene (2 mL), LiOtBu (15
mg, 0.18 mmol, 1.5 equiv.), and 2-CF3BnOH [32 mg, 0.18 mmol, 1.5 equiv., 1 mL stock
solution in anhydrous toluene, (0.18M)] for step 1 and U-BOM-CI-CP (88 mg, 0.19
mmol, 1.6 equiv.) in 0.6 mL MeCN for step 2. LiOtBu (24 mg, 0.30 mmol, 2.5 equiv.),
and 2-CF3BnOH [64 mg, 0.36 mmol, 3 equiv., 1 mL stock solution in anhydrous toluene,
(0.36M)] for step 3 and TBSCI (109 mg, 0.72 mmol, 6 equiv.) and imidazole (98 mg,
1.44 mmol, 12 equiv.) in 1 mL MeCN for step 4. The crude product was purified with
reversed-phase C-18 column chromatography with the aid of Next-Gen automated
system. The crude product was loaded on pre-packed 25¢g, C-18 column by dissolving in
minimum amount of DMSO, Water: ACN gradient (0% to 100%). Fractions were
analyzed via LC-MS and the fractions containing desired product was pooled,
concentrated to afford the titled compound as white solid with 90% purity. Overall yield
(4 steps-sequence) =100 mg, 44%. Mass confirmed by LC-MS.

[0371] P NMR (203 MHz, CDsCN) § -1.95, -2.21.

[0372] °F NMR (471 MHz, CD:CN) § -59.86, -59.99.
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[0373] 'H NMR (500 MHz, CD;CN) & 8.26 (s, 1H), 8.06 (s, 1H), 7.78 (dd, J=8.3, 2.8
Hz, 1H), 7.66 (ddd, J = 30.5, 14.5, 7.6 Hz, SH), 7.57 — 7.41 (m, 4H), 7.35 — 7.16 (m,
21H), 6.08 (d, J = 4.4 Hz, 1H), 6.00 (d,.J= 5.2 Hz, 1H), 5.85 (d, /= 4.9 Hz, 1H), 5.72 —
5.65 (m, 1H), 5.61 (dd, J = 8.1, 5.0 Hz, 1H), 5.45 (s, 1H), 5.39 — 5.31 (m, 6H), 5.28 (dd, ./
=17.2, 8.8 Hz, 3H), 4.95 — 4.87 (m, 2H), 4.67 — 4.53 (m, 5H), 4.40 — 4.22 (m, 7H), 4.18
(q,J= 4.8 Hz, 1H), 4.00 — 3.85 (m, 3H), 3.81 (dd, /= 11.9, 2.2 Hz, 1H), 3.41 —3.31 (m,
9H), 0.93 — 0.86 (m, 18H), 0.13 — 0.08 (m, 12H).

Example 12. Synthesis of Cyclic Nucleotide Amidite

N(IPF),
NC
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{1.3 equiv.)
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Procedure A

[0374] In an Nafilled glovebox, a vial (Vessel A) was charged with 3-
((benzyloxy)methyl)-1-((4aR,6R,7R,7aR)-2-(((2R,3R,4R,5R)-5-(3-((benzyloxy)methyl)-
2,4-dioxo0-3,4-dihydropyrimidin-1(2H)-yl)-3-hydroxy-4-methoxytetrahydrofuran-2-
yl)methoxy)-7-methoxy-2-oxidotetrahydro-4H-furo[3,2-d][ 1,3,2]dioxaphosphinin-6-
yl)pyrimidine-2,4(1H,3H)-dione (0.200g, 250umol, 1.0 eq.), 3-
((bis(diisopropylamino)phosphaneyl)oxy )propanenitrile (103 uL, 325 umol, 1.3 eq.) and a

stir bar. The reaction in Vessel A was sealed then removed from the glovebox and DCM
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(4 mL) was added to the vessel then allowed to cool to 0 °C over the course of 10
minutes.

[0375] In a separate vial (Vessel B) outside of the glovebox, 5-(ethylthio)-1H-tetrazole
(29.3 mg, 225 umol, 0.9 eq.) was added as a solid, and Vessel B is then purged and
sparged 5 times with N,. Thereafter DCM (1.2 mL, 47 mM total) was added to Vessel B
and the solution in Vessel B was then transferred to Vessel A dropwise at 0 °C. The
reaction in Vessel A was warmed to room temperatures and stirred for 3 hours or until
starting material was consumed. Vessel A was then opened to air and the solvent was
evaporated. The compounds was purified by column chromatography using 100% ethyl
acetate. 0.138g of product mixture was isolated with 2-cyanoethyl N,N-
diisopropylphosphonamidate as a light-yellow oil. Actual amount of product in this
mixture was 60mg, 60umol, 24% yield. 2-cyanoethyl N,N-diisopropylphosphonamidate
(hydrolyzed 2-Cyanoethyl N,N,N',N'-tetraisopropylphosphorodiamidite hydrolyzed) at
14ppm was observes as difficult to separate from the product.

[0376] 3P NMR (203 MHz, CD:CN) & -1.11.

Procedure B

[0377] A heat dried round bottom flask (Vessel A) was charged with 3-
((benzyloxy)methyl)-1-((4aR,6R,7R,7aR)-2-(((2R,3R 4R, 5R)-5-(3-((benzyl oxy )methyl)-
2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl1)-3-hydroxy-4-methoxytetrahydrofuran-2-
yl)methoxy)-7-methoxy-2-oxidotetrahydro-4H-furo[3,2-d][1,3,2]dioxaphosphinin-6-
yD)pyrimidine-2,4(1H,3H)-dione (0.200 g, 250 umol, 1.0 eq.), 3-
((bis(diisopropylamino)phosphaneyl)oxy)propanenitrile (103uL, 325umol, 1.3 eq.), a dry
pack of sieves, and a stir bar was added to the reaction vessel. Thereafter Vessel A was
sealed, then purged and sparged 5x with N2. Anhydrous DCM (4 mL) was then added to
Vessel A and allowed to cool to 0 °C over the course of 10 minutes.

[0378] In a separate vial (Vessel b), 5-(ethylthio)-1H-tetrazole (29.3 mg, 225 umol,
0.9 eq.) was added as a solid, then purged and sparged 5x with N3. Thereafter, DCM (1.2
mL, 47 mM total) was added to Vessel B and the solution in Vessel B was then
transferred to Vessel A dropwise at 0 °C. Vessel A was warmed to room temperature and
stirred for 3 hours or until starting material was consumed. Reaction progress was
monitored by LCMS. Vessel A was then opened to air and the solvent was evaporated.

The compound was purified by column chromatography using 100% ethyl acetate.
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Example 13. Synthesis of cyclic tetramer

a. Linear Synthesis of Fragments in Solution Phase

Starting From
UBOMuBOM

LiOiBu (2.5 equiv.)
—

GHAON (0.05 M)
2570, 18h

2-CF3BnOH {1.5 aquiv.)
LICtBu (1.5 squiv.)

Toluene (0.040M)
-258°C, 4h

PCT/US2024/028291
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CimP
A

O/ O
LiOWBu (2.5 equiv.)

CH,CN (8.03 M)
-28°C, 16h

PCT/US2024/028291
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b. Synthesis via solution phase amidite chemistry using convergent dimer coupling
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[0379] To avial (Vessel A) was added (2R,3R,4R,5R)-5-(3-((benzyloxy)methyl)-2,4-
dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2-(hydroxymethyl)-4-methoxytetrahydrofuran-3-
yl (((2R,3R,4R,5R)-5-(3-((benzyloxy)methyl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-y1)-
3-((tert-butyldimethylsilyl )oxy)-4-methoxytetrahy drofuran-2-yl)methyl) (2-
(trifluoromethyl)benzyl) phosphate (22 mg, 20 umol, 1.0 eq.), a stirbar, a pack of sieves,
and (2R 3R 4R,5R)-5-(3-((benzyloxy)methyl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-y1)-
2-((((4aR,6R,7R,7aR)-6-(3-((benzyloxy)methyl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-
yl)-7-methoxy-2-oxidotetrahydro-4H-furo[3,2-d][ 1,3,2]dioxaphosphinin-2-
yl)oxy)methyl)-4-methoxytetrahydrofuran-3-yl (2-cyanoethyl) (20 mg, 20 umol, 1.0
equiv.). Reaction Vessel A was then sealed then purged and sparged 5x with Na.
Anhydrous DCM (4 mL) was added to Vessel A and the reaction was allowed to cool to 0
°C over the course of 10 minutes.

[0380] To a separate vial (Vessel B) was added 5-(ethylthio)-1H-tetrazole (2.3 mg, 18
umol, 0.9 equiv.), and the vessel was sealed. Vessel B was then purged and sparged 5x
with N2. Then DCM (1 mL, 4 mmol total) was added to Vessel B. The contents of Vessel
B were then transferred to Vessel A dropwise at 0 °C. After the addition, Vessel A was
warmed to room temperature and stirred for 3 hours or until starting material was

consumed. Reaction progress was monitored by LCMS.
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¢. Amidite synthesis using cyclic dinucleotides
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d. Convergent synthesis of longer fragments in solution phase
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products confirmed via LC integration.

e. Longmer Synthesis
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PCT/US2024/028291

Process provided >95% conversion, with ~22% crude yield of tetramer

A 8 mL vial was charged with 3-((benzyloxy)methyl)-1-((4aR,6R,7R,7aR)-2-

(((2R,3R,4R,5R)-5-(3-((benzyloxy)methyl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-3-

hydroxy-4-methoxytetrahydrofuran-2-yl)methoxy)-7-methoxy-2-oxidotetrahydro-4H-
furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)pyrimidine-2,4(1H,3H)-dione (150 mg, 1 Eq, 187

umol) while stirring with a stir bar, then purged and sparged 3 times with N2. Anhydrous
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pyridine (1.48 g, 1.52 mL, 100 Eq, 18.7 mmol) was then added to the vessel. Diphenyl
phosphonate (65.8 mg, 53.8 uL, 1.5 Eq, 281 umol) was added and the reaction was stirred
at room temperature, then monitored by LCMS. Upon reaction completion, a crude yield
of 52% was calculated from LCMS. The contents of the reaction were then used in

subsequence reaction steps.
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[0383] A 0.25 mL aliquot of the reaction product containing (2R,3R,4R,5R)-5-(3-
((benzyloxy)methyl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-y1)-2-((((4aR,6R, 7R, 7aR)-6-
(3-((benzyloxy)methyl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-7-methoxy-2-
oxidotetrahydro-4H-furo[3,2-d][1,3,2]dioxaphosphinin-2-yl)oxy)methyl)-4-
methoxytetrahydrofuran-3-yl phenyl phosphonate was obtained and concentrated by
rotovap to remove the majority of remaining pyridine. 0.5 mL anhydrous DCM was then
added to dissolve the crude residue and an excess of benzyl alcohol (15 uL) was added to
the mixture. The reaction was allowed to stir at RT overnight. After 18 hours, the starting

material was fully consumed to product. A crude yield of 43% was observed by LCMS.
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Example 14. Synthesis of cyclic pentamer using one-pot solution phase chemistry
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[0384]  Step I: A 50 mL flask (Vessel A) containing a stir bar was dried under vacuum
using a heat gun 2x. The vessel was then purged and sparged with N. 3x. Upon the
cooling of the flask, (2-(trifluoromethyl)phenyl)methanol (22 uL, 0.16 mmol, 1.5 equiv.)
was added under Nz. Thereafter LitBuO (13 mg, 0.16 mmol, 1.5 equiv.) was weighed into
a separate vial then purged and sparged 3x with N3, and then Toluene (0.9 mL) was added
to this vial. The solution in the vial was added to Vessel A and the reaction was stirred at
room temperature for 30 min, then cooled to -25 °C.

[0385] To a separate vial was added 3-((benzyloxy)methyl)-1-((4aR,6R,7R,7aR)-2-
(((2R,3R,4R,5R)-5-(3-((benzyloxy)methyl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-y1)-3-
((tert-butyldimethylsilyl)oxy)-4-methoxytetrahydrofuran-2-yl)methoxy)-7-methoxy-2-
oxidotetrahydro-4H-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)pyrimidine-2,4(1H,3H)-
dione (99 mg, 0.11 mmol, 1.0 equiv.)), then purged and sparged 3x with Na. Toluene (1.8
mL) was added to this vial and the resulting solution of was then added to Vessel A at -25
°C in one portion. Reaction Vessel A was stirred for 4 hours at this temperature.

[0386]  Step II: A separate vial was charged with 3-((benzyloxy)methyl)-1-
((4aR,6R,7R,7aR)-2-chloro-7-methoxy-2-oxidotetrahydro-4H-furo[3,2-
d][1,3,2]dioxaphosphinin-6-yl)pyrimidine-2,4(1H,3H)-dione (74 mg, 0.16 mmol, 1.5
equiv.) then sealed. This vial was purged and sparged 3x with N» then dry acetonitrile
(0.53 mL) was added. The resulting solution was then added to Vessel A dropwise at -25
°C. Reaction Vessel was allowed to stir at -25 °C for 18 hours, after which a reaction
aliquot was taken for analysis to observe reaction completion.

[0387]  Step III: Chiller temperature was dropped to -25 °C. A 50mL RBF (Vessel

B) containing a stir bar was dried under vacuum using a heat gun 2x. The vessel was then
purged and sparged with N> 3x. Upon the cooling of the flask (2-
(trifluoromethyl)phenyl)methanol (22 uL, 0.16 mmol, 1.5 equiv.) was added under Na.
Thereafter LitBuO (13 mg, 0.16 mmol, 1.5 equiv.) was weighed into a vial then purged
and sparged 3x with N> and Toluene (0.9 mL) was added to this vial. After 30 minutes the
contents of Vessel B were added to Vessel A at -30 °C. The reaction was then stirred for
5 hours at -25 °C. After this time a reaction aliquot was taken for analysis to observe

reaction completion.
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[0388] Step IV: A 100 mL flask (Vessel C) containing a stir bar was dried under
vacuum using a heat gun 2x. Upon the cooling of Vessel C, the flask was charged with 3-
((benzyloxy)methyl)-1-((4aR,6R,7R,7aR)-2-chloro-7-methoxy-2-oxidotetrahydro-4H-
furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)pyrimidine-2,4(1H,3H)-dione (89 mg, 0.19 mmol,
1.8 equiv.) and the vessel was sealed. Reaction Vessel C was purged and sparged 3x with
N2 and then anhydrous acetonitrile (0.53 mL) was added to the vessel. Vessel C was then
cooled to -25 °C for 10 minutes. The contents from reaction Vessel A were then
transferred to reaction Vessel C dropwise, then stirred at -25 °C for 18 hours. After 18
hours a reaction aliquot was taken to observe reaction status.

[0389]  Step V: A vial containing a stir bar was dried under vacuum using a heat gun
2x. Upon the cooling of the vial, LitBuO (22 mg, 0.27 mmol, 2.5 equiv.) was weighed
into the vial then purged and sparged 3x with Na. Toluene (0.9 mL) was added to this vial
followed by (2-(trifluoromethyl)phenyl)methanol (43 uL, 0.32 mmol, 3.0 equiv.) and the
solution was stirred for 30 minutes. After this time the contents of the vial were added

to Vessel C at -25 °C. The reaction was stirred for 4 hours at -25 °C. An aliquot was taken
from Vessel C to monitor reaction progress.

[0390] Step VI: A 100 mL flask (Vessel D) containing a stir bar was dried under
vacuum using a heat gun 2x. Upon the cooling of Vessel D, the flask was charged with 3-
((benzyloxy)methyl)-1-((4aR,6R,7R,7aR)-2-chloro-7-methoxy-2-oxidotetrahydro-4H-
furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)pyrimidine-2,4(1H,3H)-dione (89 mg, 0.19 mmol,
1.8 equiv.) and the vessel was sealed. Reaction Vessel D was purged and sparged 3x with
N2 and anhydrous acetonitrile (0.53 mL) was added to the vessel. Vessel D was then
cooled to -25 °C for 10 minutes. The contents from reaction Vessel C were then
transferred to reaction Vessel D dropwise then stirred at -25 °C for 18 hours. After 18

hours a reaction aliquot was taken to observe reaction status.

Example 15. Templated enzymatic ligation using trimers to make ninemers

[0391] FIG. 1A and FIG. 1B present an example of an enzyme ligation reaction of
shortmers to produce a ninemer. Each reaction was be run with a reaction control to

ensure enzyme activity.
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a. Reaction set up procedure:

[0392] Two LCMS vials were used as reaction vessels. Reaction Vessel A was the
control reaction with no enzyme and Reaction Vessel B was the enzyme reaction. Each
Vessel was charged with the solutions of HO-UUTGH (3251 mM}, Phos-CCC-OH
{2597 mM}, 9mer Guide (25.02 mM), Tris-HCL pH 7.5 {1800 mM}, MgCi2 solution
{1000 mM), KO solution (3000 mb), ATP (100 b, DTT (00 mM) and nuclease free
water respectively. Lastly to vessel B

[0393] Reaction vessel A was charged with: HO-UTUU-OH (6.2 ul., 1.0 equiv. of a
3251 mM solution,}, Phos-CCC-OH (15 d ol 2.6 equuv. of 2 25 97 mM asolution, ), Ymer
Guide (8.0 ul., 1.0 equiv. of a 2502 mM solution), Tris-HCL pH 7.5 {25.0 ul., 125 eguiv.
of a 1000 mM solution), MeUl solution (S0 0l 25 equiv. of 2 1000 mM solution), K]
solution {16.7 ul, 250 equiv. of a 3000 mM solution), ATP (106.0 ul, 5.0 equiv of s 100
mb solution), DTT (8.0 0L, 2 4 equiv. of 2 100 miM solution) and nuclease free water
{408.7 ubl) respectively.

[0394] Reaction vessel B was charged with: HO-UUU-GH (6.2 ul., L0 equiv. of a
32.51 mM solution, ), Phos-CUC-OH (154 ul, 2.0 equiv. of a 2597 mM solution, }, Omer
Guide (8.0 ul, 1.0 egquiv. of g 25.02 mM solution), Tris-HCL pR 7.5 (25.0 ul, 128 equiv.
of a 1000 mM solution), MgCly sohution (5.0 ul., 25 equiv. of 2 1000 ;M solution}, KT

B

sotution (167 ul., 250 equiv. of a 3000 mM solution), ATE (10,0 ul, 5.0 equiv of 2 100

mM solution), DTT (3.0 ul,, 2.4 equiv. of a 100 mM solution) and nuclease free water

N

V)

{408 7 ul} respectively. Lastly, Codexis 3.007 enzyme (2.1 ul, 0.0625 equiv. ofa 391
mb solution ) was added.
[0395] Both vessels were then added fo a thermomixer and heated at 37C and agitated

at 350 rpm for 18 hours,

b. Reaction quench procedure:

[0396]  After 18 hours, 25 uL of reaction aliquots were taken from reaction vessel

A and reaction vessel B and added to separate LCMS vials. Thereafter EDTA (125 uL of
a 26.7 mM solution) was added to each aliquot to quench the reaction (aim to use 5:1
ratio for aliquots). This solution was then analyzed by LCMS, with results showing
evidence of both the enzyme ligation reaction and the control reaction.

[0397]  Crude yield was determined by using a denaturing UPLC method to integrate

9mer guide as the internal standard and compare the ratio of product to 9mer guide.
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Example 16. Synthesis of cyclic-phosphorothioate nucleosides

a. Synthesis of Cl-cyclic phosphorothioate with PSCls

Procedure 1

//;\,T//_.O
PSCl; {1.08 eqg] N
O N e Lo 2’5 & @ \\EIO\..UECBM Q/\fo\ LHOM
L~ i ﬂ’ 8OM OBy (2.2 eq), solvent Qup_ \\\“:\ \"/ gup \\‘/"‘
HO \fﬂ""‘l', & Cj\\ H * r\;‘ he 'l
HO  OMe 0°C e RY OMe s OMe
PRy Pt Kinetic R

[0399] A stirred solution of thiophosphoryl chloride (1.05 mmol, 1.05 eq) and N-
protected nucleoside diol BOM-U (1 mmol, 1.0 eq) in DCM (5 mL) was prepared. The
solution was charged with a 2 mL solution of lithium tert-butoxide in 1 M THF (2.05
mmol, 2.05 eq) over a period of 5 minutes under Schlenk condition at 0 °C. After the
addition, the mixture was warmed to ambient temperature overnight. An aliquot of crude
product mixture was concentrated to monitor by LCMS and NMR for conversion, which
observed two diastereomers P1 and P2 by P NMR with dr=1.7:1to 1.3:1.

[0400] NMR data of the two isomers: *'P NMR (162 MHz, CDCl3) § 61.23 (P1),
57.83 (P2). 'H NMR (400 MHz, CDCl3) P1, § 7.40 — 7.27 (m, 5H), 7.11 (dd, J=8.1,0.8
Hz, 1H), 5.78 (dd, J = 8.2, 0.8 Hz, 1H), 5.46 (d, J = 1.0 Hz, 2H), 5.42 (s, 1H), 4.97 — 4.88
(m, 1H), 4.86 — 4.66 (m, 2H), 4.71 (s, 2H), 4.64 — 4.46 (m, 1H), 4.22 — 4.13 (m, 1H), 3.61
(d, J = 0.8 Hz, 3H). "H NMR (400 MHz, CDCl3) P2, & 7.42 — 7.30 (m, 5H), 7.18 — 7.09
(m, 1H), 5.82 (d, J = 8.1 Hz, 1H), 5.49 (d, J = 3.5 Hz, 2H), 5.40 — 5.35 (m, 1H), 4.86 (dt, J
=99,50Hz, 1H), 4.74 (s, 2H), 471 — 4.62 (m, 1H), 4.53 (ddd, J=10.8, 9.6, 3.0 Hz,
1H), 4.27 (dd, J = 8.8, 4.9 Hz, 2H), 3.62 (s, 3H).

[0401]  Purification method (a): Crude product was precipitated with 0.1 mL MTBE

at 0 °C while stirring. The filtrate was concentrated and vacuumed for NMR and analysis.

[0402]  Purification method (b): Crude product was concentrated by rotavap and then

purified by wet loading (dissolved in DCM) to silica gel column EA/Hex 0-100% to give
two diastereomers P1 and P2 with 40% combined isolation yield.

[0403] Reaction conditions and Cr d.r. results are shown in Table 8 [Cr dr is P(R):P(S)
by P NMR of crude reaction. 4a and 4b are two time points of same batch. Reaction 1

used purification method (a). Reaction 2-4 used purification method (b)].
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Table 8 - Synthesis of Cl-cyclic phosphorothioate
Reaction Solvent conc};r(:::zll tion Temp Scale dC: Conversion yliz;) d
1 DCM 0.15M 0°CtoRT | 0.53mmol | 13:1 26% 20%
2 DCI\I/{/;[HF 025M 0°Cto RT 0.5mmol | 1.2:1 NA NA
3 DCI\Z/I./IF[HF 0.17M 0°CtoRT | 0.5mmol | 0.9:1 NA NA
4 DCI\S/I:/;HF 015M 0°C,15h 1.0 mmol | 13:1 99% 41%
5 DCI\5/I./2”[HF 015M -20°C,20h | 0.13mmol | NA 23% NA
6 DCI\S/I:/;HF 015M 0°C,20h 0.5mmol | 1.8:1 97% 41%
7 DCI\5/I./2”[HF 015M 0°C,1h 2.64mmol | 1.7:1 97% 56%
8 DCI\S/I:/;HF 0.I5M 0°Cto RT 3.0mmol | 1:2:1 99% 52%

Procedure 2

FSCH {105 eyl
LGB (3.2 aq), sodvent

amp, time

B=NAr- AU C

R = OMe, F

{drof Rp'Sp ~1:1 o 2.5:1)

[0404]

AAAAAAA

To a stirring solution of thiophosphoryl chloride (1.05 eq) and N-protected

=N =0
W N
Oy BOM
mtd
dr=t it
i
g =g

o = 180

P

Db

St

=280 1LE

nucleoside diol N-Ar protected nucleobase (1.0 eq) in DCM (x mL), was added a charged

solution of lithium fert-butoxide in 1 M THF or MeTHF solvent (2.05 eq) over a period
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of 5 minutes under Schlenk condition at 0 to -20 °C in ice bath or cryocooler. Conversion
and dr of crude reaction mixture was monitored by LCMS and NMR after 1-20 hours.
[0405]  3'P NMR (162 MHz, CDCls), mA: & 60.82 (Rp), 58.44 (Sp). mC: & 61.50 (Rp),
58.90 (Sp). fU: 6 60.35 (Rp), 57.42 (Sp). mG: 61.86 (Rp), 57.32 (Sp). fA LCMS

Scope of Nucleobases

9 NBri, NBn, o)
A,-BOM A A A
7 N i\j N g N N7 oNBn
L A < i I
0 NT N N0 N7 N NBR,

Entrty  Mucleo Base  Ryxn Base Temp  Cr Yield isol Yield Rp/Sp  Scale Purity

1 U Lo p*ciloRT  91% 85%  ~tf  1Cmol  >00%

2 fu LiOtBu -20°C 40% 28% 101 2 mmol 83%

3 mC LiOtBu 205G 40% 30 % 251 1romol BO%IETY%
4 mA LiGtBu 126 -20°C  70% 85% 1.5:1 2mmol  75%/95%
5 mG LiOtBu -20°C 74% 54% 241 t0rmmot  80%

8 A LiOtBu 20°C 28% ND ~111 Tmmal  NA

b. Synthesis of Cl-cyclic-2'-methoxy-G-phosphorothioate
(1-benzyl-9-((4aR,6R,7R,7aR)-2-chloro-7-methoxy-2-sulfidotetrahydro-4H-furo[ 3,2-
d][1,3,2]dioxaphosphinin-6-yl)-2-(dibenzylamino)-1,9-dihydro-6H-purin-6-one)

/O

{

- \ 2N
0N nen
g‘:\o\"l\{ N$—<
S -

c17 S
OME Nan

mG
[0406] Under schlenk line N2, 1-benzyl-2-(dibenzylamino)-9-((2R,3R,4R,5R)-4-

hydroxy-5-(hydroxymethyl)-3-methoxytetrahydrofuran-2-yl)-1,9-dihydro-6H-purin-6-one
(5.677 g, 1 Eq, 10.00 mmol) dissolved inDCM (50 mL) at RT then slowly cooled to -20
°C over 90 minutes, then freshly distilled phosphorothioyl trichloride (1.778 g, 1.06 mL,
1.05 Eq, 10.50 mmol) was added by syringe needle dropwise, at 1:50pm followed by
addition of THF (9.3 mL)2-methylpropan-2-ol, lithium salt (2.2 M in THF) (1.662 g, 2.05
Eq, 20.50 mmol) by syringe needle over 10min. after 30 min, ~50 uL crude sample was
collected by syringe for analysis, crude PNMR show two main product isomer peaks dr ~

2.4:1. Starting material was mostly consumed after 30 minutes (with 1% remained
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detected on UV, integration determined by uncorrected LCMS) and other small peaks of
impurities earlier eluted than product. Reaction was stopped after 1 h. Crude reaction
solution was concentrated to remove most of solvent before redissolved in DCM then
loaded on silica gel column (40g), which eluted with EA/Hex (0-80%) by combi-flash
system, affording 3.56g product as light beige to white solid (isolated yield 54%, dr
2.2:1).

[0407] '3C NMR (101 MHz, CDCls) & 157.50, 145.65, 138.96, 136.14, 135.61,
135.50, 128.78, 128.76, 128.73, 128.68, 128.21, 128.02, 127.91, 127.73, 127.46, 126.45,
126.39, 91.10, 90.81, 79.86, 78.80, 78.73, 77.36, 77.25,77.04, 76.73, 71.73, 71.61, 69.27,
69.13, 59.64, 59.62, 55.59, 55.50, 48.29

c. Synthesis of alkoxyl-cyclic phosphorothioate via PSORCl»

s
or—p-g O
o PP o (1.05eq)
A~ ~—\._.¢f\.\.x():.¢\
T DMAP (2.6 8q), GHzCl (0.1 M)
§o O (2.6 eq}, CH:0hL (0.1 M),
HG  OMe -20°°C 26 h, then 23 °C 3 h
R - ~C
Y O\l oM D ﬁ s JEOH
S:F‘g\““k\‘ Ve } S::ZPMO‘I\_J.\\‘/‘.
3 E Q i
O\ OMe \ Olvie
e e
P1 Kinetio P2 Thermo
dr = 2:1 8,

[0408]  N-protected nucleoside diol BOM-U (75.7 mg, 1 eq, 0.2 mmol) and DMAP
(63.5 mg, 2.6 eq, 520 umol) in 1.8 mL DCM (2 mL) were added O-ethyl
phosphorodichloridothioate (37.6 mg, 1.05 eq, 210 umol) in 0.2 mL DCM slowly under
schlenk line at -20 °C stirring for 20 hour with the aid of a cryocooler. The reaction was
raised to room temperature and stirred for 3 hours. Crude product was concentrated and
redissolved in 0.5 mL DCM for loading onto a 5g biotage silica gel column, then purified
with elute EA/Hex 0-100%, and eluted at ~30% EA/Hex to give two diastereomers P1
and P2 (dr of P1:P2 = 2:1) with isolate yield 40%.

[0409] NMR data of the two isomers: *'P NMR (162 MHz, CDCl3) § 66.52 (P1),
61.80 (P2). 'H NMR (400 MHz, CDCl3) P1, § 7.42 — 7.27 (m, 6H), 7.18 (d, J = 8.2 Hz,
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1H), 5.82 (d, T = 8.2 Hz, 1H), 5.69 (t, J = 0.9 Hz, 1H), 5.51 (s, 2H), 4.74 (s, 2H), 4.69 —
4.47 (m, 3H), 4.44 — 4.24 (m, 3H), 4.01 (d, ] = 4.9 Hz, 1H), 3.62 (s, 3H).

Example 17. Synthesis of cvclic thioate dinucleotides via cyclic

chlorophosphorothioate

a. Cyc U*U (Procedure 1)

Li
HO N e o
\ O\,r\{ fo =N LiOtBu (1.5 eq), L o l\g =0 B
\i‘/ TV,F'N»»O\/&// Tolune (0.2 M), \(j o ij
Teso owé 30 min, -20°C 850 oME
\[ =N (/ o i TBSQ (’)/\[/O\r‘N/:\Fo
S P «L MeO»-‘(\\J/\O“'SF:\O\" \J 27-*1\1\-
OMgS o -
derSp-—121 o )/o m
>—“N> N
L N
acetonitrile:Tol = 1:1 (0.1 M) N
-20°C, 20 h o ¢ Isolated dr Rp : Sp = 16:1
' 7 '§ Isolated yield 40%
Nz

[0410]  Solution A: Under nitrogen atmosphere via the Schlenk-line technique, a 20
mL oven dried reaction tube A equipped with a magnetic stir bar, was charged with
LiOtBu (48.7 mg, 1.5 eq, 609 umol). The stock of solution of 3'-TBS-5'-OH nucleoside
(200 mg, 1 eq, 406 pmol) in toluene (2 mL) was added to the reaction tube A, put and
kept it at -20 °C with aid of a cryocooler, stirred for 30 minutes.

[0411]  Solution B: Cyclic chlorophosphorothioate monomer PS-C1 UBOM (dr
Rp:Sp=1.2:1, 231 mg, 1.0 eq, 487 umol) was dissolved in acetonitrile (2 mL) in an oven
dried flask at -20 °C with cyrocooler under Schlenk-line condition. solution A was added
into B over 5 minutes by syringe needle dropwise, stirred for 20 hour. Aliquot of 50 uL
was collected by syringe and concentrated for *'P NMR and LCMS analysis to confirm
reaction completion and dr (Rp:Sp = 13:1) of crude reaction. Crude reaction solution was
concentrated to remove most of solvent before loading on silica gel column (5 g), which
eluted with EA/Hex (0-60%) by combi-flash system, affording 150 mg major isomer
"Rp" as white solid (isolated yield 40%, dr 16:1).

[0412]  3'P NMR (162 MHz, CDCl3)  66.20 (Rp, less polar), 62.00 (Sp, more polar).
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[0413] 'H NMR (400 MHz, CDCI3) 6 7.73 (dd, J = 8.2, 5.5 Hz, 1H), 7.44 — 7.25 (m,
10H), 7.13 (s, 1H), 5.93 (d, J = 1.8 Hz, 1H), 5.90 — 5.78 (m, 2H), 5.64 — 5.44 (m, 5H),
474 (d, J=1.5Hz, 4H), 4.71 — 4.50 (m, 4H), 4.47 — 4.38 (m, 1H), 4.30 — 4.06 (m, 5SH),
3.68(q,J=2.0Hz, 1H), 3.64 -3.51 (m, 6H), 0.93 (d, J =2.7 Hz, 9H), 0.17 — 0.09 (m,
6H).

[0414] BCNMR (101 MHz, CDCI3) & 171.16, 162.62, 162.08, 150.86, 150.28,
138.70, 138.21, 137.86, 128.38, 128.35, 127.85, 127.75, 127.73, 127.62, 102.80, 101.88,
94.29, 88.80, 83.39, 81.34, 81.24, 80.43, 80.34, 77.35,77.03, 76.71, 72.54,72.31, 71.21,
71.15,70.47, 70.26, 69.08, 69.00, 66.40, 66.35, 60.41, 59.24, 58.43, 25.68, 21.07, 18.08,
14.22, -4.61, -4.86.

[0415] HRMS (ESI+): m/z caled. for C42H65N4014PSSi[M+H]+: 930.29; found
930.31 (Rp), 930.33 (Sp).

b. Cyc U*U (Procedure 2)

= LIOtBU (1.5 eq), O N
N Tolune (0.2 M), IR =N S

30 min, -20°C

(0.5 eq) o

acetonitrite:Tol = 1:1 (0.1 M)
LiCI (1.5 eq), -20 °C, 20 h

[0416]  Solution A: Under nitrogen atmosphere via the Schlenk-line technique, a 20
mL reaction flask A equipped with a magnetic stir bar, was charged with LiOtBu (96.1
mg, 1.5 Eq, 1.20 mmol) cooled to -20 °C with aid of a cryocooler. The stock of solution of
3'-TBS-5'-OH nucleoside (394 mg, 1 Eq, 800 umol) in toluene (4 mL) was added to the
reaction tube A via syringe needle slowly, stirred for 30 minutes at -20 °C with aid of a
cryocooler, stirred for 30 minutes.

[0417]  Solution B: Cyclic chlorophosphorothioate monomer PS-C1 UBOM (dr
Rp:Sp=1:1, 500 mg, 70% Wt, 0.921 Eq, 737 umol) was dissolved in acetonitrile (4 mL) at
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-20 °C with cyrocooler under Schlenk-line condition. solution A was added into B over 5
minutes by syringe needle dropwise, stirred for 20 hour, 50 uL. was concentrated to test P
NMR and LCMS to confirm reaction completion and product dr (Rp:Sp =27:1) of crude
reaction.

[0418]  Reactant cyclic chloro-phosphorothioate monomer PS-Cl UBOM used in
procedure 2 is not purified by silica gel column chromatography. The synthesis and
quenching method is as follows.

[0419]  Under schlenk line N3, diol-U-BOM (3.784 g, 1 Eq, 10.00 mmol) and
phosphorothioyl trichloride (1.778 g, 1.06 mL, 1.05 Eq, 10.50 mmol) dissolved in DCM
(48 mL) at 0 °C stirred for 20 minutes, followed by addition of THF (20 mL)lithium 2-
methylpropan-2-olate (1 M THF solution) (1.601 g, 2.0 Eq, 20.00 mmol) by syringe and
needle, warm from 0 °C to 23 °C over 4 hours. Reaction completed and was concentrated
by rotovap. The condensed crude product solution was slowly added mixture of
Heptane/MTBE/EA = 50 mL/50 mL/ 30 mL to partially precipitate salt impurity and
other insoluble byproduct. The filtrate solution was concentrated and vacuumed to give
light brown solid 5.6 g. Based on theoretical yield 4.75 g and actual mass 5.6 g after
precipitation, there could be ~0.80 g mixture of LiOH, LiOtBu and LiCl = 10-15 mmol ~
1-1.5 eq. 10 mmol calculated based on MW 80 of LiOtBu.

c. Two-step addition (General)

o HO LiOtBu (1.5 eq). Ta50 o o _
s \?j\E)—BHY \{-‘TB 20°C x b, then RT 0-2 b 2 QF*,K[:)—Q“
P * L > MfaQrug\(;)/\O o %
OMe BEC Te solvent (0.1 M) - )
B2 (dr~1:1) B1 At

[0420]  Solution A: Under nitrogen atmosphere via the Schlenk-line technique, a 20
mL reaction tube A equipped with a magnetic stir bar, was charged with LiOtBu (1.5 eq).
The stock of solution of 3'-TBS-5'-OH nucleoside (1 eq) in toluene (0.2 M) was added to
the reaction tube A, put and kept it at -20 °C with aid of a cryocooler, stirred for 30
minutes.

[0421]  Solution B: Cyclic chlorophosphorothioate monomer (dr Rp:Sp~1:1, 1.0 eq)
was dissolved in acetonitrile (0.2 M) in an oven dried flask at -20 °C with cyrocooler
under Schlenk-line condition. Solution A was added into B over 5 minutes by syringe

needle dropwise, stirred for 20 hours. Aliquot of 50 uL. was collected by syringe and
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concentrated for *'P NMR and LCMS analysis to confirm reaction completion and dr of
crude reaction. Crude reaction solution was concentrated to remove most of solvent and
dissolved in minimum DCM before loading on silica gel column, which eluted with
EA/Hex (0-60%) by combi-flash system, affording major isomer "Rp" as white solid, dr ~
4:11t020:1.

Table 9 - Two-step addition

Uncoverted Uncoverted

entry B2 eq B1eq isolyield LCMSy%  crRp/Sp B B2
1 0%egml 1.1egmy 35% 55% 27:1 37% 8%
2 1.2eqgmlb  TeqmU 40% 63% 131 12% 25%
3 16egmlU mU 33% 80% 5:1 0 20%
4 1.legmU 1egmb 80% 85% 4:1 2.6% 12%
5 1.1egmU teqmu 85% 94% 6:1 1% 2%
6 1.legmA 1fegmA 30% 52% 14:1 24% 24%

d. One-pot addition

o LIOHBy {1.5 ex), -20°C,

o Q f R, ) <

u} : . ] X b, solvent (0.1 M} TBSO -

S.s.‘.‘/t)“'ﬁc'&" + k(\/ j - - U?\FI’C, o
;P\Q\“ 4 o = O (o) z

a & TR R? 3{ a2

32 81 B:»Ac

[0422] B1 5'-OH-3'TBS-monomer (1 eq) and B2 CI-PS-cyclic monomer (1.2 Eq, 120
umol) were mix in a heat gun vacuum dried glass vessel at room temp followed by fully
dissolving in anhydrous DCM (0.1 M) then cooled to -20C under N2 with aid of
cryocooler. Lithium 2-methylpropan-2-olate (2.2 M in THF) (1.5 Eq) was added into the
reaction vessel by syringe needle dropwise over Smin. Then kept the temperature and
stirred for 1-20 hours under N7 until reaction completed. LCMS was used to monitor
conversion. After 1 h, Aliquot of 50 uL was collected by syringe and concentrated for
3P NMR and LCMS analysis to confirm reaction completion as 82% crude yield and cr
dr (Rp:Sp) of crude reaction. Crude reaction solution was concentrated to remove most of
solvent and dissolved in minimum DCM before loading on silica gel column, which
eluted with EA/Hex (0-60%) by combi-flash system, affording 90 mg major isomer "Rp"
as white solid (isolated yield 82%, dr 10:1).
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Table 10 — One-pot addition

cr dr

Entry B2eq Bleg solvent drofB2 isolyield LCMSy% " Uncoverted Uncoverted
Rp/Sp 8 82
*1 T leq mbd fegmid  Tol 1 B85% 94% a:1 8, 2%
2 t3egmG  JenmA  DCM 241 82% T8YS 10:1 13% None
3 fiegmtl  fegmA  DCOM 11 81% B3% 101 3.T7% 8.1%
*4 1.1eqgmC tegmld Tal 2.51 i <50% NA 50%, A%
5 1iegma  tegml pom 181 38% A1% 21:1 3.8% 7.1%
8 1tegmt  Tegfd  powm 11 0% 61% 17:1 13 8% 18.2%
7 1 teq U fegmA  DOM 1:4.2 35% 38% 1.2:1 4 4% 5 0%,
8 1.1eq mA fegmA  DCOM 1.5:1 30% 52% 14:1 24% 24%:
Q 13eqmG  feqmG  DOM 2.2 { 6% 12:1 7%, %
10 T4eqmG  tegqmU  DOM 221 A6% 58% >10:1 1.3% 12%

e. Cyclic PS mAmU
[0423] B1 5'-OH-3'TBS mA ((2R,3R,4R,5R)-3-((tert-butyldimethylsilyl)oxy)-5-(6-

(dibenzylamino)-9H-purin-9-yl)-4-methoxytetrahydrofuran-2-yl)methanol (57.6 mg, 1
Eq, 100 pmol) and B2 CI-PS-cyclic mU monomer 3-((benzyloxy)methyl)-1-

((28,4aR ,6R,7R,7aR)-2-chloro-7-methoxy-2-sulfidotetrahy dro-4H-furo[ 3,2-
d][1,3,2]dioxaphosphinin-6-yl)pyrimidine-2,4(1H,3H)-dione (57.0 mg, 1.2 Eq, 120 pmol)
were mix in a heat gun vacuum dried glass vessel at room temp followed by fully
dissolving in anhydrous DCM (2 mL) then cooled to -20 °C under N2 with aid of
cryocooler. Lithium 2-methylpropan-2-olate (2.2 M in THF) (12.0 mg, 68 uL, 1.5 Eq, 150
umol) was added into the reaction vessel by syringe needle dropwise over Smin. Then
kept the temperature and stirred for 2 hrs under N2 until reaction completed. LCMS was
used to monitor conversion. After 1 h, Aliquot of 50 uL was collected by syringe and
concentrated for 31P NMR and LCMS analysis to confirm reaction completion as 82%
crude yield and cr dr (Rp:Sp = 10:1) of crude reaction. Crude reaction solution was
concentrated to remove most of solvent and dissolved in minimum DCM before loading
on silica gel column (5g), which eluted with EA/Hex (0-60%) by combi-flash system,
affording 90 mg major isomer "Rp" as white solid (isolated yield 82%, dr 10:1). 3'P
NMR (162 MHz, CDCIls) Rp 66.40, Sp isomer not confirmed due to trace amount

detected may get confirmation after scale-up.
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Example 18. Spectra of dinucleotides

a. 3-((benzyloxy)methyl)-1-((2S.4aR.6R.7R,7aR)-2-(((2R.3R 4R, 5R)-3-((tert-

butyldimethylsilyDoxy)-5-(6-(dibenzylamino)-9H-purin-9-yl1)-4-

methoxytetrahydrofuran-2-yl)methoxy)-7-methoxy-2-sulfidotetrahydro-4H-furo[3.2-
d][1.3.,2]dioxaphosphinin-6-yl)pyrimidine-2 4(1H.3H)-dione

-{
TESO 9"'\[‘C\,.N ( ~BOM
S
a0 fO‘ o
){G Ohe
!,;-_N "}m’N
v A AU
BﬂzN

[0424]  cr dr=17:1, purified dr > 30:1

[0425] 3P NMR (162 MHz, CDCl3) & 66.27 (Rp)

[0426] 'H NMR (400 MHz, CDCl3) § 8.51 (s, 1H), 8.04 (s, 1H), 7.37 (t,J = 5.6 Hz,
4H), 7.35-7.27 (m, 32H), 6.16 (d, /=4.2 Hz, 2H), 5.75 (d, /= 8.1 Hz, 2H), 5.57 (s,
2H), 5.47 (s, 3H), 4.76 — 4.64 (m, 6H), 4.49 — 4.38 (m, SH), 4.32 — 4.24 (m, 3H), 4.06 (d,
J=49Hz, 2H), 3.64 — 3.50 (m, 8H), 2.07 (s, 2H), 0.98 (s, 9H), 0.19 (t, /= 1.2 Hz, 6H).

b. 3-((benzyloxy)methyl)-1-((2R.3R_4R.5R)-4-((tert-butyldimethylsilyl)oxy)-5-

sulfidotetrahydro-4H-furo[3.2-d][1.3.2]dioxaphosphinin-2-yl)oxy)methyl)-3-

methoxytetrahydrofuran-2-yl)pyrimidine-2.4(1H.3H)-dione

TBSO O/\Q<N x/l
\ NBn?

. . \-O ‘ O\
MeQ §/7/ OMe N
N
Q}’ \
4 U*A

wO
g
N

[0427]  cr dr=29:1, purified dr = 20:1
[0428] 3P NMR (162 MHz, CDCl3) & 65.97 (Rp),
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c. (2S.4aR .6R.7R.7aR)-2-(((2R.3R 4R 5R)-3-((tert-butyldimethylsilyl)oxy)-5-(6-

(dibenzylamino)-9H-purin-9-y1)-4-methoxytetrahydrofuran-2-yl ) methoxy)-6-(6-

(dibenzylamino)-9H-purin-9-yl)-7-methoxytetrahy dro-4H-furo[3,2-
d][1.3.2]dioxaphosphinine 2-sulfide

TBSO o TN N
C o p N L e
MeOm{f \\J/ o g\.a\, \ e .'”‘/N‘Bn
. >va Odde N&,«N
’[,’; >_N
Ng
TN ATA
BnN.
Bn

[0429]  3'P NMR (162 MHz, CDCls) § 66.18 (Rp) crdr =14:1, 25:1

d. 3-((benzyloxy)methyl)-1-((2S.4aR,6R,7R,7aR)-2-(((2R,3R 4R 5R)-3-((tert-

butyldimethylsilyDoxy)-5-(6-(dibenzylamino)-9H-purin-9-yl1)-4-

methoxytetrahydrofuran-2-yl)methoxy)-7-fluoro-2-sulfidotetrahydro-4H-furo[3.2-
d][1.3.2]dioxaphosphinin-6-yl)pyrimidine-2 4(1H.3H)-dione

o2
-0 ¢ s
TBSQ QY i NBOM
P Bt 4
Mea. 7 Q40 % 0
-0 N F
'Cle\i‘mN\ *
N M 2 mA*fU
TN
Bn:N

[0430] 3P NMR (162 MHz, CDCls) § 66.03 (Rp), 61.49(Sp).
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e. 3-((benzyloxy)methyl)-1-((2S.4aR.6R.7R,7aR)-2-(((2R. 3R .4R.5R)-5-(3-
((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-yl)-3-((tert-

butyldimethylsilyDoxy)-4-fluorotetrahydrofuran-2-yl)methoxy)-7-methoxy-2-

sulfidotetrahydro-4H-furo[3.2-d][1.3.2]dioxaphosphinin-6-yl)pyrimidine-2.4(1H.3H)-

dione
P
f/ \
TBSQ 0NN
: AR BOM
. A \\‘ \
Fr g o < o
NS S OMe
o -
N
- X *
BOM-N . //,; fU*mu
Oi

[0431] 3P NMR (162 MHz, CDCls) & 66.36 (Rp)

f. 1-benzyl-9-((2S.4aR.6R,7R.7aR)-2-(((2R 3R 4R 5R)-3-((tert-
butyldimethylsilyDoxy)-5-(6-(dibenzylamino)-9H-purin-9-yl1)-4-

methoxytetrahydrofuran-2-yl)methoxy)-7-methoxy-2-sulfidotetrahydro-4H-furo[3.2-
d][1.3.2]dioxaphosphinin-6-yl)-2-(dibenzylamino)-1.9-dihydro-6H-purin-6-one

2
XN I
- pRe) y TN
TBSO E \ 5 - en
/‘\/ o “\“O\ e N"‘a{\
MaQid S B -
" S OMe Neng
N A
7N
N N
D mA'mG
anN

[0432] 3'P NMR (162 MHz, CDCls) § 66.21(Rp), 62.05(Sp). Yield 62%. "H NMR
(400 MHz, CDCl3) & 8.43 (s, 1H), 8.01 (s, 1H), 7.58 (s, 1H), 7.36 — 7.19 (m, 21H), 7.13
(dt,J=173,2.9Hz, 6H), 6.18 (d, /= 4.0 Hz, 1H), 5.67 (d, J = 15.5 Hz, 1H), 5.61 (s, 2H),
5.32 (s, 1H), 5.23 (ddd, J= 9.5, 5.1, 2.8 Hz, 1H), 4.72 — 4.60 (m, 2H), 4.50 — 4.42 (m,
2H), 4.42 — 4.37 (m, 3H), 4.34 — 4.10 (m, 6H), 3.94 (d, /= 5.1 Hz, 1H), 3.54 (s, 3H), 3.35
(s, 3H), 0.98 (s, 9H), 0.20 (s, 6H).

[0433] 3C NMR (100 MHz, CDCl3) § 158.20, 157.51, 154.96, 152.72, 150.71,
145.82, 138.93, 137.71, 137.39, 136.23, 136.14, 136.05, 128.66, 128.60, 128.01, 127.87,
127.82, 127.55, 127.35, 127,33, 126.42, 126.36, 122.31, 120.20, 91.02, 87.12, 82.65,
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82.41, 82.32, 80.17, 80.08, 77.97, 77.92, 77.37, 77.25, 77.05, 76.73, 70.88, 70.82, 70.43,
69.27, 69.19, 67.42, 59.30, 58.62, 56.06, 55.77, 53.45, 48.11, 25.78, 25.78, 25.78, 18.17, -
4.64, -4.76.

™89 q"\\!,_.o\_“; \
PP - A
Meo..‘\/ r“" caiNe} !
P e Ohe
N
l}‘—-*h\
BOM-N
- mU*mG
O

[0434] 3P NMR (162 MHz, CDCl3) § 65.72, 61.88. 'H NMR (400 MHz, CDCl3) &
7.80 - 7.71 (m, 1H), 7.70 (s, 1H), 7.43 — 7.30 (m, SH), 7.28 (dd, J = 6.4, 3.7 Hz, 11H),
7.18 = 7.10 (m, SH), 7.05 (dd, J = 6.6, 3.0 Hz, 1H), 5.93 (d, /= 1.6 Hz, 1H), 5.82 (d, /=
8.2 Hz, 1H), 5.68 (d, J= 14.2 Hz, 2H), 5.62 (s, 1H), 5.60 — 5.45 (m, 2H), 5.32 (s, 2H),
5.31—5.26 (m, 1H), 4.73 (s, 2H), 4.64 (dd, J = 11.4, 6.6 Hz, 1H), 4.52 (ddd, J=22.9,9.7,
4.9 Hz, 1H), 4.44 (s, 1H), 4.40 (s, 2H), 4.38 —4.31 (m, 1H), 4.27 (d, J = 14.9 Hz, 3H),
4.24 - 4.10 (m, 5H), 4.01 (d, J= 5.2 Hz, 1H), 3.68 (q, /= 1.7 Hz, 1H), 3.61 (s, 3H), 3.46
(s, 1H), 3.40 (s, 2H), 0.94 (s, 9H), 0.15 (d, J = 2.1 Hz, 6H).

h. 1-benzyl-9-((2S.4aR.6R.7R.7aR)-2-(((2R.3R.4R ,5R)-5-(1-benzyl-2-

dibenzylamino)-6-ox0-1.6-dihydro-9H-purin-9-y1)-3-((tert-butyldimethylsilyl)oxy)-

one
=di ~ ;,9
-~ - A
TBSO O N - Nen
; e P N
MBOM.(\’/ ) é 8] z}M \Nang
o) e
BHQN
\;:;N\
BonN, N
‘zfrJgN,;)‘ mG*mG

[0435] 3P NMR (162 MHz, CDCls) & 66.73 (Rp)
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Example 19. Nucleophilic Ring Opening of Cyclic Dinucleotide thioate at P with
Benzylic Alkoxides

a. Scheme 1. General catalysis condition procedure for U*U

Benzylic alcchol (2-4 eq)
Base (1.5 eq),

A0 N =0
o oL Lewis acid (0.25-1 eq)
Meom(\'j oo 5 c; "BOM
o J© Me Solvent (0.05 M), 23 °C
?"N>
BOM-N_ /
JT‘J Rp

OR ; ~/ oo
/. t91\%
Ar \ o ‘//A © TBSQ -0 B BOM
TBSO o NI Y
: P \) ~¢ ' CBOM * e
MeGr-¢ 7T oo T il Meg N\ O
! S O
e OMe o
\,N
NN \Nr “D
BOM-N, J//> 3.5 BOM” ‘n/
- o) B-5

[0436]  Solution A: Cuprous chloride (CuCl) (0.25-1 Eq) (green powder) was added to
a heat gun dried vial under N, and then dissolved with solvent-1 (0.05 M) at room
temperature followed by addition of base ( 1.5-3 Eq), 10 minutes later

added phenylmethanol (2 Eq) or other benzylic alcohol (e.g., CF3BnOH) stirring for 20
minutes at RT under Na.

[0437]  Solution B: 13:45 3-((benzyloxy)methyl)-1-((2S,4aR,6R,7R,7aR)-2-
(((2R,3R,4R,5R)-5-(3-((benzyloxy)methyl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-3-
((tert-butyldimethylsilyl)oxy)-4-methoxytetrahydrofuran-2-yl)methoxy)-7-methoxy-2-
sulfidotetrahydro-4H-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)pyrimidine-2,4(1H,3H)-
dione (93 mg, 1 Eq, 0.10 mmol)was dissolved in Toluene-2 (1.3 mL) under schlenk line
at 23 °C, followed by addition of solution A dropwise into solution B by syringe needle
over 5 minutes. Reaction completed in 20 hours upon monitoring by LCMS.

[0438] The ring opening reaction was screened in 34 reactions using cyc U*U with
different dr (8:1 or 13:1) to optimize the conditions. From these 34 reactions run in 1
screening, the conditions were improved: MTBD (1.5 eq), BnOH or 2-CF3-BnOH (2 eq),
CuCl (0.25 eq) with toluene, MTBE, and acetonitrile as solvent and for t = 20-40 h
(Conv. of SM 95%, [S]~5:1 from [S]<1:1).
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[0439] A second round of screening was executed to further optimize the process

using cyc U*U, dr=4:1, 2-CF3-BnOH, various Lewis acids, bases and solvents

combinations.

b. Scheme 2. Detailed procedure for U*U

MTBD, CuCt

Toluene {0 05M). 1t

PR

ONTY

1Ny ,J\\ -

I}I N
CHg

MTBD

- O" / 3-8 major regioisomer

MTBD, CuCl

Toluene (0.05M), rt

N
SN WTBD

CHz

3-5 major regioisomer
5-5 minor regioisomer

Exact Mass: 1038.35
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[0440]  Solution A: Cuprous chloride (CuCl) (2.5 mg, 0.64 uL, 0.25 Eq, 25

umol) (green powder) was added to a heat gun dried vial under N2, and then dissolved
with Toluene-1 (0.7 mL) at room temperature followed by addition of mTBD (1-methyl-
2,3,4,6,7,8-hexahydro-1H-pyrimido[ 1,2-a]pyrimidine) (23 mg, 22 pul, 1.5 Eq, 0.15
mmol), 10 minutes later added phenylmethanol (22 mg, 21 puL, 2 Eq, 0.20 mmol) or other
benzylic alcohol (e.g. CF3BnOH) stirring for 20min at RT under Na.

[0441]  Solution B: 13:45 3-((benzyloxy)methyl)-1-((2S5,4aR,6R,7R,7aR)-2-
(((2R,3R,4R,5R)-5-(3-((benzyloxy)methyl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-3-
((tert-butyldimethylsilyl)oxy)-4-methoxytetrahydrofuran-2-yl)methoxy)-7-methoxy-2-
sulfidotetrahydro-4H-furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)pyrimidine-2,4(1H,3H)-
dione (93 mg, 1 Eq, 0.10 mmol)was dissolved in Toluene-2 (1.3 mL) under schlenk line
at 23 °C, followed by addition of solution A dropwise into solution B by syringe needle

over 5 minutes. Reaction completed in 20 hours upon monitoring by LCMS.

c. General library scope procedure
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7880 \[ \-82 o
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Hase

Soheant {0.050M)
Lewis Acid
(per Table 11 conditions)

N D\O\ FEaN
0'—‘F"t:s ,}‘.— N‘ \‘::O
FEg A
- HO % A
B8O, /’O fs: R
S U
- i
X N
O
e 3-8 desired regivisomer Ao
o Exact Mass: 1038.35 !

54 undesired regioisomer
Exact Mass! 103835

Base from among LIOIBu. KOWBu, NeOBu, MTBD; R1 and R2 from among M, F, OF;. Cighlyy, naphthy!

Plate Design:

diNU-A-PS-UU

LiOtBu

SOMe

./’:\Y

HO \x’”a ‘\-\‘/"j
AZ

Toluene

diNu-A-PS-UU diNu-A-PS-UU
LiOtBu MTBD LiICt0.25eq LIOtBuY
FaGo N, -OMe i OMe
HO\(V,,.B\,M/;J HO\\_,/Ei_\_;f;j HO\.,,E\ v//
At | 1
Toluene Toluene - El ACN:Tol = 111
diNu-A-PS-UU diNu-A-PS-Ul diNu-A-PS-UU

MTBD CuCl 0.25eq

HO. ‘\f//‘]
2
Toluene

LiOBu CuCl 0.25 eq

. CiMe

gz ACN:Tel = 11
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diNu-A-PS-UU diNu-A-PS-UU ' diNu-A-PS-UU
LiOtBu MTBD CuCi1eq Ot Seq
7 "1 s
Ho \"').(.[\‘;/(. HQ ,\v/’:“:\:}’.'/i RO~ =24 eq
Al ca €3
Toluene Toluene Toluene
diNu-A-PS-UU diNu-A-PS-UU diNu-A-PS-UU
LiOtBuy NaOtBu LiOtBu 2.5 eg
P, N e
HQ\/E\T/-;-'-‘: Ho\,j\f;] HQ\/E\:;:‘-'J 2.5 eq
A F
Toluens Toluene & TYoluene
diNu-A-PS-UU diNu-A-PS-UU diNu-A-PS-UU
LiOtBu on LiOtBu 3 eq LiOiBu 2.5 eq
o R iy, OMe
| HO. Ho\,,./lg\ 125 eq
A5 T
Toluene es _Toluene ¢ E5  Toluene
diNu-A-PS-UU diNu-A-PS-UU diNu-A-PS-UU
LiOtBu CuCl 0.25 eq KOtBU LIOtBuU 2.5 eq
7y -Obe " Falo
HO\(/E\Y/,”; HO._ A+ HOL_. ', »\?‘E 2.5 eq
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Toluene €6 Toluene E6 Toluene
diNu-A-PS-UU diNu-A-PS-UU diNu-B
LiOtBu CuCl1eq LiOtBu LiOtBu
OMe i RS OMe OMe
HO\IQ HO -~ HO
AT c7
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| diNu-A-PS-UU UdiNw-APSUUT  gnus
LiOtBu  LiCl 0.25eq | LiOtBu
o OMe ‘ \(,,,OMe
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diNu-A-PS-UU diNu-A-PS-UU diNu-B
LiOtBu LiPF6 0.25eq LIOtBu LiOtBu
3y -OMe | - OMe FaC. C1gHa3
HO\_/@/ HO Z HO\/@
* Toluene ©° Tol: TBME = 1:1 E9  Toluene
diNU-A-PS-UU diNu-A-PS-UU diNu-B
LiOtBu ZnCI2 0.25eq LiOtBu LiOtBu
e OMe
- OMe = FiCu s
o A oA o N
A1D c10 )
Toluene MTBE E10 ACN
diNu-A-PS-UU diNu-A-PS-UU
LiOtBu LiCl1eq LiIOtBu  CuCl0.25 eq
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Toluene CH ACN
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MTBD LIOtBu CuCl 0.25 eq
O N OMe
HO\/(-EE\,;; : HO.._ ,/L\:;;‘E
A2 ~
Toluene C12 Tol:TBME = 1:1

Procedure for First Screening

[0442]

In a glove box container, each cyclic dinucleotide substrate was dispensed as a

stock solution to appropriate reaction vials according to the Plate Design, in rows A and C

(using toluene), and E and G (using CAN) with a manual pipette. The toluene stock

solutions were the blown down under a stream of nitrogen. Solid bases and additives were

dispensed to the appropriate alkoxide forming vials in rows B, D, F of a 96-vial plate

using the Quantos.

[0443]

Stock solutions of the alkoxides were prepared by: (i) adding the appropriate

solvents to the solid bases/additives in the appropriate vials using a manual pipette; (ii)
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adding solid alcohols (weighed in the glove box) to the appropriate vials; and (iii) adding
the liquid MTBD base to the appropriate vials using a manual pipette. Appropriate
solvents were then added to the substrate vials in rows A, C, E. The plate was sealed
using the appropriate screw pattern and stirred at RT in the glove box at 800 rpm,
allowing at least 30 minutes for the benzylic alkoxides to form and the substrate mixtures
to redissolve from time of final addition to alkoxide vials.

[0444]  The plate was unsealed and the solutions of alkoxide (one per reaction vial)
were then transferred to the corresponding reaction vials (dropwise, ~10 seconds per
addition) using a manual pipette. The plate was sealed again using the appropriate screw
pattern and stirred at RT in the glove box at 800 rpm.

[0445]  The plate was unsealed at 2, 4, 20, 27, and 66 hours and sampled as follows:
(1) 20-60 mL of a 2.5 mM stock solution of internal standard TPP (triphenyl phosphate)
using CAN; (2) 20 uL sample aliquot from each well was added to a 0.45 um filter vial
using a single-channel pipette; (3) 400 uL of the internal standard stock solution was
added to each well using a multi-channel pipette; (4) the samples were analyzed using
UPLC high pH NoMeOH method - Dreadnought (0.5 pL injection volume); and (5) each
sample was given a lot number reflecting its position in the reaction and analytical plates
(CAX-D00157-067-XXX where XXX runs from AO1 to E10). The solvent in various
wells went dry on several occasions. In those cases, 100 uL of the appropriate solvent
was added to reconstitute the reactions. Before the final sample prep, 100 uL of the
appropriate solvent was once again added to all reaction wells.

[0446]  Screening conditions and results are shown in Table 11 (Baseline Reaction
Conditions: room temperature, toluene (0.05 M), reaction base (1.5 eq), ArOh (2 eq)). [s]
depicts ratio of [3-5]:[5-5] regio-isomer products.

Table 11 — Screening conditions and results

Entry Ajcohel ¢ dr Lewis acig Base Solvent Yield 2a-{3-51 w551 8§
1 2-CF5-BnOH 1311 None 3 eq LiDiBu TobMeCN (1:1) 98% 7% 47% 1
2 BnOH 81 CuCl{0.25eq) mTBO Toluene  90% T4% 16% 4.5
3 BnOH 8t Norne mTen Toluens  90% 54% 36% 1.5
3 2-CF-BnOH 8.1 CuCl{0.25eq) mTBD Toluene  70% 56% 14%, 4
5 2-CFs-BnoH &t Culi (1 aq) mT80 Toluena o5% T4% 25% 3

[ BnOkK 131 CuCt (1 eg) mTHED Toluene 89% 7% 22% 3
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BnOH 81 CuCt (2 g} mT8D
BnOR 131 Nene NaOtBu
BAOH 131 MNone KO8

oMal-BniH 134 CuCt {025 eq)  LiotBy
p-MeD-BnOH 13:1 LICHO25eq) OBy

-MaC-BnOH 131 LICH{1 eg) LiOBY

oMeD-EROH 131 2nlh (02569} Louse

p-ideC-BroOH 131 UPF {025 eg  yoimu
2BF~BrOH 131 Mong LB
NaphiyiOM oM 1301 Nane LI
BrOM 1 None LiDtBy
2-CF-8nOH 1304 Hone LIC8u

ii. Second Screening -

PCT/US2024/028291

Toluens 60% 45% 14.7% 3
Toluene
Toluenhe
Toluens
Tolusne

Toluene NA

Tolusne
Toltens
Toluene
Tolushe
Tolens  <0.5% NA N& NA

Todusne 8.5% 3.8% 2.7% 1.4%

fase, Lewis Acid

e 3-8 desired reginisomer
Chsmical Fonvusta: CugHeF N CPESI
Exact Mass: 1106 34
Molecwtar Weight: 1107 17

Procedure for Second Screening

[0447]

Saohvent

5-5 undesired fegicisamer
Chemical Formual CaoHanF sNaC1aPSSI

Exact Masg: 1106.34
Molecutar Weight: 110717

Cyclic dinucleotide substrates were dispensed as a stock solution to appropriate

reaction vials in rows A and C (using toluene), and E and G (using ACN) with a manual

pipette. The stock solutions were blown down under a stream of Na. Solid bases and
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additives were then dispensed to the appropriate alkoxide forming vials in rows B, D, F
and H of a 1 mL x 96 vial plate using the Quantos.

[0448]  Stock solutions of the alkoxides were prepared and stirred for 20 minutes. The
substrates were dissolved in the appropriate solvent and stirred for 20 minutes. After this
time the alkoxide solutions from B were added to A, dropwise, and the same process was
followed for D to C, F to E and H to G. The plate was sealed using the appropriate screw
pattern and stirred at RT in the glove box at 800 rpm, allowing at least 30 minutes for the
benzylic alkoxides to form and the substrate mixtures to redissolve from the time of final
addition to alkoxide vials.

[0449]  The plate was unsealed and the solutions of alkoxide (one per reaction vial)
were then transferred to the corresponding reaction vials (dropwise, ~10 seconds per
addition) using a manual pipette. The plate was again sealed using the appropriate screw
pattern and stirred at RT in the glove box at 800 rpm. The plate was unsealed at 2 and 20
hours for sampling and analysis.

Plate Observations

[0450]  Species were observed and identified in UPLC during reactions: (i) Retention
times were determined using the XBRIDGE POS SCAN LONG method (260 nm); and
(ii) Waters XBridge C18, 2.5 pm, 3.0 x 75 mm @ 40 °C; A: 5SmM AmFormate in water;
B: ACN; Gradient 0-95%B in 13.50 min Hold at 95%B 2.25 min. Total run time 15.75
min; Flow Rate 0.8 mL/min.

[0451]  The screen resulted in varying conversion to DP 3'-5' and in a majority of cases
5'-5' DP was the major isomer. Two (2) timepoints were taken: 2 and 20 HR (the latter
being the endpoint). The 1st timepoint at 2 h, which likely allowed interconversion of 3'-
5' (kinetic product) to the 5'-5' (thermodynamic product). The 2nd timepoint at 20 h, in
some cases saw more interconversion of 3'-5' (kinetic product) to the 5'-5'
(thermodynamic product). No internal standard was used in the reaction.

[0452] FIG. 2A-2F show the results for Dinucleotide Screen - Plate Key Spotfire
Output Overlay 2HR; PhMe (Toluene). FIG. 3A-3F show the results for Dinucleotide
Screen - Plate Key Spotfire Output Overlay 2HR; ACN. FIG. 4A-4F show the results for
Dinucleotide Screen - Plate Key Spotfire Output Overlay 20HR; PhMe (Toluene). FIG.
5A-5F show the results for Dinucleotide Screen - Plate Key Spotfire Output Overlay
20HR; ACN.



WO 2024/233624 PCT/US2024/028291

-175 -

[0453]  Screening conditions and results using toluene are shown in Table 12 (Baseline
Reaction Conditions: room temperature, toluene (0.05 M), reaction base (1.5 eq), Lewis
acid (0.25 eq)). [s] depicts ratio of [3-5]:[5-5] regio-isomer products. This screen was
conducted using starting material with dr of 4:1.

Table 12 — Screening conditions and results (Toluene)

Entry Lewis acid Base Solvent Yield 2a-[3'-5"] 2a’-[5°-57] s
1 CuGl MTBD Toluene 99% 26% T4% 0.35
2 CuCi2 MTBD Toluene 15% 12% 3% 4.00
3 CuBr MTBD Toluene 99% 20% 80% 0.25
4 Cu(f)acetate MTBD Toluene 100% 21% 79% 027
5 Cu(OAC)2 MTBD Taluene 73% 62% 11% 564
) (CH3CNMCU+RF4- MTBD Toluene 100% 15% 85% 018
7 LiCt MTBD Taoluene 8% 5% 3% 1.67
8 Zn(0ThH2 MTBD Toluene 18% 15% 3% 500
9 MgBr2 MTBD Toluene 5% 3% 2% 1.50
10 CuCt TBD Taluene 100% 33% 67% 0.49
11 cuci2 TBED Toluene 93% 5% 34% 1.74
12 CuBr TBD Toluene 98% 43% 56% 0.77
13 Cuihacetate TBD Toluene 99% 14% 86% 0.18
14 Cu{CAc)2 TBD Toluene 99% 36% 63% 0.57
15 (CH3CN)MCu+BF4-  TBD Toluene 100% 14% 86% 0.16
18 LiCi TBD Toluene 96% 51% 45% 413
17 Zn{QTf)2 TBD Toluene 5% 4% 1% 4.00
18 MgBr2 TBD Toluene 95% 56% 39% 144

[0454]  Screening conditions and results using ACN are shown in Table 13 (Baseline
Reaction Conditions: room temperature, toluene (0.05 M), reaction base (1.5 eq), Lewis
acid (0.25 eq)). [s] depicts ratio of [3-5]:[5-5] regio-isomer products. This screen was

conducted using starting material with dr of 4:1.
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Table 13 — Screening conditions and results (ACN)

Entry Lewis acid Base Solvent Yield 2a-{3'-5] 22§57 S
1 CuCl MTBD ACN 96% 8% 88% .09
2 Cull2 MTBD ACN 78% 49% 29% 1.68
3 CuBr MTBD ACN 97% 9% 89% .10
4 Cufl)acetate MTBD ACN 94% 13% 81% .16
5 Cu{OAc)2 MTBD ACN 53% 36% 17% 2.12
6 {CHICNMCu+BF4- MTBD ACN 97% 8% 89% G.90
7 LiCl MTBD ACN 28% 13% 15% 0.87
8 Zn{OTH)2 MTRBD ACN 10% 7% 3% 2.33
9 MgBr2 MTBD ACN 4% 2% 2% 1.0
10 cuc! TBD ACN 87% 12% 75% 0.16
11 CuCl2 TBD ACN 13% 44% 21% 2.09
12 CuBr TBRD ACN 90% 14% 76% .18
13 Cu{l)acetate TBD ACN 87% 9% 78% c.11
14 Cu(OAc)2 8D ACN 93% 10% 83% 0.12
15 (CH3CN)4Cu+BF4- TBD ACN 92% 18% 74% 024
16 LiCl ™D ACN 86% 33% 53% 062
17 Zn{OTH2 B ACN 8% 5% 3% 1.67
18 MgBr2 TBD ACN 82% 36% 46% 6.78

1ii. Nucleobase Combinations Screening -

O

A (2 eq)

G Base (1.5 eqg),
0 ) S
TBSO_;: S\\_o- | t}—ﬁz Lewis acid
/‘\(\ ‘p\ & -

R - -
3,,0 Rp OMe Toluene {0.05 M), time, 23°C
8‘1
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Screening conditions and results are shown in Table 14 (Baseline Reaction

[3-5-linkage
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CF3

PCT/US2024/028291

21

[5’-8}-Linkage
B'=B?=N-Ar-A U C, G

Conditions: room temperature, toluene (0.05 M), reaction base (1.5 eq), Lewis acid (0.25

eq)). [s] depicts ratio of [3-5]:[5-5] regio-isomer products.

Table 14 — Screening conditions and results

Entry Bt, B2 drof t Lewis acid Base Time Yield 2a-[3'-5"] 2a'-[5-5] S
1 mu, mu 8:1 No LiOtBu 20h <1% NA NA NA
2 mu, mu 6:1 CuCl (1 eq) MTBD ABmin 54.7% 46% 8.7% 53
3 mu, mu 61 CuCH{1 eq) MTBD 22h 565% 43% 12.1% 35
4 mu. mu 81 CuCl0.25 eyj MTBD 44 h 70% 56, 14%, 4
5 mi, mu 41 CuCl0.25 eq) MTBD 40 h 465 38% 6.9% 55
6* mi, mud 41 CuCH0.25 eq) MTBD 20h 384% 30% 8.2% 3.7
7% muU, mu 41 CuCH0.25 eq) MTBD 20 h 510 36% 14.7 2.4
8 mA, mU 10:1 CuCH{1 eq) MTED 4h 95% 76% 19% 4
e mlJ, mA 211 CuCl{C.5 eq) MTBD 20h 75% 80% 15% 4
10 mu, mG 2011 CuCl {0.25 eq) MTBD 70h 34% 22% 12% 2
11 mt, mG 2011 CuCl(0.25 eq) MTBD 5h 6.5% 5 8%, 0.7% 8
12 U, mU 17:1 CuCl (0.25 eq) MTBD 20 h 29 7% 22% 2.7% 8

ILF Bl bl BN

JOF BIPal i 504

BP0
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Example 20. Spectra of ring-opened dinucleotides

a. O-((2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-diox0-3.4-dihydropyrimidin-
1(2H)-y1)-2-(hydroxymethyl)-4-methoxytetrahydrofuran-3-yl) O-(((2R,3R.4R 5R)-5-
(3-((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-y1)-3-((tert-

butyldimethylsilyDoxy)-4-methoxytetrahydrofuran-2-yl)methyl) O-(2-

(trifluoromethyl)benzyl) phosphorothioate

mUmuU

g 3-5 major regioisomer

[0456] [3'-3'1°'P NMR (162 MHz, CDCI3) & 68.11 (Rp), 67.23 (Sp)
[0457]  [5'-5'1°'P NMR (162 MHz, CDCI3) § 68.57 (Rp), 68.28 (Sp)
[0458] DP Exact mass: 1106.34 (1107.35 MH+), Measured mass: 1107.46 MH+
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b. O-((2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-3,4-dihydropyrimidin-

1(2H)-y])-2-(hydroxymethyl)-4-methoxytetrahydrofuran-3-yl) O-(((2R.3R.4R.5R)-3-

tert-butyldimethylsilyl)oxy)-5-(6-(dibenzylamino)-9H-purin-9-yl1)-4-

V mA*muU
Bn;f'il
[0459] 3'P NMR (162 MHz, CDCl3): [3'-5"], § 67.92 (Rp), 67.61 (Sp); [5'-5'], 68.95

c. O-(((2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-

1(2H)-y])-3-((tert-butyldimethylsilyl)oxy)-4-methoxytetrahydrofuran-2-yl)methyl) O-

((2R_ 3R 4R 5R)-5-(6-(dibenzylamino)-9H-purin-9-y1)-2-(hydroxymethyl)-4-

methoxytetrahydrofuran-3-yl) O-(2-(trifluoromethyl)benzyl) phosphorothioate

OH
Tesg U9 YT/
-~ o o~ Noo? .
Moono YT OO Y Y N
\ 4 s DM N,
o 4 N
\}—“N‘
N
e mU*mA
\;\:_—:.f{

[0460] *'P NMR (162 MHz, CDCls): [3'-5"], 867.66 (Rp), 67.52 (Sp). [5'-5'], 68.75



WO 2024/233624 PCT/US2024/028291

- 180 -

d. O-benzyl O-((2R.3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo0-3.4-

dihydropyrimidin-1(2H)-y1)-2-(hydroxymethyl)-4-methoxytetrahydrofuran-3-yl) O-
(((2R_3R.4R.5R)-5-(3-((benzyloxy)methyl)-2.4-dioxo-3.4-dihydropyrimidin-1(2H)-
y1)-3-((tert-butyldimethylsilyloxy)-4-methoxvtetrahydrofuran-2-yl)methyl)

phosphorothioate

Ly
Q PR
o o] . 4 '
TG i =N 0
peo-¢ 7T 00T N
\ O S OM&> QY
o 4 Y
BN Nz
. Y
N Bn-P-mU*mU
—Q 4
. 4 Q’ 3-8 major regioisomer
VY
: 7
N

[0461] 3'P NMR (162 MHz, CDCls): [3'-5'], 8 68.38 (Rp), 67.73 (Sp). [5'-5'], 68.94
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Example 21. Synthesis of Trimer Phosphorothioate from Ring Open

Dinucleotide Thioate

PN o l\;' 7
L\//f SC,_P\O J 7N eom
P oH ome ©
N T — Rp:Sp = 1:2
T85Q g Kr '%N/_\; o . OP
MeO: (’\_ ‘o“g\o“ ~ M@,%N‘BOM LiOtBu, ACN/Tol, -20°C to RT
\O
Q. 4
s
BOM-N_ [3-5]{5-5]=4 51
¥
Of,f‘

wo o NSy
~ ~ P ‘.;"\/ A
MeOw(f\f/O”O 2 N
O S om®  BOM
o 7
N
BOM-N ? cy-Uru*u
4
o

[0462]  Under Schlenk line condition, reaction tube A (heat gun dried) was charged
with Lithium 2-methyl-2-propanolate (6.0 mg, 7.0 uL, 1.5 Eq, 75 umol) and stirring bar
under Ny, followed addition of stock solution of O-benzyl O-((2R,3R 4R ,5R)-5-(3-
((benzyloxy)methyl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-2-(hydroxymethyl)-4-
methoxytetrahydrofuran-3-yl) O-(((2R,3R,4R,5R)-5-(3-((benzyloxy)methyl)-2,4-dioxo-
3,4-dihydropyrimidin-1(2H)-yl)-3-((tert-butyldimethylsilyl)oxy)-4-
methoxytetrahydrofuran-2-yl)methyl) phosphorothioate (0.10 g, 50% Wt, 1 Eq, 50
umol) in Toluene (1 mL) at -20 °C for 10 minutes.

[0463]  Another reaction tube B was charged with CI-CP (0.18 mmol, 1.5 equiv.) 3-
((benzyloxy)methyl)-1-((4aR,6R,7R,7aR)-2-chloro-7-methoxy-2-sulfidotetrahydro-4H-
furo[3,2-d][1,3,2]dioxaphosphinin-6-yl)pyrimidine-2,4(1H,3H)-dione (36 mg, 1.5 Eq, 75
umol) in MeCN (0.6 mL). The reaction tube was kept at -25 °C for 10 minutes and the
pre-stirred alkoxide solution from reaction tube A was transferred to reaction tube

B dropwise with the aid of a syringe. The reaction was stirred at -20 °C for 18 hours, then
warmed to room temperature and stirred for 4 hr. LCMS show desired product peaks of
main product and isomers by MH+ 1477.3 Based on the uncorrected UPLC reaction

crude yield is about (below screen shot of LCMS, assumed newly formed dr ~
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56:25:12:3:2:1.6 defined by retention time and characterization features of cyclic
dinucleotide), large amount of PS-Cl remained unreacted. LCMS showed the starting

material and 6 product isomers separated, with MS-ID confirmed by EIC (not HRMS).

Example 22. Solution-phase synthesis of oligonucleotides using flow technolo

[0464] A general overview of a solution-phase method for oligonucleotide synthesis is
presented in FIG. 6.

[0465] A general overview of a continuous-flow oligonucleotide synthesis system is
presented in FIG. 7. FIG. 7 shows a glass microreactor (“200 ul flow reactor”), but any

of the types of reactors suggested herein as known in the art can be used.

CFs

o)
TBSO o ? B HO
: SPa ’ LiOH-Bu
MeO1s. o” ot L
o OMe -
toluene

& Bi = U-80M

Bi

T88Q

T8SQ

- s WeQ c‘ “oMe

MeOi.. O f O‘ "
Blse %

3,5-linkage 5,5-linkage

Y/

[0466] A study was completed to compare the efficacy and efficiency of using a batch
system or a flow system for oligonucleotide synthesis according to the present disclosure.
Twelve test reactions were completed with flow systems using different temperatures (-20
°C, 0 °C, ambient temperature (~20-25 °C), and 45 °C) and different residence times (30,
40, or 50 minutes). Solvent (toluene) and concentrations were fixed from the batch
procedure. Analysis by >'P NMR and LCMS revealed that performing the reaction at
ambient temperature with 50 minutes of residence time allows full conversion of the
reaction with the same selectivity ratio as in a batch with cryogenic conditions.

[0467] A solution of LiOtBu (0.148 M, 1 equiv.) and 2-CF3:BnOH (0.2 M) in toluene
[Solution A] was prepared, bubbled with nitrogen, and kept as a stock solution in a 100
ml glass bottle. A solution of cyclic dinucleotide in toluene (0.07 M) [Solution B] was
prepared, bubbled with nitrogen, and kept as stock solution in a 100 ml glass bottle.
Methanol was used as quench, bubbled with nitrogen, and kept in a third 100 ml glass
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bottle. All solutions were connected to a nitrogen line saturated with toluene (solutions A
and B) or methanol, accordingly.

[0468] Each bottle was connected through a 1/16" O.D. tubing to a VICI M6HP
pump. Solutions A and B were fed into a MR-LAB-MS flow reactor of 200 puL volume
(from Little Things Factory). The temperature was controlled by the Polar Bear device
(from Uniqsis Ltd.) and kept at 22 °C.

[0469] At the outlet of the reactor a PEEK-tee was used to mix and quench the
reaction mixture with methanol. This line was connected to a fraction collector to
automatically discard or collect fractions of the quenched reaction.

[0470] The first step was to flush the reactor with toluene to ensure complete
cleanliness of the reactor and tubing. Then, after the pumps and lines were primed with
the reagents and quench solutions, the three pumps were set to flowrates of 1.7 pL/min
for solution A, 2.3 pl/min for solution B (yielding 50 min residence time), and 6.6 ul/min
for methanol. During the first three hours of the experiment, the reaction outlet mixture
was discarded (unsteady operation). When the steady-state conditions were reached, two
fractions were collected: the first fraction corresponds to 2.5 hours of collection time with
a theoretical mass of 26.7 mg product, and a second fraction of 2 hour corresponding to a
theoretical value of 21.4 mg product.

[0471] The two fractions were combined, volatiles were evaporated under vacuum
and the obtained mass was 48 mg. The crude was analyzed by LCMS to determine the
selectivity ratio between isomers and its purity.

[0472]  Table 15 summarizes certain details for comparison.

Table 15
Batch Flow
Isomer Control 85:15 85:15
Cryogenic Conditions -20 °C (Required) Ambient Temperature
Reaction Time 4-6 hours (27 mg scale) 45-60 minutes
Reproducibility Medium High
Safety Hazards Medium Low
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CLAIMS

We claim:

1. A method for preparing a dinucleotide of Formula (iv) or a salt or solvate thereof,

R4
| o)
) v\\?A[)w
RZ/,. o/ P\O\\‘ _; 1
0o R

BZ
(iv)
wherein:

YisOorS;

R! and R? are independently chosen from hydrogen, hydroxy, halogen, N3, (Ci-
Cno) alkyl, and (C1-Cao) alkoxy; optionally wherein R! and R? are independently
chosen from hydrogen, fluorine, methoxy, and -O-methoxyethyl (MOE),

B! and B? are nucleobases, which may optionally be protected with one or more
protecting groups; and

R*1is hydrogen or a protecting group;
the method comprising:

(a) reacting a nucleoside of Formula (i) with P(Y)R3, wherein Y is O or S, and
wherein each R is independently selected from Cl, Br, (C1-Cs) alkoxy, (Cs-C12)
aryloxy, S-(C1-Ce) alkyl, O-aryl, and S-aryl, thereby forming a cyclic phosphorous

nucleoside of Formula (i1)

HO
O p! P(Y)Rs 0"[0)4 1
N 7 ;\:I'!’\O\\- / ®
HO® ’//,R . R
] (i) - and

(b) reacting the cyclic phosphorous nucleoside of Formula (ii) with a nucleoside
of Formula (iii) to form a cyclic phosphorus dinucleotide of Formula (iv), wherein R*

is a protecting group:
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(o] (0]
z 2 Y\\g/\[)481
(o) 0 1 R2iw OH Rz/l. o~ \O\\ ;/1
Shag/ ° — 0 R
R P
R! B2 B2
(i) (iii) (iv)

wherein the method further comprises optionally removing one or more of the
protecting groups.

2. A method for preparing a dinucleotide of Formula (vi) or a salt or solvate thereof,

wherein:

YisOorS;

R! and R? are independently chosen from hydrogen, hydroxy, halogen, N3, (Ci-
C20) alkyl, and (C1-Ca) alkoxy; optionally wherein R! and R? are independently
chosen from hydrogen, fluorine, methoxy, and -O-methoxyethyl (MOE);

B! and B? are nucleobases, which may optionally be protected;
R*is hydrogen or a protecting group;

nis chosen from 1, 2, 3, 4, and 5;

each R’ is independently a substituent on the phenyl ring of a benzyl protecting
group;
R® is hydrogen or a protecting group; and

R” and R? are independently selected from hydrogen, (Ci-Cao) alkyl and aryl;
the method comprising:

(1) providing the cyclic phosphorus dinucleotide of Formula (iv) of claim 1,
wherein R* is a protecting group:
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R2/ I o’ P\O\\l = 1
0 R
BZ
(iv)

; and
(i1) reacting the cyclic phosphorus dinucleotide of Formula (iv) with a substituted

benzyl alcohol nucleophile of Formula (v) to form a dinucleotide of Formula (vi):

R4 *] Y H;o)<31
I o] ; Po
2 Y B! OH R%,. o oV L
; \/P \ 7 8 le) o R1
R, 0" oV L R™——R ,
o R1 + U - . R
|
B? X

(iv)

_ 3w
- "

v
(vi)
wherein: each R is independently a substituent on the phenyl ring of the
benzyl alcohol nucleophile; n is chosen from 1, 2, 3, 4, and 5; R® is hydrogen or a

protecting group; and R” and R® are independently selected from hydrogen, (C1-C20)
alkyl and aryl,

wherein the method further comprises optionally removing one or more of the
protecting groups.

3. A method for preparing a dinucleotide of Formula (vi) or a salt or solvate thereof,

(vi)
wherein:

YisOorS;

R! and R? are independently chosen from hydrogen, hydroxy, halogen, N3, (Ci-
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C2o) alkyl, and (C1-Cao) alkoxy; optionally wherein R! and R? are independently
chosen from hydrogen, fluorine, methoxy, and -O-methoxyethyl (MOE),

B! and B? are nucleobases, which may optionally be protected;

R*is hydrogen or a protecting group;

nis chosen from 1, 2, 3, 4, and 5;

each R’ is independently a substituent on the phenyl ring of the benzyl protecting
group;

R® is hydrogen or a protecting group; and

R” and R? are independently selected from hydrogen, (Ci-Cao) alkyl and aryl;

the method comprising:

(a) reacting a nucleoside of Formula (i) with P(Y)R3, wherein Y is O or S, and
wherein each R is independently selected from Cl, Br, (C;-Cs) alkoxy, (Cs-C12)
aryloxy, S-(Ci-Cs) alkyl, O-aryl, and S-aryl; R is Cl, Br, or (C:i-Cs) alkoxy, thereby

forming a cyclic phosphorous nucleoside of Formula (ii):

(0] B1 P(Y) R3 c)/\EO)< .
. Yao ! B
/ ~P<

N R oV L
HO ///R1 /R1

HO

@ (i) :
(b) reacting the cyclic phosphorous nucleoside of Formula (ii) with a nucleoside
of Formula (iii) to form a cyclic phosphorus dinucleotide of Formula (iv), wherein R*

is a protecting group:

R4
l (0]
Q Y\\EAD< B!
OH Rz//. 0/ \O\\ z
o) R’
R

(ii) (iii) (iv)

(0]
(o] R2\
Yaul B’
\?P:t[)‘ *

R™ O =

% N ‘\\O\;U
o S

;and

(c) reacting the cyclic phosphorus dinucleotide of Formula (iv) with a substituted

benzyl alcohol nucleophile of Formula (v) to form a dinucleotide of Formula (vi):
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(iv) v)
(vi)

wherein: each R is independently a substituent on the phenyl ring of the
benzyl alcohol nucleophile; n is chosen from 1, 2, 3, 4, and 5; R® is hydrogen or a
protecting group; and R” and R® are independently selected from hydrogen, (C1-C20)
alkyl and aryl,

wherein the method further comprises optionally removing one or more of the

protecting groups.

4. A method for preparing an oligonucleotide of Formula (vii):

wherein:
Y
0]
i
O, (o)
X is hydrogen, a protecting group, or R ;

each Y is independently O or S;

R! R?, and R? are independently chosen from hydrogen, hydroxy, halogen, N3,
(C1-Cao) alkyl, and (C1-C20) alkoxy; optionally wherein R!, R% and R? are
independently chosen from hydrogen, fluorine, methoxy, and -O-methoxyethyl
(MOE);
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R*is H or a protecting group;

nis chosen from 1, 2, 3, 4, and 5;

each R’ is independently a substituent on the phenyl ring of the benzyl protecting
group;

each R” and R® is independently selected from hydrogen, (C1-Ca0) alkyl and aryl;

B!, B?, and B? are nucleobases, which may optionally be protected; and

m is chosen from integers ranging from 1 to 18;

the method comprising:

(1) providing the dinucleotide of Formula (vi) from claim 2 or claim 3; and

(i1) repeating the reactions of steps (a), (b), and (c) from claim 3 one or more times
to obtain an oligonucleotide of Formula (vii);

wherein, in repeating step (b), the cyclic phosphorous nucleoside of Formula (ii) is
reacted with the 5' terminal nucleoside of the dinucleotide or oligonucleotide;

wherein the method further comprises optionally removing one or more of the

protecting groups.

5. A method for preparing an oligonucleotide of Formula (vii):

wherein:
Y
o
wh
Or1,. (o)
X is hydrogen, a protecting group, or R ;

each Y is independently O or S;
R! R?, and R? are independently chosen from hydrogen, hydroxy, halogen, N3,
(C1-Cao) alkyl, and (C1-C20) alkoxy; optionally wherein R!, R% and R? are
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independently chosen from hydrogen, fluorine, methoxy, and -O-methoxyethyl
(MOE),

R*is H or a protecting group;

nis chosen from 1, 2, 3, 4, and 5;

each R’ is independently a substituent on the phenyl ring of the benzyl protecting
group;

each R” and R?® is independently selected from hydrogen, (C1-Ca0) alkyl and aryl;

B!, B2, and B? are nucleobases, which may optionally be protected; and
m is chosen from integers ranging from 1 to 18;
the method comprising:

(a) reacting a nucleoside of Formula (i) with P(Y)R3, wherein Y is O or S, and
wherein each R is independently selected from Cl, Br, (C;-Cs) alkoxy, (Cs-C12)

aryloxy, S-(Ci-Cs) alkyl, O-aryl, and S-aryl, thereby forming a cyclic phosphorous
nucleoside of Formula (ii):

HO
O g P(Y)R3 0 0
- - s B?
\\\* ,"/ R/ ~, O\\‘ ;
HO //R1 R1
(@M

(ii)
(b) reacting the cyclic phosphorous nucleoside of Formula (ii) with a nucleoside

of Formula (iii) to form a cyclic phosphorus dinucleotide of Formula (iv), wherein R*
is a protecting group:

ug,;(%\\\o\:l
o)

R4
I (o}
S W D
o 0 R2 OH R%,. o oY L
Yl B! o R
/P\O\\‘ +
R -
/R1 BZ
(i) (i)

(iv)

(c) reacting the cyclic phosphorus dinucleotide of Formula (iv) with a substituted

benzyl alcohol nucleophile of Formula (v) to form a dinucleotide of Formula (vi):
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o i (R, °

(iv) v

(vi)
wherein: each R is independently a substituent on the phenyl ring of the

benzyl alcohol nucleophile; n is chosen from 1, 2, 3, 4, and 5; R® is hydrogen or a
protecting group; and R” and R® are independently selected from hydrogen, (C1-C20)
alkyl and aryl; and

(d) repeating the reactions of steps (a), (b), and (c) one or more times to obtain an
oligonucleotide of Formula (vii);

wherein, in repeating step (b), the cyclic phosphorous nucleoside of Formula (ii) is
reacted with the 5' terminal nucleoside of the dinucleotide or oligonucleotide;

wherein the method further comprises optionally removing one or more of the

protecting groups.

6. A method for preparing an oligonucleotide of Formula (1) or a salt or solvate thereof,

Yoy
o, _OjB —O-X
HO™ !
o)
R (o) /1. 0
N
B? R! B!
— —m
(1)
wherein:
Y\\ O
V'U"P\
O/I/. (0]
X is hydrogen, a protecting group, or R ;

each Y is independently O or S;
R! R?, and R? are independently chosen from hydrogen, hydroxy, halogen, N3,
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(C1-C20) alkyl, and (C1-Cao) alkoxy; optionally wherein R', R?, and R? are
independently chosen from hydrogen, fluorine, methoxy, and -O-methoxyethyl
(MOE);
B!, B% and B? are nucleobases, which may optionally be protected;
R*is hydrogen or a protecting group; and
m is chosen from integers ranging from 0 to 18;
the method comprising:
(i) providing the dinucleotide of Formula (vi) from claim 2 or claim 3, or the
oligonucleotide of Formula (vii) from claim 4 or claim 5;
(i1) hydrogenating the dinucleotide of Formula (vi) or the oligonucleotide of
Formula (vii); and
(iii) optionally removing one or more of the protecting groups;
wherein the method produces the oligonucleotide of Formula (1) or a salt or

solvate thereof.

7. A method for preparing an oligonucleotide of Formula (1) or a salt or solvate thereof,

R* - —
I Lo K
2 e -0-X
r2Ww O .o
N
BZ R1 B1
— —m
)]
wherein:
Y
w_O
P\/
O/, (0]
X 1s hydrogen, a protecting group, or R ;

each Y is independently O or S;
R! R? and R?® are independently chosen from hydrogen, hydroxy, halogen, N3,
(C1-C20) alkyl, and (C1-Cao) alkoxy; optionally wherein R!, R?, and R? are

independently chosen from hydrogen, fluorine, methoxy, and -O-methoxyethyl
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(MOE);

B!, B2, and B? are nucleobases, which may optionally be protected;
R*is hydrogen or a protecting group; and

m is chosen from integers ranging from 0 to 18;
the method comprising:

(a) reacting a nucleoside of Formula (i) with P(Y)R3, wherein Y is O or S, and
wherein each R is independently selected from Cl, Br, (C1-Cs) alkoxy, (Cs-C12)

aryloxy, S-(C1-Ce) alkyl, O-aryl, and S-aryl, thereby forming a cyclic phosphorous
nucleoside of Formula (ii):

HO
o} B P(Y)R; o O,
_— Y\\r!, B!
S RSOV L
HO //R1 R1
0]

(ii)
(b) reacting the cyclic phosphorous nucleoside of Formula (ii) with a nucleoside

of Formula (iii) to form a cyclic phosphorus dinucleotide of Formula (iv), wherein R*
is a protecting group:

/R4 $4
< Q Y\\g/\Eo)<B1
o 0 2) OH R%,, o oY L
Yol gt R o) 1
\:P\ \\' + - O R
R o ;R1 B2 Bz
(i) (i)

(c) reacting the cyclic phosphorus dinucleotide of Formula (iv) with a substituted
benzyl alcohol nucleophile of Formula (v) to form a dinucleotide of Formula (vi):

_R®
(o)

R4

I o)
Q Y kE)ma‘

. oo~
L R’——R® ) R

R’ + - . R?

=z
B2 N

(iv)

” (Rs)n
X
(“)

(vi)
wherein: each R is independently a substituent on the phenyl ring of the
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benzyl alcohol nucleophile; n is chosen from 1, 2, 3, 4, and 5; R® is hydrogen or a
protecting group; and R” and R® are independently selected from hydrogen, (C1-C20)
alkyl and aryl;

(d) optionally, repeating the reactions of steps (a), (b), and (c) one or more times

to obtain an oligonucleotide of Formula (vii):

(vii)
wherein, in repeating step (b), the cyclic phosphorous nucleoside of Formula
(i1) is reacted with the 5' terminal nucleoside of the oligonucleotide;
(e) hydrogenating the product of step (c) or step (d); and
(f) optionally removing one or more of the protecting groups;
wherein the method produces the oligonucleotide of Formula (1) or a salt or

solvate thereof.

The method according to any one of claims 2 to 7, wherein the cyclic phosphorus
dinucleotide of Formula (iv) is obtained as a mixture of sterecisomers, and wherein
the stereoisomers are separated prior to the step of reacting the cyclic phosphorus

dinucleotide of Formula (iv) with a substituted benzyl alcohol nucleophile of Formula

).

The method according to any one of claims 2 to 8, wherein each instance of R’ is an
ortho- or para- substitution on the benzyl group; optionally wherein each instance of

R’ is an ortho- substitution on the benzyl group.

The method according to any one of claims 2 to 9, wherein each instance of R’ is
independently chosen from halogen, (Ci-Cao) alkyl, (C1-Cao) alkoxy, trifluromethyl,

and phenyl; optionally wherein each R’ is independently selected from phenyl,
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methyl, methoxy, fluoro, chloro, and CF3; optionally wherein R® is selected from

chloro and CFs.

11. The method according to any one of claims 2 to 8, wherein R’ is a fused phenyl ring

forming a naphthyl ring system.

12. The method according to any one of claims 2 to 8, wherein the substituted benzyl
alcohol nucleophile of Formula (v) is:

H

OH OH OH OH OH 0
ém é/Ph é/CF3 é/OMe Meo\é/OMe F\é/F
OH OH OH

OH ¢l Cl Me Me i OH ~_OH
5 ST
, c Me  C | OO ’

¢

13. The method according to any one of claims 2 to 12, wherein the step of reacting the

>

, or

cyclic phosphorus dinucleotide of Formula (iv) with a substituted benzyl alcohol
nucleophile of Formula (v) is carried out in a solvent system comprising:
tetrahydrofuran (THF); 2-methyltetrahydrofuran (2Me-THF); diethyl ether; 1,4-
dioxane; dimethylsulfoxide (DMSO); N-methylpyrrolidone (NMP);
dimethylacetamide (DMA); dichloromethane (DCM); acetonitrile (MeCN); methyl
tert-butyl ether (MTBE); tertAmyl alcohol; or toluene.

14. The method according to any one of claims 2 to 13, wherein the step of reacting the
cyclic phosphorus dinucleotide of Formula (iv) with a substituted benzyl alcohol

nucleophile of Formula (v) is carried out in the presence of a base chosen from: n-
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butyllithium (n-BuLi); lithium tertbutoxide (LiOtBu); lithium bis(trimethylsilyl)amide
(LiHMDS); potassium bis(trimethylsilyl)amide (KHMDS); lithium
tetramethylpiperidide (LiTMP); or Li-Rz, where Rz is alkyl or aryl; sodium t-butoxide
(NaOtBu) + lithium chloride (LiCl); potassium t-butoxide (KOtBu) + lithium chloride
(LiCl); triethylamine (Et3N); Diazabicycloundecene (DBU); 4-
Dimethylaminopyridine (DMAP); S-collidine; and triazabicyclodecene (TBD).

The method according to claim 14, wherein the base is pre-mixed with the substituted
benzyl alcohol nucleophile of Formula (v) prior to the step of reacting the cyclic
phosphorus dinucleotide of Formula (iv) with a substituted benzyl alcohol nucleophile

of Formula (v).

The method according to claim 14 or claim 15, wherein the base is lithium

tertbutoxide.

The method according to any one of claims 2 to 16, wherein the dinucleotide of

Formula (vi) is isolated by reacting with a silyl chloride.

The method of any one of claims 1 to 17, wherein the cyclic phosphorus chloride
nucleoside of Formula (ii) is obtained as a mixture of stereoisomers, and wherein the
stereoisomers are separated prior to the step of reacting the cyclic phosphorous

nucleoside of Formula (ii) with a nucleoside of Formula (iii).

The method of any one of claims 1 to 18, wherein R is an alkoxy group linked to the

adjacent O to form a ketal protecting group with R4.

The method of any one of claims 1 to 19, wherein R* is chosen from H, a silyl group,
trimethylsilyl, triethylsilyl, t-butyldimethylsilyl (TBS, TBDMS), t-butyldiphenylsilyl,
triisopropylsilyl, or a ketal protecting group formed with R?.

The method of any one of claims 1 to 20, wherein each nucleobase is chosen from

pyrimidines and purines.
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The method of any one of claims 1 to 21, wherein each nucleobase is protected with
one or more protecting groups independently chosen from dimethyl formamide
(DMF), formamidine, DMF-formamidine, N-methylpyrrolidin-2-ylidenyl (PyA),
pivaloyloxymethyl (POM), phthalimido, chloro, bromo, acyl, allyl, benzyl, tert-
butyloxycarbonyl (Boc), and benzyloxymethyl (BOM).

The method of any one of claims 1 to 22, wherein the method is a liquid phase

process.

The method of any one of claims 1 to 23, wherein the method is conducted using

continuous flow.

The method of any one of claims 1 to 24, wherein the method is carried out in a flow

reactor.

The method of claim 24 or claim 25, wherein the method is performed at ambient

temperature.

The method of any one of claims 24-26, wherein the reaction time is decreased as
compared to the same reaction in a batch reactor; optionally wherein the reaction time

in the flow reactor is from 45-120 minutes; optionally from 45-60 minutes.

. A dinucleotide or oligonucleotide produced by the method of any one of claims 1 to

25.

A cyclic phosphorous nucleoside of the following formula:

0]
Y\\(.)/\L)qm
R” P\O\\‘ -
R
or a salt or solvate thereof, wherein: Y is O or S; each R is independently selected
from Cl, Br, (C1-Cs) alkoxy, (Cs-C12) aryloxy, S-(C1-Cs) alkyl, O-aryl, and S-aryl; R!

is chosen from hydrogen, hydroxy, halogen, N3, (C1-Cao) alkyl, and (C1-Cao) alkoxy
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(optionally wherein R! is chosen from hydrogen, fluorine, methoxy, and -O-

methoxyethyl (MOE)); and B! is nucleobase, which may be optionally protected.

A cyclic phosphorus dinucleotide of the following formula:

R4
l 0
Q Y\\E/\E)‘B1
th . O/ \O\\ ;/ 1
fo) R

B? :
or a salt or solvate thereof, wherein: Y is O or S; R! and R? are independently chosen
from hydrogen, hydroxy, halogen, N3, (C1-Ca0) alkyl, and (C1-Ca0) alkoxy (optionally
wherein R! and R? are independently chosen from hydrogen, fluorine, methoxy, and -
O-methoxyethyl (MOE)); R*is H or a protecting group; and B! and B are

nucleobases, which may optionally be protected.

A dinucleotide of the following formula:

or a salt or solvate thereof, wherein: Y is O or S; R! and R? are independently chosen
from hydrogen, hydroxy, halogen, N3, (C1-Ca2o) alkyl, and (Ci-Czo) alkoxy (optionally
wherein R! and R? are independently chosen from hydrogen, fluorine, methoxy, and -
O-methoxyethyl (MOE)); R*is H or a protecting group; each R’ is independently a
substituent on the phenyl ring of the benzyl protecting group; each R” and R® is
independently selected from hydrogen, (C1-Cao) alkyl and aryl; B! and B? are
nucleobases, which may optionally be protected; and n is chosen from 1, 2, 3, 4, and

5.

32. An oligonucleotide of the following formula:
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X is hydrogen, a protecting group, or R ;

each Y is independently O or S;

R! R?, and R? are independently chosen from hydrogen, hydroxy, halogen,
N3, (C1-Cao) alkyl, and (C1-Cao) alkoxy; optionally wherein R!, R% and R® are
independently chosen from hydrogen, fluorine, methoxy, and -O-methoxyethyl
(MOE);

R*is H or a protecting group;

nis chosen from 1, 2, 3, 4, and 5;

each R’ is independently a substituent on the phenyl ring of the benzyl
protecting group;

each R” and R® is independently selected from hydrogen, (C1-Ca0) alkyl and
aryl;

B!, B2, and B? are nucleobases, which may optionally be protected; and

m is chosen from integers ranging from 1 to 18.

33. An oligonucleotide of the following formula:

R* _ _
| oY
2 el -0-X
o)
RZ\\“‘ 0 /1, 0
B? R1\\ B!

— —Im

(1)
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or a salt or solvate thereof, wherein:
Y
0]
R
O/Il. O
X is hydrogen, a protecting group, or R ;

each Y is independently O or S;

R! R? and R? are independently chosen from hydrogen, hydroxy, halogen, N3,
(C1-Co) alkyl, and (C1-Cao) alkoxy; optionally wherein R!, R?, and R? are
independently chosen from hydrogen, fluorine, methoxy, and -O-methoxyethyl
(MOE);

B!, B2, and B? are nucleobases, which may optionally be protected;

R*is hydrogen or a protecting group; and

m is chosen from integers ranging from O to 18.

A solution comprising: (i) a nucleoside of claim 29; (ii) a dinucleotide of claim 28,
claim 30, or claim 31; and/or (iii) an oligonucleotide of claim 28, claim 32, or claim

33.

Use of a dinucleotide or an oligonucleotide of any one of claims 28 and 30-34, in the

synthesis of an oligonucleotide or polynucleotide.

Use of a dinucleotide or an oligonucleotide of any one of claims 28 and 30-34, as a
blockmer amidite in solid phase, chemical ligation, or other synthesis method of an

oligonucleotide or polynucleotide.

Use of a dinucleotide or an oligonucleotide of any one of claims 26 and 28-32, in an

enzymatic ligation reaction for the synthesis of an oligonucleotide or polynucleotide.



