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1. Synthesis of boronated nucleoside analogues and dar® phosphoramidite

1-1. 4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)1 H-imidazole-1-carboxylate (17)

OJ§< °J§<
O 1 !
! triphosgene 1H-imidazole

B\O
S B~o NaCO. , o\)©/ N, |
toluene, rt A=
HO i ’
(@]

F toluene, rt 87% over 2 steps
1 16 0 17

7
=<O

Na,CO; (3.5 g, 33.0 mmol) was placed in a flame dried round-bottom flask and triphosgene (2.2 g, 7.4 mmol) in
toluene (15 mL) was added at 0 °C. After stirring for 1 h at 0 °C, benzyl alcohol 1 (0.87 g, 3.7 mmol) in toluene (5 mL)
was added and stirred for 6 h at room temperature. The insoluble residues were filtered off through a Celite pad. After
the solvent was removed in vacuo, the resulting chloroformate 16! was used without further purification.
Chloroformate 16 (1.09 g, 3.70 mmol) was dissolved in dry toluene (20 mL) and 1H-imidazole (1.00 g, 14.8 mmol) was
added at room temperature. The reaction mixture was stirred for 4 h at room temperature and partitioned between
AcOEt and H,0O. The separated organic layer was washed with brine, dried over Na,SO,4 and concentrated in vacuo.
The residue was purified by a silica gel column chromatography, eluted with hexane/AcOEt (2:1) to give compound 17
(1.06 g, 87% over two steps) as a white foam. IR (KBr): v 3130 (Ar C-H), 1762 (C=0), 1615 (C=N) cm™; "TH-NMR (300
MHz, CDCly): 6 8.15 (1H, s), 7.87 (2H, d, J = 6.0 Hz), 7.48-7.41 (3H, m), 7.05 (1H, s), 5.04 (2H, s), 1.34(12H, s); °C-
NMR (100 MHz, CDCl3): 6 148.2, 136.8, 136.5, 134.9, 130.4, 127.4, 116.8, 83.6, 69.3, 24.6; FAB-LRMS m/z = 329

(MH+), FAB-HRMS calcd for C17H22N204B = 3291676, found 329.1668.

1-2. 3-Ethyl-1-(((4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxy)carbonyl-1H-imidazol-3-ium

tetrafluoroborate (2)

B +/§‘
= AN ~0 Et.OBF, —
N/\'\\l . | 3 4 Et \\/N\H/O\Q/
- o Z DCM, rt .
BF, 0
o) 17 2

Compound 17 (1.21 g, 3.70 mmol) was dissolved in dry DCM (40 mL) and Et;OBF, (669 mg, 3.52 mmol) was added
at room temperature. The reaction mixture was stirred for 16 h at room temperature and the resulting imidazolium salt

2 was used without further purification.
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1-3. (4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl) -3,5-0-(1,1,3,3-tetraisopropyldisiloxane-1,3,diyl)-2’-

deoxy thymidine (18)
/—N
o QO
)\& %)% v@f )\& %
\w MeCN, rt \\w

98% Si'O 18

& L

TZ<

Compound 3 (160 mg, 0.297 mmol) was dissolved in dry MeCN (5 mL) and 2-(4-hydroxymethylphenyl)-4,4,5,5-
tetramethyl-1,3,2-dioxaborolane (139 mg, 0.594 mmol) and DBU (89 pL, 0.594 mmol) were added at room
temperature. The reaction mixture was stirred for 4 h at room temperature and the solvent was removed in vacuo. The
residue was purified by a silica gel column chromatography, eluted with hexane/AcOEt (7:3) to give compound 18
(204 mg, 98%) as a white foam. IR (KBr): v 2943 (Ar C-H), 1670 (C=0), 1532 (C=N) cm™"; [a]p>* 25.0 (c 1.00, CHCl5);
'H-NMR (300 MHz, CDCls): & 7.86-7.75 (3H, m), 7.39 (2H, dd, J = 12.0, 7.5 Hz), 6.05 (H, d, J = 6.5 Hz), 5.43 (2H, dd,
J=13.0, 16.0 Hz), 4.46-4.38 (1H, m), 4.19 (1H, d, J = 13.0 Hz), 4.03-4.00 (1H, m), 3.80-3.78 (1H, m), 2.62-2.52 (1H,
m), 2.38-2.31 (1H, m), 1.99 (3H, s), 1.34 (12H, s), 1.14-0.95 (28H, m) ; *C-NMR (75 MHz, CDCl;): 5 169.9, 155.4,
144.5,139.4, 138.7, 134.7, 134.6, 126.9, 125.7, 103.8, 84.9, 84.8, 83.5, 83.4, 83.5, 83.4, 77.2, 68.3, 66.3, 64.4, 59.5,
39.6, 24.6, 17.2, 17.1, 17.0, 16.8, 16.7, 16.6, 13.2, 12.7, 12.4, 12.2, 12,1; MS (FAB) m/z 723 [M+Na]"; HRMS (FAB):

Calcd for C3sHs7N,0gBSi;Na [M+Na]™: 723.3644. Found: 723.33651.

1-4. (4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)-2’-deoxy thymidine (4)

(@]
v Y SN C\z’;x
Re =

N™ O

{ j THF, 0 °C O
18 72% 4

\ OH
si©

L

To a solution of 18 (160 mg, 0.227 mmol) in dry THF (2.5 mL) was added 1 M TBAF solution in THF (478 uL, 0.478

mmol) was added dropwise at 0 °C, and the reaction mixture was stirred for 10 min. and then concentrated in vacuo.
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The residue was purified by a silica gel column chromatography, eluted with AcOEt/MeOH (97:3) to give 4 (78 mg,
72%) as a white foam. IR (KBr): v 3335 (-OH), 2977 (Ar C-H), 1752 (C=0), 1660 (C=N) cm™; [a]p>* 33.5 (c 1.00,
MeOH); "H-NMR (300 MHz, CD;0D): & 8.08 (1H, s), 7.64 (2H, d, J = 8.0 Hz), 7.32 (2H, d, J = 8.0 Hz), 6.14 (1H, dd, J
= 6.0, 6.5 Hz), 5.31 (2H, s), 4.30-4.26 (1H, m), 3.88-3.84 (1H, m), 3.74 (1H, dd, J = 3.0, 12.0 Hz), 3.64 (1H, dd, J = 3.0,
12.0 Hz), 2.95-2.90 (1H, m), 2.34-2.28 (1H, m), 2.10-2.03 (1H, m), 1.89 (3H, s), 1.22 (12H, s); *C-NMR (75 MHz,
CD;0D): 6 171.7, 158.0, 142.4, 140.4, 135.9, 128.1, 106.5, 89.1, 87.9, 85.1, 79.5, 71.6, 69.6, 62.4, 54.0, 42.2, 27.1,
25.2, 21.0, 14.0, 12.3; MS (FAB) m/z 481 [M+Na]"; HRMS (FAB): Calcd for Cy3H3N,O;BNa [M+Na]": 481.2122.

Found: 481.2126.

1-5. (6-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxycarbonyl-2’-deoxy guanosine (6)

o&
o LG
N N .0
Cx o 1T «fN 8
N">N“>NH, PPh, DIAD  HO N N/)\NHZ ©
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\(SI\ 10 > then TBAF Lo
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Compound 5 (300 mg, 0.585 mmol) was dissolved in dry 1,4-dioxane (6 mL) and PhsP (184 mg, 0.702 mmol), DIAD
(138 pL, 0.702 mmol) and 2-(4-hydroxymethylphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (144 mg, 0.614 mmol)
were added at room temperature. The reaction mixture was stirred for 4 h at room temperature and cooled in an ice
bath. TBAF solution in THF (1 M, 1.23 mL, 1.23 mmol) was added dropwise at 0 °‘C and the resulting mixture was
stirred for 10 min. The solvent was removed in vacuo and the residue was purified by a silica gel column
chromatography, eluted with AcCOEt/MeOH (19:1) to give compound 6 (28 mg, 10%) as a white foam. IR (KBr): v 3329
(-OH), 1585 (C=N) cm™"; [a]o** 3.6 (c 1.00, MeOH); "H-NMR (300 MHz, CD3;0D): 5 8.03 (H, s), 7.91 (2H, s), 7.60 (2H,
d, J = 8.0 Hz), 7.40 (2H, d, J = 8.0 Hz), 6.30 (1H, dd, J = 6.5, 9.0 Hz), 5.50 (2H, s), 4.58-4.51 (1H, m), 4.06-4.00 (1H,
m), 3.86-3.67 (2H, m), 2.85-2.70 (1H, m), 2.38-2.27 (1H, m), 1.27-1.20 (12H, m); >C-NMR (75 MHz, CD;0D): & 180.1,
162.2, 161.4, 154.2, 140.0, 134.6, 128.3, 115.9, 89.7, 86.8, 79.5, 73.1, 69.4, 63.7, 47.4, 41.2, 24 1, 9.4, 9.3; MS (FAB)

m/z 506 [M+Na]"; HRMS (FAB): Calcd for C3H3oNsOgBNa [M+Na]*: 506.3219. Found: 506.3224.
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1-6. (6-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxycarbonyl-3,5-0-(1,1,3,3-tetraisopropyldisiloxane-
1,3,diyl)-2’-deoxy adenosine (19)

o
NH,

f) f e

)\SI o J o
DCM 0 °C to rt \§
/Q— I O

Compound 7 (124 mg, 0.25 mmol) was dissolved in dry DCM (10 mL) and compound 2 (444 mg, 1.00 mmol) in DCM
(10 mL) was added at 0 °C. The reaction mixture was stirred for 24 h at room temperature and quenched by addition
of saturated aqueous NaHCOj. The resulting mixture was partitioned between DCM and H,O. The separated organic
layer was washed with brine, dried over Na,SO,4 and concentrated in vacuo. The residue was purified by a silica gel
column chromatography, eluted with hexane/AcOEt (4:1) to give compound 19 (172 mg, 91%) as a white foam. IR
(KBr): v1758 (C=0), 1615 (C=N) cm™"; [a]o** -23.4 (c 1.00, CHCI3); "H-NMR (300 MHz, CDCls): & 10.24 (1H, s), 8.74
(1H, s), 8.04 (1H, s), 7.81 (2H, d, J = 8.0 Hz), 7.39 (2H, d, J = 8.0 Hz), 6.00 (1H, d, J = 6.5 Hz), 5.36-5.23 (2H, m),
5.16-5.08 (1H, m), 4.03-3.98 (2H, m), 3.92-3.84 (1H, m), 2.81-2.56 (2H, m), 1.36 (12H, s), 1.13-1.02 (28H, m); °C-
NMR (75 MHz, CDCl3): 6 152.3, 151.1, 149.9, 149.5, 144.1, 141.9, 138.1, 134.8, 134.6, 127.6, 125.7, 122.4, 84.9,
83.6, 83.4, 83.3, 77.2, 70.0, 67.2, 64.4, 61.7, 39.4, 24.6(2), 24.5(9), 17.3, 17.0(9), 17.0(7), 17.0(6), 16.9, 16.8, 16.7,
16.6, 13.0, 12.8, 12.5, 12.2; MS (FAB) m/z 754 [M+H]"; HRMS (FAB): Calcd for CssHs7N5OgBSi, [M+H]": 754.3839.

Found: 754.3846.

1-7. (6-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxycarbonyl-2’-deoxy adenosine (8)

HN)J\O/\Q HN)LO/\©\
N B .0 N DN .0
IR B oI s s ERe
5i© NTN —  » HO NTN
\ o DMF, 0 °C o
\( ok j 19 62% \/—\/ 8
o)
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Compound 19 (1.19 g, 1.59 mmol) was dissolved in dry DMF (20 mL) and TASF (1.00 g, 3.63 mmol) was added at
0 °C. The reaction mixture was stirred for 1 h at 0 °C and partitioned between CHCIs/2-propanol (3:1) and H,O. The
separated organic layer was concentrated in vacuo. The residue was purified by a silica gel column chromatography,
eluted with CHCI3/MeOH (19:1) to give compound 8 (520 mg, 62%) as a white foam. IR (KBr): v 3293 (-OH), 2977 (Ar
C-H), 1757 (C=0), 1619 (C=N) cm™; [a]p** 1.2 (c 1.00, DMSO); 'H-NMR (300 MHz, DMSO-d6): & 10.80 (1H, brs),
8.66 (1H, s), 8.63 (1H, s), 7.68 (2H, d, J = 8.0 Hz), 7.46 (2H, d, J = 8.0 Hz), 6.44 (1H, dd, J = 6.5, 7.0 Hz), 5.23 (2H, s),
4.47-4.39 (1H, m), 3.91-3.84 (1H, m), 3.66-3.46 (2H, m), 2.82-2.70 (1H, m), 2.39-2.25 (1H, m), 1.29 (12H, s); "°C-
NMR (75 MHz, DMSO-d6): 6 152.1, 151.6, 151.5, 149.7, 142.8, 139.8, 134.5, 126.9, 123.8, 88.0, 83.7(5), 83.7(2),
70.7, 66.0, 61.6, 48.6, 25.5, 24.7; MS (FAB) m/z 512 [M+H]"; HRMS (FAB): Calcd for CosH3:NsO;B [M+H]": 512.2317.

Found: 512.2321.

1-8. (4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxycarbonyl-3,5-0-(1,1,3,3-tetraisopropyldisiloxane-

1,3,diyl)-2’-deoxy cytidine (20)

NH HNJ\O/\©\
| S N ﬁN B‘,O
)\SI o) N0 )\s _0 N’J%o O‘F
R i
Si° DCM, %;’/f: tort SI/
- —r

Compound 9 (416 mg, 0.88 mmol) was dissolved in dry DCM (10 mL) and compound 2 (1.56 g, 3.50 mmol) in DCM

N

(10 mL) was added at 0 °C. The reaction mixture was stirred for 24 h at room temperature. and quenched by addition
of saturated aqueous NaHCOj. The resulting mixture was partitioned between DCM and H,O. The separated organic
layer was washed with brine, dried over Na,SO,4 and concentrated in vacuo. The residue was purified by a silica gel
column chromatography, eluted with hexane/AcOEt (4:1) to give compound 20 (593 mg, 92%) as a white foam. IR
(KBr): v 3151 (Ar C-H), 1747 (C=0), 1622 (C=N) cm™"; [a]o>* 27.7 (c 1.00, CHCI3); "H-NMR (300 MHz, CDCls): & 8.80
(1H, drs), 8.22 (1H, d, J = 7.5 Hz), 7.81 (2H, d, J = 8.0 Hz), 7.37 (2H, d, J = 8.0 Hz), 7.23 (1H, d, J = 7.5 Hz), 6.03 (1H,
d, J=7.0 Hz), 5.21 (2H, s), 4.43-4.30 (1H, m), 4.21 (1H, d, J = 13.0 Hz), 4.02 (1H, dd, J = 3.0, 13.0 Hz), 3.81 (1H, d, J
= 8.0 Hz), 2.63-2.49 (1H, m), 2.41-2.28 (1H, m), 1.34 (12H, s), 1.13-0.92 (28H, m); °C-NMR (75 MHz, CDCls): &
162.4, 137.9, 135.0, 134.8, 134.7, 134.6, 126.9, 125.7, 85.3, 84.9, 83.5(4), 83.5(1), 83.4, 77.2, 67.3, 66.1, 59.5, 39.3,
24.6, 17.2, 17.1(6), 17.0(8), 17.0(1), 16.7(5), 16.6(9), 16.6(5), 16.6, 13.1, 12.7, 12.6, 12.1; FAB-LRMS m/z = 752
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(MNa"); FAB-HRMS calcd for C3sHssOgN3BSi;Na= 752.3546, found 752.3553; MS (FAB) m/z 752 [M+Na]"; HRMS

(FAB): Calcd for C35HssN309BSiNa [M+Na]*: 752.3546. Found: 752.3553.

1-9. (4-(4,4,5, 5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxycarbonyl-2’-deoxy cytidine (10)

0 0
1 1
)\ _o o O\FHF-pyridine HO o O(
si 0 —— 0
\ 20 pyridine, 60 °C 10

O 0,
\ O 52% OH
Si

L

Compound 20 (1.99 g, 2.70 mmol) was dissolved in dry pyridine (20 mL) and HF-pyridine (ca 65% HF w/w. 604 pL,
10.8 mmol) was added at room temperature. The reaction mixture was stirred for 12 h at 60 °C and cooled to room
temperature. The reaction was quenched by addition of solid NaHCO; and the insoluble residues were filtered off
through a Celite pad. After the solvent was removed in vacuo, the residue was purified by a silica gel column
chromatography, eluted with CHCI3/MeOH (9:1) to give compound 10 (684 mg, 52%) as white foam. IR (KBr): v 3331
(-OH), 2979 (Ar C-H), 1750 (C=0), 1651 (C=N) cm™"; [a]po>* 55.7 (c 1.00, MeOH); "H-NMR (300 MHz, CDs0D): & 8.37
(1H, d, J = 7.5 Hz), 7.68 (2H, d, J = 8.0 Hz), 7.32 (2H, d, J = 8.0 Hz), 7.22 (H, d, J = 7.5 Hz), 6.15 (1H, t, J = 6.0 Hz),
5.14 (2H, s), 4.37-4.29 (1H, m), 4.00-3.92 (1H, m), 3.79 (1H, dd, J = 3.0, 12.0 Hz), 3.69 (1H, dd, J = 3.0, 12.0 Hz),
2.49-2.38 (1H, m), 2.17-2.06 (1H, m), 1.26 (12H, s); >*C-NMR (75 MHz, CDCl;): 5 163.7, 156.6, 156.5, 153.4, 144.9,
139.2, 134.9, 128.5, 128.4, 128.2, 127.2(3), 127.1(6), 95.6, 88.3, 87.5, 84.1, 70.5, 67.3, 61.4, 41.4, 24.2, 24.0, 17.4;
FAB-LRMS m/z = 488 (MH"); FAB-HRMS calcd for Cy3H3{N3;OsB= 488.2119, found 488.2216; MS (FAB) m/z 488

[M+H]"; HRMS (FAB): Calcd for Co3H31N3OgB [M+H]": 488.2119. Found: 488.2119.

1-10. 5’-0O-(4,4’-Dimethoxytrityl)-(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzyl)-2’-deoxy thymidine (21)

O/\@\ O/\©\
\(\N B’O \ﬁN B’O

1 ]
DMTrCI
HO N/&O © _ "™ | pbmTro N’J*o O\F
|\/_O>’ pyridine, rt CO>|
4 96% 21
OH OH
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Compound 4 (450 mg, 0.945 mmol) was dissolved in dry pyridine (10 mL) and DMTrCIl (384 mg, 1.13 mmol) was
addedat room temperature. The reaction mixture was stirred for 3 h at room temperature and quenched by addition of
MeOH at 0 °C with 10 min. stirring. After the solvent was removed in vacuo, the residue was purified by a silica gel
column chromatography, eluted with CHCI3;/MeOH (19:1 with 0.5% Et;N) to give compound 21 (705 mg, 96%) as a
white foam. IR (KBr): v 3455 (-OH), 2978 (Ar C-H), 1700 (C=0), 1642 (C=N) cm™" [a]o>* 8.8 (c 1.00, CHCl3); "H-NMR
(300 MHz, CDCls): 6 8.54-8.50 (2H, m), 7.79-7.74 (2H, m), 7.69-7.63 (2H, m), 7.51-7.38 (4H, m), 7.32-7.18 (6H, m),
6.85-6.78 (4H, m), 6.50-6.42 (1H, m), 5.11(2H, s), 4.63-4.57 (1H, m), 4.12-4.07 (1H, m), 3.74 (6H, s), 3.51-3.45 (1H,
m), 3.38-3.31 (1H, m), 2.48-2.24 (2H, m), 1.55 (3H, s), 1.31 (12H, s); °C-NMR (75 MHz, CDCls): 5 163.3, 163.2,
158.4, 150.7, 150.6, 149.1, 144.2, 139.8, 136.7, 136.2, 135.2, 135.1, 134.7, 133.8, 129.9, 128.9, 128.2, 128.1, 127.9,
127.7, 127.3, 126.9, 123.8, 113.0, 110.1, 110.0, 86.6, 86.1, 85.3, 83.5, 77.2, 74.7, 71.4, 63.3, 55.0, 44.3, 41.0, 24.6,

12.4; MS (FAB) m/z 783 [M+Na]"; HRMS (FAB): Calcd for C44H4gN20gBNa [M+Na]*: 783.3429. Found: 783.3436.

1-11. 3-0-{2-Cyanoethyl(diisopropylamino)phosphino}-5’-0O-(4,4’-dimethoxytrityl)- (4-(4,4,5,5-tetramethyl-1,3,2-

dioxaborolan-2-yl)benzyl)-2’-deoxy thymidine (11)

cl
1ProN~ TS0 >N

(0] (0]

DMTrO » DMTrO
MeCN, rt

48%
OH 21 @) 11

PN TN o™
Compound 21 (663 mg, 0.850 mmol) was dissolved in dry DCM (10 mL) and N,N-diisopropylamine (440 pL, 2.55
mmol) and 2-cyanoethyl-N,N"-diisopropylchlorophosphoramidite (230 L, 1.02 mmol) were added at room temperature.
The reaction mixture was stirred for 2 h and partitioned between AcOEt and H,O. The separated organic layer was
washed with brine, dried over Na,SO, and concentrated in vacuo. The residue was purified by a silica gel column
chromatography, eluted with hexane/AcOEt (6:4) to give compound 11 (400 mg, 48%) as a white foam. IR (KBr): v
2244 (C=N), 1671 (C=N) cm™" "H-NMR (300 MHz, CDCl;): & 8.03-7.93 (1H, m), 7.83 (2H, d, J= 7.5 Hz), 7.48-7.39 (4H,
m), 7.35-7.24 (7H, m), 6.89-6.79 (4H, m), 6.49-6.36 (1H, m), 5.43 (2H, s), 4.78-4.59 (1H, m), 4.30-4.17 (1H, m), 3.77
(3H, s), 3.76 (3H, s), 3.66-3.45 (4H, m), 3.45-3.27 (2H, m), 2.79-2.26 (4H, m), 1.49 (3H, s), 1.34 (12H, s), 1.26-1.03
(12H, m); *C-NMR (75 MHz, CDCl;): 5 169.8, 169.7, 158.3, 155.5, 155.4, 144.0, 139.6, 138.6, 135.0, 134.9, 134.7,

129.9, 129.8, 127.9, 127.8, 127.6, 126.8, 117.4, 117.2, 112.9, 104.6, 104.5, 86.5, 86.4, 85.9, 83.5, 77.2, 74.5, 68.2,
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58.0, 57.8, 54.9, 54.8, 42.9, 42.8 (d, J (C, P) = 5.0 Hz)), 42.7, 24.5, 24.4, 24.3, 24.2, 24.1 (d, J (C, P) = 7.0 Hz), 20.1,
19.9, 19.8, 19.7, 11.3, 44.9 (d, J (C, P) = 5.0 Hz), 24.4, 24.3, 22.8, 22.7, 20.2; *'P-NMR (120 MHz, CDCl,): & 149.57,

148.96; FAB-LRMS m/z = 961 (MH"); FAB-HRMS calcd for Cs3He7BN,O1oP= 961.4688, found 961.4697.
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2. "H-, *c- and *'P-NMR spectra of new compounds

2-1.'H spectrum of compound 17
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2-2. °C spectrum of compound 17

single pulse decoupled gated NOE
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2-3. 'H spectrum of compound 18
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2-4."c spectrum of compound 18

single pulse decoupled gated NOE
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2-5.'H spectrum of compound 4
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2-6. °C spectrum of compound 4

single pulse decoupled gated NOE
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2-7. 'H spectrum of compound 6
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2-8."c spectrum of compound 6

single pulse decoupled gated NOE
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2-9. 'H spectrum of compound 19
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2-10. "*C spectrum of compound 19

single pulse decoupled gated NOE
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2-11. "H spectrum of compound 8
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2-12. *C spectrum of compound 8
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2-13. "H spectrum of compound 20
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2-14. °C spectrum of compound 20

single pulse decoupled gated NOE
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2-15. "H spectrum of compound 10
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2-16. "*C spectrum of compound 10

single pulse decoupled gated NOE
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2-17.'H spectrum of compound 21
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2-18. "*C spectrum of compound 21
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2-19.'H spectrum of compound 11
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2-20. "*C spectrum of compound 11
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2-21.%'p spectrum of compound 11
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3. H,0,-decaging of boronated nucleosides

3-1. HPLC chromatograms of dA®P" after H,0, addition at different time points.
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3-2. HPLC chromatograms of dcB" after H,0, addition at different time points.
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3-3. HPLC chromatograms of dG®"™" after H,O, addition at different time points.
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4. Peroxynitrite (ONOO’)-decaging of dTBrin

4-1. HPLC chromatograms of dT®"" after peroxynitrite (ONOO") addition at different time points.
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4. ES| and MALDI-TOF MS analysis of dT®-modified ODNs

4-1. ON 14 5°-d(GCGTTTPTTTCGT)-3’

HPLC

Column: Waters XBridgeT'VI OST C18 2.5 ym, 4.6 x 50 mm

Gradient: 8-16%MeCN (over 30 min) in triethylammonium acetate butter (pH 7.0, 0.1 M)

Flow rate: 1.0 mL/min

Column temperature: 50 °C

mAU
300+
200
100+
0 A _J
o 5 0 15 20 25
MALDI-TOF MS
Calcd. 3766.30 [M-H] / citric acid adduct 3922.39 [M-H]
§x105_
2 1.2
0.8
0.6
0.4 O§
0.2
2000 ' 2500 3000 3300 4000 4500 5000 5300 6000 600 7000
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ESI MS

Calcd. 3731.30 [M - 2 x H,0]

TOF MS ES-
. 7451398 3.38e£
100 338077
z=5
[(M-2 x H,0) - 5H]
| 745.3411
27491 5 =g
[(M-2 x H,0) - 4H]*
744.9386 |
233594
931.6680
173509
X 3627376 z=3
156055
031.9182 R _3H1-3
31,918 [(M- 2 x H,0) - 3H]
| 936.1751
133891
| 936.4258
109415
z=2
[(M- 2 x H,0) - 2H]?
9366766 1242.5717
68215 “gecan Found: 1864.3360
620.7889
56481 1242.9038
56486
936.9274
42484 | 12492380
s 8
0 T L\‘ \‘ I\LJ L‘\“ T ‘\ L T % T T 4 T T T T T T T T T T T T T T T T T T T T T T T T m/Z
250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500 3750 4000 4250 4500 4750
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4-2. ON 14 5°-d(GCGTTTETTTCGT)-3’ + H,0;
ON 14 was dissolved in 10 mM sodium phosphate buffer (pH 7.2) containing 100 mM NaCl to give a final strand
concentrateon of 4.0 uM. To the ON 14 solutions was added H,0;, (1 mM) and the resulting sample mixture was

incubated for 30 min at room temperature in advance to the HPLC analysis and mass measurement.

HPLC
Column: Waters XBridgeT'VI OST C18 2.5 ym, 4.6 x 50 mm

Gradient: 8-16%MeCN (over 30 min) in triethylammonium acetate butter (pH 7.0, 0.1 M)
Flow rate: 1.0 mL/min

Column temperature: 50 °C

mAU

1000+
800;
600;
400;

200

mn
MALDI-TOF MS

Calcd. 3632.37 [M-H]

x1047]

Intens. [a.u.]

-3633.593

— T — T T T T T T T T T T T T T T T T T T
2000 3000 4000 5000 6000 7000



4-3. ASO S, 5’-TC™agtcatgactTC™-3’
n = DNA N = LNA, all internucleosidic linkages are phosphorothioated
HPLC

Column: Waters XBridgeT'VI OST C18 2.5 ym, 4.6 x 50 mm

Gradient: 10-40%MeCN (over 30 min) in triethylammonium acetate butter (pH 7.0, 0.1 M)

Flow rate: 1.0 mL/min

Column temperature: 80 °C

mAU
300~
200~
100
0 A J
0 5 10 15 20 %5 30
mn

MALDI-TOF MS

Calcd. 4561.71 [M-H]

X
o
S

Intens. [a.u.]
-4562.402

0.5

0.0

T T T T T T T T T T T T T T T T T T T T
2000 3000 4000 5000 6000
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ESI

Calcd. 4562.71 [M]

TOF MS ES-
100 650.5991_ 2.71e4
27090 | 650.7454 z=7
26380 € [(M _ 7H]'7
z=6
_ -6
| 650.8864 [(M - 6H]
21986
650.4579 |
21019 759.3676
19921
759.1983 |
18924 z=5
355.5094
17303 [(M - 5H]®
759.0347 |
6160832 | 000! | 759 53709111"2‘3‘88 =
13854 [210275 74773 z=4
13593 [(M - 4H]*
= 445.0085 779123%56
12441 511.0148 911.4437
11508 15107 1139.5543
11304
1139.3054,|
656.0181| | 2110479 10743
10496 -
9313 1139.8032 z=3
304.0000 139,069 “s468 M - 3H]3
8353 8259 [(M-3H]
911.8395
6872
91;’5%%7 1140.0522
1138.8005 , 5269
 795.5546| 9120375 4654
4826 4824 1149.0404
| 796.0574 3956 1519.3802
3320 936.0918 | 1149.2004 2778
1762 2705 1519.0449_| 1520.0428
1154.7899 2144 2111
1457 l
bbbl L ol L ™ "
0 “\ “\ T \J I o l\l \l A\ I U f T f “L\ U m/z
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

S37



4-4. ASO S, 5-TC™agt®catgactTC™-3’

n = DNA N = LNA, all internucleosidic linkages are phosphorothioated

HPLC

Column: Waters XBridgeT'VI OST C18 2.5 ym, 4.6 x 50 mm

Gradient: 10-40%MeCN (over 30 min) in triethylammonium acetate butter (pH 7.0, 0.1 M)

Flow rate: 1.0 mL/min

Column temperature: 80 °C

mAU
300+
200+
100+
0 k‘\_._h‘a\/\_/\__ﬁt_—
‘ — T T T T ‘ —
0 5 10 15 20 25 30
mn
ESI MS
Calcd. 4660.62 [M - 2 x H,0]
z=7 TOF MS ES-
664.7458 1.86e4
1007 16508 | € — [(M- 2 x H,0) - 7H]7
B64.8885
16252
355.5055 z=6
14671 [(M- 2 x H,0) - 6H]6
664.4607]_665.0311
12837 | 13409
z=5
[(M-2 x H,0) - 5H]
445.0085 775.7061
10577 10546
| 775.8716
616.0832| 775.3696 1oort
B3l 9075 8919
30;607?100 729.0364 z=4
7997 [176.0371
7413 930.8471 [(M- 2 x H,0) - 4H]4
7201
581.4061 792,039
21 931.0471
6139 o8 5940
844.5664
5352 031.2472
4772
581.2777 | z=3
4443 | 931.4473 1163.8080 _ _ -3
581.1493 4080 3640 [(M-2 x H,0) - 3H]
3411 | 935.6469 1163.5564_| 1164.5627 Found: 1552.0785
243 30! 2945
1170.0566
2043
0 ‘WH‘HMJ‘\ l‘ o m‘ ‘ n‘n ‘.nm , ‘ |‘ ’ ‘ ol /7
200 300 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900




4-5.ASO S, 5-TC™agt®cat®gactTC™-3’

n = DNA N = LNA, all internucleosidic linkages are phosphorothioated

HPLC

Column: Waters XBridgeT'VI OST C18 2.5 ym, 4.6 x 50 mm

Gradient: 10-40%MeCN (over 30 min) in triethylammonium acetate butter (pH 7.0, 0.1 M)
Flow rate: 1.0 mL/min

Column temperature: 80 °C

mAU
200

0+
T [ I I T [ [ |
0 5 10 15 20 25 30
mn
ESI MS
Calcd. 4758.52 [M - 4 x H,0]
TOF MS ES-
100, 3585085 1.53e4
304.0000
12667
360.6959
11962 z=6
[(M- 4 x H,O) - 6H]®
362.6983
9952
616.0832 sat572
9069 792.0456 844
4450085 sog4 8003
8223 686.7479
7923 845.0724
< 7408
686.8875
5871 z=5
[(M- 4 x H,O) - 5H]®
6009042 B
4222 1845.5609 z=4
600.6531 3740 [(M- 4 x H,0) - 4H]*
3790 927.0886
/ z=3
[(M- 4 x H,0) - 3H]3
11865641 / Found: 1585.0855
1_‘..\”1 " ‘I oL ‘ Ly .‘u‘ i ‘ \‘ .“‘J miz
1900

! ! y 1 T f !
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4-6. ASO S; 5-TC™agt®cat®gact®TC™-3’

n = DNA N = LNA, all internucleosidic linkages are phosphorothioated

HPLC

Column: Waters XBridgeT'VI OST C18 2.5 ym, 4.6 x 50 mm

Gradient: 10-40%MeCN (over 30 min) in triethylammonium acetate butter (pH 7.0, 0.1 M)
Flow rate: 1.0 mL/min

Column temperature: 80 °C

mAU
500

ESI MS

Calcd. 4892.45 [M - 4 x H,0]

TOF MS ES-

265.1308 :
100 o243 3606881 92483
9110

355.4978 |362.6906
7909 | 7953

303.9929
7264 z=7

,-8 [(M- 4 x H,0) - 7TH]7
[(M- 4 x H,0) - 8H]*®

664.3656
5672
698.0294
5309 844.5545
5112
700.7380
616.0679 4665 z2=6
=2 4555 s
610.3967 700.8845 [(M- 4 x H,0) - 6H]

483.6808
4084 4082

4283
845.0546
703.1641 3671 z2=5
184.0143 3658 [(M- 4 x H,0) - 5H]'S
3086 610.2702 [703.4465 >
2934 2960
845.5489 =
2302 927.0760 z=4
2155 [(M- 4 x H,0) - 4H]

1846.0493 977.8302 Found: 1222.30
1602 1832

544.3588
2540 706.4487
2428

444.7622
2102

364.0143
1478

986.0208
1430

m/z
300 1100 1200 1300
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4-7. ASO S, 5’-GC™MattggtatTC™A-3’

n = DNA N = LNA, all internucleosidic linkages are phosphorothioated

HPLC

Column: Waters XBridgeT'\’I OST C18 2.5 ym, 4.6 x 50 mm

Gradient: 10-40%MeCN (over 30 min) in triethylammonium acetate butter (pH 7.0, 0.1 M)

Flow rate: 1.0 mL/min

Column temperature: 80 °C

mAU
300+

MALDI-TOF MS

Calcd. 4324.49 [M-HJ

Intens. [a.u]

5 10 15 20 25
x105
1.5
2
1.0
0.5
0.0 _A_J\__L_L A A MJ M

2000 2500 3000 3500 4000 4500 5000 5500 6000 6500
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ESI MS

Calcd. 4325.49 [M]

462.3422_
100 20390
319.0027
10990
o 360.6959
3 9581
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5. UV melting experiments of duplexes containing dT® without or with H,0,

Equimolecular amounts of the target DNA/RNA and oligonucleotides were dissolved in 10 mM sodium
phosphate buffer (pH 7.2) containing 100 mM NaCl to give a final strand concentration of 4.0 uM. Under the
H,0O, presence condition, to the duplex solution was added H,O, (1 mM) and the resulting sample mixture was

incubated for 30 min at room temperature in advance to the UV melting experiments.

Table S1. Melting temperature of duplex between Table S2. Melting temperature of duplex between
ODN14 and RNA target in the presence or absence of H;O,. ODN14 and DNA target in the presence or absence of H,0,.

ODN 5’'—d(GCGTTXTTTCGT)—-3’ ODN 5’'—d(GCGTTXTTTCGT)-3’
cRNA 3’—r (CGCAAYAAAGCA)-5' cDNA 3’—d (CGCAAYAAAGCA)-5'
Y Y
ODN X = ODN X =
A G C U A G C U
oy Ly e Sacws e
14 (7% 32 39 30 31 14 (L7% 31 3 33 34
L 7 Ho,- | H,0, -
o’\(j o/\(j
14 ﬁio e 46 39 30 32 14 ﬁio " 52 41 36 38
1 H,0, + iR H.0, +
(o] o]
15 \f:i”o 47 37 29 30 15 tr 52 41 37 40

o
|
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