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1. 'H, 13C and 3!P-NMR spectra of synthesized compounds
1-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-hydroxy-5-(2,2,2-trifluoroacetyl)-2-oxa-5-
azabicyclo[2.2.1]heptan-3-yl]-5-methyl-pyrimidine-2,4-dione (T-2a)

'H NMR (400 MHz, CHLOROFORM-d) of T-2a
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13C NMR (101 MHz, CHLOROFORM-d) of T-2a
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High resolution mass spectra of T-2a
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Elemental composition search on mass 666.20638

m/z= 661.20638-671.20638

m/z Theo. Mass Delta RDB Composition
(ppm) equiv.
666.20638 666.20687 -0.74 19.5/C32 H31 0 N3F3

N-[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-hydroxy-5-(2,2,2-trifluoroacetyl)-2-oxa-5-
azabicyclo[2.2.1]heptan-3-yl]purin-6-yl]benzamide (A":-2a)

'H NMR (400 MHz, CHLOROFORM-d) of A?-2a
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High resolution mass spectra of Ab%-2a



Relative Abundance
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Elemental composition search on

m/z= 774.24414-784.24414
m/z Theo. Mass Delta

mass 779.24414

RDB Composition

(ppm) equiv.

779.24414 779.24466 -0.66

26.5/C41 H34 07 N6 F3

[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-hydroxy-5-(2,2,2-trifluoroacetyl)-2-oxa-5-

azabicyclo[2.2.1]heptan-3-yl]-2-(2-methylpropanoylamino)purin-6-yl] N,N-diphenylcarbamate (Gd< bu-23)

'H NMR (400 MHz, CHLOROFORM-d) of Gdpe ibu-23
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13C NMR (101 MHz, CHLOROFORM-d) of Gope ibu-23

B
arg
Rle
g
o e
o 8
T g
w0
o o
z2g?
Falk
= &7
3 g 1 2 8
8 z 838 8 32
e =88 oo |8 b @ 2
2 5883Rqsol|g- 8 1 g 278
Boa (23:57099%)|%58: 5386 o5 88-8s 32 fa p
ags g R i | 88 g 83 |53832R328 B =3 25 8
Puwe = =% aT~ ‘ CRL0BLP|n o e o
TER | N =7 = I . z g | Eﬁ| 5] - 3
A1 .IL||||] I“ |l\ lhl ]l J‘i l l l l L
.
220 200 180 160 140 120 100 80 60 40 20 Chemical Shift (ppm)

High resolution mass spectra of G9r« bu-23



1005 956.32370

Relative Abundance
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Elemental composition search on mass 956.32370

m/z= 951.32370-961.32370

m/z Theo. Mass Delta RDB Composition
(ppm) equiv.
956.32370| 956.32363 0.07 31.5/C51 Has5 Og N7 F3

N-[1-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-hydroxy-5-(2,2,2-trifluoroacetyl)-2-oxa-5-
azabicyclo[2.2.1]heptan-3-yl]-5-methyl-2-oxo-pyrimidin-4-yl]lbenzamide (mCb?-2a)

'H NMR (400 MHz, CHLOROFORM-d) of mC">-2a
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13C NMR (101 MHz, CHLOROFORM-d) of mCb?-2a
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High resolution mass spectra of mCb?-2a
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Elemental composition search on mass 769.24798

m/z= 764.24798-774.24798

m/z Theo. Mass Delta RDB Composition
(ppm) equiv.
769.24798 769.24907 -1.42 24.5|C41 H360gNagF3

790 800 810 820

1-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-hydroxy-5-methyl-2-oxa-5-

azabicyclo[2.2.1]heptan-3-yl]-5-methyl-pyrimidine-2,4-dione (T-2b)

'H NMR (400 MHz, CHLOROFORM-d) of T-2b
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13C NMR (101 MHz, CHLOROFORM-d) of T-2b
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High resolution mass spectra of T-2b
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1005 584.24027

Relative Abundance
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Elemental composition search on mass 584.24027

m/z= 579.24027-589.24027

m/z Theo. Mass| Delta RDB Composition
(ppm) equiv.
584.24027 584.24022 0.08 18.5/C33H34 07 N3

N-[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-hydroxy-5-methyl-2-oxa-5-
azabicyclo[2.2.1]heptan-3-yl]purin-6-yl]lbenzamide (A2-2b)

1 2050

'H NMR (400 MHz, CHLOROFORM-d) of A®?-2b
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High resolution mass spectra of Ab>-2b
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Relative Abundance
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Elemental composition search on mass 697.27695

m/z= 692.27695-702.27695

m/z Theo. Mass Delta RDB Composition
(ppm) equiv.
697.27695 697.27801 = .51 25.5/C40H3706Ns

[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-hydroxy-5-methyl-2-oxa-5-

697.27695

700

azabicyclo[2.2.1]heptan-3-yl]-2-(2-methylpropanoylamino)purin-6-yl] N,N-diphenylcarbamate (G ibu-2b)

'H NMR (400 MHz, CHLOROFORM-d) of Gdp< ibu-2p
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874.35678

Relative Abundance
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Elemental composition search on mass 874.35678
m/z= 869.35678-879.35678
m/z Theo. Mass| Delta RDB Composition
(ppm) equiv.
874.35678 874.35698 ~0.23 30.5/CsoH4g O N7

N-[1-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-hydroxy-5-methyl-2-oxa-5-

azabicyclo[2.2.1]heptan-3-yl]-5-methyl-2-oxo-pyrimidin-4-yl]Jbenzamide (mCb2-2b)

'H NMR (400 MHz, CHLOROFORM-d) of mC">-2b
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Elemental composition search on mass 689.29778

m/z= 684.29778-694.29778

m/z Theo. Mass Delta RDB Composition
(ppm) equiv.
689.29778| 689.29698 Tl 22.5|/Ca0Ha1 07 N4

[
820

3-[[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-3-(5-methyl-2,4-dioxo-pyrimidin-1-yl)-5-(2,2,2-

trifluoroacetyl)-2-oxa-5-azabicyclo[2.2.1]heptan-7-yl]oxy-(diisopropylamino)phosphanyl]oxypropanenitrile (T-3a)

1H NMR (400 MHz, CHLOROFORM-d) of T-3a

17



18

Chemical Shift (ppm)

(] o
2 £ =
g o 8
8Bears e CRIS- Qe s
g0 w0 HEE N © e | EEEPELEES =
colznatLBR3 b <88 W Z-0l2:s i 2-955883
ok Bnena~ 588383 BIER 883 232« RIESEP58EgLRER  (TrTOTESS
93 ea 00 N @ ©4 DEGe {8 G weDH BN n s BREER T Imb
wo T L =1 o +¥T T+ o 0l 04 0 i 00 6oy A
a A ._.ﬁ il ' m_ukmb_-._ﬂ._l_ﬂ Jl!u:
2 8 88 2 % R B 5 2?8 = B 2 o5
= o o N T BTt O b S B | ool sl ol | o O o
AL LA LN ELanIL oy s o RARTL oo AR L e A L S LAARAAANIEALN n e s
10.0 7 55 35 15 1.0  Chemical Shift (ppm)

31p NMR (162 MHz, CHLOROFORM-d) of T-3a
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868.33024

3 | 890.31162
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750 800 850 900 950 1000
m/z

Elemental composition search on mass 868.33024

m/z= 863.33024-873.33024

m/z Theo. Mass| Delta RDB Composition
(ppm) equiv.
868.33024 | 868.32928 i o 20.5/C43H50 09 N5 F3P

N-[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-[2-cyanoethoxy-
(diisopropylamino)phosphanyl]oxy-5-(2,2,2-trifluoroacetyl)-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]purin-6-
yllbenzamide (A*-3a)

'H NMR (400 MHz, CHLOROFORM-d) of Ab*-3a
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981.36782

Relative Abundance
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Elemental composition search on mass 981.36782

m/z= 976.36782-986.36782
m/z Theo. Mass Delta RDB Composition
(ppm) equiv.
981.36782| 981.36706 0.78 27.5Cs0Hs308NgF3P

[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-[2-cyanoethoxy-
(diisopropylamino)phosphanyl]oxy-5-(2,2,2-trifluoroacetyl)-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]-2-(2-
methylpropanoylamino)purin-6-yl] N,N-diphenylcarbamate (G bu-33)

'H NMR (400 MHz, CHLOROFORM-d) of Gdpe ibu-33
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31p NMR (162 MHz, CHLOROFORM-d) of Gdreibu-33
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High resolution mass spectra of G4« bu-33
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1005 1158.44859

= 1159.45114

Relative Abundance
w
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Elemental composition search on mass 1158.44859

m/z= 1153.44859-1163.44859

m/z Theo. Mass | Delta RDB Composition
(ppm) equiv.
1158.44859| 1158.44604 2.20 32.5Ce0He4 O10 N9 F3 P

N-[1-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-[2-cyanoethoxy-
(diisopropylamino)phosphanyl]oxy-5-(2,2,2-trifluoroacetyl)-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]-5-methyl-2-oxo-
pyrimidin-4-yl]Jbenzamide (mCb:-3a)

'H NMR (400 MHz, CHLOROFORM-d) of mC">-3a
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31p NMR (162 MHz, CHLOROFORM-d) of mC®?-3a
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High resolution mass spectra of mC*-3a
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971.37274

Relative Abundance
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Elemental composition search on mass 971.37274

m/z= 966.37274-976.37274

m/z Theo. Mass| Delta RDB Composition
(ppm) equiv.
971.37274| 971.37147 1.30 25.5|Cs50 Hss Og Ng F3 P

LEARE RAR RN AREA R RERR RF AR ARED RAES BRELA
1040 1060

3-[[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-5-methyl-3-(5-methyl-2,4-dioxo-pyrimidin-1-

yl)-2-oxa-5-azabicyclo[2.2.1]heptan-7-yl]Joxy-(diisopropylamino)phosphanyl]oxypropanenitrile (T-3b)

'H NMR (400 MHz, CHLOROFORM-d) of T-3b
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High resolution mass spectra of T-3b
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786.36360

Relative Abundance
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Elemental composition search on mass 786.36360

m/z= 781.36360-791.36360

m/z Theo. Mass| Delta RDB Composition
(ppm) equiv.
786.36360| 786.36263 1.24 19.5/C42H53 08 N5 P

N-[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-[2-cyanoethoxy-

(diisopropylamino)phosphanyl]oxy-5-methyl-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]purin-6-yl]benzamide (A":-3b)

'H NMR (400 MHz, CHLOROFORM-d) of A®?-3b
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Relative Abundance
w
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897.38550

898.38854

899.39174

Elemental composition search on mass 897.38550

m/z= 892.38550-902.38550

m/z Theo. Mass Delta RDB Composition
(ppm) equiv.
897.38550 897.38586 -0.40 27.5/C49Hs4 07 NgP

[9-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-[2-cyanoethoxy-

(diisopropylamino)phosphanyl]oxy-5-methyl-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]-2-(2-

methylpropanoylamino)purin-6-yl] N,N-diphenylcarbamate (G9r< *u-3b)

'H NMR (400 MHz, CHLOROFORM-d) of Gdp< ibu-3p
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High resolution mass spectra of Gdre ibu-3p
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Elemental composition search on mass 1076.48116

m/z= 1071.48116-1081.48116

m/z Theo. Mass Delta RDB Composition
(ppm) equiv.
1076.48116 1076.48048 0.63 31.5Cs59He7 09 NgP

N-[1-[(1R,3R,4R,7S)-1-[[bis(4-methoxyphenyl)-phenyl-methoxy]methyl]-7-[2-cyanoethoxy-

(diisopropylamino)phosphanyl]oxy-5-methyl-2-oxa-5-azabicyclo[2.2.1]heptan-3-yl]-5-methyl-2-oxo-pyrimidin-4-

yllbenzamide (mCb2-3b)

'H NMR (400 MHz, CHLOROFORM-d) of mC">-3b

AR
1090
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High resolution mass spectra of mCb2-3b
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Relative Abundance
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Elemental composition search on mass 887.39007

m/z= 882.39007-892.39007

m/z Theo. Mass Delta RDB Composition
(ppm) equiv.
887.39007, 887.39027 -0.23 25.5/C49 H56 08 Ng P

Table S1. All new sequence data

SEQID Sequence (5’ to 3’) Modification MS Yield (%) Synthesis HPLC HPLC
Purity Retention Time
Calcd. Found. (UV %) (min)
ON-1(DNA) GTGTTITTTGCT DNA/all PO 3633.4 | 3630.9 - solid phase 98.9 9.4
ON-2(LNA) GTGTTITTTGCT LNA 3661.4 | 3661.4 — solid phase 98.5 9.3
ON-1a GTGTTITTTGCT ALNA[H] 3660.4 | 3660.5 55 solid phase | 100.0 15.2
ON-1b GTGTTITTTGCT ALNA[Me] 3674.4 3675.8 18 solid phase 100.0 15.3
ON-1c GTGTTITTTGCT ALNA[formyl] 3688.4 3687.6 95 PEM 99.1 12.7
ON-1d GTGTTITTTGCT ALNA[Ac] 3702.4 | 3701.6 102 PEM 100.0 15.4




ON-1e GTGTTITTTGCT ALNA[Bz] 3764.5 | 3763.6 101 PEM 97.0 10
ON-2(LNA) TTITTTTTTTT LNA 3008.0 | 3007.9 — solid phase | 93.6 12.2
ON-2a TTITTTTTTTT ALNA[H] 3007.0 | 3006.2 20 solid phase | 94.7 12.1
ON-2b TTTTTTTTTT ALNA[Me] 3021.0 | 3020.7 21 solid phase | 96.6 12.2
ON-2¢ TTTTTTTTTT ALNA[formyl] 3035.0 | 3034.3 9 PEM 93.8 123
ON-2d TTITTTTTTTT ALNA[AC] 3049.0 | 3048.4 97 PEM 95.1 14.8
ON-2¢ TTITTTTTTTT ALNA[Bz] 3111.1 | 31105 103 PEM 95.6 12.8
ON-3a AACATCAGTCTGATAAGCT ALNA[H] 6288.2 | 6287.3 22 solid phase | 97.8 14.9
ON-3b | AACATCAGTCTGATAAGCT ALNA[Me] 6386.4 | 6385.4 16 solid phase | 98.6 15.2
ON-3d AACATCAGTCTGATAAGCT ALNA[AC] 6582.4 | 6581.5 98 PEM 97.2 15.2
ON-4a AACATCAGTCTGATAAGCT ALNA[H] 6301.2 | 6300.7 19 solid phase | 98.4 14.8
ON-4b | AACATCAGTCTGATAAGCT ALNA[Me] 6413.4 | 64128 34 solid phase | 91.9 15.1
ON-4d AACATCAGTCTGATAAGCT ALNA[AC] 6637.5 | 6637.6 9% PEM 89.5 15.2
ON-5a AACATCAGTCTGATAAGCT ALNA[H] 63433 | 6342.0 20 solid phase | 97.2 14.8
ON-5b | AACATCAGTCTGATAAGCT ALNA[Me] 6455.5 | 6454.6 14 solid phase | 98.3 15.1
ON-5d AACATCAGTCTGATAAGCT ALNA[Ac] 6679.6 | 6678.8 96 PEM 95.7 15.2
ON-6a ACATCAGTCTGATAAGCTA ALNA[H]/MOE 6424.4 | 6424.1 22 solid phase | 100.0 15.3
ON-6b | ACATCAGTCTGATAAGCTA | ALNA[Me]/MOE | 64945 | 6492.4 14 solid phase | 100.0 18.3
ON-6¢ ACATCAGTCTGATAAGCTA | ALNA[formyl]/MOE | 6564.4 | 6563.7 97 PEM 99.1 15.5
ON-6d ACATCAGTCTGATAAGCTA |  ALNA[AC]/MOE 6634.6 | 6634.3 95 PEM 100.0 18.2
ON-6e ACATCAGTCTGATAAGCTA |  ALNA[Bz]/MOE 6944.9 | 6939.6 99 PEM 100.0 13.8

Capital letters in the sequences refer to DNA (black), 2’-MOE (bold) and modified-amino-LNAs (underline, C denote

methylcytosine). All phosphodiester linkages of ON-3 to ON-6 were replaced by phosphorothioate (PS) linkages.

RP-HPLC purification condition

34



Mobile phase A: 20 mM Hexylamine acetate in water

Mobile phase B: Acetonitrile

Gradient condition: 10-50% in 40 min

Flow rate: 4 mL/min

Column: Waters XBridge™ Oligonucleotide BEH C18 OBDTM Prep Column, 130A 2.5 pm (10 x 50 mm)
Column oven temperature: 60 °C

Detector: UV 260 nm

RP-HPLC analysis conditions

ON-1 (DNA) and ON-1 (LNA) (purchased from GeneDesign)
Mobile phase A: 100 mM HFIP / 8mM TEA in water

Mobile phase B: Methanol

gradient condition:5-20 % (20min)

Flow rate: 1 mL/min

Column: Waters XBridge™ BEH C18 2.5 um (4.6 x 75 mm)
Column oven temperature: 60 °C

Detector: UV 260 nm

ON1a~ON-6e

Mobile phase A: 20 mM Hexylamine acetate in water

Mobile phase B: Acetonitrile

Flow rate: 1 mL/min

Column: Waters XBridge™ BEH C18 130A 2.5 um (4.6 x 50 mm)
Column oven temperature: 60 °C

Detector: UV 260 nm

HPLC charts of oligonucleotides

ON-1 (DNA) (purchased from GeneDesign)
HPLC (gradient condition: B% 5-20 % in 20 min)
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HPLC (gradient condition: B% 10-50 % in 20 min, then 100% in 3 min)
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mAU

Mass chart of ON-1 (DNA)* (MALDI-TOF, Bulker) * purchased from Gene Design
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Linear detector voltage 3017 kv
Deflection on
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Mass chart of ON-1 (LNA)* (MALDI-TOF, Bulker) *purchased from Gene Design
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Mass chart of ON-1b (ESI, ZQ mass detector, Waters)
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Mass chart of ON-1e (Q-Tof, Xevo G2-XS System, Waters)
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Mass chart of ON-2a (Q-Tof, Xevo G2-XS System, Waters)

v
)
£
5. BE+0074
4.EE+007
3.5E+0074
=y }
—
in
] J
bl
= o
L.
Lan -
2. 3E+007
1.2E+007 g
b =)
& = . &
: E i -
] 5 @ 5
I o
4 -+
0, 0E+000 T T r . ; T T l T T T T T T 1
500 2400 4300 B200 g100 10000
Mass(Da)
Mass chart of ON-2b  (ESI, ZQ mass detector, Waters)
A5 1.6267
1007 603.1] A 3020.74:0.88
=
Ad
754.2
A6 i
502.5 1008.1
bia 15%5 8
610.7 :
5029 | s425|( e3s6 8.7 kel 1511.3
5 3650 S| 90067 opgs gp2 | 19188 44ges 13007 13769 14894 1596.3 17522 15165 19331 .
T T X T T T T T ¢ T T T T

T T T T T T T T T T EERaE: f T T i T T T
400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900



Mass chart of ON-2c (Q-Tof, Xevo G2-XS System, Waters)
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Mass chart of ON-5b (Q-Tof, Xevo G2-XS System, Waters)
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Mass chart of ON-6a (Q-Tof, Xevo G2-XS System, Waters)
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Mass chart of ON-6¢ (Q-Tof, Xevo G2-XS System, Waters)
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Waters ZQ mass detector (ESI)

Mobile phase A: 400 mM HFIP / 15mM TEA in water

Mobile phase B: Methanol
Flow rate: 0.2 mL/min

Gradient condition: 20-30 % in 2.5 min

Column: Waters XBridge™ BEH C18 1.7 um (2.1 x 100 mm)

Column oven temperature: 60 °C

Detector: UV 260 nm

(a) T =ALNA[H], RT =5.33 min

(b) T =ALNA[formyl], RT = 4.92 min
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Fig. S1 Examples of profiles of LC-MS analysis. (a) LCMS analysis chart of ON-1a after solid-phase synthesis and HPLC

purification (Sequence: 5 '- GTGTTTTTTGCT -3', Capital letters = DNA, underline T = ALNA[H]). (b) LCMS chart of reaction

mixture of formylation of ON-1a after 2 hours. (c) LCMS chart of reaction mixture of acetylation of ON-1a after 2 hours.

(d) LCMS chart of reaction mixture of benzoylation of ON-1a after 2 hours. In all charts, the retention time (RT) around

0.78 min is the effect of injection or the peak of the reaction reagent. In reactions of b-d, the starting material ON-1a

disappeared and converged to the target compounds. All the peaks were detected at 260 nm and ESI-MS (negative

mode). We measured similar data on the PEM reaction of other oligonucleotides to confirm the progress of the

reaction.
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Fig. S2 Representative UV melting curves of ON-1.

12

11

0.9

0.8

0.7

13

12

1

09

038

0.7

0.6

1:2

11

0.9

0.8

Q.7

0.6

ON-1(LNA)

ON-1b (ALNA[Me]

ssDNA
ssRNA (A)
ssRNA (U)
ssRNA (G)
ssRNA (C)

100

— =

ON-1d (ALN[Ac])

s sSRNA (U)
80

ssDNA
ssRNA (A)

ssRNA (G)
ssRNA (C)

100

e e

=

] 20 40 60

(=]

ssDNA

ssRNA (A)
ssRNA (U)
ssRNA (G)
SsRNA (C)

100

65



Table. S2 T,, values were calculated as the average of three independent experiments for each sequence.

SD

SEM

Seq No. Ct T [°C] toward ssRNA
(umol/L) 5 -r(UAGCUUAUCAGACUGAUGUUGA)-3’
ON-3d 2 65.8 0.1 0.0
ON-4d 2 69.9 0.2 0.1
ON-5d 2 73.0 0.3 0.2

ON-3d (ALNA[Ac])

@

ON-4d (ALNA[Ac])

Taripie stk |

Fig. S3 Representative UV melting curves of ON-3d, ON-4d and ON-5d
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