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Data set S1. 5’-O-DMT-N6-benzoyl-3’-amino-2’,3’-dideoxy-adenosine-3’-N-(2-thio-1,3,2-
oxathiaphospholane) (4A).

A). HRMS (TOF MS ES+) m/z for CaoHa0NsOsS2P calculated m/z: 795.2188, found m/z: 795.2191
[M+H]* and 817.2008 [M+Na]*.

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-50.0, max = 80.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 5

Monoisotopic Mass, Even Electron lons

669 formula(e) evaluated with 8 results within limits (up to 50 closest results for each mass)
Elements Used:

C:043 H:045 N:0-8 0:0-8 S:0-2 P:0-2

1902018_RK_805A 16 (0.177) Cm (14:19)

TOF MS ES+
6.86e+006
100 817.2008
795.2191
818.2037
% 796.2220 4
(797.2206 610.2025 63,1745
o 7581492 760802 774 g5y 7951739 |[ 7992008817 1468 | B20-20267" | 836 1758 8511626850, 1415200 0> "
UL UL UL R IR I T T T PR Y U T IR

760 770 780 790 800 810 820 830 840 850 860 870
Minimum: -50.0
Maximum: 15.0 5.0 80.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
795.2191  795.2188 0.3 0.4 24.5 1729.5 1.894 15.05 C40 H40 N6 06 S2 P

795.2185 0.6 0.8 29.5 1737.0 9.431 0.01 C42 H37 N8 03 5 P2

795.2205 -1.4 -1.8 19.5 1728.3 0.678 50.77 C38 H45 N4 07 S2 P2

795.2172 1.9 2.4 29.5 1732.8 5.226 0.54 C42 H35 N8 05 s2

795.2210 -1.9 -2.4 25.5 1749.6 22.055 0.00 C38 H37 N8 08 P2

795.2171 2.0 2.5 24.5 1736.9 9.280 0.01 C41 H41 N4 07 S P2

795.2218 -2.7 -3.4 24.5 1728.7 1.090 33.62 C39 H41 N8 03 S2 P2

795.2155 3.6 4.5 29.5 1736.7 9.081 0.01 C43 H36 N6 06 S P

B) 'H NMR (CDCls, 8, ppm): 8.66 (d, J=11.4 Hz, 1H, H-2), 8.19 (d, J=21.0 Hz, 1H, H-8), 7.95 (br.d, J=7.6
Hz, 2H, Ph), 7.50-7.45 (m, 1H, Ph), 7.41-7.35 (m, 2H, Ph), 7.33-7.27 (m, 2H, Ph), 7.22-7.11 (m, 7H,
Ph), 7.10-7.05 (m, 1H, Ph), 6.68 (d, J=8.8 Hz, 3H, Ph), 6.36-6.31 (m, 1H, H-1’), 5.82-5.73 (m, 1H, H-3),
4.53-4.45 (m, 1H, H-4’), 4.11-4.00 (m, 2H, H-5’, H-5"), 3.64 (br.s, 6H, 2xCHs from DMT group), 3.62-
3.58 (m, 1H, H-2’), 3.46-3.42 (m, 1H, H-2"), 3.36-3.28 (m, 2H, CH2-OTP), 3.26-3.18 (m, 1H, CH2-OTP),
3.09-2.95 (m, 1H, CH2-OTP).

13C NMR (CDCls, 6, ppm): 158.53; 152.35; 151.18; 151.13; 149.81; 144.59; 144.48; 141.97; 141.78;
136.00; 135.70; 135.67; 135.60; 135.56; 135.50; 135.31; 133.74; 132.76; 130.05; 128.11; 126.92;
123.76; 113.13; 86.58; 86.50; 85.03; 84.98; 84.53; 84.22; 68.68; 68.58; 63.12; 62.56; 55.23; 53.46;
52.83; 39.69; 39.18; 37.24; 37.17.

C) The P-epimers were partially separated into two fractions: the nearly pure ,Fast’- and ,Slow”-eluting-
enriched (4Af:4As, 1:2). Chromatography on a silica gel 60H column was performed using a 0—1%
gradient of methanol in chloroform with 0.2% addition of pyridine as the eluent.

.Fast’-4Af: isolated yield 12%;

31P NMR (CDCls) &: 95.92 ppm;

.Slow’-4As: + Fast’-4Af (2:1) isolated yield 24%;

31P NMR (CDCls) &: 95.25 ppm, 96.04 ppm, respectively.
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Figure S.1.1. *H NMR spectrum of 5’-O-DMT-N6-benzoyl-3’-amino-2’,3’-dideoxy-adenosine-3’-N-(2-
thio-1,3,2-oxathiaphospholane) (4A).
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Figure S.1.2. 3C NMR spectrum of 5’-O-DMT-N6-benzoyl-3’-amino-2’,3’-dideoxy-adenosine-3’-N-(2-

thio-1,3,2-oxathiaphospholane) (4A)
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Figure S1.3. 3'P NMR spectra of the fractions containing P-epimers of 5’-O-DMT-N6-benzoyl-3'-
amino-2’,3’-dideoxy-adenosine-3’-N-(2-thio-1,3,2-oxathiaphospholane): ,Fast” 4Af (an upper panel)
and ,Slow” 4As + ,Fast” 4Af 2:1 (a lower panel).



Data Set S2. 5’-O-DMT-N2-isobutyryl-3’-amino-2’,3’-dideoxy-guanosine-3’-N-(2-thio-4,4-
pentamethylene-1,3,2-oxathiaphospholane) (6G).

A) HRMS (TOF MS ES+) m/z for Ca2Hs0NeO7S2P calculated m/z: 845.2920, found m/z: 845.2920
[M+H]* and 867.2737 [M+Na]*.

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -50.0, max = 80.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 5

Monoisotopic Mass, Even Electron lons

551 formula(e) evaluated with 4 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-45 H:0-50 N:0-8 0:0-8 S:0-2 P:0-2

1902018_RK_4BA 16 (0.177) Cm (13:17-(33:72+2:8))

TOF MS ES+
1.45e+007
100 303.1393
%o
304.1424 845292936?2737
215.0863 5611089 24 2000 665.0609 868.2769
0 ?40654:520626 b 3?51454|4091645437?945| T l'|" T 84?24?7L HLNM-- T miz

50 100 150 200 250 300 350 400 450 500 550 600 630 700 750 800 850 900 930

Minimum: -50.0

Maximum: 15.0 5.0 80.0

Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula

845.2920 845.2920 0.0 0.0 21.5 1797.1 0.024 97.67 C42 H50 Né 07 52 P
845.2916 0.4 0.5 26.5 1808.2 11.102 0.00 C44 H47 N8 04 S5 P2
845.2903 1.7 2.0 26.5 1800.8 3.762 2.32 C44 HA5 N8 06 52
845.2886 3.4 4.0 26.5 1807.7 10.640 0.00 C45 H46 N6 07 S P

B) IH NMR (CDCls, 8, ppm): 11.99 (br.s, 1H, -NH), 11.81 (s, 1H, -NH), 8.27 (d, J=6.7 Hz, 1H, N2-
H), 7.71 (s, 1H, H-8), 7.08 (d, J=7.7 Hz, 2H, Ph), 6.99-6.95 (m, 4H, Ph), 5.89-5.84 (m, 1H, H-1’), 6.85-
6.80 (m, 1H, Ph), 6.51-6.44 (m, 4H, Ph), 4.34-4.23 (m, 1H, H3’), 3.89-3.85 (m, 1H, H-4’), 3.72-3.65 (m,
1H, H-5%), 3.61-3.51 (m, 1H, H-5"), 3.38 (s, 3H, CHs from DMT group), 3.37 (s, 3H, CHs from DMT
group), 3.21-3.17 (m, 1H, H-2'), 3.05-3.01 (m, 1H, H-2"), 2.60-2.45 (m, 2H, CH2-OTP), 2.26-2.17 (m,
1H, CH from i-Bu), 1.76-1.70 (m, 1H, CH2-OTP), 1.53-1.46 (m, 1H, CH2-OTP), 1.33-1.08 (m, 4H, CH>-
OTP); 1.06—0.97 (m, 2H, CH2-OTP), 0.96 (s, 3H, CHs from i-Bu), 0.94 (s, 3H, from i-Bu), 0.87-0.77 (m,
2H CH2-OTP);

13C NMR (CDCls, 6, ppm): 179.51; 158.50; 155.76; 149.68; 147.87; 144.58; 139.91; 137.67; 136.16;
135.86; 135.66; 135.62; 135.47; 130.09; 129.24; 128.13; 127.91; 127.82; 127.74; 126.86; 123.84;
121.53; 113.11; 113.05; 86.45; 84.78; 84.71; 83.97; 81.22; 67.95; 63.14; 55.22; 53.35; 39.54; 37.37;
37.13; 36.17; 25.21; 23.82; 23.64; 19.02; 19.00.

C) The P-epimers were separated on a silica gel column using chloroform : methanol (50:1; v/v) mixture
(with 0.2% of pyridine) as an eluent.

.Fast’-6Gf: isolated yield 46%;

31P NMR (CDCls) 6: 96.92 ppm;

.Slow’-6Gs: isolated yield 32%;

31P NMR (CDCls) : 96.94 ppm;
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Figure S2.1. IH NMR spectrum of 5’-O-DMT-N2-isobutyryl-3-amino-2’,3’-dideoxy-guanosine-3’-N-(2-
thio-4,4-pentamethylene-1,3,2-oxathiaphospholane) (6G).
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Figure S2.2. 13C NMR spectrum of 5’-O-DMT-N2-isobutyryl-3’-amino-2’,3’-dideoxy-guanosine-3’-N-(2-

thio-4,4-pentamethylene-1,3,2-oxathiaphospholane)) (6G).
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Figure S2.3. 3P NMR spectra of 5’-O-DMT-N2-isobutyryl-3’-amino-2’,3’-dideoxy-guanosine-3’-N-(2-
thio-4,4-pentamethylene-1,3,2-oxathiaphospholane)) ,Fast” 6Gf (upper panel) and ,Slow” 6Gs (lower
panel).



Data set S3. 5-O-DMT-N#-benzoyl-3’-amino-2’,3’-dideoxy-cytidine-3’-N-(2-thio-4,4-dimethyl-1,3,2-
oxathiaphospholane) (5C).

A). HRMS (TOF MS ES+) m/z for C41H44N4O7S2P calculated m/z: 799.2389, found m/z: 799.2385,
[M+H]* and 821.2198 [M+Na]*.

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min =-50.0, max = 80.0
Element prediction: Off

Number of isotope peaks used for i-FIT =5

Monoisotopic Mass, Even Electron lons

323 formula(e) evaluated with 2 results within limits (up to 50 closest results for each mass)
Elements Used:

C:043 H:045 N:0-5 0:0-8 S:0-2 P:0-2

1902018_RK_843A 13 (0.151) Cm (13:22)

TOF MS ES+
5.97e+004
100 303.1385 799.2385
821.2198
%
822 2027
2001750 304.1420 >
o L.108.0584 175.1020 | 437.2612 566.8475 676.8948700.5942761.2552 -837.1946  921.7587 .
AR AR N R N DL L A N L AL ! L o AN o TP PTTTTTEETT

T i T T USALEAA AL R
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

Minimum: -50.0

Maximum: 15.0 5.0 80.0

Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula

799.2385 799.2389 -0.4 -0.5 22.5 1226.7 0.450 63.75 C41 H44 N4 O7 S2 P
799.2372 1.3 1.6 22.5 1227.3 1.015 36.25 C42 H45 N2 08 s P2

B). *H NMR (CDCls, &, ppm): 8.40 (d, J=8.1 Hz, 1H, H-6), 7.93 (d, J=8.1 Hz, 2H, Ph), 7.64-7.44 (m, 5H,
H-5, Ph), 7.39-7.29 (m, 6H, Ph), 7.28-7.23 (m, 2H, Ph), 6.94-6.83 (m, 4H, Ph), 6.12-6.04 (m, 1H, H-1"),
4.73-4.59 (m, 1H, H-3'), 4.47-4.29 (m, 1H, H-4’), 4.08-3.92 (m, 2H, CH2>-OTP), 3.76 (br.s, 6H, 2xCH3
from DMT group), 3.45-3.40 (m, 2H, H-5’, H-5"), 2.50-2.39 (m, 2H, H-2’, H-2"), 1.54 (s, 3H, CH3-OTP),
1.46 (s, 3H, CH3-OTP);

13C NMR (CDCls, d, ppm): 162.37; 158.70; 149.74; 144.82; 144.16; 144.11; 136.11; 135.50; 135.26;
135.20; 133.18; 133.08; 130.30; 130.16; 128.96; 127.21; 127.17; 123.82; 113.35; 87.19; 87.09; 86.62;
86.34; 85.29; 85.21; 85.03; 84.97; 78.73; 78.62; 61.34; 61.14; 61.02; 55.27; 51.61; 51.38; 41.42; 40.94;
28.77; 28.55; 28.45; 28.23.

C) The P-epimers were separated on a silica gel column using a gradient of methanol in chloroform
(0—2%) with 0.2% of pyridine as the eluent.

.Fast’-5Cf: isolated yield 13%;

3P NMR (CDCls) 6: 97.74 ppm.

.Slow’-5Cs: isolated yield 32%;

31P NMR (CDCls) &: 97.25 ppm.
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Figure S3.1. 'H NMR spectrum of 5’-O-DMT-N4-benzoyl-3’-amino-2’,3’-dideoxy-cytidine-3’-N-(2-thio-
4,4-dimethyl-1,3,2-oxathiaphospholane) (5C).
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Figure S3.2. 13C NMR spectrum of 5’-O-DMT-N4-benzoyl-3’-amino-2’,3’-dideoxy-cytidine-3’-N-(2-thio-

4,4-dimethyl-1,3,2-oxathiaphospholane) (5C).



97.73
97.739

A g e WA A ANy

T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

o
~

97.251

T
102 100 98 96 94 92 ppm

PR A A

T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

Figure S3.3. 3P NMR spectra of 5-O-DMT-N4-benzoyl-3’-amino-2’,3’-dideoxy-cytidine-3’-N-(2-thio-
4,4-dimethyl-1,3,2-oxathiaphospholane) ,Fast” 5Cf (an upper panel) and ,Slow” 5Cs (a lower panel).



Data Set S4. 5’-O-DMT-3’-amino-3’-deoxy-thymidine-3’-N-(2-thio-4,4-dimethyl-1,3,2-
oxathiaphospholane) (5T).

A) HRMS (TOF MS ES+) m/z for CssH40N3O7S2PNa calculated m/z: 732.1943, found m/z: 732.1951
[M+Na]*.

Elemental Composition Report Page 1

Single Mass Analysis

Tolerance = 5.0 PPM / DBE: min = -50.0, max = 80.0
Element prediction: Off

Number of isotope peaks used for i-FIT = 5

Monoisotopic Mass, Even Electron lons

602 formula(e) evaluated with 7 results within limits (up to 50 closest results for each mass)
Elements Used:

C:0-40 H:0-45 N:0-5 0:0-8 S:0-2 P:0-2 Na:1-1

1902018_RK_823A 16 (0.177) Cm (13:18)
TOF MS ES+

1.71e+006
100 303.1391
%
732.1951
304.1422 333.1981
o 1045871 152.06242020786 2060789 | 3191934 4460290 4920349 5662258 6189614 7059450 ;94'12325
AR RAARN LARR AL RS AR BRI S AR LARRN AN ML RS R AR R AR AR RS R A A AN AN R AR LALRN LA LN I AR RRAAN BN
100 150 200 250 300 350 400 450 500 550 800 650 700 750 800
Minimum: -50.0
Maximum: 15.0 5.0 80.0
Mass Calc. Mass mDa PPM DBE i-FIT Norm Conf (%) Formula
732.1951 732.1943 0.8 1.1 17.5 804.0 2.010 7.36 C35 H40 N3 O7 S2 P Na
732.1960 -0.9 -1.2 12.5 802.7 1.397 24.72 C33 H45 N 08 S2 P2 Na
732.1939 1.2 1.6 22.5 802.6 1.281 27.79 C37 H37 N5 04 S P2 Na
732.1973 2.2 -3.0 17.5 803.4 2.080 12.50 C34 H41 N5 04 52 P2 Na
732.1926 2.5 3.4 22.5 806.2 4.890 0.75 C37 H35 N5 06 S2 Na
732.1926 2.5 3.4 17.5 802.7 1.323 26.62 C36 H41 N 08 S P2 Na
732.1983 -3.2 -4.4 21.5 807.3 5.944 0.26 C40 H40 N 05 S2 P Na

B) *H NMR (CDCls, 8, ppm): 11.45 (br.s, 1H, -NH), 7.55-7.23 (m, 3H, H-6, Ph), 7.28-7.14 (m, 7H, Ph),
6.79-6.69 (m, 4H, Ph) 6.12-5.95 (m, 1H, H-1"), 4.53-4.41 (m, 1H, H-3’), 4.03-3.87 (m, 2H, CH2-OTP),
3.81-3.72 (m, 1H, H-4’), 3.66 (br.s, 6H, 2xCHs from DMT group ), 3.43-3.28 (m, 2H, H-5', H-5"), 2.46-
2.32 (m, 2H, H-2’, H-2"), 1.562-1.24 (m, 9H, 3xCHs from C5 and OTP);

13C NMR (CDCls, 6, ppm): 164.41; 158.63; 151.01; 149.49; 149.28; 149.06; 144.43; 135.66; 135.47;
135.27; 133.15; 130.18; 130.14; 128.19; 127.92; 127.02; 123.71; 123.36; 123.16; 122.96; 113.21;
111.26; 86.78; 85.27; 85.21; 84.32; 78.42; 62.87; 60.82; 55.16; 53.16; 40.42; 28.51; 28.22; 11.83.

C) The P-epimers were separated on a silica gel column using ethyl acetate : hexane (1:1, v/v) (no
pyridine added) as an eluent.

.Fast’-5Tf: isolated yield 29%;

31P NMR (CDClz) &: 96.69 ppm;

»Slow’-5Ts: isolated yield 15%;

31P NMR (CDClz) &: 96.58 ppm.
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Figure S4.1. IH NMR spectrum of 5’-O-DMT-3’-amino-3’-deoxy-thymidine-3’-N-(2-thio-4,4-dimethyl-
1,3,2-oxathiaphospholane) (5T).
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Figure S4.2. 13C NMR spectrum of 5-O-DMT-3’-amino-3’-deoxy-thymidine-3’-N-(2-thio-4,4-dimethyl-

1,3,2-oxathiaphospholane) (5T).
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Figure S4.3. 3P NMR spectra of 5-O-DMT-3’-amino-3’-deoxy-thymidine-3’-N-(2-thio-4,4-dimethyl-

1,3,2-oxathiaphospholane): ,Fast” 5Tf (an upper panel) and ,Slow” 5Ts (a lower panel).
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Figure S5. 3P NMR spectra recorded after synthesis of 5’-O-DMT-N6-benzoyl-3’-amino-2’,3’-dideoxy-
adenosine-3’-N-(2-thio-1,3,2-oxathiaphospholane).

Plot A: the crude reaction mixture; plot B: after ,flash” chromatography.
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Figure S6.1. A 3P NMR spectrum of PMTdGBuxpsme Toac amidodiester (10f).
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Figure S6.2. A 'H NMR spectrum of PMTdGBuypsme Toac amidodiester (10f).
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Figure S6.3. A 13C NMR spectrum of PMTdGBUnpsme Toac amidodiester (10f).
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Figure S7. The structure of PMTdGBUnpsme Toac amidodiester (10f)
derived from the X-ray experiment. The atom labels ending with “A” indicate the atoms of the thymidine
residue.
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Figure S8. Analysis of 21 obtained from 5Tf. Left: a 31P NMR spectrum; right : a MALDI-TOF MS
spectrum.
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Figure S9. A MALDI-TOF MS spectrum recorded for PMTTpo(Tro)a(Tnpes)aT.
The band at m/z 2716 corresponds to a molecular ion of the product detritylated due to the acidity of the matrix
used.
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Scheme S1. Solid phase synthesis of chimeric NPS/PO oligomer PMTTpo(Tro)4(Tnes)sT
utilizing an unresolved NOTP-T monomer 4T and the standard thymidine phosphoramidite monomer.



Table S1. Isolated yield, HR MS or FAB MS (a negative ions mode), and 3P NMR data for unresolved
monomers 4-6.

, ) MW FAB MS *'P NMR
B Code Yield Calc (m/z)
R,R isolated, % ’ _
( ‘) (Da) M] 5, ppm)
799.2385
Bz
(|:-\|/t|-| ac 70 798 HR MS, 35';‘2
’ [M+H]* '

Gua®! 96.92
HH 4G 64 776 775 96,72
Thy 95.31
HH 4T 71 681 680 94.66
Ade® 95.95
Me,Me 5A 61 822 821 o5 21
Gua® 97.04
Me.Me 5G 49 804 803 96.64
Ade® 97.01
(CH)s- 6A 58 862 861 96.56
Cyt®? 96.30
(CH)s- 6C 49 838 837 o5 54
Thy 95.80
(CHa)s- 6T 88 749 748 o5 35




Table S2. Experimental details of crystallographic analysis.

Crystal data

Chemical formula

Mr

Crystal system, space group
Temperature (K)

a, b, c(A)

B ()

V (A3)

4

Radiation type

H (mm-1)

Crystal size (mm)
Data collection
Diffractometer
Absorption correction

No. of measured,
independent and
observed [I > 20(1)] reflections

Rint

(sin 8/A)max (A-1)
Refinement

R[F2 > 20(F2)], wR(F2), S
No. of reflections

No. of parameters

No. of restraints

H-atom treatment
(A/o)max

Apmax, Apmin (e A-3)

Absolute structure

Absolute structure parameter

C48H55N8013PS-2(CH30H)
1079.11

Monoclinic, P21

173

10.2758 (6), 14.8286 (8), 18.2612 (10)
99.346 (3)

2745.6 (3)

2

Cu Ka

1.41

0.24 x 0.05 x 0.03

Bruker D8 Venture
Multi-scan SADABS2016/2 (Bruker,2016/2)
57523, 10009, 9499

0.071
0.603

0.120, 0.370, 1.80

10009

773

65

H atoms treated by a mixture of independent and constrained refinement
0.142

1.18, -0.57

Flack x determined using 4079 quotients [(I+)-(I-))/[(1+)+(]-)] (Parsons, Flack
and Wagner, Acta Cryst. B69 (2013) 249-259).

0.176 (7)
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