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1. Experimental section

All non-aqueous reactions were carried out in ogeed glassware under a slight pressure of argon
unless otherwise noted. The anhydrous solvents wet@ned from Fluka and used without further
purification. Dry MeCN (HO < 30 ppm) for the phosphitylation reaction waschased from
PerSeptive BiosystemBlash column chromatography (FC): silica gel 80 £ 63um) from Merck
Thin layer chromatography (TLC): silica gel 60 F2plates fromMerck HPLC: anion-exchange
column NucleoPac PA-100 fronDionex desalting Sephadex-G25 columns froRharmacia
UV/melting profiles: UV/VIS spectrophotometer Cakryirom Varian, Cary temperature controller, 10
mm cuvette. CD spectra: Spectropolarimeter J-746 ffTASCO NMR: Spectrometers AMX 250H,
3¢), WH 270 tH, *C) and AMX 400 tH, *°C, *'P) fromBruker, J in ppm,J in Hz. MS: MALDI-TOF
spectrometer Voyager DE fromerSeptive Biosystem&Sl: electron spray ionisation. Combustion
analysis: CHN-O_rapid frorRoss-HeraeusMikrowave Discover fronCEM.

1.11"-Deoxy-5"0O-(4,4 -dimethoxytrityl)-2"- O-(tert-butyldimethylsilyl)-1"-(7 H-purine-7-yl)- 3-D-
ribofuranose cyanoethyIN,N-diisopropylphosphoramidite (6)

2°,3",5°-Tri-O-acetyl-1"-deoxy-1"-(H-purine-7-yl)-3-D-ribofuranose (4). Purine (1) (0.95 g, 7.9
mmol) was suspended in anhydrous MeCN (40 ml) y@bis(trimethylsilyl)acetamide (2.91 g, 11.8
mmol),,then 1,2,3,5-tetr@-acetylf3-D-ribofuranose(2) (2.51 g, 7.9 mmol) was added, and the whole
mixture was irradiated at 80 °C and 150 W in therowave. After the mixture was cooled to room
temperature, TMSOTT (1.81 ml, 9.9 mmol) was addedl the mixture was again irradiated at 80 °C and
150 W for 60 min. After the mixture was cooled tmm temperature the reaction was quenched by
addition of 10 ml saturated aqueous NaHQ®Iution and extracted three times with LLH. The
organic phase was dried (Mg9QGnd evaporated. The purification was done by €8,Cl,/MeOH,
98:2).The product was obtained as white foam. Yieldl g (17.1 %); TLC (CkCl,:MeOH/95:5)R; =
0.37;'H NMR: (250 MHz, DMSOds, ppm) 9.31 (s, 1H, 6H), 9.05 (s, 1H, 2H), 8.951(4, 8H), 6.43

(d, 1H,J = 6.0 Hz, 1'H), 5.67 (m, 1H, 2'H), 5.44 (m, 1HH} 4,41 (m, 3H,4'H, 5'H), 2.13 (s, 3 H,
CHs acety), 2.08 (S, 3 H, Chlaceyy), 2.04 (s, 3 H, Chlacey); 13C NMR: (68,9 MHz, DMSQdg, ppn) 6
170.43 (C = 0), 169.92 (C = 0), 169.73(C = O), 280(C4), 153.44 (C6), 148.35 (C2), 142.26 (C8),
124.26 (C5), 87.71 (C1"), 80.41 (C2"), 72.76 (C8Y,99 (C4"), 63.38 (C5"), 20.95 (Ghkieryy 20.84
(CHsacery), 20.65 (CH.acen); ESI-MS 379.3 ([M+H]).
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2°,3",5°-Tri-O-acetyl-1"-deoxy-1"-(#-purine-9-yl)-[3-D-ribofuranose (3) was obtained as the second
isomer from the reaction described #rThe product was obtained as white foam. Yiel8:®(64 %);
TLC (CH:Clx:MeOH/95:5)R; = 0.42;*H NMR: (250 MHz, DMSOds, ppn) 9.26 (s, 1H, 6H), 9.02 (s,
1H, 2H), 8.83 (s, 1H, 8H), 6.37 (d, 181~ 5,3 Hz, 1'H), 6.09 (m, 1H, 2'H), 5.67 (dd, 1Hs 4.9 Hz,
3'H), 4.42 (m, 2H,4'H, 5'H), 4.26 (M, 1H, 5'H,)12.(s, 3 H, CHacey), 2.06 (S, 3 H, Chlacery), 2.01 (s,

3 H, CHs.acery); -°C NMR: (100.6 MHz, DMSQds, ppr) 6 170.49 (C = O), 169.91 (C = O), 169.74(C =
0), 160.00 (C4), 152.81 (C2), 149.01 (C6), 146@8)( 134.76 (C5), 86.28 (C1"), 80.05 (C2"), 72.36
(C3"), 70.45 (C4"), 63.18 (C5'), 20.92 (€4dery), 20.83 (CH.acery), 20.66 (CHacery); ESI-MS 379.3
([M+H]").

1"-Deoxy-1"-(H-purine-7-yl)-[3-D-ribofuranose (5). 2°,3",5 -Tri-O-acetyl-1"-deoxy-1"-(A-purine-7-
yl)-&-D-ribofuranose(4) (1.51 g, 4.0 mmol) was dissolved in a solution (@0 of anhydrous
NaOMe/MeOH (0.48 ml, 2.6 mmol/5.4 M) and anhydrddseOH (59.50 ml), and the mixture was
stirred for 1 h under argon at room temperature faction was quenched by neutralization with ion
exchanger Dowex-80. The ion exchanger was filtenegr Celite and the filtrate was evaporated. The
purification was done by FC (GBI,/MeOH, 9:1). 1"-Deoxy-1"-(A-purine-7-yl){3-D-ribofuranosg(b)
was obtained as a white solid. Yield: 0.98 g (97 Ph)C (CH.Cl;:MeOH/4:1)R; = 0.32;'H NMR: (400
MHz, DMSO-ds, ppm) 9.41 (s, 1H, 6H), 9.02 (s, 1H, 2H), 8.93 (s, 1H),85.98 (d, 1HJ = 6.8 Hz,
1'H), 5.55 (d, 1H,) = 6.6 Hz 2°OH), 5.29 (d, 1H] = 4.3 Hz, 3'OH) 5.26 (t, 1H] = 4.9 Hz 5"OH),
4.38 (m, 1H, 2'H), 4.22 (m, 1H, 3'H), 4.04 (m, 14H) 3.86 (m, 2H, 5'H)*C NMR: (100.6 MHz,
DMSO-ds, ppm) & 160.68 (G,),152.58 (C2), 147.98 (C8), 142.28 (C6), 123.94X®B9.70 (C1'), 86.27
(C4%), 74.11 (C2°), 70.18 (C3), 61.11 (C5'); ESBEN52.9 ([M+H]).

1"-Deoxy-5"0-(4,4 -dimethoxytriphenylmethyl)-1"-(7H-purine-7-yl)-3-D-ribofuranose. ©~ To a
solution of 1"-Deoxy-1"-(A-purine-7-yl)3-D-ribofuranose (0.50 g, 2 mmol) in anhydrous piyréd(25
ml) were added BN (0.42 ml, 3.0 mmol) and DMTrCI (0.81 g, 2.4 mmajd the mixture was stirred
for 24 h under argon at room temperature. The igagtas quenched by the addition of MeOH (3 ml)
and saturated aqueous NaH{S€blution. The solution was extracted three timeth WCH.Cl,, the
organic phase was dried (Mg9Cand evaporated. The crude product was coevapotatee with
toluene and subsequently purified by FC (CHMeOH, 95:5). 1'-Deoxy-50-(4,4 -
dimethoxytriphenylmethyl)-1"-{H-purine-7-yl){3-D-ribofuranose was obtained as a yellow foam. &iel
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0.64 g (58 %); TLC (ChCl;:MeOH/9:1)R; = 0.48;*H NMR: (250 MHz, DMSOds, ppm) 9.22 (s, 1H,

6H), 8.90 (s, 1H, 2H), 8.76 (s, 1H, 8H), 7.35-6(#9 13H, Hy) 6.08 (d, 1HJ = 7.4 Hz, 1'H), 5.65 (d,
1H,J = 6.2 Hz, 2°0OH),5.31 (d, 1H] = 6.2 Hz, 3'OH), 4.79 (m, 1H, 2°'H), 4.35 (m, 1H, 3/H4)13 (m,

1H,4°H), 3.72 (s, 6H, OC¥, 3.24 (m, 2H, 5H); ESI-MS 555.4 ([M+H] combustion analysis:
calculated: C 67.14 % H 5.45 % N 10.10 %, foun®&7C35 % H 5.39% N 10.28 %.

5°-0-(4,4"-Dimethoxytriphenylmethyl)-2"-O-tert-butyldimethylsilyl-1"-deoxy-1"-(7H-purine-7-yl)-
[3-D-ribofuranose. To a solution of 1-Deoxy-5G-(4,4"-dimethoxytriphenylmethyl)-1"-&-purine-7-
yl)-&-D-ribofuranose (0.40 g, 0.72 mmol) in anhydrous-Ipyridine 1:1 (20 ml) AgN@(150 mg, 0.89
mmol) and 1 MBuMe;SiCl in THF (1.02 ml, 1.02 mmol) were added, ang thixture was stirred 20 h
under argon at room temperature. The reaction wasaped by addition of 10 ml saturated aqueous
NaHCG; solution. The suspension was filtered, the fidratas extracted three times with £Hp, and
the organic phase was dried (Mg$@nd evaporated. The crude product was coevaploraiee with
toluene and purified by HPLGVIN Nucleoprep 100-26om Macherey-Nagel, mexane:MeOAc/1:5).
5°-0-(4,4 -Dimethoxytriphenylmethyl)-20G-tert-butyldimethylsilyl-1"-deoxy-1"-(A-purine-7-yl)3-D-
ribofuranose (slownigrating isomer)was obtained as a white foam. Yield: 0.17 g (36 F)C:
(CH,Cl»:MeOH/9:1) R; = 0.64;'H NMR: (400 MHz, DMSOds, ppm) 9.25 (s, 1H, 6H), 8.95 (s, 1H,
2H), 8.84 (s, 1H, 8H), 7.41-6.84 (m, 13H,H6.07 (d, 1HJ = 7.3 Hz, 1'H), 5.31 (d, 1H] = 6.1 Hz,
3'0OH), 4.68 (m, 1H, 2°H), 4.25 (m, 1H, 3'H), 4.18,(LH,4"H), 3.73 (s, 6H, OGJ}{ 3.22 (m, 2H, 5'H),
0.73 (s, 9H, SiC(CH3), 0.13 (s, 3H, SiCH,-0.30 (s, 3H, SiCh); *C NMR: (100.9 MHz, DMSQds,
ppm) & 156.05 (C2), 145.39 (DMTr), 145.24 (DMTTY), 136.(IMTr), 135.70 (DMTr), 130.30 (),
128.29 (DMTY), 127.21 (§), 126.62 (DMTr), 125.80 (DMTY), 124.26 (DMTr), 128, (Gy), 116.61
(Car), 113.16 (G,), 108.80 (G,), 103.00 (G,), 99.88 (DMTT), 86.22 (C1), 76.32 (C4"), 73.25 (2
71.70 (C3"),126.70 (C7), 125.27 (C8), 121.38 (A6)D.20 (C5), 102.16 (C9), 97.13 (C3), 89.04 (C1),
84.88 (C4°), 73.90 (C2°), 70.21 (C3"), 64.42 (C556.47 (OCH), 26.10 (SiC(CH)s).18.34
(SIC(CHs)3),-4.20 (SiCH),-4.86 (SiCH); ESI-MS 691.4 ([M+Na]).

5°-0-(4,4"-Dimethoxytriphenylmethyl)-3"-O-tert-butyldimethylsilyl-1"-deoxy-1"-(7H-purine-7-yl)-
[3-D-ribofuranose was obtained from the reaction described fo©54,4"-Dimethoxytriphenylmethyl)-
2’ -O-tert-butyldimethylsilyl-1"-deoxy-1"-(A-purine-7-yl)f3-D-ribofuranose as the faster-migrating
isomer. 5°0-(4,4"-Dimethoxytriphenylmethyl)-30-tert-butyldimethylsilyl-1"-deoxy-1"-(A-purine-7-
yl)-3-D-ribofuranose (fastnigrating isomer)as obtained as a white foam. Yield: 0.16 g (33 TAG:
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R = 0.64 (CHCl:MeOH/9:1); *H NMR: (400 MHz, DMSOdg, ppm) & 9.48 (s, 1H, 6H), 9.15 (s, 1H,
2H), 9.14 (s, 1H, 8H), 7.51-6.93 (M, 13H,}H6.01 (d, 1HJ = 7.3 Hz, 1'H), 5.22 (d, 1H] = 6.1 Hz,
2°0H), 4.73 (M, 1H, 2'H), 4.33 (m, 1H, 3'H), 4.24,(1H,4 H), 3.68 (s, 6H,0CH| 3.21 (m, 2H, 5'H),
0.72 (s, 9H, SiC(CH3), 0.12 (s, 3H, SiCH,-0.32 (s, 3H, SiCh); *C NMR: (100.9 MHz, DMSC,
ppm) & 156.15 (C2), 145.90 (DMTY), 145.43 (DMTr), 136.(3MTr), 135.68 (DMTr), 130.25 (&),
128.27 (DMTY), 127.19 (%), 126.59 (DMTr), 125.77 (DMTr), 124.19 (DMTY), 128, (Cy), 116.64
(Car), 113.09 (Gy), 108.77 (G), 103.05 (Gy), 99.87 (DMTTr), 86.32 (C1), 76.34 (C4"), 73.26 (52
71.72 (C3'),126. 75 (C7), 125.32 (C8), 121.43 (@6.19 (C5), 102.18 (C9), 97.17 (C3), 89.07 (C1"),
84.91 (C4’), 73.87 (C2), 70.20 (C3’), 64.40 (C556.45 (OCH), 26.07 (SiC(Ch)s),18.44
(SiC(CHb)s),-4.19 (SiCH),-4.87 (SIiCH); ESI-MS 691.4 ([M+Nal).

1"-Deoxy-5"0-(4,4 -dimethoxytrityl)-2”- O-(tert-butyldimethylsilyl)-1"-(7 H-purine-7-yl)- 3-D-
ribofuranose cyanoethyl N,N-diisopropylphosphoramidite (6). To a solution of 5©-(4,4"-
Dimethoxytriphenylmethyl)-20-tert-butyldimethylsilyl-1"-deoxy-1"-(HA-purine-7-yl)2-D-

ribofuranose (100 mg, 0.15 mmol) in anhydrous Mg@® ml), collidine (2,4,6-trimethyl-pyridine, 200
pul, 1.5 mmol), 1-methyltH-imidazole (6 ul, 0.07 mmol), and 2-cyanoethyl
diisopropylphosphoramidochloridite (1, 0.23 mmol) were added, and the mixture wasestifor 15
min at 0°C and 45 min at room temperature undeorarghe reaction was quenched by addition of
saturated aqueous NaHg® ml), then the mixture was extracted three timéh CH,Cl,, and in the
last step the organic phase was dried (MQSDd evaporated. The crude product was purifieF®y
(CH.Clo/MeOH, 99:1). The product (mixture of two diasterews) was obtained as a white foam.
Yield: 80 mg (62 %); TLCR = 0.45, 0.36 (CHCl::MeOH/95:5);"H NMR: (250 MHz, CDCJ, ppm)$
7.40-6.74 (m, 32H, W), 6.54, 6.50 (d, 2H] = 3.6 Hz, 3H), 5.82, 5.79 (d,= 7.8 Hz , 2H, 1'H), 4.58
(m, 2H, 2'H), 4.21 (m, 2H, 3'H), 3.98 (m, 2H, 4’90, 3.73 (s, 12H, OGH 3.53 (m, 8H, 5H,
CH,CN), 2.60 (m, 4H, OC}), 1.12 (m, 12H, CH(CH),), 0.73, 0.64 (m, 18H, SiC(G4),-0.15,-0.20,-
0.44,-0.45 (s, 12H, SiCHt 3'P NMR: (162 MHz, CDQ, ppm)d 152.41 and 148.96 (ratio 1: 3.6) ESI-
MS 870.7 ([M+H]).

1.2 1'-Deoxy-5"0-(4,4 -dimethoxytrityl)-2"- O-(tert-butyldimethylsilyl)-1"-(5 H-pyrrolo[3,2-
d]pyrimidine-5-yl)- 3-D-ribofuranose cyanoethyIN,N-diisopropylphosphoramidite (19)
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4-Chloro-5H-pyrrolo[3,2-d]pyrimidine (8). 3,5-Dihydro-4-pyrrolo[3,2d]pyrimidin-4-one {) (1.5 g,

3.7 mmol) was added to 40 mL phosphorus(V)oxyctiand the suspension mixture was heated under
reflux for 3 h and then cooled. The solution wastraised with NaOH on an ice bath (pH ca. 6) and
extracted with EtOAc. The organic phase was drigith WigSQ, and evaporated. The residue was
purified by FC (CHCI,/MeOH, 9:1). The product was obtained as a soli@5%6 (1.44 g) yield. TLC
(CH.Cl, / 9:1), Rf=0.50; *H-NMR (400 MHz, DMSO€s, ppm) 12.46 (s, 1H, NH); 8.65 (s, 1H, 2H);
8.00 (d, 1H, J=3.3 Hz; 8H); 6.75 (d, 1H, J=3.3 BIEH) Combustion analysis [%]: C: 46.93, H: 2.63, N:
27.36; Found: C: 47.10, H: 2.79, N: 27.47; ESI-MB.6 ([M+H]").

1-[2"-desoxy-3",5 -big-(4-methylbenzoyl){3-D-erythropentofuranosyl]-4-chloro-5H-pyrrolo[3,2-
d]pyrimidine (9). To a solution of 4-chloro43-pyrrolo[3,2-d]pyrimidine(8) (1.14 g, 7.4 mmol) in
anhydrous acetonitrile (130 ml), NaH (267 mg, lrhrhol) was added, and the mixture was stirred for
10 minutes at room temperature under argon. Akeixggenation, the chloro-sugar (3.45 g, 8.9 mmol)
was added and the reaction mixture was stirrethisnext 20 minutes. The reaction was quenched with
Dowex-80 and filtered through a thick pad of ceéited evaporated. The crude product was purified by
FC (CHCI,/MeOH, 99:1). The product was obtained as whitemfaa 85 % vyield (3.2 g). TLC
(CH,Cl,/MeOH, 98:2)Rf=0.37;*H-NMR (250 MHz, CDC}, ppm) 8.66 (s, 1H, 2H ), 7.87 (m, 5HyH
7.20 -7.07 (m, 5H, k), 6.65 (m, 1H, 1'H), 5.60 (m, 1H, 3'H), 4.63 (nt},5"H), 4.55 (m, 1H, 4'H),
2.76 (m, 1H, 2'k), 2.53 (m, 1H, 2'), 2.37 (s, 3H, Ar-Ch), 2.33 (s, 3H, Ar-Ch).

1-(2"-desoxyp-D-erythro-pentofuranosyl)-4-chloro-3H-pyrrolo[3,2-d]pyrimidine (10). 9 (5.8 g, 11.5
mmol) was added to a saturated solution ofsNtHMeOH. The reaction suspension was stirred over
night at room temperature. The reaction mixture exaporated and the residue was purified by FC
(CH.CI/MeQOH, 9:1). The product was obtained as white dsoh 61 % (1.9 g) yield. TLC
(CH.Cl/MeOH, 9:1) R=0.35; 'H-NMR (400 MHz, DMSOds,ppm) 8.67 (s, 1H, 2H); 8.38 (d, 1H,
J=3.4 Hz, 8H), 6.92 (pt, 1H;4 >'+=6.3 Hz; dyo1,=7.5 Hz, 1'H); 6,82 ( d, 1H, J=3,4 Hz; 9H ); 5(35

d, 1H, J=4,0 Hz, 3'OH ); 5.03 (t, 1H, J= 5.1 HZH), 4.36 (m, 1H, 3'H), 3.86 (m, 1H, 4'H), 3.57 (m,
2H, 5'H), 2.44 (m, 1H, 2B, 2.37 (m, 1H, 2); *C NMR (100,6 MHz, DMSQds,ppm) 152.22 (C6),
149.42 (C2), 140.91 (C5), 134.41 (C8), 122.83 (@AR.90 (C9), 87.62 (C1°), 70.08 (C3"), 61.21 (C4")
41.20, (C2°), 39.68 (C5".); ESI-MS 270.8 ([M+M]
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1-(2"-desoxyp-D-erythro-pentofuranosyl)-8H-pyrrolo[3,2-d]pyrimidine (11). To a solution of10
(1.3 g, 4.8 mmol) in anhydrous ethanol (50 ml), 1P#H was added, and the mixture was stirred at
room temperature over night. Subsequently, theioramixture was filtered through a pad of celitela
evaporated using silica gel. The residue was parity FC (CHCIl,/MeOH, 9:1). The product was
obtained as white solid in 76 % (0.86 g) yield. T(@H,Cl,/MeOH, 9:1)Rf=0.24,"H-NMR (400 MHz,
DMSO-dg, ppm) 9.27 (s, 1H, 2H), 8.87 (s, 1H, 6H), 8.101H, J=3.3 Hz; 8H), 6.72 (d, 1H, J=3.3 Hz,
9H). 6.47 (pt, 1H, Jh214=6,1 Hz; Jn2w=7,5 Hz; 1'H), 5.15 (d, 1H, J=4.0 Hz; 3'OH), 4.531H,
J=5.1 Hz, 5’°OH), 3.86 (m, 1H, 3'H), 3.70 (m, 1H}'3.57 (m, 2H, 5H), 2.40 (m, 1H, 2/H2.27 (m,
1H, 2H,); **C NMR (100,6 MHz, DMSGds,ppm) 149,4 (C2), 140.9 (C5), 134.4 (C8), 122.8)(@20.2
(C6), 102.9 (C9), 87.6 (C1°), 70.1 (C3"), 61.2 (C41.2 (C27), 39.7 (C5'); ESI-MS 235.23 ([M+H1]

1-(2"-Desoxy-5"©-tert-butyldiphenylsilyl- g-D-erythropentofuranosyl)-8H-pyrrolo[3,2-

d]pyrimidine (12). To a solution ofll in anhydrous pyridine (20 mL), in an ice bathert-
butyldiphenylsilyl-chloride (1.0 mL, 3.8 mmol) waslded drop wise (ca. 30 minutes). The reaction
mixture was stirred for 1 day at room temperatdree solution was evaporated on silica gel and
purified by FC (CHCI,/MeOH, 95:5). The product was obtained as yellowiroi’6 % (1.22 g) yield.
TLC (CH,Cl,/MeOH, 95:5)Rf=0.25,'H-NMR (400 MHz, DMSOds, ppm) 9.22 (s, 1H, 2H), 8.90 (s,
1H, 6H), 8.07 (d, 1H, J=3.3 Hz, 8H), 7.68-7.31 (rAH, Ha), 6.69 (d, 1H, J=3.3 Hz, 9H), 6.60 (pt, 1H,
Inz=7.1 Hz, 31 21=6.5 Hz, 1'H), 5.48 (d, 1H, J=4.1 Hz, 3'OH), 4.82, (LH, 3'H), 3.95 (m, 1H,
4'H), 3.80 (m, 2H, 5'H), 2.85 (m, 1H, 2)2.73 (m, 1H, 2k), 0.95 (s, 9H1-Bu); **C NMR (100,6
MHz, DMSOds,ppm) 150.7 (C2), 141.8 (C5), 135.5 (C8),129.8 (A487.5 (G/), 135.8 (G,), 135.6
(Car), 135.2 (G,),134.8 (C8), 133.0 (), 132.2 (G.), 129.8 (G), 128.5 (G,), 128.2 (G\), 128.1 (G,),
127.9 (G), 127.5 (G,), 126.9 (C2), 111.2 (C9), 103.1 (C3), 95.7 (CH,69(C7), 83.5 (C1’), 83.3
(C4"), 65.3 (C3"), 64.2 (C5"), 36.0 (C2"), 25.73Q&Hs)3), 20.5 (SiC(Es)s), 19.5 (SIC(Es)s), 14.5
(SIC(CH3)3 ); ESI-MS 474.2 ([M+H]).

1-(2"-desoxy-5"-Otert-butyldimethylsilyl-3"- O-mesyl#-D-erythro-pentofuranosyl)-5H-pyrrolo[3,2-
d]pyrimidine (13). To a solution ofl2 (0.58g, 1.2 mmol) in a mixture of anhydrous £CH/pyridine
(4:1), in an ice bath, mesyl-chloride (1.9 mL, 24nat) was added. The reaction mixture was stirred
over night at room temperature. The reaction wangoed with methanol (ca. 5 mL) and evaporated.
The residue was dissolved in gH, and washed with water. The organic phase was drigdMgSQ,

and purified FC (CbLCIl,/MeOH, 98:2). The product was obtained as whitenfaa 96 % (0.64 g) yield.
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TLC (CH,Cl,/MeOH, 95:5)Rf=0.35,*"H-NMR (400 MHz, DMSOds, ppm) 9.02 (s, 1H, 2H), 8.76 (s,
1H, 6H), 8.07 (d, 1H, J=3.3 Hz, 8H), 7.58-7.01 (fAH, Hx,), 6.59 (d, 1H, J=3.3 Hz, 9H), 6.45 (pt, 1H,
Inzm=7.0 HZ, 31 21=6.4 Hz, 1'H), 4.23 (m, 1H, 3'H), 3.86 (m, 1H, 4/B)77 (m, 2H, 5'H), 3.07

(s, 3H, SICH), 2.77 (m, 1H, 2k, 2.68 (m, 1H, 2F), 0.85 (s, 9Ht-Bu); Combustion analysis [%]: C:

60.95, H: 6.03, N: 7.62; Found: C: 60.76, H: 5837.35; ESI-MS 153.6 ([M+H).

1-(2",3 -Didesoxypg-D-glycerapent-2-enofuranosyl)-#-pyrrolo[3,2-d]pyrimidine  (14). To a
solution of13 (0.72 g, 1.3 mmol) in anhydrous THF (40 ml), 1Ntaeutylammoniumfluoride solution
in THF (4.8 mL, 4.8 mmol) was added. The reactidrtane was heated under argon at 50°C for 2 h
and evaporated. The product was obtained as yslidig after three FC purifications (1.CHONeOH,
98:2; 2. CHCY/MeOH, 95:5; 3. CHGIMeOH, 98:2) in 93% (0.269) yield. TLC (CH{MeOH, 95:5)
R0.50,'H-NMR (400 MHz, DMSOds, ppm) 9.23 (s, 1H, 2H), 8.86 (s, 1H, 6H), 8.00 {H, j=3.3
Hz, 8H); 7.14 (m, 1H, 1'H), 6.68 (d, 1H, J=3.3 9H), 6.53 (m, 1H, 2'H), 6.20 (m, 1H, 3'"H ),4,94 (t,
1H, J=5.6 Hz 5"OH), 4.86 (m,1H, 4'H);3,54 (m, 2HHE ESI-MS 218.5 ([M+H]). Anal. Calculated
[%]: C: 60.82, H: 5.10, N: 19.34 Found: C: 60.54 55, N: 19.27.

1"-Deoxy-1"-(%1-pyrrolo[3,2-d]pyrimidine-5-yl)- R-D-ribofuranose (15).To a solution ofl4 (0.48 g,
2.2 mmol) in a mixture of acetone-water (8:1), Ntnybmorpholine-4-oxid monohydrate (0.80 g, 3.0
mmol) and a solution of Os@2.7 ml, 2.5 %) were added. The reaction mixtuas stirred under argon
at room temperature for 19 h. The reaction was cjussh with 10% aqueous solution of 820, (5 ml)
and subsequently stirred for the next 15 minutdse Jolution was diluted with water (50 mL) and
extracted with EtOAc. The organic phase was drigt WgSQ, and purified FC (CH2CI2/MeOH 9:1).
The product was obtained as white solid in 36 %4@) yield. TLC (CHCIl,/MeOH, 9:1)Rf=0.18,H-
NMR (400 MHz, DMSOds, ppm) 9.22 (s, 1H, 2H),8.84 (s, 1H, 6H), 8.151H, J=3.3 Hz; 8H), 6.68
(d, 1H, J=3.3 Hz; 9H), 5.96 (d, 1H, J=6.3 Hz; 1"B)3 (s, 1H,2'OH),5.32 (s, 1H, 3'OH), 5.25 (t, 1H,
J= 4.8 Hz; 5°0OH), 4.27 (m, 1H, 2'H), 4.12 (m, 1HHR 3.98 (m, 1H, 4'H), 3.64 (m, 2H, 5'HYC
NMR (100,6 MHz, DMSOds,ppm) 150.50 (C2), 139.88 (C2), 133.63 (C8), 126(Z8), 108.22
(C4),101.65 (C9), 89.87 (C1'), 85.64 (C3’), 74.487), 70.18 (C2'), 61.22 (C5’), ESI-MS 554.4
([M+H]").

5°-0-(4,4"-Dimethoxytriphenylmethyl)-1"-deoxy-1"-(%1-pyrrolo[3,2-d]pyrimidine-5-yl)- 3-D-
ribofuranose (16).To a solution ofl5 (0.30 g,1.2 mmol) in anhydrous pyridine (15 mIMDrCI (0.49



Supplementary Data — A.N. Koller, J. Bozilovic, J.BBhgels, H. Gohlke S9

g, 1.45 mmol) and triethylamine (0.24 ml, 1.8 mmae8re added, and the resulting mixture was stirred
for 48 h under argon at room temperature. The iagtas quenched by addition of MeOH (3 ml) and
saturated aqueous NaHg®olution. The mixture was extracted three timethv@H,Cl,, and the
organic phase was dried (Mgf9Cand evaporated. The crude product was coevapbotatiee with
toluene and purified by FC (GBl,/MeOH, 95:5).16 was obtained as a yellow foam. Yield: 0.36 g (54
%); TLC: R = 0.25 (CHCl»:MeOH/95:5); *H NMR: (400 MHz, DMSOds, ppm) & 9.20 (s, 1H,
2H),8.80 (s, 1H, 6H), 8.08 (d, 1H,= 3.3 Hz, 8H), , 7.46-6.82 (m, 15H, 5.92 (d, 1H,J = 5.2 Hz,
1'H), 5.50 (d, 1H, = 6.1 Hz, 2"OH), 5.20 (d, 1Hl = 5.6 Hz, 3'OH), 4.34 (m, 1H, 2'H), 4.15 (m, 1H,
3'H), 4.06 (m, 1H, 4'H), 3.72 (s, 6H, OgH3.23 (m, 2H, 5'H); ESI-MS 554.4 ([M+H)]

57-0-(4,4"-Dimethoxytriphenylmethyl)-2"-O-tert-butyldimethylsilyl-1"-deoxy-1"-(5H-pyrrolo[3,2-
d]pyrimidine-5-yl)- 3-D-ribofuranose (18). To a solution of16 (0.41 g, 0.74 mmol) in anhydrous
THF/pyridine 1:1 (10 ml), AgN@(151 mg, 0.89 mmol) and 1 krtBuMe,SiCl in THF (1.04 ml, 1.04
mmol) were added, and the resulting mixture wasesti20 h under argon at room temperature. The
reaction was quenched by addition of 10 ml satdratpueous NaHC{solution. The suspension was
filtered, the filtrate was extracted with @El,, and then the organic phase was dried (MgS(d
evaporated. The crude product was coevaporateck twith toluene and purified by HPLOGVIN
Nucleoprep 100-20rom Macherey-Nagel, mexane: MeOAc/1:6)18 (slowermigrating isomer) was
obtained as a white foar¥ield: 0.16 g (32 %); TLCR: = 0.45 (CHCl,:MeOH/95:5);'H NMR: (400
MHz, DMSO-ds, ppm) 6 9.21 (s, 1H, 2H),8.78 (s, 1H, 6H), 8.12 (d, IH; 3.3 Hz, 8H), 7.47-6.81 (m,
13H, Hy,), 6.59 (d, 1H,) = 3.4 Hz, 3H), 5.95 (d, 1H] = 6.2 Hz, 1'H), 5.11 (d, 1H] = 5.2 Hz, 3'OH),
4.49 (m, 1H, 2'H), 4.11 (m, 2H, 4'H, 3'H), 3.74 @, OCH), 3.30 (m, 2H, 5°H), 0.71 (s, 9H,
SiC(CHy)3),-0.13 (s, 3H, SiCH),-0.27 (s, 3H, SiCH3)*C NMR: (100.61 MHz, DMSQs, ppn) &
157.10 (dJ = 41.4 Hz, C4), 143.34 (DMTT), 142.19 (DMTr), 136.¢aMTr), 135.80 (DMTT), 130.25
(Car), 128.29 (DMTY), 127.21 (), 126.62 (DMTr), 125.80 (DMTr), 124.26 (DMTr), 128. (Ca),
116.61 (G,), 113.16 (G/), 108.80 (G,), 103.00 (G,), 99.88 (DMTr), 86.22 (C1"), 76.12 (C4), 72.25
(C2), 70.70 (C37),126. 58 (C7), 125.27 (C8), 181(B6), 108.10 (C5), 102.16 (C9), 97.13 (C3), 89.04
(C1), 84.88 (C4’), 73.90 (C2), 70.21 (C3), 64&>"), 55.47 (OCH), 26.10 (SiC(CH); ,18.34
(SIC(CHs)3),-4.03 (SiCH),-5.06 (SiCH); ESI-MS 668.3 ([M+H]).

5°-0-(4,4"-Dimethoxytriphenylmethyl)-3"-O-tert-butyldimethylsilyl-1"-deoxy-1"-(5H-pyrrolo[3,2-
d]pyrimidine-5-yl)- 3-D-ribofuranose (17) was obtained from the reaction described foO54,4 -
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Dimethoxytriphenylmethyl)-20-tert-butyldimethylsilyl-1"-deoxy-1"-(Bl-pyrrolo[3,2-d]pyrimidine-5-
yl)-&-D-ribofuranoseas the faster-migrating isomer. 6-¢(4,4"-Dimethoxytriphenylmethyl)-30G-tert-
butyldimethylsilyl-1"-deoxy-1"-(Bl-pyrrolo[3,2-d]pyrimidine-5-yl)R-D-ribofuranose was obtained as a
white foam. Yield: 0.15 g (32 %); TLGX = 0.43 (CHCl::MeOH/95:5);'H NMR: (400 MHz, DMSO-
ds, ppn) & 9.22 (s, 1H, 2H),8.76 (s, 1H, 6H), 8.10 (d, IH; 3.3 Hz, 8H), 7.45-6.80 (M, 13H,.H,
6.57 (d, 1HJ = 3.4 Hz, 3H), 5.94 (d, 1H] = 6.2 Hz, 1'H), 5.11 (d, 1H] = 5.2 Hz, 3'OH), 4.48 (m,
1H, 2°'H), 4.10 (m, 2H, 4'H, 3'H), 3.73 (s, 6H, Og}B.29 (m, 2H, 5'H), 0.70 (s, 9H, SiC(Gk),-0.13
(s, 3H, SiCH),-0.25 (s, 3H, SiCh; *C NMR: (100.61 MHz, DMSQds, ppn) & 158.08 (dJ = 41.4
Hz, C4), 144.31 (DMTr), 142.14 (DMTr), 136.14 (DMTr135.68 (DMTr), 130.25 (), 128.29
(DMTY), 127.21 (G,), 126.62 (DMTr), 125.80 (DMTr), 124.26 (DMTr), 12®. (Cx), 116.61 (G)),
113.16 (G,), 108.90 (G,), 103.00 (G,), 99.88 (DMTr), 86.22 (C1°), 76.12 (C4), 72.25 (520.70
(C3"),126. 58 (C7), 125.27 (C8), 121.38 (C6), 108a5), 102.16 (C9), 97.13 (C3), 89.04 (C1"), 84.88
(C4), 73.90 (C2°), 70.21 (C3"), 64.42 (C5"), 55(@TH;), 26.08 (SiC(CH); ,18.32 (SiC(CH)s), -4.04
(SiCHs),-5.10 (SiCH); ESI-MS 668.3 ([M+H]).

1"-Deoxy-5"O-(4,4"-dimethoxytrityl)-2"- O-(tert-butyldimethylsilyl)-1"-(5 H-pyrrolo[3, 2-
d]pyrimidine-5-yl)- 3-D-ribofuranose cyanoethyl N,N-diisopropylphosphoramidite (19). To a
solution of 18 (156 mg, 0.23 mmol) in anhydrous MeCN (10 ml) abie (520ul, 3.9 mmol), 1-
methyl-1H-imidazole (4ul, 0.18 mmol), and 2-cyanoethyl diisopropylphosmidochloridite (78ul,
0.35 mmol) were added, and the resulting mixture stared for 15 min at 0 °C and then again stirred
for 45 min at room temperature under argon. Theti@a was quenched by addition of saturated
aqueous NaHCg the mixture was extracted three times with,Clk, and the organic phase was dried
(MgSQO,) and evaporated. The crude product was purifiedF®@y(CHCIl,/MeOH, 99:1). The product
(diastereomer mixture) was obtained as a white fodeld: 150 mg (73 %); TLCR = 0.58, 0.50
(CH.Cl::MeOH/95:5):*H NMR: (400 MHz, CDC}, ppm)$ 7.41-6.53 (m, 36H, K), 5.91 (d,J = 7,8

Hz , 2H, 1'H), 4.62 (m, 2H, 3'H), 4.20 (m, 2H, 2/K)73, 3.71 (s, 12H, OGH 3.51 (m, 6H, 5'H,
CH,CN), 3.23 (m, 2H, 3'H), 2,62 (m, 4H, OGH 1.18 (m, 12H, CH(CH),), 0.78, 0.75 (m, 18H,
SiC(CH)3),-0.22,-0.24,-0.46,-0.48 (s, 12H, SiQH'P NMR: (400 MHz, CDG, ppm)$ 150.81 and
148.92 (ratio 1: 4.2); ESI: m/z 869.1 ([M+H]

Oligonucleotide synthesis.The RNA oligomers were synthesized on the syntieedtxpedite 8905
(PerSpective Biosystejnsy phosphoamidite chemistry, with coupling tinoe modified monomers of

10 min. The fully protected dodecamers were cledvech the controlled-pore-glass (CPG) support
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with 1:3 ethanol:NH solution at 55 °C over 12 h. The 2’-silyl groupsre deprotected with a
triethylamine trihydrofluoride mixture for 24 h miom temperature (1,2). The crude RNA oligomer was
precipitated with BUOH at -80 C over 30 min, and thlly deprotected RNA was purified by means of
anion exchange HPLC (NucleoPac-PA-100). The pugowier was subsequently desalted (Sephadex-
G25). All ribonucleosides were characterized by NDMTOF-MS. The masses obtained were in good

agreement with the calculated ones.

UV melting curves. UV melting profiles of the RNA duplexes were reted in a phosphate buffer
(140 mM NaCl, 10 mM N#HPO, and 10 mM NakPQy, pH 7) with oligonucleotide concentrations of
2 um for each strand at wavelengths 260 nm and 2743)nE@ch melting curve was determined four
times. The errors off,, and thermodynamic data resulted from the standardation of the four
measurements of each duplex. The temperature naage)-80 °C with a heating rate of 0.5 °C/min.
The thermodynamic data were extracted from theingetturves by means of a two state model for the
transition from duplex to single strands (4).

CD spectra. CD spectra of RNA duplexes were recorded at 39D#20 with an oligonucleotide
concentration of 2M for each strand in a phosphate buffer containigIN(140m1, pH 7.0). The
measurements were performed at 10 °C to ensurenhatiuplex RNA was present.

HPLC Retention times. HPLC retention times were measured with the umetet! nucleosides with a
NucleoPac-PA-100 column. The eluation detergent avagsadient from 1 M LiCl buffer (pH 8.0) in
DEPC-water buffer (pH 8.0) from 0-70 % and a floixdcd ml/min.
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2. Computational methods
2.1 Target values of applied restrains

Target values for the angle restraints for thevealiase pairédU andGC were chosen according to
Stoferet al (5). For the wobble basBU, the target values were obtained from the NDBcstme
ARO0O009 (6). The target values for the base pawslining NNIs were obtained by measuring the angles
of a base pair when superimposed onto a canonifaltmA duplex RNA. Target values for the angle

restraints are given in Table S1.

Table S1.Target values of applied angle restraints

Angle 1 Angle 2 Angle 3 Angle 4
AU AN1-"N3-°N1=149°  “N1-°N3-°C3=150° “N3-"N1-°N3=150° “C8/N1-°N3 =158°
GC  °N1-°N3-°N1=147°  °N1-°N3-°C3=153° °N3-°N1-°N3=149°  ©C8°N1-°N3=158°
GU  °N1-N3-“N1=109° °N1-UN3-“C3=168> °N3-°N1-N3=172° ©C8°N1-YN3=121.5°
MA  “N1Mc3Mci=149°  AN1Mc3Mcs5=150°  AN3AN1-MC3=150° “C8/N1MC3=158°
MC  °N3Mc3Mci=158° °N3Mc3Mcs5=142°  ON1-°N3MC3=144° “C5°N3-MC3 =157°
EA AN1-Fc5FfC7 =155°  AN1-FC5FC2=153°  AN3-°N1-FC5=145°  “AC8/N1-FC5=163°
EC °N3-FC5FC7 = 147° °N3-Fcs5FC2 = 153° °N1-°N3-FC5 =149°  °C5°N3-FC5=158°
BA AN1-Bc3BCc1=149° “N1-Bc3BC5=150°  “N3-*N1-BC3=150° “C8/N1-°C3=158°
BC °N3-°c3fc1 = 157° °N3-PC3PC5=142°  °N1-°N3-°C3=144°  °C5°N3-°C3=157°
B*A  “Ni1fcsPci=149°  “N1-Pcs5PCc3=150°  AN3N1-°C5=150° “C8%N1-°C5=158°
PA AN1-"CceC5 = 152° AN1-"cefc2 = 152° AN3-AN1FC6 =144  AC8/N1-C6 = 164°
PC °N3-FceC5 = 148° °N3-fcefc2 = 156° °N1-°N3-FC6 = 147°  “C5°N3-"C6=177°
ZA AN14C74C6 =152°  AN1-°C74C2=152°  “N3-°N1-°C7=144° “C8/N1-“C7=164°

ZC

®N3-*C74C6 = 148°

®N3-2C74C2 = 156°

®N1-°N3-2C7= 147°

€C5°N3-%C7 = 177°
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2.2 Influence of simulation parameters

To test the influence of simulation conditions be tesulting free energy profiles, we performed PMF
calculations for the Watson-Crick base paW using either a cutoff for non-bonded interactions8

and 10 A (Figure S1) or a box size of 40 and 60Flfjure S2). In both cases, the observed differences
are within the statistical uncertainties (< 0.1lkoal™) of the computations. The only exceptions are the
values at the energy barrier in the case of diffelb®x sizes where the maximum difference betwhen t
two curves is 0.23 kcal mdl This discrepancy is most likely caused by differsampling of the high

energy state in the two simulations.

—=— Cutoff = 8.0 A
21 » — = Cutoff = 10.0 A

vf"&__

T

’
L
N f

PMF [kcal/mol]
v

r[A]

Figure S1.Free energy profiles ;AU as a function of the separation distance usirdgee# cutoff for
non-bonded interactions of 8.0 A (blue) or 10.0rédj.
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10 11

Figure S2.Free energy profiles &U as a function of the separation distance usirigees box size of

40.0 A (blue) or 60.0 A (red)

To investigate the influence of restraining thepgaiter angle on the free energy curves, free energy

profiles for the Watson-Crick base p&€C were computed with and without such restraintgufé S3).

PMF [kcal/mol]

4 - -
| —=— With propeller restraint

o > t‘_ —s=— Without propeller restraint
0+——
24 ‘
4] af

| e
-6 i..
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r [A]

Figure S3. Free energy profiles o6C as a function of the separation distance obtalmeckither

restraining the propeller angle (red) or not (blue)
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2.3 PMFs used for free energy decomposition
a)

PMF [kcal/mol]

PMF [kcal/mol]
e

Figure S4.Free energy profiles as a function of separatistadce for the base pairsA) and b)AB
obtained at 285 K (blue), 300 K (green), and 31(ad).
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3. Results
3.1 CD Spectra

4,5
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Figure S5.CD spectra of the investigated RNA 12mers (5"-CUUC XUU CUU-3" paired with 3"-
GAA AAG YAA GAA-5) measured at 10°C, where XP=(green) oiZ (red) and Y =A.
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