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Synthesis of the Guanine α-L-LNA Nucleoside 35 from Furanose 26

Synthesis of the guanine α-L-LNA nucleoside 35 is outlined in Scheme S1. Direct

coupling of a carbohydrate derivative with guanine-type bases often produces N7/N9

isomeric mixtures that are difficult to separate.1 In order to avoid the formation of the N7-

regioisomer, we applied a slightly modified procedure2 for the regioselective synthesis of

the N9-regioisomeric guanine α-L-LNA nucleosides. 2-N-Acetyl-6-O-

(diphenylcarbamoyl)guanine2b was silylated using N,O-bis(trimethylsilyl)acetamide in

anhydrous 1,2-dichloroethane. The silylated guanine base was then coupled with the

furanose 26 in toluene at 80 oC with trimethylsilyltriflate as Lewis acid affording

nucleoside 30 in 59% yield. Selective deacylation of the 2’-O-acetyl group to give

intermediate 31 in 95% yield was accomplished using half-saturated methanolic ammonia.

Subsequent reaction with trifluoromethanesulfonic anhydride in a mixture of pyridine and

dichloromethane afforded the 2’-O-triflate intermediate according to analytical TLC.

Without purification, this intermediate was immediately reacted with potassium acetate in

the presence of 18-crown-6 in toluene to yield the C2’-epimeric nucleoside 32 in 46%

yield. The 2’-O-acetyl group was chemoselectively deacylated using half saturated

methanolic ammonia giving compound 33 in 96% yield. Ring closure of nucleoside 33 was

performed using sodium hydride in THF at 0 oC. The remaining 5'-O-mesyl group was

subsequently substituted with an acetate group by reaction with potassium acetate in the

presence of 18-crown-6 in dioxane. The crude product obtained was then directly subjected

to treatment with saturated methanolic ammonia at room temperature to give nucleoside 34
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in 35% yield from 33. The C2 exocyclic amino group of 34 was protected using a transient

protection protocol (O-trimethylsilylation with chlorotrimethylsilane in pyridine, 2-N-

protection with isobutyric anhydride, and desilylation) to give nucleoside 35 in 72% yield.

Attempted debenzylation of 35 with ammonium formate and Pd/C gave a mixture of

several products (according to analytical TLC and NMR spectroscopy) which in our hands

proved impossible to separate.

Scheme S1.a Synthesis of the α-L-LNA Guanine Nucleoside 35

a Reagents, conditions and yields: (i) a) BSA, DCE, 80 oC; b) 26, TMSOTf, toluene, 80 oC

(59%); (ii) half-sat. NH3 in MeOH, 0 oC (95%); (iii) a) Tf2O, pyridine, CH2Cl2, -30 oC; b)

KOAc, 18-crown-6, toluene, 80 oC (46%); (iv) half-sat. NH3 in MeOH, 0 oC (96%); (v) a)
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NaH, THF, 0 oC; b) KOAc, 18-crown-6, dioxane, 80 oC; c) sat. NH3 in MeOH, rt (35%);

(vi) a) TMSCl, pyridine, rt; b) (i-PrCO)2O, pyridine, rt (72%).
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Experimental Procedures for Conversion of Furanose 26 into Nucleoside 35

9-(2-O-Acetyl-3-O-benzyl-5-O-methanesulfonyl-4-C-methanesulfonyloxymethyl-α-

L-threo-pentofuranosyl)-2-N-acetyl-6-O-(diphenylcarbamoyl)guanine (30). N,O-

Bis(trimethylsilyl)acetamide (2.74 mL, 11.2 mmol) was added to a suspension of 2-N-

acetyl-6-O-(diphenylcarbamoyl)guanine2b (3.29 g, 8.48 mmol) in anhydrous 1,2-

dichloroethane (280 mL), and stirring was continued at 80 °C for 15 min. The clear solution

was evaporated to dryness under reduced pressure, the residue was dissolved in anhydrous

toluene (60 mL), and TMS-triflate (1.53 mL, 8.47 mmol) followed by a solution of

furanose 26 (2.88 g, 5.65 mmol) in anhydrous toluene (60 mL) were added. The mixture

was stirred at 80 °C for 1 h and then cooled to room temperature whereupon EtOAc (100

mL) was added. The resulting mixture was washed successively with a saturated aqueous

solution of NaHCO3 (80 mL) and brine (80 mL), dried (Na2SO4), and evaporated to dryness

under reduced pressure. The residue was purified by silica gel column chromatography

using MeOH/CH2Cl2 (0-5% MeOH, v/v) as eluent yielding nucleoside 30 (2.77 g, 59%) as
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a clear oil. FAB-MS m/z 839 [M + H]+; 1H NMR (CDCl3) δ 8.17 (s, 1H), 8.01 (s, 1H),

7.37-7.14 (m, 15H), 6.17 (s, 1H), 5.81 (s, 1H), 4.40 (m, 7H), 2.92 (s, 3H), 2.91 (s, 3H), 2.39

(s, 3H), 2.07 (s, 3H); 13C NMR (CDCl3) δ 195.5, 169.4, 156.3, 154.3, 152.3, 150.2, 141.9,

135.8, 129.5, 129.4, 129.2, 128.8, 128.6, 128.4, 128.4, 127.4, 127.2, 127.0, 120.9, 87.6,

86.0, 81.2, 79.2, 67.3, 65.5, 37.7, 37.6, 25.1, 20.6.

2-N-Acetyl-9-(3-O-benzyl-5-O-methanesulfonyl-4-C-(methanesulfonyloxymethyl)-

α-L-threo-pentofuranosyl)-6-O-(diphenylcarbamoyl)guanine (31). To a solution of

nucleoside 30 (3.62 g, 4.32 mmol) in MeOH (25 mL) was added a saturated solution of

NH3 in MeOH (25 mL). The solution was stirred at 0 °C for 30 min and evaporated to

dryness. The residue was coevaporated with toluene (2 x 20 mL) and purified by silica gel

column chromatography using MeOH/CH2Cl2 (0-5% MeOH, v/v) as eluent yielding

nucleoside 31 (3.29 g, 95%) as a white foam. FAB-MS m/z 797 [M + H]+; 1H NMR

(CDCl3) δ 8.61 (s, 1H), 8.21 (s, 1H), 7.44-7.22 (m, 15H), 6.21 (s, 1H), 6.08 (d, 1H, J 5.7

Hz), 4.97-4.26 (m, 8H), 2.98 (s, 3H, Ms), 2.83 (s, 3H, Ms), 2.07 (s, 3H, NHAc); 13C NMR

(CDCl3) δ 168.9, 155.9, 153.9, 151.1, 150.5, 142.3, 137.0, 129.2, 129.0, 128.7, 128.5,

128.4, 128.2, 128.1, 127.5, 127.4, 127.1, 126.9, 121.0, 89.3, 83.2, 82.5, 79.6, 73.2, 68.1,

37.5, 37.3, 24.8.

9-(2-O-Acetyl-3-O-benzyl-5-O-methanesulfonyl-4-C-(methanesulfonyloxymethyl)-

α-L-erythro-pentofuranosyl)-2-N-acetyl-6-O-(diphenylcarbamoyl)guanine (32).

Nucleoside 31 (1.20 g, 1.51 mmol) was coevaporated with anhydrous pyridine (2 x 10 mL),

and the residue was dissolved in a mixture of anhydrous CH2Cl2 (30 mL) and anhydrous

pyridine (6 mL). The reaction mixture was cooled to -30 °C and trifluoromethanesulfonic
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anhydride (0.68 mL, 4.07 mmol) was added dropwise under stirring. After 2 h, the mixture

was diluted by addition of CH2Cl2 (100 mL), and washing was performed using a saturated

aqueous solution of NaHCO3 (100 mL). The separated organic phase was dried (Na2SO4)

and evaporated to dryness under reduced pressure. The residue was coevaporated using

anhydrous toluene (2 x 20 mL) and dissolved in anhydrous toluene (45 mL). KOAc (0.74 g,

2.53 mmol) and 18-crown-6 (1.4 g, 5.27 mmol) were added and the reaction mixture was

stirred for 40 min at 80 °C. The reaction mixture was evaporated to dryness under reduced

pressure, and the residue was purified by silica gel column chromatography using

MeOH/CH2Cl2 (0-5% MeOH, v/v) as eluent affording nucleoside 32 (0.59 g, 46%) as a

yellowish oil. FAB-MS m/z 839 [M + H]+; 1H NMR (CDCl3) δ 8.44 (s, 1H), 8.26 (s, 1H),

7.44-7.25 (m, 15H), 6.60 (d, 1H, J 4.1 Hz), 5.69 (m, 1H), 4.80-4.30 (m, 7H), 3.04 (s, 3H),

2.99 (s, 3H), 2.48 (s, 3H), 2.02 (s, 3H); 13C NMR (CDCl3) δ 187.2, 168.2, 151.1, 154.7,

152.3, 150.2, 143.2, 141.6, 136.0, 129.2, 128.8, 128.7, 128.4, 127.3, 127.2, 127.0, 126.6,

126.4, 120.2, 82.5, 82.2, 78.4, 74.7, 70.5, 68.1, 67.7, 37.9, 37.7, 25.1, 20.4.

2-N-Acetyl-9-(3-O-benzyl-5-O-methanesulfonyl-4-C-(methanesulfonyloxymethyl)-

α-L-erythro-pentofuranosyl)-6-O-(diphenylcarbamoyl)guanine (33). To a stirred

solution of nucleoside 32 (1.50 g, 1.79 mmol) in MeOH (28 mL) was added a saturated

solution of NH3 in MeOH (28 mL) at 0 °C. The solution was stirred at 0 °C for 30 min and

then evaporated to dryness under reduced pressure. The residue was coevaporated with

toluene (2 x 10 mL) and purified by silica gel column chromatography using

MeOH/CH2Cl2 (0-5% MeOH, v/v) as eluent yielding nucleoside 33 (1.38 g, 96%) as a

yellowish solid material which was used in the next step without further purification. FAB-
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MS m/z 797 [M + H]+; 1H NMR ((CD3)2SO) δ 10.72 (s, 1H, D2O exchangable), 8.53 (s,

1H), 7.52-7.31 (m, 15H), 6.44 (d, 1H, J 4.3 Hz), 6.19 (d, 1H, D2O exchangable, J 5.1 Hz),

4.80-4.40 (m, 8H), 3.26 (s, 3H), 3.25 (s, 3H), 2.20 (s, 3H); 13C NMR ((CD3)2SO) δ 168.2,

154.7, 152.3, 150.2, 145.1, 141.7, 137.6, 129.6, 128.5, 128.0, 127.9, 127.4, 127.1, 127.0,

119.6, 83.9, 82.1, 79.5, 72.6, 69.1, 68.9, 68.9, 37.1, 36.9, 24.6.

(1R,3R,4S,7R)-7-Benzyloxy-3-(guanin-9-yl)-1-hydroxymethyl-2,5-

dioxabicyclo[2.2.1]heptane (34). Nucleoside 33 (0.57 g, 0.72 mmol) was coevaporated

with anhydrous toluene (2 x 10 mL) and dissolved in anhydrous THF (18 mL). The solution

was cooled to 0 °C and NaH (31 mg, 0.79 mmol) was added. The reaction mixture was

stirred at 0 °C for 1h and then evaporated to dryness under reduced pressure. The residue

was dissoved in dichloromethane (50 mL), and extraction was performed using a saturated

aqueous solution of NaHCO3 (20 mL). The separated organic phase was dried (Na2SO4)

and evaporated to dryness under reduced pressure. The residue was dissolved in 1,4-

dioxane (18 mL) whereupon KOAc (0.35 g, 3.60 mmol) and 18-crown-6 (0.38 g, 1.44

mmol) were added. The reaction mixture was stirred for 18 h at 80 °C and then evaporated

to dryness under reduced pressure. A saturated solution of NH3 in MeOH (25 mL) was

added and stirring was continued for 24 h at room temperature. The reaction mixture was

evaporated to dryness under reduced pressure, and the residue was coevaporated with

toluene (2 x 20 mL) and purified by silica gel column chromatography using MeOH/AcOEt

(0-15% MeOH, v/v) as eluent affording nucleoside 34 (96 mg, 35%) as a white solid

material. FAB-MS m/z 386 [M +H ]+; 1H NMR ((CD3)2SO) δ 7.89 (s, 1H), 7.39-7.30 (m,

8H), 6.06 (s, 1H), 4.68 (d, 2H, J 3.0 Hz), 4.63 (s, 1H), 4.36 (s, 1H), 4.07-3.99 (m, 2H),
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3.70-3.55 (m, 3H); 13C NMR ((CD3)2SO) δ 174.3, 155.5, 151.4, 137.9, 134.3, 128.3, 127.6,

127.5, 89.4, 82.9, 79.6, 76.7, 73.0, 71.0, 69.4.

(1R,3R,4S,7R)-7-Benzyloxy-1-hydroxymethyl-3-(2-N-isobutyrylguanin-9-yl)-2,5-

dioxabicyclo[2.2.1]heptane (35). To nucleoside 34 (0.14 g, 0.36 mmol) dissolved in

anhydrous pyridine (4 mL) was added chlorotrimethylsilane (0.45 mL, 3.58 mmol). After

stirring for 15 min, isobutyric anhydride (0.59 mL, 3.58 mmol) was added and the mixture

was stirred for 3 h at room temperature. The mixture was subsequently cooled to 0 oC and a

saturated aqueous solution of NaHCO3 (10 mL) was added. The mixture was stirred for 15

min at room temperature and then extracted with AcOEt (15 mL). The separated organic

phase was washed with brine (10 mL), dried (Na2SO4) and evaporated to dryness under

reduced pressure. The residue was coevaporated with toluene (2 x 10 mL) and purified by

silica gel column chromatography using MeOH/AcOEt (0-15%, v/v) as eluent yielding

nucleoside 35 (0.12 g, 72%) as a white solid material. FAB-MS m/z 456 [M + H]+; 1H

NMR (CD3OD) δ 8.05 (s, 1H), 7.36 (s, 1H), 7.32-7.20 (m, 6H), 6.04 (s, 1H), 4.60 (s, 2H),

4.47 (s, 1H), 4.23 (s, 1H), 4.06 (d, 1H, J 8.4 Hz), 3.91 (d, 1H, J 8.2 Hz), 3.78 (s, 2H), 3.52

(s, 1H), 2.51 (q, 1H, J 7.0 Hz), 1.1 (m, 6H); 13C NMR (CD3OD) δ 179.7, 155.6, 148.4,

147.8, 137.5, 136.7, 128.1, 127.7, 127.2, 119.5, 89.8, 84.5, 79.0, 72.9, 71.8, 69.7, 57.0,

35.5, 18.3, 18.2.

Copies of 13C NMR spectra of Compounds 7, 8, 11, 14, 16, 19, 20, 21, 22, 26, 27, 28, 29,

30, 31, 32, 34 and 35, copies of selected NOE spectra of compound 20, and copies of 31P

NMR spectra of compounds 9 and 23.


















































