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Summaay: The “naked sugar” (+)-(IR,2R,4R)-2-cyano-7-oxabicyclo[2.2.l]hept-S-en-2-exo-y1 acetate 
((+)-3) was converted in teen synthetic steps into rhe new C-nucleoside (IR)-I-C-(6’~amino-7’H-purin- 
8’-yl)-l,4-anhydro-J-azido-2,3-dideoxy-D-erythro-pentitol ((+)-2) in 19% overall yield. 

AS a result of the considerable anti-HIV activity shown by AzT2v3 (3’~azido-3’-deoxythymidine: 1) 

there has recently been a big surge of interest in the synthesis of deoxygenated nucleoside analogues bearing 

an azido group on their sugar moiety.4-6 The C-nucleosides have also attracted a wide interest because of 

their biological activity.7*8 Recently, Watanabe and co-workers9 reported the synthesis of I-methyl-5(3- 

azido-2,3-dideoxy-B-D-erythro-pentafuranosyl)uracil, a C-nucleoside isostere of AZT. We present here a 

highly stereoselective synthesis of the new azido C-nucleoside (lR)-l-C-(6’-amino-7’H-purin-8’-yl)-l,4- 

anhydro-3-azido-2,3-dideoxy-D-eryrhro-pentitol ((+)-2) which was obtained by condensation of 4,5,6-t+ 

aminopyrimidine with the dimethyl acetal of 2,5-anhydro-3-azido-3,4-dideoxy-L-ribo-hexouronic acid. The 

latter compound was synthesized in six steps from the “naked sugar” ((+)-31° ((+)-(lR,2R,4R)-2-endo- 

cyano-7-oxabicyclo[2.2.l]hept-5-en-2-exo-y1 acetate) I1 following a similar approach to that we had 

developed in this laboratory for the total syntheses of 2,5-anhydro-3-deoxy-D-ribo-hexonic acid and related 

2’deoxyadenosine ((+)-4).12 
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Results and Discussion 

The one-pot transformation of the “naked sugar” (+)-3 into the chloro-enone (+)-513 was achieved in 

89% yield via addition of benzeneselenyl chloride, oxidative elimination of the PhSe moiety with H,02, and 

sapotication. Reduction of the ketone (+)-5 with NaBH4 in MeOH at -1OT afforded the endo-alcohol 

(+)-6, treatment of which with (CF3SO&0 and pyridine gave the triflate (+)-7.12 S,2 displacement of the 

trifh~ group by NaN3 in anhydrous DMF gave the corresponding exe-azido derivative (+)-8 in 93% yield. 

Ozonolysis of (+)-&I in anhydrous MeOH (-80°C) followed by work-up with Me$ and HC(OMe)3 afforded 

the dimethylacetal of the hexouronate (+)-9 (93%). Saponification of (+)-9 with NaHC4 in aqueous 

methanol (20% 11 days) gave (+)-lo (71%; on heating or/and using Na2C03 or NaOH instead of NaHC4 

led to lower yield) whose condensation with 4,5,6-triaminopyrimidine in the presence of N,N’-dicyclo- 

hexylcarbodiimide in CHsCN led to the amide (+)-11 (86%). An alternative lower yielding (71%) method of 

preparation of (+)-11 involved the treatment of (+)-lo first with ClCOOEt and Et3N, followed by the 

addition of 4,5,6_triaminopyrimidine in THF/DMF. 
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All attempts to dehydrate (+)-11 into the corresponding 6-amino-7H-purin-8-yl system under acidic 

conditions (H$30,+ heating) failed and led to polymeric material. Fortunately, heating (+)-11 in anhydrous 

DMF in the presence of an excess of anhydrous CsF (130°C, 20 h) afforded (+)-12 in 97% yield. Acidic 
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hydrolysis (HaSO4, THE, HaO) of the dimethyl acetal (+)-12 liberated the corresponding aldehyde which 

was reduced, without isolation, using NaBHsCN at 0°C to give the new C-nucleoside (+)-2 in 74% yield 

after purification by flash chromatography. 

The structure of all the new compounds ((+)-2, (+)-8 - (+)-12) presented here was established by 

their elemental analysis, spectral data, mode of formation, and reactivity. The relative exe configuration of 

the axido group in (+)-S was confirmed by the absence of vicinal coupling constant between the proton 

H-C(S) and the bridgehead proton H-C(4). l4 Confirmation that no epimerization had taken place at the 

“anomeric cent& of (+)-2 was established by its CD spectrum which showed a positive Cotton Effect, near 

260 nm, analogous with the CD spectrum of 2’-deoxy-adenosine-C ((+)-4), Cordycepin-C15 and other 

related C-nucleosides.‘* Furthermore, typical W type 4J coupling constant of 1.5 to 2 Hz were measured 

between the protons at C(2) and C(5) in (+)-lo, (+)-11 and (+)-12, and between the protons H-C(l) and 

H-C(4) in (+)-2, respectively. 

0.6 ae 
0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

080 

-0,l 

-0.2 

-0.3 

-0.4 

-0.5 

-0.6 

-0.7 

-0.6 

-0.9 

-1.0 

-1,l 

-1.2 

200 250 300 350 nm 

Figure. CD spectrum of (+)-2 measured in 95% EtOH 
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‘J(C,H) = 154 Hz, C(2)); 76.7 (d, ‘J(C,H) = 157 Hz, C(5)); 61.0 (d, ‘J(C,H) = 156 Hz, C(3)); 56.2.55.7 (2q 
2 MeO); 36.0 (t, ‘J(C,H) = 136 Hz, C(4)). MS (CI, NH$ m/z: 250 ([M + 18]+, 19), 249 ([M + 171+, lOO), 
217 (14), 75 (19). Anal. talc. for CsH,,N,OS (231.210): C 41.56, H 5.67, N 18.17; found: C 41.60, H 5.63, 
N 18.17. 

Dimethyl acetal of 2,5-anhydro-3-azido-3,4-dideoxy-D,L-ribo-hexouronic acid ((*)-lo). Prepared by the 
above procedures from (k)-7,12 (&)-lo had m.p. 53-55°C. 

Dimethyl acetal of 2,5-anhydro-3-azido-3,4-dideoxy-N-(4’,6’-diaminopyrimidin-5’-yl)-L-ribo-hexouron- 
amide ((+)-11). A mixture of (+)-lo (190 mg, 0.82 mmol), 4,5,6-triaminopyrimidine (liberated from its 
sulfate salt (Aldrich) by ion exchange chromatography17 on Dowex 5OW8, dried in a desiccator over 
PdO,e 1 atm., 2O’C; 108 mg, 0.86 mmol), anhydrous CH,CN (6 mL) and N,N’-dicyclohexylcarbodiimide 
(213 mg, 1.03 mmol) was stirred at 20°C for 2f days (TLC control on silica gel, C?12C12/MeOH 1O:l). 
MeOH (38 mL) was added and the solvent was distilled off under reduced pressure (180 Torr, bath 
temperature: 3O’C) yielding a white solid that was dissolved in a minimum amount of MeOH. Silica gel (5.6 
g) and CH2Cl2 (20 mL, 3 times) were added and the solvent distilled off under reduced pressure (rotavap), 
first under 350 Torr, then at 15 Torr. The solid was placed on top of a column of silica gel (20 g, silica 
gel-60) and eluted with CH2C1JMeOH 50: 1 first, then with CH2C1#4eOH 20~1 and finally with 
CH&/MeOH 1O:l. The main fraction was recrystallized from methanol, yielding 239 mg (86%), 
colourless solid, m.p. 162-163’C. [cz]~~, = +413, [alZ,,, = +349, [a]“,,= +137, [a]25577 = +81, [al255s9 
= +99 (C = 0.105, MeOH). IR (KBr) v: 3470, 3290, 3100,2090, 1678, 1635, 1579, 1475, 1100, 1010,718 
cm-‘. ‘H-NMR (250 MHz, CDC13 &,: 8.21 (s, CONH); 8.01 (s, H-C(2’)); 5.12 (s, 4H, 2 NH,); 4.79 (br.t, 3J 
= 4.0, 4J = 2.0 Hz, H-C(5)); 4.46 (m, 3J = 4.0,2.0, 4J = 2.0 Hz, H-C(2)); 4.18 (dt, 3J = 6.0, 2.0 Hz, H-C(3)); 
4.16 (d, 3J = 4 Hz, H-C(l)); 3.77, 3.78 (2s, 2 MeO); 2.48 (m, H,C(4)). 13C-NMR (62.9 MHz, CDCl3) &: 
171.3 (s, C(6)); 158.5 (d, ‘.f(C,H) = 11 Hz, C(4’), C(6’)); 156.3 (d, ‘J(C,H) = 198 Hz, C(2’)); 103.1 (d, 
‘J(C,H) = 161 Hz, C(1)); 96.6 (s, C(5’)); 83.7 (d, ‘J(C,H) = 152 Hz, C(2)); 78.6 (d, ‘J(C,H) = 194 Hz, C(5)); 
61.7 (d, ‘J(C,H) = 149 Hz, C(3)); 56.1,54.8 (2q, 2 MeO); 35.8 (t, lJ(C,H) = 136 Hz, C(4)). MS (70 eV) m/z: 
338 (M+‘, 30), 152 (12), 136 (12), 125 (16), 124 (lo), 86 (13), 75 (lOO), 55 (24). Anal. talc. for C12H1sNs04 
(338.328): C 42.60, H 5.36, N 33.12; found: C 42.76, H 5.47, N 32.99. 

Dimethyl acetal of 2,5-anhydro-3-azido-3,4-dideoxy-N-(4’,6’-diaminopyrimidin-5’-yl)-D,L-ribo-hexo- 
uronamide ((f)-11). Prepared by the above procedure from (+)-lo, (f)-11 had m.p. 203-204’C. Anal. talc. 
for C#,sNsO4 (338.328): C 42.60, H 5.36, N 33.12; found: C 42.53, H 5.44, N 33.00. 

Dimethyl acetal of (+)-(5R)-5-C-(6’-amino-7’H-purin-8’-yl)-2,5-anhy~o-3-azido-3,4-did~xy-L-e~thro- 
pentose ((+)-12). A mixture of (+)-11 (108.6 mg, 0.32 mmol; dried overnight under vacuum over P40& 
anhydrous CsF (336 mg, 2.22 mmol) and anhydrous DMF (3.6 nL) was placed in a 10 mL flask dried under 
Ar in a flame. The mixture was stirred at 1 30°C for 20 h. After cooling to 20°C, CH,Cl,/MeOH 1:l (10 mL) 
was added. The mixture was filtered through silica gel -60 (3 g, rinsing with 38 mL MeOH). The solvent 
was distilled off in vacua (10e2 Torr). The yellowish residue was mixed with silica gel (5.5 g) and a minimal 
amount of CH2Cl#4eOH 1: 1. After solvent evaporation, the solid mixture was placed on top of a silica gel 
(28 g) column and eluted with CH,CI,, then with CH2C12/MeOH lOO:l, then CH2C12/MeOH 1002 and 
finally with CH&12/MeOH 100:3, giving 59.4 mg (97%), white solid that was recrystallized form MeOH. 
M.p. 167-169’C. [@,, = +266, [a]25435 = +221, [a]25546= +80, [cr]25577 = +41, [IX]~~~~ = +45 (c = 0.140, 
EtOH 95%). IR (KBr) v: 2090, 1712, 1390, 1420, 1300, 1090 cm- ‘. ‘H-NMR (250 MHz, CD,OD) &: 8.18 
(s, H-C(2’)); 5.28 (br.dd, 3J = 8.0, 6.5, 4J(H-C(2),(5)) = 1.5 Hz, H-C(5)); 4.44 (dd, 3J = 7.1,3.5 Hz, H-C(3)); 
4.09 (br.dd, 3J = 5.0, 3.2, 4J = 1.5 Hz, H-C(2)); 3.47, 3.43 (2s, 2 MeO); 2.61 (ddd, 2J = 13.0, 3J = 8.0, 7.1 
Hz, H-C(4) anti to azido); 2.45 (ddd, 2J = 13.0, 3J = 6.5, 3.2 HZ, H-C(4) syn with respect to azido). 
13c-NMR (62.9 MHz, CD3SOCD3) 8,: 152.3 (d, ‘J(C,H) = 198 Hz, C(2’)); 103.9 (d, ‘J(C,H) = 163 Hz, 
C(5)); 84.1 (d, ‘J(C,H) = 150 Hz, C(4)); 74.0 (d, ‘J(C,H) = 150 Hz, C(1)); 62.0 (d, ‘J(C,H) = 152 Hz, C(3)); 
55.5,54.1 (2q, 2 MeO); 36.2 (t. ‘J(C,H) = 135 Hz, C(2)). MS (70 eV) m/z: 321 ([M + l]+, 5). 320 CM+‘, 1.3). 
289 (l), 278 (3), 161 (2), 134 (2), 111 (2), 85 (2), 76 (7), 75 (lOO), 71 (2). Anal. talc. for C12H1sNs03 
(338.328): C 45.00, H 5.03, N 34.98; found: C 44.99, H 5.07, N 34.97. 
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Dimethyl acetal of (f)-(SRS)-5-C-(6’-amino-7’H-purin-S’-yl)-2,S-anhydro-3-~d~3,4-dideoxy-D,L- 
erythro-pentose ((i)-12). Prepared by the above procedure from (k)-11, (+)-12 had m.p. 211’C. Anal. talc. 
for C12HtsNsO3 (338.328): C 45.00, H 5.03, N 34.98; found: C 44.96, H 4.92, N 34.82. 

(lR)-l-C-(6’-Amino-7’H-purin-8’-yl)-l,4-anhydro-3-azido-2,3-dideoxy-D-erythro-pentitol ((+)-2). A 
mixture of (+)-I2 (218 mg, 0.68 mmol), 15% aqueous H,SO, (1.1 mL), THF (9 mL) and H,O (4 mL) was 
stirred at 90°C for 3 days under Ar atmosphere. After cooling to O’C, NaBH,CN (48 mg, 0.7 mmol) was 
added and the mixture stirred at 20°C for 40 min (TLC control, CH2C12/MeOH l&l). 15% Aqueous 
ammonia was added until pH 8-9 and the solvent was distilled off in vacua (20 Torr, bath temperature: 
40°C). The residue was dried in a desiccator over P&n (1 atm.). The white powder was extracted with 
CH&l#bIeOH 1:l (15 mL, 6 times). The combined extracts were dried (MgS04) and the solvent was 
d&i&d off in vacua. The residue was purified by FC (8 g silica gel; CH,C12/MeOH 50: 1 to CH2C12/MeOH 
25:3) yielding a fist fraction containing 40 mg of (+)-12, and a second fraction affording 111.6 mg (74%) of 
(+I-& colourless solid, recrystallized form 95% EtOH, m.p. 210-2ll’C. [cc]*~~,,~ = +338, [a]25435 = +284, 
[u&j= +112, [a]25 577 = +68, [a]25,, = +70 (c = 0.125, 95% EtOH). Circular dichroism: AC (262 nm) = 
+0.632 (c = 2.26*10a M, 95% EtOH, see Figure). UV (95% EtOH) k,, = 212 nm (t = 22500), 264 (14500). 
IR 0 v: 3320,3120,2920,2100, 1660,1610, 1305 cm- t. ‘H-NMR (250 MHz, CD$OCD3) &.,: 8.12 (s, 
H-C(2’)); 6.76 (s, NH2); 5.14 (brdd, J = 7, 6.5, 4J = 2 Hz, H-C(l)); 4.30 (ddd, J = 9, 7, 3.1 Hz, H-C(3)); 
3.74 @r.dt, J = 9,5, 4J = 2 Hz, H-C(4)); 3.56 (d, J = 5 Hz, H2C(5)); 3.10 (s, OH); 2.58 (ddd, 2J = 13, J = 7,7 
Hz, &-C(2)); 2.36 (ddd, *J = 13, J = 6.5, 3.1 Hz, Hendo -C(2)). 13C-NMR (62.9 MHz, CD3SOCD3) &: 
154.7 (s, Cd; 152.2 (d, ‘J(C,H) = 196 Hz, C(2’)); 151.1 (s, Cquat); 85.0 (d, ‘J(C,H) = 148 Hz, C(4)); 73.9 
(d, ‘J(C.H) = 149 Hz, C(1)); 62.1 (d, ‘J(C,H) = 153 Hz, C(5)); 61.6 (t. ‘J(C,H) = 141 Hz, C(5)); 36.5 (t, 
‘J(W) = 135 Hz, C(2)). (The two other quat. carbon centres were not visible). MS (70 eV) m/z: 277 ([M + 
ll+, 22). 276 (M+‘, 18), 236 (2), 204 (22), 168 (27), 134 (24), 123 (38), 106 (68), 82 (lOO), 75 (59). Anal. 
cak. for C&-It2Ns02 (276.260): C 43.48, H 4.38, N 40.56; found: C 43.41, H 4.46, N 40.54. 

(1RS)-l-C-(6’-Amino-7’H-purin-8’-yl)-1,4-anhydro-3-azido-2,3-dideoxy-D,L-e~r~~o~pentitol ((+1-Q. 
Prepared by the above procedure form (f)-12; (f)-2 had m.p. 212’C. Anal. talc. for C10H12Ns02 (276.260): 
C 43.48, H 4.38, N 40.56; found: C 43.42, H 4.45, N 40.45. 
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