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NUCLEOSIDES & NUCLEOTIDES, 17(7), 1255-1266 (1998) 

SYNTHESIS, ANTIVIRAL AND CYTOSTATIC ACTIVITIES OF 
CARBOCYCLIC NUCLEOSIDES INCORPORATING A MODIFIED 

CYCLOPENTANE RING. PART 2:' ADENOSINE AND URIDINE ANALOGUES. 

M. 1. Nieto,a J. M. Blanco,' 0. Caamafio,*a F. Fernandez,' X. Garcia-Mera,a J. Balzarini," 
E. Padalko; J. Neytsb and E. De Clercqb 

a Departamento de Quimica Organica, Facultade de Farmacia, Universidade de 
Santiago, E-I5 706 Santiago de Compostela, Spain. 

Rega Institute for Medical Research, Katholieke Universiteit Leuven, B-3000 Leuven, 
Belgium. 

Abstract: Six new carbocyclic nucleosides were prepared by mounting a purine 
(compounds 5-7), 8-azapurine (compounds 9 and 10) or pyrimidine (compound 13) base 
on the amino group of (1 R,cis)-3-(aminomethyl)-1,2,2-trimethylcyclopentylmethanol (2). 
The antiviral activity of compounds 5-7, 10 and 13, and their cytostatic activity, were 
evaluated. At subtoxic concentrations, the compounds showed no or marginal antiviral 
activity. Compound 5 showed moderate inhibition on tumor cell proliferation. 

In the search for new antitumor and antiviral therapeutic agents, much recent 

attention has been focused on carbocyclic n~cleosides.~ The potent antiviral properties 

displayed by carbovir (1)3 and aristeromycin (2)4 prompted us to search for congeners of 

these compounds with a modified cyclopentane moiety that might have similar or 

improved antiviral properties. Previously, we have prepared carbocyclic analogues of 

guanine and 8-azaguanine homo-nucleosides with a trimethylcyclopentane ring and 

evaluated their antiviral and antineoplasic activities.' In the present work, we report the 

synthesis and biological evaluation of parallel carbocyclic analogues of adenine, 8- 

azaadenine and uracil homo-nucleosides. 
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1256 NIETO ET AL. 

Hi0 OH 

The synthesis of adenosine and 8-azaadenosine analogues is detailed in Scheme 1. In 

both cases, the base was constructed on the amino group of the precursor (1R,cis)-3- 

(aminomethyl)-1,2,2-trimethylcyclopentylmethanol (3).5 Briefly, 3 was condensed with 5- 

amino-4,5-dichloropyrimidine following already described method$ then cyclization of 

the resulting pyrimidinylamino compound 4 in triethyl orthoformate gave the 9- 

substituted-6-chloropurine 5, which was hydrolysed in dilute sodium hydroxide to the 

inosine analogue 6 or aminated to the adenine derivative 7 in liquid ammonia. To obtain 

the corresponding 8-aza analogues, the triazole ring was formed by diazotation of 4 with 

sodium nitrite in hydrochloric acid' or acetic acid, to afford the 6-chloro-8-azapurine 

analogue 8 (not isolated), which was left overnight in the aqueous medium to form the 8- 

azainosine analogue 9, or converted to 10, by reaction with boiling aqueous ammonia. 

The uridine analogue was obtained by a route based on the acryloylurea variant' of 

the Shaw synthesis of 2,4-( lH,3H)-pyrirnidinediones (Scheme 2). Briefly, 3- 

methoxypropenoyl isocyanate (1 1) (prepared and used under rigorously anhydrous 

 condition^)^ was reacted with 3 to obtain the acryloylurea 12, which was then cyclized in 

basic solution by a conventional method," affording 13 in 86% yield. 

The activities of compounds 5-7, 9, 10 and 13 against a variety of DNA and RNA 

viruses, and also their cytotoxicities for several host cell lines, were evaluated, and the 

results were compared to the corresponding data for standard drugs with known 

antiviral activities (Tables 1 and 2). At subtoxic concentrations the compounds generally 

showed no activity or only marginal activity against the viruses tested. However, 

compound 5 showed a moderate activity against influenza virus type B (Table 2). 

Similarly, at subtoxic concentrations none of the compounds were active against HIV-1 or 

HIV-2 in CEM cells (data not shown). 
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CYCLOPENTANE-MODIFIED CARBOCYCLIC NUCLEOSIDES. I1 1257 

a) 5-Amino-4,6-dichloropyrimidine, EtsN, butanol, reflux, 44 h; h) CH(OEt)3, 12 N HCI, r. t., 
18 h; c) 0.33 N NaOH, reflux, 6.5 h; d) Nm, MeOH, 78T,  84 h; e) N a N e ,  AcOH or 1N HCI, 
O°C;f) H20, r.t., 18 h; g) NmOH, reflux, 5 min. 

Scheme 1 

a) C& DMF, ct., overnight; b) 3 O 0 / o ~ , 0 E t  Itflux, 15 h. 

Scheme 2 
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Compounds 5-7, 9, 10 and 13 were also tested for cytostatic activity against two 

tumor cell lines. The most active compound was compound 5, which was moderately 

effective in inhibiting the proliferation of human T-lymphocytes (Table 3). 

Experimental 

Silica gel (230 mesh) was purchased from Merck. 3-Methoxypropenoyl chloride 

was prepared from methyl 3-methoxypropenoate following a procedure similar to that 

used by Shaw to prepare the analogous 3-ethoxy deri~ative.~” All other chemicals used 

were of reagent grade and were obtained from Aldrich Chemical Co. Melting points were 

measured on a Reichert Kofler Thermopan and are uncorrected; Na-D line polarimetry 

was carried out at 25OC in a Perkin-Elmer 241 polarimeter; infrared spectra were recorded 

in a Perkin-Elmer FTIR 1640 spectrometer; ‘H NMR and 13C NMR spectra were 

recorded in a Bruker AMX 300 spectrometer and mass spectra were recorded on a Kratos 

MS-59 spectrometer. 

(1R,cis)-3-[(5-Amino-6-chloropyrimidin-4-yl)aminomethyl]-l,2,2-trimethyl- 

cyclopentylmethanol (4). Freshly prepared 3 (1.67 g, 9.76 mmol), 5-amino-4,6- 

dichloropyrimidine (2 g, 12.19 mmol), triethylamine (10.6 mL) and 1-butanol (53 mL) 

were refluxed under argon for 44 h. Afler evaporation of the volatile solvents, the residue 

(5.16 g) was pre-adsorbed on silica gel, packed on top of a silica gel column (155 g) and 

chromatographed with 7.5:l CH2CIdMeOH as eluant, to isolate 4 (2.69 g, 92%) as a 

solid. An analytical sample was obtained by recrystallization from 9: 1 EtOAdhexane. 

M.p. 212-214°C. [ag5 +53.52 (c 1.05, MeOH). IR (Kl3r): 3345, 3255, 2956, 2870, 

1654, 1586, 1458, 1424, 1017 cm-’. ’H NMR @MSO-d6) 6:  0.77 (s, 3H, CH3), 0.90 (s, 

3H, CH3), 0.94 (s, 3H, CH3), 1.15-1.27 (m, 2H), 1.44-1.49 (m, lH), 1.85-1.89 (m, lH), 

2.09-2.14 (m, lH), 3.17-3.26 (rn, 2H), 3.31-3.43 (m, 2H), 4.34 (t, lH, J =  4.9 Hz, D20 

exchang., OH ) 5.03 (s, 2H, D20 exchang., NH2), 6.56 (t, lH, J =  4.6 Hz, D20 exchang., 

NH), 7.70 (s, lH, H-2’). 13C NMR (DMSO-d6) 6:  18.28, 21.50, 23.88, 26.80, 33.91, 

43.32, 43.95, 47.22, 48.56, 67.53, 123.71, 136.80, 146.02, 152.40. Anal. Calcd. for 

C14H~3ClN40: C, 56.27; H, 7.76; N, 18.75. Found: C, 56.19; H, 7.93; N, 18.69. 

(1R,cis)-3-(6-Chloro-9H-purin-9-ylmethyl)-1,2,2-trimethylcyclopentylmethanol 

(5). A mixture of 4 (2.23 g, 7.49 mmol), triethyl orthoformate (41.3 mL, 368 mmol), and 
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CYCLOPENTANE-MODIFIED CARBOCYCLIC NUCLEOSIDES . I1 1261 

12N HCl (0.50 mL) was stirred overnight. The resulting suspension was evaporated to 

dryness in VCICUO, and the residue was treated with 0.5N HCI (156 mL) for 3 h at room 

temperature, whereupon the mixture was adjusted to pH 8 with IN NaOH. The solvents 

were evaporated, and the crude product (7.56 g) was triturated in EtOH (30 mL), which 

was then filtered to remove undissolved NaCI. The EtOH was evaporated, to leave a pale 

yellow solid (3.15 g), which was chromatographed on silica gel (50 g) eluting with 9:l 

EtOAchexane to isolate 5 (1.02 g, 44%) as a white solid. An analytical sample was 

obtained by recrystallization from 4: 1 EtOAdhexane. M.p. 139-141°C. [a]$5 +35.86 (c 

1.01, MeOH). IR (KBr) : 3412, 2961, 2872, 1593, 1560, 1402, 1329, 1184, 1026, 947 

cm-'. 'H NMR OMSO-&) 6: 0.86 (s, 3H, CH:), 0.87 (s, 3H, CH& 0.92 (s, 3H, CH3), 

1.11-1.18 (m, lH), 1.38-1.51 (m, 3H), 2.44-2.50 (m, lH), 3.19 and 3.37 (AT3 part of 

ABX system, 2H, JAB = 10.7 Hz, J A X  = 4.7 Hz, JBx = 5.1 Hz, simplifies to a AB system 

on D2O exchange, CHzOH), 4.11 and 4.32 (AT3 part of a ABX system, 2H, JAB = 13.5 

Hz, JAX = 10.4 Hz, J B ~  = 4.8 Hz, CHzN), 4.38 (t, lH, J = 4.9 Hz, D2O exchang., OH), 

8.77 (s, 2H, purine H-2 + H-8). ':C NMR (DMSO-&) 6: 18.16, 21.41, 23.52, 25.91, 

33.53, 44.13, 45.96, 47.93, 48.62, 67.41, 131.17, 147.98, 149.30, 151.78, 152.32. Anal. 

Calcd. for: ClsH21CIN40: C, 58.34; H, 6.85; N, 18.14. Found: C, 58.61; H, 7.02; N, 

18.32. 

(lS,cis)-6,9-Dihydro-9- [3-(hydroxymethyl)-2,2,3-tr~methylcyclopen~l~ethyl]~ 

lH-purin-6-one (6). A mixture of 5 (0.4 g, 1.30 mmol) and 0.33 N NaOH (27 mL) was 

refluxed for 6.5 h, whereupon the solvent was evaporated. The pale yellow foam obtained 

(1.27 g) was chromatographed on silica gel (28 g), eluting with 6:4 CH2CI2/MeOH. 

Compound 6 (0.21 g, 40%) was isolated as white solid with m.p. 295-298°C. 

Recrystallization of this material from MeOH afforded an analytical sample with m.p. 297- 

299°C. [a30*~ +39.67 (c  0.52, MeOH). IR (KBr): 3213, 2963, 2873, 1679, 1577, 1547, 

1517, 1340, 1022 cm-'. 'H NMR (DMSO-d6) 6: 0.85 (s, 3H, CH3), 0.87 (s, 3H, CH3), 

0.88 (s, 3H, CH:), 1.09-1.22 (m, lH), 1.37-1.53 (m, 3H), 2.36-2.45 (m, IH), 3.20 and 

3.35 (m, 2H, AB system with JAB = 10.7 Hz after D2O exchange, CH20H), 3.95 and 4.17 

(AT3 part ofABX system, 2H, JAB = 13.4 Hz, JAX = 10.1 Hz, JBX = 4.9 Hz, CH*N), 4.38 

(t, lH, D 2 0  exchang., OH), 8.03 and 8.12 (2s, 2H, purine H-2 + H-8), 12 21 (br. s, lH, 

D20 exchang., purine H-1). 13CNMR (DMSO-&) 6: 18.14, 21.46, 23.48, 25.88, 33.51, 
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1262 NIETO ET AL. 

44.05, 45.33, 48.26, 48.63, 67.43, 124.23, 140.82, 145.74, 148.74, 157.07. Anal. Calcd. 

for: C15H22N402: C, 62.05; H, 7.64; N, 19.30. Found: C, 62.22, H, 7.53; N, 19.47. 

(1R,cis)-3-(6-Amino-9H-purin-9-ylmethyl)-l,2,2-trimethylcyclopentylmethanol 

(7). A solution of 5 (0.42 g, 1.36 mmol) in MeOH (4 mL) was cooled to -60°C in a 

reaction bomb, liquid ammonia was passed into the solution and the bomb was sealed and 

then heated at 78OC for 84 h. Evaporation of the ammonia and MeOH afforded crude 7 

(0.44 g) as yellow crystals. Recrystallization of the crude product from HzO afforded 

(0.26 g, 70%) of pure 7. M.p. 251-253OC. [a]D25 +32.92 (c 1.14, MeOH). IR (KBr): 

3316,3132,2962, 1663, 1596, 1490, 1303, 1024 cm-'. "MR (DMSO-d6) 6:  0.86 (s, 3H, 

CH3), 0.87 (s, 3H, CH3), 0.88 (s, 3H, CH3), 1.13-1.18 (m, lH), 1.37-1.51, (m, 3H), 2.41- 

2.46 (m, lH), 3.19 and 3.35 (m, 2H, AE3 system with JAB = 10.8 Hz after DzO exchange, 

CH20H), 3.95 and 4.16 (AE3 part of a ABX system, 2H, JAB = 13.4 Hz, JAX = 10.0 Hz, 

JBX = 5.0 Hz, CH2N), 4.37 (t, lH, J =  4.8 Hz, D20 exchang., OH), 7.15 (s, 2H, DzO 

exchang., NH2), 8.12 and 8.17 (2s, 2H, purine H-2 + H-8). 13C NMR (DMSO-d6) 6:  

18.16, 21.44, 23.53, 26.00, 33.55, 44.02, 44.90, 48.05, 48.66, 67.45, 119.07, 141.32, 

149.94, 152.68, 156.26. Anal. Calcd. for: CISHZ3NSO: C, 62.26; H, 8.01; N, 24.20. 

Found: C, 62.42, H, 8.06; N, 24.12. 

(1S,cis)-6,7-Dihydro-3-[3-(hydroxymethyl)-2,2,3-trimethylcyclopentylmethyl]- 

3H-1,2,3-triazolo[4,5-r~pyrimidin-7-one (9). A solution of 4 (0.19 g, 0.64 mmol) in 

AcOH (2.13 mL) and H2O (2 mL) cooled in on ice bath was treated with NaN02 (0.06 g, 

0.86 mmol) in HzO (1.5 mL). After 10 min the ice bath was removed and the suspension 

was left stirring 18 h at room temperature. The solvents were evaporated, and the pale 

yellow solid obtained (1.1 g) was chromatographed on silica gel (30 g), eluting with 1 :0.5 

EtOAdhexane, to isolate 9 (90 mg, 48%) as a white solid. M.p. 220-222°C. [ct]D25 +30.00 

(c 0.66, MeOH). IR (KBr): 2955, 1718, 1588, 1558, 1458, 1363, 1274, 1025 cm-'. 'H 

NMR (DMSO-&) 6: 0.85 (s, 3H, CH3), 0.87 ( s ,  3H, CH3), 0.89 (s, 3H, CH3), 0.97-1.23 

(m, lH), 1.35-1.55 (m, 3H), 2.47-2.50 (m, lH), 3.20 and 3.33 (m, 2H, AB system with 

JAB = 10.6 Hz after D20 exchange, CHZOH), 4.31 and 4.54 (AB part of a ABX system, 

2H, JAB = 13.6 Hz, JAY = 9.8 Hz, JBX = 5.2 Hz, CHzN), 4.39 (br. s, lH, D2O exchang., 

OH), 8.24 (s, lH, H-5), 12.60 (br.s, IH, D2O exchang., H-6). 13C NTvlR (DMSO-d6) 6:  

18.06, 21.36, 23.35, 25.99, 33.49, 44.11, 48.15, 48.56, 48.73, 67.42, 129.82, 148.88, 
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149.85, 155.83. E M S  m/z (%): 291 (M+, 13), 274 (M'-OH, 49 ,261  (14), 260 (15), 219 

(26), 204 (31), 178 (60), 176 (23), 162 (16), 151 (34), 150 (61), 139 (21), 138 (loo), 

124 (33), 123 (3% 96 (46), 95 (58), 93 (27), 91 (18), 81 (43), 79 (99 ,  67 (99 ,  55 (63). 

HR-EIMS m/z: Calcd for C14H21N502: 291.1696. Found: 291.1687. 

(lR,cis)-3-(7-Amino-3H-1,2,3-triazolo[4,5-nj pyrimidin-3-ylmethyl)-1,2,2-tri- 

methylcyclopentylmethanol(l0). A suspension of 4 (0.70 g, 2.34 mmol) in 1N HCI (5.1 

mL) was treated with NaNO2 (0.19 g, 2.80 mmol) at 0°C and stirred for 15 min. 30% 

W O H  (10.2 d) was added, and the resulting suspension was refluxed for 5 min. The 

precipitate was filtered out, washed with H20 and then air-dried in a hme  hood to yield a 

solid (0.48 g), which was purified on silica gel (10 g) with 6:4 EtOAc/hexane as eluant to 

isolate 10 (0.24 g, 35%) as a white solid; an analytical sample was obtained by 

recrystallization of this material from EtOH/H20. M.p. 252-254°C. [aID2' +30.94 (c  0.50, 

MeOH). IR (KE3r): 3353, 3119, 2960, 1664, 1603, 1580, 1329 cm-'. 'H NMR (DMSO- 

&) 6: 0.83 (s, 3H, CH3), 0.87 (s, 3H, CH3), 0.91 (s, 3H, CH3), 1.14-1.19 (m, lH), 1.40- 

1.52 (m, 3H), 2.53-2.56 (m, lH), 3.20 and 3.38 (AB part of a Al3X system, 2H, Jm = 

10.5 Hz, JAX = 4.7 Hz, JBX = 5.2 Hz, simplifies to a Al3 system on D2O exchange, 

CH20H), 4.33 and 4.54 (AB part of a ABX system, 2H, JAB = 13.6 Hz, JAx' = 9.7 Hz, Jnx 

= 5.4 Hz, CHzN), 4.38 (t, lH, J =  4.9 Hz, D2O exchang., OH), 8.06 and 8.38 (2 br s, 2H, 

D2O exchang., N H 2 ) ,  8.29 (s, lH, H-5'). 13C NMR (DMSO-d6) 6: 18.10, 21.42, 23.44, 

26.08, 33.56, 44.09, 48.04, 48.28, 48.61, 67.45, 124.14, 149.16, 156.57, 156.98. EIMS 

m/z (%): 290 (M', 7), 260 (M'-[2[CH31, 16), 245 (M'-[3 CH3],6), 177 (S), 161 (9), 

160 (S), 149 ( l l ) ,  137 (loo), 123 (13), 95 (37), 94 (24), 81 (14), 79 (25), 69 (13), 67 

(3 l), 55 (24). Anal. Calcd. for: C14H22N60: C, 57.91; H, 7.64; N, 28.94. Found: C, 58.03, 

H, 7.43; N, 29.12. 

(1~,c~s)-N-[(3-Hydroxymethyl-2,2,3-trimethyl)cyclopentylmethyl]-~-(3-me- 

thoxypropenoy1)urea (12). Previously dried (at 100°C under vacuum over P205) silver 

cyanate (48.0 g, 320 mmol) was added to dry benzene (321 mL) in the dark under an 

argon atmosphere and the suspension was refluxed with vigorous stirring for 0.5 h. A 

solution of 3-methoxypropenoyl chloride (19.28 g, 160 mmol) in dry benzene (60 mL) 

was then added dropwise, and the resulting suspension was vigorously stirred while 

heating under reflux for a hrther 0.5 h. The mixture was allowed to settle at room 
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temperature for 3 h, and a portion of the supernatant (33 mL, theoretically containing 

14.56 mmol of 11) was transferred to a dry dropping funnel and added dropwise to a 

solution of 3 (2.49 g, 14.56 mmol) in dry dimethylformamide (68 mL) at -15°C. The 

mixture was allowed to warm to room temperature over 1 h, then stirred overnight at 

room temperature and concentrated under reduced pressure (oil pump) at a temperature 

below 4OoC, driving off the solvent by repeated co-evaporation with EtOH. The residue 

(4.41 g) was chromatographed on silica gel (80 g) with 9:l CH2CI2,MeOH as eluant, and 

the 12-containing fractions were pooled and re-chromatographed on a silica gel column 

(40 g) with 19:l CH2C12/MeOH as eluant, to give compound 12 (1.39 g, 32 %) as a 

vitreous yellowish foam. IR (KBr): 3293, 2940, 2873, 1681, 1622, 1542, 1507, 1438, 

1387, 1255, 1152, 1095 cm-'. 'H NMR (DMSO-d6) 6: 0.73 (s, 3H, CH3), 0.89 (s, 3H, 

CH3), 0.92 (s, 3H, CH3), 1.15-1.31 (m, 2H), 1.42-1.50 (m, lH), 1.70-1.77 (m, IH), 1.92- 

1.98 (m, IH), 2.99 (ddd, IH, J = 12.9, 8.9, 5.4 Hz, simplifies to the part A of a ABX 

system, JAB = 12.9 Hz, Jm = 8.9 Hz, after D20 exchange, CHHNH), 3.15-3.37 (m, 3H) 

[after D2O exchange it is resolved to 3.23 (B part of a AT3X system, JAB = 12.9 Hz, JSx = 

5.6 Hz, CHHNH), 3.21 and 3.35 (AB system, JAB = 10.5 Hz, CHzOH)], 3.67 (s, 3H, 

OCH3), 4.31 (t, lH, J =  4.9 Hz, D20 exchang., OH), 5.51 (d, lH, J =  12.3 Hz, COCH), 

7.56 (d, IH, J =  12.3 Hz, CHOCH3), 8.44 (t, IH, J= 5.4 Hz, D20 exchang., CONHCH2), 

9.99 (s, IH, D20 exchang., CONHCO). 13C NMR (DMSO-d6) 6: 18.34, 21.38, 24.09, 

26.24, 33.75, 38.98, 43.79, 48.00, 48.66, 58.33, 67.49, 98.26, 154.04, 163.12, 167.97. 

HR-EIMS m/z: Calcd for C15H26N204: 298.1893. Found: 298.1884. 

(1S,cis)-l-[(3-Hydroxymethyl-2,2,3-trimethy~)cyclopentylmethy~J-l,2,3,4- 

tetrahydropyrimidine-2,4-dione (13). A suspension of 12 (0.30 g, 1.01 mmol) in 30% 

m 0 H  (13 mL) was heated under reflux for 15 h. The reaction mixture was concentrated 

in vacuo to a yellow solid (0.34 g), which was purified on silica gel (8 g) with 9:1 

CH2CI2MeOH as eluant to isolate 13 (0.23 g, 86%) as a greenish solid. An analytical 

sample was obtained by recrystallization from EtOAc. M.p. 203-205*C. [aID2' +75.70 (c 

1.1, MeOH). IR (KBr): 2962,2872, 1711, 1670, 1459, 1377, 1335, 1235, 1029, 884, 549 

cm-l. 'H Nh4R (CIKD) 6: 0.86 (s, 3H, CH3), 1.01 (s, 3H, CH3), 1.05 (s, 3H, CH3), 1.32- 

1.52 (m, 2H), 1.57-1.66 (m, lH), 1.77-1.84 (m, IH), 2.17-2.22 (m, IH), 3.47 and 3.62 

(AB system, 2H, J =  10.7 Hz, CKOH), 3.51 and 3.87 (AT3 part of a ABX system, JAB = 
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13.4 Hz, JAX. = 10.4 Hz, JSx = 3.9 Hz, 2H, CH2N), 3.66 (br. s, lH, D20 exchang., OH), 

5.68 (d, lH, J =  7.9 Hz, H-5), 7.14 (d, lH, J =  7.9 Hz, H-6), 8.66 (br. s, lH, D20 

exchang., NH). 13C NMR (C13CD) 6: 18.62, 21.40, 23.62, 26.50, 33.90, 44.80, 48.14, 

48.78, 50.99, 69.59, 102.38, 144.87, 150.99, 163.56. Anal. Calcd. for: C I ~ H ~ ~ N ~ O ~ :  C, 

63.13;H, 8.33;N, 10.52.Found: C, 63.35,H, 8.43;N, 10.37. 

Biological activity assays. Antiviral activity and cytotoxicity assays were carried 

odt according to established procedures." 

Acknowledgements: The authors thank the Spanish Ministry of Education and 

Science (MEC-DGICYT, PB94-0617) and the Xunta of Galicia (XUGA 20307B94) for 

financial support of this work. The antiviral activity investigations were supported in part 

by the Belgian Fonds voor Geneeskundig Wetenschappelijk Onderzoeck (FGWO) and the 

Biomedical Research Programme of European Union. 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

REFERENCES 

Part 1: Blanco, J.M., Caamaiio, O., Fernandez, F., Gomez, G., Nieto, M.1, Balzarini, 

J., Padalko, E., De Clercq, E., Nzicleosides (e Nucleotides, 1997, 16, 159-171. 

For recent reviews of the literature on the synthesis of CANS, see: a) Agrafoglio, L., 

Suhas, E., Farese, A., Condom, R., Challand, S.R., Earl, R.A., Guedj, R., 

Tetrahedron, 1994, 50, I061 1-10670; b) Borthwick, A.D., Biggadike, K., 

Tetrahedron, 1992, 48, 571-623; c) Huryn, D.M., Okaba, M., Chem. Rev., 1992, 50, 

1745-1768. 

Coates, J.A.V., Tngall, H.J., Pearson, B.A., Penn, C.R., Storer, R., Williamson, C., 

Cameron, J.M., Antiviral. Rex, 1991, 15, 161-168. 

a) De Clercq, E., Biochem. Pharmacol., 1987, 36, 2567-2575, b) Cools, M., De 

Clercq, E., Biochem. Pharmacol., 1989, 38, 1061-1067. 

Caamaiio, O., Fernandez, F., Gomez, G., Nieto, M.1, Tetrahedron, 1994, 50, 2175- 

2182. 

Patil, S.D., Koga, M., Schneller, S.W., J.  Med. Chem., 1992, 35, 2191-2195. 

Vince, R., Daluge, S., J.  Org. Chem., 1980, 45, 531-533. 

Shaw, G., Warrener, R. N., J. Chem. Soc., 1958, 157-161. 

Shaw, G., Warrener, R. N . , J  Chem. SOC., 1958, 153-156.9. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
9
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



1266 NIETO ET AL. 

10. Shealy, Y.F., O’Dell, C.A., J. Heterocycl. Chem., 1976, 13, 1041. 

11 .  De Clercq, E., in ‘‘In vitro and ex vivo test systems to rationalize drug design and 

delivery”, D. Crommelin, P. Couvreur, D. DuchCne (Eds.), Editions de Sante, Paris, 

France, 1994, pp 108-125. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
5
9
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


