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Abstract:) Synthesis of hitherto unknown carbocyclic co-L-isomeric bicyclo[3.1.0]hexyl nucleosides (8- 
11) is described. The key intermediate 7 was synthesized in seven steps from the known chiral compound 
1 through a stereoselective cyclopropanation under Furukawa conditions. Compounds 8-11 were 
evaluated as anti-HBV agents in HepG2TI4 cells. © 1998 Published by Elsevier Science Ltd. All rights reserved. 

Research on the chemistry of the carbocyclic nucleosides, in which the ring oxygen is replaced by a 

methylene group, has been directed towards the development of agents showing activities against HIV, HSV-1, 

HSV-2 and HBV. ~-3 Since the discovery of the significant antiviral activity of 3TC 4, the synthesis of the L- 

forms of other nucleosides has been investigated with renewed urgency, s'6 Recently, interest in the influence of 

sugar conformation on biological activity has prompted several studies in which small rings are fused onto the 

sugar. 7-9 If the orientation of the fused ring is correct, its effect is to 'freeze' tile conformation of the 5- 

membered ring into that required for optimum binding to enzyme substrates and perhaps as a consequence 

improve the biological activity. In line with this reasoning, carbocyclic nucleosides have been produced, among 

which the thymidine [(N)-methanocarba-T] l~)'l~ and 2'-deoxycytidine [(N)-2'-deoxymethanocarba-C] lz'13 

analogues have excited interest as active agents against viruses. As part of our drug discovery program, we 

have been interested in the synthesis and biological evaluation of L-carbocyclic nucleoside analogues. ~4'15 

Herein, we wish to report preliminary results of synthesis of new enantiomerically pure bicarbocyclic acyclic 

pyrimidine Ot-L-homonucleosides. The choice of the heterocyclic was based on the biological properties of a 

natural exocyclic amino nucleoside, clitocine, isolated from the mushroom Clytocybe inversa ~6 and synthesized 

independently by the working groups of Kamikawa L7 and Moss.~8 The carbocyclic analog of the clitocine was 

published by Palmer and al. t~ Other acyclic pyrimidine carbocyclic nucleosides have been previously 

reported, z° Finally, exocyclic amino nucleosides can be used as a template for potential antiviral purine 

analogues. 

Our synthetic strategy (Scherne 1) utilized the known compound 1, (IR,5S)-2-oxabicyclo[3.3.0]oct-6-en- 

3-one, which could be prepared in 3 steps from cyclopentadiene. 2' Reduction of the lactone moiety of 1 with 

diisobutylaluminium hydride afforded diol 2 in 95% yield. One of the most useful features of the Simmons- 
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Smith reaction and of its modified versions (Furukawa) 22 is the diastereoselective delivery of the incoming 

methylene group. We have successfully employed this methodology to the synthesis of bicyclo[3.1.0]hexane 

template. Thus, the alcohol 2 was treated with Zn(Et)JCHeI2 at 0°C to give regioselectively the (1S,2R,3R,5S)- 

cyclopropyl derivative 3 in 66% yield with 100% diastereomeric excess. 23 The yield and stereoselectivity were 

not affected by temperature (at -15°C or at rt). In order to obtain the nucleosides, by a linear approach, we 

decided first to protect the primary alcohol of 3 then to react the heterocycle with the bicyclopentylamine 7. 
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11 X=NH 2 Y=NH 2 (98%) 

Reagents and conditions : (a) DIBAL-H, THF, -78°C to rt ; (b) ZnEt2, CH212. CH2C12, 0 °C to rt; (c) TBDMSCI, 
imidazole, THF, 0 °C; (d) MsC1, pyridine, 50 °C; (e) NAN,, DMF, 70 °C; (f) nBu4NF/MeOH, rt; (g) H2, Pd/C, 
MeOH; (h) 4,6-dichloro-5-nitropyrimidine, Et3N CH2CI2, 0 °C; (i) MeOH/NH3, rt; (j) Hz, Pd/C, MeOH. 

Thus, selective protection of the primary alcohol was achieved by reacting 3 with tertbutyldimethylsilyl 

chloride in THF in the presence of imidazole to give 4 in 98% yield. The bicyclopentenol 4 was mesylated to 5 

(65%) by the usual procedures. The desired stereochemistry in the synthesis of the title nucleosides was 

achieved by nucleophilic substitution of the mesylate 5 by NAN3, inducing a partial desilylation, to provide a 

mixture of 6 and 6a (68% overall yields). The mixture was treated with a solution of nBunNF/MeOH 24 and the 

bicyclo[3.1.0]hexylazide 6 was reduced by hydrogenation to provide the amine 7. The amine 7 was coupled 

with 4,6-dichloro-5-nitropyrimidine to afford 825 (60%). The substitution of the aromatic chlorine in 8 with 

methanolic ammonia gave 9 ~-° in 86% yield. Finally, hydrogenation of 8 and 9 gave quantitatively two new 
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acyclic pyrimidine bicarbocyclic nucleosides 1027 and 11, 28 respectively. 29 The anti-HBV activity of the 

synthesized nucleosides was evaluated in vitro in hepatitis B virus DNA transfected HepG2 ceils, by Dot-blot 

procedure, 3° at concentrations up to 100 ng/ml and all compounds were found to be inactive and except for 

compound 8 which exhibited a high toxicity on HepG2 cells. 

In summary, the enantioselective synthesis of several acyclic pyrimidine O~-L-bicarbocyclic nucleosides 

8-11, has been accomplished from (1S,2R,3R,5S)-2-(3-hydroxybicyclo[3.1.O]hex-2-yl)ethanol 3 via the key 

intermediate 7. Further syntheses of other enantiomerically pure a-L-bicarbocyclic purines via compound 8 and 

pyrimidines are underway. 
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