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Summary: A short (7-step) and efficient synthesis of several derivatives of 2-deoxy-L-ribose 1, e.g., the ethyl 
ribosides, 2abe, has been accomplished from achiral precursors. © 1998 Elsevier Science Ltd. All rights reserved. 

The use of L-enantiomers of natural and modified nucleosides as antiviral agents in medicine has increased 

dramatically in recent years. 4-8 Several modified nucleosides derived from L-sugars, e. g., L-thymidine (L-T), 5 L-3'- 

thiacytidine (L-3-TC), 6 L-5-fluoro-3'-thiacytidine (L-FFC), 6a,7 L-2',3'-dideoxycytidine (L-ddC), 8 and L-5-fluoro- 

2',3'-dideoxycytidine (L-5-FddC), 8b,c have shown good antiviral activity with greatly reduced toxicity compared to 

other modified D-nucleosides. In addition, L-nucleosides, either normal (L-RNA) or 2'-deoxy (L-DNA), have been 

suggested to be of value in antisense oligonucleotide therapy as materials to bind pieces of D-m-RNA. 9 For these 

reasons, many groups are working on ways to produce modified nucleosides in the unnatural L-configuration, a goal 

that requires ready access to L-carbohydrates, especially L-ribose and its derivatives. We report herein a short, 

seven-step synthesis of the ct and [~-anomers of ethyl 2-deoxy-L-ribofuranoside 2ab via 2-deoxy L-ribose 1, from 

the simple achiral material 6. 
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Several syntheses of 2-deoxy-L-ribose 1 using naturally occurring carbohydrate starting materials such as L- 

arabinose or L-ascorbic acid have been published, t° These syntheses have one thing in common: they all begin with 

L-sugars. Routes have been developed which start with achiral materials, tl e. g., with 1-(trimethylsilyloxy)butadi- 

ene, 12 using a Sharpless asymmetric epoxidation t3 to provide the stereochemistry. Our retrosynthetic analysis 

(Scheme 1) proposes that 2-deoxy-L-ribose 1 can be derived from the aldehyde 3 with the two stereocenters as 

shown. The aldehyde of 3 can then be made by oxidation of the alkene in the protected triol 4, which can in turn be 

formed from the opening of the epoxide 5 with an oxygen nucleophile at its unsubstituted terminus. Epoxides of this 

type are made by a Sharpless epoxidation/kinetic resolution of the readily available alcohol 6. 
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Since it had been shown that a regioselective Wacker oxidation 14 could convert an alkene similar to 4 to an 

aldehyde like 3 in good yield, our first approach began with a synthesis of the acetonide 9. The epoxy alcohol 7 was 

made from the alcohol 615 in 62% yield and 100% enantiomeric excess (ee) using D-(-)-isopropyl tartrate under 

Sharpless epoxidation conditions (Scheme 2). 16 The epoxy alcohol 7 was then dissolved in distilled benzyl alcohol 

in the presence of Ti(OiPr)4 to give the diol 8 in 60% yield.17 Treatment of the diol 8 in refluxing acetone with p- 

toluenesulfonic acid and a stoichiometric amount of anhydrous CuSO4 afforded the acetonide 9 in 75% yield. Oxida- 

tion of this alkene under Wacker conditions furnished the desired aldehyde 10, but in only a maximum yield of 38%. 

Treatment of 10 with aq. HC1 gave 5-O-benzyl-2-deoxy-L-ribose 11 in 58% yield. Thus this general route is appli- 

cable for the synthesis of 2-deoxy-L-ribose derivatives although the overall yield is somewhat low. 
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Scheme 2. (a) D-(-)-DIPT, Ti(OiPr)4, tBuOOH, CH2C12, 4,~ mol. sieves, 62%; (b) BnOH, Ti(OiPr)4, 96 °C, 
60%; (c) (CH3)2CO, CuSO4, TsOH, 75%; (d) PdCI2 (0.2 eq), CuCI, O2, DMF/H20 7:1, 60 °C, 18 h, 38%; (e) 
HCI (1 M), THF, 58%. 

Because of the low yield in the Wacker oxidation step, several minor variations were attempted. Reaction of 

benzoic acid with the epoxyalcohol 6 gave the isomeric compounds 12 and 13 which were isolated in 19% and 32% 

yields, respectively. Formation of the acetonide of the diol of 13 gave the benzoate 14 in 84% yield. In order to try 

and reproduce exactly the known Wacker oxidation, this benzoate was hydrolyzed to the alcohol 15 in 66% yield and 

then coupled withp-methoxybenzyl chloride to form the ether 16 in 55% yield. However, in our hands, the Wacker 

oxidation 14 of this alkene gave only a low yield of a compound which appeared to be the aldehyde 17 although its 

structure was never proven through characterization. This route was therefore abandoned due to the number of low- 

yielding and irreproducible steps. 
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Scheme 3. (a) PhCOOH, Ti(OiPr)4, CH2C12, 18 h, 19% 12, 32% 13; (b) Me2C(OMe)2, TsOH, DMF, 84%;(c) 
MeOH, NaOH, 1 h, 66%; (d) Nail, THF, MPMC1, 55%; (e) PdC12, CuCl, DMF/H20, 02, low yield. 

A much more successful pathway (Scheme 4) involved first protecting the epoxyalcohol 7 as the benzyl ether 

18 before adding the oxygen nucleophile. 18 Payne reaxTangement is avoided by addition of sodium hydride to a 

mixture containing benzyl bromide, tetrabutylmnmonium iodide catalyst, and the alcohol 7 at -20°C to furnish the 

epoxy ether 18 in 79% yield. Treatment of the epoxide 18 with sodium bcnzylate in benzyl alcohol at 78°C furnished 

the alcohol 19 in 85% yield, with none of the primary alcohol isomer isolated. Protection of the remaining hydroxyl 

group gave the tris-benzyl ether 20 in 89% yield. Since the Wacker oxidation of similar compounds had proceeded 

poorly, we decided to use a hydroboration/oxidation and subsequent further oxidation to convert the alkene 20 into 

the desired aldehyde. Treatment with borane.THF and oxidative workup gave the alcohol 21 in 73% yield, along 

with the isomeric alcohol 22 (as a 4:1 mixture of diastcreomers) in a surprisingly high yield of 20%. For example, 

Brown reported a 94:6 ratio for the hydroboration/oxidation of 1-hexene with borane.THF. 19 The structure of the 
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secondary alcohol 22 was confirmed by oxidation and identification of the resulting structure as the methyl ketone 

24. A Swern oxidation of the alcohol 21 gave in 93% yield the aldehyde 23 which is a protected 2-deoxy-L-ribose. 

Its 13C NMR matched that of the benzylated 2-deoxy-D-ribose previously produced. 2o Final deprotection of the 

benzyl ethers of 23 with hydrogen and palladium on carbon gave no isolable products. However, using palladium 

hydroxide on carbon in ethanol/cyclohexene 21 and refluxing for 6 h gave a mixture of the three ethyl 2-deoxy-L- 

ribosides 2abc in a 2:2:1 ratio.Z2, 23 We assume that the desired product 2-deoxy-L-ribose 1 was formed by 

debenzylation and then cyclized to the ethyl L-ribosides 2abe under the reaction conditions. 24 
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Scheme 4. (a) BnBr, Bu4NI, Nail, THF, -20 °C ~ 21 °C, 3 h, 79%; (b) BnOH, Nail, 78 °C, 16 h, 85%; (c) 
Nail, BnBr, Bu4NI, THF, 0 °C ~ 21 °C, 18 h, 89%; (d) i. BH3.THF, THF, 6 h, ii. NaOH, H202, 50 °C, 1 h, 
73% 21, 20% 22; (e) (COC1)2, DMSO, Et3N, CH2C12, -78 °C ---> 21 °C, I h, 93%; (f) (COC1)2, DMSO, Et3N, 
CH2C12, -78 °C ~ 21 °C, 1 h, 74%; (g) Pd(OH)2/C, EtOH, cyclohexene, 6 h, 59%, ratio of 2a:2b:2c = 2:2:1. 

Thus we have realized a short synthesis of a mixture of ethyl 2-deoxy-L-ribosides 2abe in seven steps and in 

12% overall yield from the readily available diol 6. The key step involves the addition of sodium benzylate to the 

terminal end of the epoxide 18 in 79% yield. Further work on the synthesis and use of L-carbohydrates is underway. 
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