
~ )  Pergamon 
Tetrahedron Letters, Vol. 38, No. 24. pp. 4199-4202, 1997 

© 1997 Elsevier Science Ltd 
All rights reserved. Printed in Great Britain 

PII: S0040-4039(97)00870-8 0040-4039/97 $17.00 + 0.00 

E F F I C I E N T  S Y N T H E S E S  OF L-RIBOSE A N D  2 - D E O X Y  L-RIBOSE F R O M  D -R I B OSE  A N D  

L - A R A B I N O S E  1 

Michael E. Jung*2 and Yue Xu 

Department of Chemistry and Biochemistry, University of California, Los Angeles, California 90095-1569 

Summary: Interconversion of the ends of D-ribese 2 afforded in 6 steps and 45% overall yield L-ribose 1, from 

which 2-deoxy L-ribose 12 was easily prepared. In addition, the inexpensive L-arabinose 13 was also converted 

into 2-deoxy L-ribose 12 via a reductive radical rearrangement of the arabinopyranosyl bromide 14. 

© 1997 Elsevier Science Ltd. 

In the last few years, the use of L-carbohydrates and their derived nucleosides in medicinal applications has 

greatly increased. In particular, several modified nucleosides derived from L-sugars, e.g., L-5-fluoro-2',3'-dide- 

oxycytidine and L-2',3'-dideoxycytidine (L-5FddC and L-ddC), have shown great potential as useful antiviral 

agents) They possess good antiviral activity but greatly reduced toxicity. In addition, several antisense oligonuc- 

leotide therapy approaches utilize L-nucleosides, either normal (L-RNA) or 2'-deoxy (L-DNA) as materials to bind 

pieces of D-RNA. 4 We report herein an efficient 6-st~p synthesis of L-ribose 1 from readily available D-ribose 2. 

OH HO ~ OH . H O ~  

HO OH HO OH 
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There are several syntheses of L-ribose 1 known, s-7 The conversion of L-arabinose into L-ribose has been 

described 5 while other routes have also been reported.6, 7 The key observation in our synthetic planning was to 

realize that D-ribose 2 and L-ribose 1 differ only in the groups at C1 and C5, with C2, C3 and C4 being unchanged. 

Therefore conversion of 2 into 1 would require only the interconversion of the two end groups, namely oxidation 

of the hydroxymethyl to aldehyde and reduction of the aldehyde to a hydroxymethyl group, s This was accomp- 

lished in a straightforward manner as shown in Scheme 1. Selective conversion of D-ribose 2 into 5-O-tdtyl D- 

ribose 3 in 70% yield was already known. 9 Reduction of the aldehyde with sodium borohydride cleanly furnished 

the tetrol 4. We attempted several direct oxidations of the trityl ether of 4 in the presence of the alcohols, e.g., hy- 

dride abstraction with trityl salts, lo but these were generally unsuccessful. We therefore prepared the tetraacetate 5 

by treatment of crude 4 with acetic anhydride and pyridine to give 5 in 85% yield from 3. Hydrolysis of the trityl 

ether could be carded out in 90% yield by treatment of 5 with 7:3 formic acid:diethyl ether for 7 min at 25°C. 11 
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The alcohol 6 was isolated without any problems due to acetyl transfer. Several methods for oxidation of the 

hydroxymethyl group to aldehyde were studied but the Swern oxidation turned out to give the highest yields. 

Addition of the alcohol 6 to a mixture of DMSO and trifluoroacetic anhydride in dichloromethane followed by addi- 

tion of Et3N at -78°C furnished, after column chromatography, in 88% yield the aldehyde 7, namely L-ribose 2, 3, 

4, 5-tetraacetate. Thus this protected L-ribose derivative is available from D-ribose 2 in only five steps and 47% 

overall yield. L-Ribose 1 itself was prepared in 95% yield by basic hydrolysis of 7 using potassium carbonate in 

ethanol. In order to prove the structure of the L-ribose 1, we carried out its peracetylation 12 to give the L-ribopyr- 

anose tetraacetate 8 in 84% overall yield from the aldehyde 7. The optical rotation of 8 (+55.2 o) matched that of 

D-ribopyranose tetraacetate 12 but had the opposite sign, thus proving the structure and chirality of our synthetic 

material. 13 We have therefore shown that L-ribose 1 is available from D-ribose 2 in 6 steps in 45% overall yield. 
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Scheme 1 

2-Deoxy-L-ribose 12 can also be prepared by an extension of this route (Scheme 2). Formation of methyl 

L-riboside followed by perbenzoylation and anomeric acetylation afforded the tetraester 9 in essentially quantitative 

yield over the three operations. 14 Treatment with phenylselenol and acid gave the ~seleno-phenyl ribopyranoside 

10 in 71% yield after column chromatography. The method of Giese 15 was used to make the desired 2-deoxy 

carbohydrate, namely refluxing a solution of 10 with tributylstannane and AIBN furnished in 84% yield the triben- 

zoyl 2-deoxy-L-dbopyranoside 11 (rap 111-3 °C; for D-isomer lit. mp 110-112 °C16, 111 °C[7, 102 °ClS; [cz]~ = 

-76 o; forD-isomer lit [0t]~ = +75.3 o16, +78.0 o17, +77.3 o15). Basic hydrolysis of 11 is known to produce 12 in 
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high yield. Thus 2-deoxy L-ribose 12 is available from L-ribose ill five steps and nearly 60% overall yield. 

H ~  AcO BzO~ 1) MeOH/H2SO 4 PhSeH 
HO 2) BzCVpyr =, BF30EI2 .~ 

3) Ac20/AcOH CH2CI2 
HO OH H2SO 4 BzO OBz 211125 °C 
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PhSe BzO,,,,) ~ . ~  H ~  

~ . ~  Bu3SnH/AIBN_ ~ HO,~'O 
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BzO OBz SiO2 BzO OBz OH 
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Scheme 2 

Finally we have also developed a second, more efficient route to 2-deoxy L-ribose beginning with readily 

available L-arabinose, 13 (Scheme 3). Formation of the perbenzoate ts and conversion to the anomeric bromide 

afforded the two isomers, the pyranosyl bromide 1419 in 50% yield and the furanosyl bromide 1520 in 20% yield 

after column chromatography. Reductive rearrangement of the pyranosyl bromide 14 under the conditions of 

Giese 15 gave the expected product 16 in 60% yield ([~]~ = +213 o, for D-isomer lit. [ct]~ = -195 o16) which 

could be then hydrolyzed to 2-deoxy L-ribose 12 in good yield. Thus the inexpensive L-arabinose 13 can be 

converted into 2-deoxy L-ribose 12 in four steps and nearly 30% overall yield. 
BzO 

H . ~  ..~....~%O~.~ r BzO O-- '~  
HO.,,~ -0 1) BzCVpyr , B z O ~ /  B r ~  

~, 2) HBr/AcOH + 
OH OBz OBz 

13 14 50% 15 20% 
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HO " OBz 
high S HO '= yield BzO 

OH OBz 
12 16 

Scheme 3 

We are currently examining the chemistry of the various intermediates in this synthetic sequence in order to 

determine if other molecules of importance to medicine can be prepared by this route. 

Acknowledgment: We thank the National Institutes of Health (GM 47228) and the Agricultural Research 

Division of American Cyanamid for generous financial support. 

References and Notes 

1) Presented at the Gordon conference on Purines, Pyrimidines and Related Substances, Newport, RI, July 1995. 

2) American Chemical Society Arthur C. Cope Scholar, 1995. 



4202 

3) a) Mansuri, M. M.; Farina, V.; Starrett, J E. Jr.; Benigni, D. A.; Brankovan, V.; Martin, J. C. Bioorg. Med. 

Chem Lett. 1991, 1, 65. b) Schinazi, R. F.; Gosselin, G.; Faraj, A.; Korba, B. E.; Liotta, D. C.; Chu, C. K. 

Math6, C.; Imbach, J.-L.; Sommadossi, J.-P. Antimicrob. Agents Chemother. 1994, 38, 2172. c) Gosselin, 

G.; Schinazi, R. F.; Sommadossi, J.-P.; Math6, C.; Bergogne, M.-C.; Aubertin, A.-M.; Kirn, A.; Imbach, J.- 

L. Antimicrob. Agents Chemother. 1994, 38, 1292. d) Liotta, D. C.; Schinazi, R. F., et aL, unpublished 

results presented by D. C. Liotta at the 210th national ACS meeting, ORGN 26, Chicago, August 1995. e) 

Gosselin, G.; Math6, C.; Bergogne, M.-C.; Aubertin, A.-M.; Kirn, A.; Schinazi, R. F.; Sommadossi, J.-P.; 

Imbach, J.-L. C. R. Acad. Sci. Paris Sci. Vie 1994, 317, 85. f) Okabe, M.; Sun, R.-C.; Tam, S. Y.-K.; 

Todaro, L. J.; Coffen, D. L. J. Org. Chem. 1988, 53, 4780. g) Chamberlain, S. D.; Chan, J. H.; Tidwell, J. 

H.; Peckharn, G. E.; Harvey, R. J.; Dornsife, R. E.; Frick, L. W.; Townsend, L. B.; Drach, J. C.; Koszalka, 

G. W., 213th national ACS meeting, CARB 22, San Francisco, April 1997, and references in all of the above. 

4) For leading references, see: a) L-DNA: Damha, M. J.; Giannaris, P. A.; Marfey, P. Biochemistry 1994, 

33, 7877. Hashimoto, Y.; Iwanami, N.; Fujimori, S.; Shudo, K. J. Am. Chem. Soc. 1993, 115, 9883. 

Fujimori, S.; Shudo, K.; Hashimoto, Y. J. Am. Chem. Soc. 1990, 112, 7436. b) L-RNA: Ashley, G. W. 

J. Am. Chem. Soc. 1992, 114, 9731. 

5) a) Visser, G. M.; van Westrenen, J.; van Boeckel, C. A. A.; van Boom, J. H., RecL Trav. Chim. Pays-Bas 

1986, 105, 528. b) Abe, Y.; Takizawa, T.; Kunieda, T. Chem. Pharm. Bull 1980, 28, 1324. 

6) a) Matteson, D. S.; Peterson, M. L. J. Org. Chem. 1987, 52, 5116. b) Wulff, G.; Hansen, A. Carbohydr. 

Res. 1987, 164, 123. 

7) For the synthesis of L-nucleosides from available carbohydrates, see: a) Holy, A. Collect. Czech. Chem. 

Commun. 1972, 37, 4072; b) Holy, A. Collect. Czech. Chem. Commun. 1973, 38, 423; c) Holy, A.; 

Sorm, F. Collect. Czech. Chem. Commun. 1969, 34, 3383. 

8) a) This idea is similar to the exchange of the ends of carbohydrates in Fischer's early work on the configur- 

ation of the sugars, e.g., the synthesis of L-gulose from D-glucose. See: Fischer, E.; Piloty, O. Chem. Ber. 

1891, 24, 521. b) For a conceptually different synthesis of 5-deoxy-L-ribose from D-ribose, see: Mori, K.; 

Kikuchi, H. Liebigs Ann. Chem. 1989, 1267. 

9) Kan, B. L.; Oppenheimer, N. J. Carbohydr. Res. 1979, 69, 308. 

10) a) Jung; M. E.; Brown, R. W. Tetrahedron Lett. 1978, 2771. b) Jung; M. E.; Speltz, L. M. J. Am. Chem. 

Soc. 1976, 98, 7882. c) Jung; M. E. J. Org. Chem. 1976, 41, 1479. 

11) Bessodes, M.; Komiotis, D.; Antonakis, K. Tetrahedron Lett. 1986, 27, 579. 

12) Zinner, H. Chem. Ber. 1953, 86, 817. A rotation of -55.4 o was reported for D-ribopyranose tetraacetate. 

13) Proton and carbon NMR of all the new synthetic compounds were consistent with the assigned structures. 

14) Recondo, E. F.; Rinderknecht, H. Helv. Chim. Acta 1959, 42, 1171. 

15) a) Giese, B.; Gilges, S.; Gr6ninger, K. S.; Lamberth, C.; Witzel, T. Liebigs Ann. Chem. 1988, 615. b) 

Korth, H.-G.; Sustmann, R.; Grtininger, K. S.; Leisung, M.; Giese, B. J. Org. Chem. 1988, 53, 4364. 

16) Pedersen, C.; Diehl, H. W.; Fletcher, H. G., Jr. J. Am. Chem. Soc. 1960, 82, 3425. 

17) Zinner, H.; Nimz, H.; Wittenburg, E. Chem. Ber. 1960, 93, 340. 

18) Fletcher, H. G., Jr.; Hudson, C. S. J. Am. Chem. Soc. 1947, 69, 1145. 

19) Fletcher, H. G., Jr.; Hudson, C. S. J. Am. Chem. Soc. 1950, 72, 4173. 

20) Ness, R. K.; Fletcher, H. G., Jr. J. Am. Chem. Soc. 1958, 80, 2007. 

(Received in USA 7 Februa~. 1997; revised 30 April 1997; accepted 1 May 1997) 


