
Tetrakdron Lenus, Vol. 35. No. 6, pp. sll-t3sQ, 1994 
Elseviu Scimce Ltd 

Rintrd in Great Brirain 
oo4o-4039194 S6.ooto.00 

004@4039(93)EO372_4 

Effkient Synthesis of 2’-O-Alkyl Ribonucleosides 
Using Trichloroacetimidate D-Ribofuranosides as Ribosyl Donors 

Luc Chanteloup and Nguyen T. Thuong* 

Centre de Biophysique Moltculaire, CNRS, 1A Avenue de la Recherche Scientifique 
4507 1 Ork?aus Cedex 2, France. 

*Fax: (+33) 38 63 15 17 

Key Words: O-Ribosyl-trichloroacetimidates; Silylated nucleobases; 2’-0-Alkyl ribonucleosides 

AbstmcC Trichloroaceti~‘date-2-(ralkyl-3,S-O-TlPS-~-D-ribofuranoside glycosylates silylated nucleobases 

in a fast high-yielding and stereoselective reaction promoted by ti’methylsi~yl trijluoromethanesulfonate. This 

method has been applied to the synthesis of 2 ‘-O-a&l ribonucleosides further transformed to building bkx4.s 

ready for oligo(2 ‘-0-alkyl)ribonucleotide construction. 

Oligo(a’-0-alkyl)ribonucleotides are proving to be useful reagents for a variety of biological experiments. 

They have been developed recently as novel oligonucleotide analogues with properties that enhance their use 

as antisense probes. They possess high chemical stability and am resistant to hydrolysis by alkali and a wide 

range of DNA- or RNA-specific nucleases’2. Many forms of oligo(2’-0-alkylbibonucleotides hybridize 

specifically and efficiently to complementary RNA sequences or to duplex DNA via triplex formation 34 . 

Considerable effort has been directed toward developing efficient alkylation of appropriately protected 

ribonucleosides. By this method the 2’-0-alkyl derivatives of some common ribonucleosides have been 

synthesizedS’. An attractive alternate route is the glycosylating reaction using an activated 2-U-alkyl ribose 

derivative and silylated bases”. This approach should be straightforward and would open general access to a 

wide variety of different nucleosides, since any base could he introduced later in the synthesis. 

In carbohydrate chemistry, anomeric trichloroacetimidates of glycopyranosides were recognized as useful 

glycosylating agents towards nucleophiles, using Lewis acid as promoterll’u. We report here the use of 2-0- 

alkyl-pribosyl trichloroacetimidate 4 or 5 for the preparation of 2’-0-alkyl ribonucleosides. 

Starting from D-ribose, the synthesis of the trichloroacetimidate derivative 4 or 5 was performed 

following Scheme 1. Selective protection of benzyl ribofuranoside* according to Markiewicz’* provided benzyl- 

3,5-O-TIPS-ribofuranoside 1 (77%). For the synthesis of 2-O-methyl derivative 2, the methylation of 1 was 

performed with methyl iodide in DMF after deprotonation with Sodium hydride (70%). In an alternative 

procedure, the alkylation of 1 was achieved under neutral conditions, using an allyloxycarbonyl derivative and 

palladium catalyst? (87%). After hydrogenolysis of the benzyl derivative 2 or 3 (922, ally1 was also reduced 
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in propyl) and treatmentbythe Schmidtprocedurer4, the stable Z-~-~kyl-~5~~fu~osyl ~chlo~timida- 

tes 4 or 5” was obtained with a good yield (75%) (see Scheme I). 

2 R - Methyl 

3 R - Ally1 6 R - Propyl 

Reagents and Conditions: i} BnOH, H%l-, 20-C, overnight (85%). ii) TIPS&, pyridine, room tempctatvre 

(90%) iii) MeI, NaH, DMF, room temperature (70%) or ClCO,CH,CH=CH,, DMAP, acetonitrile. room 

temperature then Pd(OAc), PPh,, toluene, reflux (87%). iiii) H,, P#C-lo%, ethyl acetate, room temperature 

(92%), then CCI,CN, DBU, DCE, room tem~rature (75%). 

GIycosyIation under Vorbriiggen conditions” (trimethylsilyl trifiuoromethanesulfonate as promoter, 1,2- 

dich~oroe~~e as solvent) using imidate 4 or 5 and silylated basei furnished the required 2’“O-alkyl nucleosides 

in a very fast and high yielding reaction with good stereosolectivity (see Table). 

4 R - Methyl 
6 R - Propyi 

Silylatsd Nuctcroboss 

TMSOTf 
DCE 

Room Temperature 
6 R - bbethyt 
7 R = fropyl 

Base = A, ~ymine; B, ~-Bz-5-Me-cytosine; C, lumi~hrome; I?, ~-phenoxya~e~~-Z-aminopu~ne; 

E, ~-isobuty~l-~6-[2-~-ni~ophenyl~thyl]guanine. 
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c - - 

Envy Silylated Imidate Product a@ Yieldb 

Base (%) 

1 A 4 6A 5:95 94 

2 B 4 6B 3:97 95 

3 C 4 6C p>99 80 

4 D 5 7D p>99 77 

5 E 5 7E p>99 86 
r^ e 

a) Ratios were determined by ‘H-NMR analysis (Hl’a 5,8 ppm and Hl’P 6.4 ppm). 

b) Total nucleoside yields isolated by column chromatography. 

The following procedure is representative: 

fl-Bz-5-Me-cytoslne. B (0.345 g, 1.6 mmol, 1.1 equiv.) was silylated in the usual way by reflux under 

argon in hexamethyldisilazane (5ml) for 2 h. To silylated cytosine was added a solution of imidate 4 (0.830 g, 

1.5 mmol) in dry 1,Zdichloroethane (10 ml) and TMSOTf (291 pl, 1.5 mmol, 1 equiv.). The reaction was 

complete after stirring at room temperature under argon in less than 1 min (as judged by TIC). After 5 min, the 

reaction mixture was cooled to 0°C treated by triethylamine (500 pl) and diluted with CH,Cl,. The usual workup 

and column chromatography (3: 1, toluene:ethyl acetate) provide nucleosides 6B (0.880 g, 95%). 

The 2’-O-alkyl nucleosides 6 or 7 were selectively deprotected at the 3’-and 5’-positions with 

tetrabutylammonium fluoride in THFzo (95%) and transformed to the 5’-O-dimethoxytrityl-3’-0-[(P- 

cyanoethyl)-AJ,N-diisopropyll-phosphoramidite building blocks21 10 or 11(80%) ready for oligomerization (see 

scheme 3). 

Scheme 3 Syntiaesk of Phosphommidite Derivatives 

_( $y_ja” , HOwa’= DMTrO 0 Ba8e 
w w 

o\s*,o OR II l 111 
HO OR 

44 

U 
P OR 

fh- 6 R - Yothyl 8 R - Methyl 

7 R - Propyl 9 R - Propyl -I 
-fodN 

10 R - Methyl 
11 R - Propyl 

Reagents and Conditions: i) Bu,NF, THF, room temperature (95%). ii) DMTrCl, pyridine, room temperature 

(88%). iii) i-Pr,NF(Cl)OCH,CH,CN, i-PrJVEt, CHzCI,. room temperature (90%). 
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This glycosylation using the trichloroacetimidate method, which no longer requires reflux temperature 

for several hours, should prove useful for the preparation of “exotic” 2’-0-alkyl ribonucleosides on a large scale 

in good overall yields and directly with protected aglycons ready for oligonucleotide construction. 

Acknowledgements 

We thank Profs. C. Helene and T. Garestierfor their interest in this work, RhBne Poulenc and “L’ Associa- 

tion pour le IXveloppement des Sciences Biophysiques” for their financial support. 

References and Notes 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

Inoue, H.; Hayase, Y.; Asaka, M.; Imura, A.; Iwai, S.; Miura, K.; Ohtsuka, E. Nucleic Acids Research 

1985,26, 165-168. 

Cotten, M.; Oberhauser, B.; Brunar, H.; Holzner, A.; Issakides, G.; Noe, C.R.; Schaffner, G.; 

Wagner, E.; Bimstiel, M.L. Nucleic Acids Research 1991, 19,2629-2635. 

Lamond, I.A.; Sproat, B.S. FEBS 1993,325, 123-127. 

Shimizu, M.; Konishi, A.; Shimada, Y.; Inoue, H.; Ohtsuka, E. FEBS 1992,302, 155-158. 

Hisanaga, Y.; Tanabe, T.; Yamauchi, K.; Kinoshita, M. Bull. Chem Sot. Jpn. 1981,54,1569-1570. 

Wagner, D.; Verheyden, J.P.H.; Moffatt, J.G. J. Org. Chem 1974,39,24-30. 

Yamauchi, K.; Nakagima, T.; Kinoshita, M. J. Chem Sot., Perkin 11980,12,2787-2792. 

Robins, M.J.; Naik, S.R.; Lee, A.S.K. J. Org. Chem 1974,39, 1891-1899. 

Inoue, H.; Hayase, Y.; Imura, A.; Iwai, S.; Miura, K.; Ohtsuka, E. Nucleic Acids Research 1987.15, 

6131-6148. 

Chavis, C.; Dumont, F.; Wightman, R.H.; Ziegler, J.C.; Imbach, J.L. J. Org. Chem 1982,47,202-206. 

Schmidt, R. R.: Synthesis of Glycosides, in Comprehensive Organic Synthesis; Vol. 6, Trost, B.M., Ed. 

Pergamon: Oxford, 1991; pp. 33-64. 

Schmidt, R.R. Angew. Chem Int. Ed. En& 1986,25,212-235. 

Ness, R.K.; Diehl, H.W.; Fletcher, H.G. J. Am. Chem Sot. 1954, 76,763-767. 

Markiewicz, W.T. J. Chem Res. 1979, S, 24-25 andM, 181-197. 

Guibe, F.; Saint M’Leux, Y. Tetrahedron Lett. 1981,22, 3591-3594. 

Schmidt, R-R.; Michel, J.; Roos, M. Liebigs Ann. Chem. 1984,1343-1357. 

All new compounds gave satisfactory microanalytical and spectral data. Selected ‘H-NMR data (300 

MHz): 4 (CDCI,) 6.16 (s, lH, J,,, lHz, Hl) and 5 (CDCl,) 6.25 (s, lH, J,~, lHz, Hl). 

Vorbrtiggen, H.; Krolikiewicz, K.; Bennua, B. Chem Ber. 1981,114, 1234-1255. 

An N-protection at the exocyclic amino group suitable for solid-phase synthesis of oligoribonucleotides 

was selected in every case. For silylation procedure see ref. 18. 

Corey, E-J.; Ventkateswarlu, A. J. Am. Chem. Sot. 1972,94,6190-6191. 

Sinha, N.D.; Biernat, J.; Kbster, H. Tetrahedron Lett. 1983,24,5843-5846. 

(Received in France 19 November 1993; accepted 3 December 1993) 


