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Abstract: Readily available phenylsu~fenyl 23,5-tri-O-benzoyi-~-D-ribofuranoside glycosylates silylated 
nucleobases in a fast, high-yielding and stereoselective reaction promoted by trimethylsilyl 
trifluoromethanesulfonate. The method has been applied to the synthesis of [1"-13C] labelled nucleosides further 
transformed to building blocks ready for oligodeoxynucleotide construction. 

NMR Spectroscopy has given the most useful parameters to study the conformational behavior of 
nucleic acids in solution. Introduction of a 13C label in the (2-deoxy)-D-ribose moiety of nucleic acids would 
allow an increase of the dimensionality of the NMR experiment, thus greatly simplifying the structural 
analysis of these biomolecules in solution. Such a strategy should prove very useful to detect local 
conformational changes induced by a small (e.g., an antitumor drug) or a much larger molecule (e.g., a 
regulatory protein) when they interact with the target sequence of a nucleic acid. As a first step towards this 
goal, we report a reliable synthetic scheme which provides (deoxy)ribonucleosides labelled in the sugar 
moiety 1"5 with a good overall efficiency, starting from commercial [1-13C]-D-ribose 6. 

Anomeric sulfoxides of glucopyranosides were recently recognized as useful glucosylating agents of 
poor nucleophiles, using triflic acid as a promoter 7. We now describe that phenylsulfenyl ribofuranosides, 
when employed using the Vorb~ggen procedure 8, represent highly active agents in nucleoside synthesis. 

Acetulysis (Ac20, AcOH, H2SO 4) of methyl ribofuranosides 9 according to Recondo and 
Rinderknecht 10 provided acetyl 2,3,5-tri-O-bcnzoyl-~-D-ribofuranoside, transformed to thiophenyl 
ribofuranoside 211 (PhSH, BF3.Et20, CH2C12) by the Ferrier procedure 12 (93% overall yield). This two- 
step procedure was conveniently shortened by treating directly methyl ribofuranoside 1 with thiophenol 
(95% yield, see Scheme 1). 
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Reagents and Conditions: a) MeOH, H2SO4, 0"C. overnight; BzCI, pyridine, 0"C, overnight; 86%. b) PhSH, BF3.Et20, 
CH2CI 2, 0"C, 1 h; 95%. c) mCPBA, NaHCO3, CH2Ci2, 0"C, 1 h; 95%. 

The sulfoxides 313 (isomeric ratio, 1:1) produced by mCPBA oxidation of 2, were thus obtained in an 
overall yield of 77% from [1-13C]-D-ribose. 
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Initial glycosylation studies of silylated thymine by 3 under Kahne's conditions 7 (Tf20 as a promoter 
in dichloroethane) led to the desired Nl-nucleosidein ~ 30% yield (see Table, ena'y 1). We found however 
that under Vorbrtiggen conditions 8 (trimethylsilyl trifluoromethanesulfonate as a promoter, 1,2- 
dichloroethane as solvent) sulfoxides 314 and silylated thymine furnished the required nucleoside in a very 
fast (less than one min) and high yielding (92%) coupling process (method A) provided that the reaction be 
conducted at room temperature 15 (Table, entry 2). Similar results were obtained with the silylated 
pyrimidines uracil and N4-benzoylcytosine 17 (see Table). 

Table Synthesis of Nucleosides from Su4foxides 3 

O~s_Ph Silylated nucleobase Base 

B z O - ~  TMSOTf  -"- B z O - ~  

SzO OBz DCE B,O OBz 
3 room temperature  4 

0 0 NHBz NHBz 0 
H . N ~ C H  s H 

Bose- 01~..N ~J 0 0 %'"~N RCONH~N~NI ' RCONH~N "~N 
I I I N I I 

o b c d , R- CH2OPh f 

Entry Silylated Conditions Product Yield* Selected NMR Coupling Constants a 

Base (%) HI'-H 2 ' CI'-H 1 ' CI'-H 2' 

1 Thymine Tf2Ob 4a 30 6.5 168 4.0 

2 " method A c 4a 92 

3 " method B c 4a --0 d 

4 Uracil method A 4b e 90 5.8 - -  - -  

5 N4-benzoyl method A 4c 95 4.8 171 2.8 
cytosine 

6 N6-benzoyl method A 4d 40 5.2 166.2 4.1 
adenine 

7 " method B 4d 90 

8 method B 4e 65f 2.6 167.5 1 
22g 5.1 168 2.9 

9 method B 4f e 60 3.2 - -  - -  

N2-phenoxy- 
acvtyl guanine 

N2-pheno×y- 
acetyl 2-amino- 
purine 

Nuclcostde yields tsolated by column chromatography. 
a 1H.NM R spectroscopy was performed for CDCI 3 solutions at 300 MHz; values in hertz, bSee Ref. 7; CThe conditions are 
described under representative procedures, d 2,3,5-tri-O-benzoyl-D-ribofuranose and 13-D-ribofuranosyl(1-~l)13-D-ribofta-anose 
are formed; e Unlabelled sulfoxides 3 were used; fN9-isomer, g N7-isomer. 
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The same conditions applied to silylated purines proved to be unreliable as seen by coupling 3 with 
silylated N6-benzoyladenine which provided the required nueleoside in only 40% yield 18 (Table, Entry 6). 

With Nt-benzoyladenine, N2-phenoxyacetylguanine and N2-phenoxyacetyl-2-aminopurine, the best 
yields were obtained however by combining silylation of the nueleobases and N-glycosylation in a single 
synthetic step (method B, see Table) 19. Worthy of note is the use of the phenoxyacetyl protecting group 2 0  
for guanine, which allowed a very easy separation of the N 7 (22%) and the N 9 (65%) regioisomer. 

The [1'-13C] labelled nucleosides 4a,c,d,e were deoxygenated at C-2' using a.standard procedure 21 
and transformed to the 5 ' - O - d i m e t h o x y t r i t y l - 3 ' - O - [ ( ~ . c y a n o e t h y l ) - N , N - d A i s o p r o p y l ] - p h o s p h o r a r r t d i t e  
building blocks 22 for oligomerization. The results are shown in Scheme 2. 

Scheme 2 
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Reagents and Coadltlons: i ) I .  pyridine, MeOH, 2M NaOH, 0"C, 5 rain; 2. TIPSCI 2, pyridine, room temperature; 
3. PhOCSCI, DMAP, CH3CN, room temperatme, ii) 1. Bu3SnH, AIBN, PhCH 3, reflux; 2. Bu4NF, THF, 75"C. 
iii) i .  DMTrCI, pyridine, F.t3N, 4"C; 2. I-Pr2NP(CI)(Y2H2CH2CN, i-Pr2NEt, CH2C12, room temperattwe. 
Yields: 7a: i) 79%; ii) 72%; iii) 58%. 7c: i) 76%; ii) 68%; iii) 75%. 7d: i) 42%; ii) 39%; iii) 63%. 7e: i) 35%; ii) 51%; iii) 
82%. 

The following procedures are representative: 
Method A: Thymine (0.85 g, 6.7 mmol, 1.1 equiv.) was silylated in the usual way by reflux under 

argon in hexamethyldisilazane (10 mL) for 2 h. To silylated thymine were added a solution of sulfoxides 3 
(3.5 g, 6.1 mmol) in dry 1,2-dichloroethane (10 mL) and TMSOTf (1.1 mL, 6.1 retool). The reaction was 
complete after stirring at room temperature under argon in less than 1 rain (as judged by TLC). After 5 rain, 
the reaction mixture was cooled to 0"C, treated by triethylamine (1 mL) and diluted with CH2C12. The usual 
workup and column chromatography (10:3, toluene:ethyl acetate) afforded nucleoside 4a (3.23 g, 92%). 

Method B: To a stirred solution of N6-benzoyladenine (1.62 g, 6.77 mmol, 1.1 equiv.) in dry 1,2- 
dichloroethane (20 mL)* was added TMSOTf (2.74 mL, 14.16 retool, 2.3 equiv). After stirring at room 
temperature for 0.5 h, a solution of sulfoxides 3 (3.5 g, 6.1 retool) in 1,2-dichloroethane (20 mL) was added. 
The reaction was essentially complete in less than 1 rain. Workup as described under Method A and column 
chromatography (2:1, toluene:ethyl acetate) provided nucleoside 4d (3.77 g, 90%). 

*10% (v/v) DMF was added in the case of N2-phenoxyacetylguanine. 

This glycosylation, which no longer requires reflux temperature (~ 80"C) for several hours, should 
c 23 prove useful for the N-ribosylation of sensitive bases or in the synthesis of complex nucleoside antibioti s . 

A c k n o w l e d g m e n t s  

We thank Dr. G. Keravis (Centre de Mesures Physiques, Universit~ d'Orl~ans) for mass-spectrometric 
data, Dr. G. Lancelot (Centre de Biophysique Mol~ulaire, Orleans) for his interest in this work and the 
Ligue Nationale Franfaise eontre le Cancer for a predoctoral fellowship to L.C. 



5350 

References and Notes 

I. The synthesis and conformafional analysis of ribo 2 or erythro3-nucleosides and an oligonucleotidi¢ 
duplex 4, 13C.labclled in the sugar moiety have recently been described. 

2. Kline, P.C.; Serianni, A.S.J. Am. Chem. Soc. 1990, 112, 7373-738L 
3. Klinc, P.C.; Serianni, A.S.J. Org. Chem. 1992, 57, 1772~1777. 
4. Nikonowicz, E.P.; Pardi, A. J. Am. Chem. Soc. 1992, I I 4 , 1082-1083. 
5. Manoharan, M.; Gerlt, J.A.; Wilde, J.A.; Withka, J.M.; Bolton, P.H., J. Am. Chem. Soc. 1987, 109, 

7217-7219; Manoharan, M.; Ransom, S.C.; Mazumder, A.; Gerlt, J.A.; Wilde, J.A.; Withka, J.A.; 
Bolton, P.H.J. Am. Chem. Soc., 1988, 110, 1620-1622. 

6. Purchased from the Centre d'Etudes Nucldaires, Saclay. 
7. Kahne, D.; Walker, S.; Chcng, Y.; Van Engen, D. J. Am. Chem. Soc. 1989,111, 6881-6882. 
8. Vorbrfiggen, H.; Krolikiewicz, K.; Bennua, B. Chem. Bet., 1981, I14, 1234-1255. 
9. Barker, R.; Fletcher, Jr., H.G.J. Org. Chem. 1961, 26, 4605-4609. 
10. Rccondo, E.F.; R~inderknecht, G.L. Helv. Chim. Acta, 1959, 42, 1171-1173. 
11. All new compounds gave satisfactory microanalytical and spectral data. 
12. Ferrier, R.J.; Furncaux, R.H. Carbohydr. Rea., 1976, 52, 63-68. 
13. Selected 1H-NMR data (300 MHz): 2 (CDCI3) 8 5.61 (dd, JI,2 4"9, JI,C1 168 Hz, H-l); 3 (CDCI3), 

one isomer: 8 5.04 (dd, I H, JI,2 3.7, J1,CI 169.2 Hz, H-I); other isomer: 8 5.05 (dd, 1 H, Ji,2 2.4, 
J1,C1 168.8 Hz, H-l); 6a (D20) 8 6.29 (dt, I H, J1',2' ~ JI',2" = 6.9 JI',CI' 168 Hz, H-I'); 6c (DMSO- 
d6) 8 6.15 (dr, I H, J1',2' ~ J1',2" = 6.3, JI',CI' 171.5 Hz, H-I'); 6d (DMSO-d 6) 8 6.48 (dr, 1 H, JI',2' 
6.3, JI',2" 7.2, JI',CI' 167 Hz, H-I'); 6e (DMSO-d 6) 8 6.22 (ddd, I H, Jl',2' 6.1, Jl',2" 7.8, JI',CI' 168 
Hz, H-I'). 

14. No difference in rate was observed when the R or S isomer of 3 were taken separately. 
15. At 0°C, the same reaction conditions led to nuclcoside 4a (52%) and variable amounts of 2,3,5-tri-O- 

benzoyl-D-ribofuranose and disaccharide ~-D-ribofuranosyl (1-+l)~-D-ribofuranoside (45% total) as a 
result of an intramolecular rearrangement of 3 to the corresponding anomeric sulfenate 16 

16. Chanteloup, L.; Beau, J.-M. manuscript in preparation. 
17. An N-protoedon at the exocyclic amino group suitable for a solid-phase synthesis of 

oligodeoxynucleotides was selected in every case. 
18. We suspect an inefficient activation of the silylated purine under these conditions. Sec also Note 15. 
19. The role of TfOH, produced in the silylation step, is presently under investigation. 
20. Schulhof, J.-C.; Molko, D.; T~oule, R., Tetrahedron Lett. 1987, 28, 51-54. 
21. Robins, M.J.; Wilson, J.S.; Hansske, F. J. Am. Chem. Soc. 1983,105, 4059-4065. 
22. Sinha, N.D.; Biemat, J., Kt~ster, H. Tetrahedron Lett. 1983, 24, 5843-5846. 
23. In the course of our studies, efficient nueleoside syntheses from thioglycosides were presented: Knapp, 

S.; Shieh, W.-C. Tetrahedron Lett. 1991, 32, 3627-3630. Sugimura, H.; Osumi, K.; Yamasaki, T.; 
Yamaya, T. Tetrahedron Lett. 1991, 32, 1813-1816. 

(Received in France 10 June 1992) 


