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NOTE 

A NEW REAGENT FOR THE FORMATION OF ANHYDRONUCLEOSIDES 

B. Bennua-Skalmowski and H. Vorbriiggen* 
Research Laboratories, Schering AG, 13342 Berlin, Germany 

Abstract: 5’-O-Trit4 -thymidine reacts with excess perfluorobutanesulfonyl fluoride/DBU 
in toluene to 5’-0-trityl-2,3’-anhydrothymidine in 75% yield. Free thymidine gives rise to 
4’,5’-dehydro-2,3’-anhydrothymidine and to 5’-fluoro-2,3’-anhydrothymidine. 

Among the different reagents for the formation of anhydropyrimidine nucleosides 
such as triphenylphosphine-azoester14), POC13-H205-8), SOC12.8), S02C129), diphenyl 
carbonate S i ( 0 A ~ ) ~ l ~ )  and 2-acetoxybenzoyl ~hloride’~), the reactive but relatively 
unstable 2a-acetoxyisobutyryl chloride16 gave in our hands consistently the highest yields 
of 2,2’-anhydropyrimidine nucleosides. Due to the instability of 2a-acetoxyisobutyryl 
chloride, however , particularly on extended storage, we became interested in a chemically 
stable and lower priced alternative to this reagent. 

We have recently observed that the very stable and readily accessible 
n-perfluorobutanesulfonyl fluoride 2 ( C4F9S02F; bp = 64-65’) as well as 
n-perfluorooctanesulfonyl fluoride ( C8Fl7SO2F : bp = 154-155’ ), the mixted anhydrides 
between the perfluoroalkanesulfonic acids and hydrogen fluoride, react readily with 
primary or secondary alcohols in the presence of 1,8-diaza-bicyclo[5,4,0]undecen-7-ene 
(DBU) in toluene to give under Walden inversion the corresponding fluorides in much 
higher yields 17) than with diethylaminosulfur trifluoride PAST) 18). 

Consequently, we have reacted 5’-O-trityl-thymidine 1 with C4F9S02F 2 in 
toluene in the presence of DBU and obtained after workup and crystallization the known 
5’-0-trityl-2,3’-anhydrothymidine 3 20) in >75% yield. 
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The analoguos reaction of a suspension of free thymidine 4 in toluene with excess 
of C4F9S02F 2 and DBU afforded via the corresponding 3’,5’-bis-O-nonaflate the 
4’,5’-dehydro-2,3’-anhydrothymidine 5,  which was isolated on chromatography on a 
column of Si02 in 15% yield, besides 42% of crude 5’-fluoro-2,3’-anhydrothymidine 6 
which crystallized to give pure 621). 

These two examples demonstrate that the combination of C4F,S02F 2 (or 
C8Fl7SO2F) and DBU in toluene or more polar solvents such as acetonitrile might turn out 
to be a useful alternative for small as well as large scale preparations of anhydro 
nucleosides. 

0 

HO 

0 

OH 4 

0 

3 C,F,SO,F 

6 DBU 
toluene 

5 

0 

EXPERIMENTAL 
5’-0-Trityl-2,3’-anhydrothymidine 3 
A stirred suspension of 1.21 g (2,5 mmol) of 5’-O-trityl-thymidine 19) 1 in 20 abs. toluene 
became a clear solution on addition of 1.1 ml (7.5 mmol) of DBU. On subsequent slow 
addition of 0.67 g (3.75 mmol) perfluorobutanesulfonyl fluoride 2 the reaction temperature 
rose to 30°C. After 2 h the reaction mixture was concentrated in vacuo, the residue taken 
up in CH2C12-ice cold sat. NaHC03 and the organic phase dried (Na2SO4). After 
evaporation, the residue (2.39 g) was chromatographed in acetone - isopropanol (3:2) on a 
column of 120 g Si02 (E. Merck). After a forrun of 375 ml, the subsequent 750 ml eluate 
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furnished crude 3, which crystallized from ethanol to give in several crops 0.84 g (75%) of 
pure 3 mp. 218-221’ (lit.20) mp. = 226-227’) 
3 MS (EI) ”/,= 466(M+), 389 (M-C6H5), 243 (C(c6&)3+, 223,165, MS (CI) ”/,= 467 
(M+Hf), 262,243,200; ‘H-NMR(CDC13) 6=1.95 (s, 3H, C5-CH3), 2.36-2.63 ( m, 2H, 
H-2’),3.35-3.40 ( m, 2H, H-5’),4.23-4.29 ( m, lH, H-4’),5.14 ( br, lH, H-3’), 5.43 
(d ,  J=3.7 Hz, lH, H-1’), 6.91 ( s, l H ,  H-6), 7.2-7.46 (m. 15H.) 
Anal. calcd. for C2&26N204 (466.51) C 74.66, H 5.62, N 6.01 Found: C 74.41, H 5.61, 
N 5.87 
4.5-Dehydro-2,3’-anhydrothymidine 5 and 5’-fluoro-2,3’-anhydrothymidine 6 
To a suspension of 1.21 g (5 mmol) thymidine 4 and 3.36 ml (22.5 mmol) of DBU in 40 
ml abs. toluene were added slowly 2.05 ml (1 1 mmol) C4F,S02F 2 with stirring, where 
upon the reaction mixture turned yellow and two phases formed on 18 h standing. 
Evaporation and workup with CH2C12-sat. ice cold aqueous NaHC03-solution gave 9.05 
crude product, which was chromatographed in acetone on a column of 120 g Si02 After 
1.1 1 fonun giving 4.84 g material containing traces of unreacted thymidine 4, subsequent 
elution with 375 ml of acetone-isopropanol (9:l) furnished 0.14 g (13.6%) of 5, whereas 
the following 500 ml eluted 0.47 g (41.6%) of crude 6, from which 0.05 g of pure 6 mp. 
215-217OC crystallized on standing in ethanol. 
5 MS (EI) “/,=206 (M’), 164,127,125, 110,96,81 
MS (CI) “/,=224 (M+NH,++)2O7(M+Hf)l84, 167,153,134,131,114 
‘H-NMR (DMSO-D6) 6=1.69 (s, 3H, C5-CH,), 2.47-2.68 ( m, 2H,H-2’), 4.48-4.72 
(m, 2H, H5’), 5.53 ( s, lH, H3’), 6.2 ( d, J=3, 8 Hz, lH, H-1’), 7.64 ( s, lH, H-6 ) 

6 MS (EI) ”/,= 226 (M+) 206 (M-HF) 177, 150,226 (Thymine) 110,101,81,53 
MS (CI) ”/,= 244 (M+MH4+) 227(M+H+), 207,115,98,81 
‘H-NMR (DMSO-D,) 6= 1.75 (s, 3H, C5-CH3), 2.45-2.63 (m, 2H,3H-2’), 4.39-4.8 
(m,  3H, H-5’+H-4’), 5.36(s, 1H,H-3’), 5.9 (d, J=3.8 Hz, IH, H-l’), 7.69 
( S ,  lH, H-6) 

Acknowledgement: We thank Mr. G. Baude and Mrs. B. Boes as well as Mr. J. Lorenz 
for the MS- and ‘H-NMR sprectres and Mrs. S .  Schwede and A. Hans for carefully writing 
and rewriting this manuscript. 

References 

1. 
2. 

Wada, M. and Mitsunobu, 0.; Tetrahedron Lett.,1972, 13, 1279 
Shibuya, S.; Kuninaka, A.; Yoshino, H.; Chem.Pharm. Bull., 1974,22,719 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
7
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



742 BENNUA-SKALMOWSKI AND VORBRUGGEN 

3. 

4. 
5. 
6. 

7.  
8. 
9. 

10. 
11. 

12. 
13. 

14. 
15. 

16. 

17. 

18. 
19. 
20. 
21. 

Kimura, J.; Fugisawa, Y.; Sawada, T. and Mitsunobu, 0.; Chem. Letters, 
1974,691 
Seela, F.; Worner, K. and Rosemeyer, H; Helv.Chim.Acta, 1994,77, 883 
Furukawa, Y. and Honjo, M.; Chem. Pharm. Bu11.,1968,16,2286 
Kanai, T.; Kojim, T.; Maruyama, 0. and Ichino, M.; Chem. Pharm. Bull., 
1970,18,2569 
Kikugawa, K. and Ichino, M.; Tetrahedron Lett.,1970, 1 I, 867 
Kikugawa, K. and Ichino, M.; J.0rg. Chem., 1972,37,284 
Kikugawa, K.; Kawada, I. and Ichino, M.; Chem. Pharm. Bull., 1975, 
23,3154 
Ogilvie, K.K.; Carbohyd. Res., 1972,24,210 
Beranek, J.; Delia, T.J. and Drasar, P.; Coll. Czech. Chem. Commun., 
1977,42,1588 
Divakar, K.J. andReese, C.B.; J.C.S. PerkinZ, 1982, 1171 
Fraser, A.; Wheeler, P.; Dan Cook, P. and Sanghvi, Y.S.; J. Heteroc. Chem., 
1993,30,1277 
Kondo, K.; Adachi, T. and Inoue, I.; J.0t-g. Chem., 1976,41,2995 
Reichman , U.; Chu, C.K.; Hollenberg, D.H.; Watanabe, K.A. andFox, J.J.; 
Synthesis, 1976,533 
Russel, A.F.; Prystasz,M.; Hamamura, E.K.; Verheyden, J.P.H. and Moffat, J.G.; 
J.Or-g. Chem.,1974, 39, 2182 
Bennua-Skalmowski, B. and Vorbriiggen, H.; Tetrahedron Lett., 1995,36 
261 1 
Hudlicky, M.; Org. Reactions,l988,35,513 
Honvitz, J.P.; Urbanski, J.A. and Chua, I.; J.0rg. Chem.,1962,27,3300 
Fox, J.J. and Miller, N.C.; J.0rg. Chem., 1963,28,936 
Etzold, G.; Kowollik, G.; Langen, P.; Ger.(East) 83.142, C,A.,1973,78,58756c 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
7
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


