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Synthesis of 2’,3’-Differentiated Ribonucleosides via Glycosylation 

Pyrimidine Series 
Reactions with 2-0-Me or 2 - 0  -TBDMS Ribofuranose Derivatives. 1. 
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The syntheaie of 2’,3’ asymmetrically substituted pyrimidine ribonucleosides in 70-95% yields by using modified 
Vorbruggen conditions with “nonparticipating” 2-0-CH3 and 2-0-TBDMS ribofuranoses is described. Such 
compounds are useful synthons for oligoribonucleotide synthesis, including incorporation of “rare” bases. New 
and practically useful conditions for placement (using 1,2,4-triazole) and removal (KF/crown ether) of the 
tert-butyldimethylsilyl (TBDMS) protecting group are also reported. 

For the chemical synthesis of oligoribonucleotides it is 
necessary to have the monomeric nucleosidic units asym- 
metrically substituted.’ Especially difficult is the dif- 
ferentiation of the secondary 2’,3’-cis hydroxyl group, and, 
in general, all such synthons have been prepared via a route 
that begins with the ribonucleoside. Thus, prior protection 
of the primary 5’-hydroxyl and primary amino function 
of the aglycon if necessary, is followed by a nonselective 
substitution of the 2’- and 3’-hydroxyls. This latter op- 
eration then neceasitatee separation of the isomeric mixture 
by chromatography or fractional crystallization; e.g., see 
ref 2-4. Most of the “building blocks” currently used in 
oligonucleotide synthesis have been obtained by some 
variation of this general procedure and include ribo- 
nucleosides blocked at  the 2‘-hydroxyl with tetrahydro- 
pyranylp methoxytetrahydropyranyl,6 acyl,7 tert-butyl- 
dimethylsilyl (TBDMS)? o-nitrobenzyl: and methy1.l0 
Enzymatic differentiation of a 2’,3’-cyclic phosphate’l or 
selective deacyhtion12 have also been proposed as methods 
of obtaining 2’,3’-differentiated ribonucleosides but not 
utilized to any great extent. 

An attractive alternate route to such derivatives is the 
direct synthesis of an asymmetrically 2’,3’-substituted 
ribonucleoside, i.e., to achieve the differentiation a t  the 
carbohydrate stage. To be practically useful, such a 
procedure not only must be reasonably short and of good 
overall yield for the 2-substituted ribofuranose derivatives 
but also must overcome the problems of anomerism/ 
isomerism inherent in glycosylation reactions. 

To  date, the relatively few uses of sugars with 
“nonparticipating” groups at  the 2-position, i.e., H, OH, 
0-alkyl, usually produce anomeric mixtures of nucleosides 
in glycosylation reactions.13J4 Indeed, the two most 
pertinent examples using 2-0-methyl-16 or 2-0-ethyl ri- 
bofuranosel6 derivatives report yields of the /3-nucleosides 
not exceeding 35%. Nevertheless, some recent progress 
has been made in understanding how to direct the re- 
gioselectivity and stereospecificity of glycosylation reac- 
t i on~ . ’~  Additionally, a practical synthesis of 1,3,5-tri-0- 
acylribofuranoses variously substituted at the 2-hydroxyl 
is now available.18 

In this paper we present a study which demonstrates for 
the first time that ribofuranoses 2 and 3 with 
“nonparticipating” groups, i.e., OMe or OTBDMS, at the 
2-position can be used in glycosylation reactions to furnish 
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good to excellent yields of all the naturally occuring py- 
rimidine &nucleosides 6 or 7 uncontaminated by a anom- 

(1) For recent general reviews, see: (a) C. B. Reese, Tetrahedron, 34, 
3143 (1978); (b) V. Amarnath and A. D. Broom, Chem. Rev., 77,  183 
(1977); (c) M. Ikehara, E. Ohtauka, and A. F. Markham, Adv. Carbohydr. 
Chem. Biochem., 36,135 (1979) 

(2) D. Wagner, J. P. H. Verheyden, and J. G. Moffat, J.  Org. Chem., 
39, 24 (1974). 

(3) M. J. Robins, S. R. Naik, and A. S. K. Lee, J.  Org. Chem., 39,1891 
(1974). 

(4) C. B. k, J. C. M. Stewart, J. H. van Boom, H. P. M. de Leeuw, 
J. Nagel, and J. F. M. de Rooy, J.  Chem. SOC., Perkin Trans. I, 934 
(1975). 

(5) R. J. Gregoire and T. Neilson, Can. J. Chem., 56, 487 (1978). 
(6) J. H. van Boom and P. M. J. Burgers, Tetrahedron Lett., 4875 

(1976). 
(7) (a) H. P. M. Fromageot, C. B. Reese, and J. E. Sulston, Tetrahe- 

dron, 24,3533 (1968); (b) R. W. Adamiak, E. Biala, K. Grzeskowiak, R. 
Kierzek, A. Krascowski, W. T. Markiewicz, J. Stawinski, and M. Wiew- 
iorowski, Nucleic Acids Res., 4, 2321 (1977). 

(8) (a) K. K. Ogilvie, S. L. Beaucage, A. L. Schifman, N. Y. Theriault, 
and K. L. Sadana, Can. J. Chem., 56, 2768 (1978); (b) W. KBhler, W. 
Schlosser, G. Charubala, and W. Pfleiderer in ‘Chemistry and Biology 
of Nucleosides and Nucleotides”, R. E. Harmon, R. K. Robbins, and L. 
B. Townsend., Eds., Academic Press, 1978, p 347. 

(9) (a) E. Ohtauka, S. Tanaka, and M. Ikehara, J. Am. Chem. Soc., 100, 
8210 (1978); (b) A. D. Broom and D. G. Bartholomew in “Nucleic Acid 
Chemistry”, L. B. Townsend and R. S. Tipson, Eds., Wiley-Interscience, 
1978, Part 2, p 771. 

(10) W. T. Markiewicz and M. Wiewiorowski, Nucleic Acids Res., 2, 
951 (1975). 

(11) J. Smrt and F. Sorm, Collect. Czech. Chem. Commun., 28,2415 
(1963). 

(12) Y. Ishido and N. Sakairi, Nucleic Acids Res., Spec. Publ. 3, 813 
(1977). 

(13) L. Goodman in ‘Basic Principles of Nucleic Acid Chemistry”, Vol. 
1, P. Ts’O, Ed., Academic Press, 1974, p 124. 

(14) U. Niedballa and H. Vorbruggen, J. Org. Chem., 39,365 (1974). 
(15) A. H. Haines, Tetrahedron, 29, 2807 (1973). 
(16) G. H. Ransford and R. P. Glinski, J. Carbohydr., Nucleosides, 

Nucleotides, 1, 275 (1974). 
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ers or others isomers. Furthermore, we believe this ap- 
proach represents a potentially general and competitive 
synthesis not only for the “rare” baseslg but also for some 
of the other disymmetrically substituted oligoribo- 
nucleotide building blocks. A preliminary account of this 
work has already appeared.20 

Discussion 
The required 2-substituted sugars 2 and 3 were prepared 

from the readily available 1,3,5-tri-O-benzoyl-a-~-ribo- 
furanose (1)18 (Scheme I). Reaction of 1 with diazo- 
methane in the presence of BF3 etherate to prevent acyl 
migration21 produced 2 ( - 75 9% ) always accompanied by 
some starting material 1 (-15%). Varying reaction con- 
ditions could never achieve complete conversion of the 
starting sugars. 

Silylation of 1 under standard conditions22 led to a 
mixture of the desired 2-0-TBDMS derivative, 3, and the 
corresponding 1-O-TBDMS isomer, 4; similar base-cata- 
lyzed isomerizations are now well d o ~ u m e n t e d . ~ ~ ~ ~ ~  
However, substitution of 1,2,4-triazole for imidazole as the 
activating agenta produced the desired 2-O-TBDMS de- 
rivative 3 in essentially quantitative yield. This useful 
result is presumably due to the reduced basicity of triazole 
compared to imidazole, and it would be of considerable 
interst to compare its effect on direct silylation of un- 
protected nucleosides. 

These 2-ether derivatives, 2 or 3, were submitted to 
glycosylation reactions with the silylated pyrimidines uracil 

(17) J. L. Barascut and J. L. Imbach, see ref 8b, p 239. 
(18) (a) C. Chavie, F. Dumont, and J. L. Imbach, J. Carbohydr., Nu- 

cleosides, Nucleotides, 5,133 (1978); (b) R. K. Ness and H. J. Fletcher, 
J. Am. Chem. SOC., 78,4710 (1966). 

(19) R Hall, “The Modified Nucleosides in Nucleic Acids”, Columbia 
University Prese, New York, 1971. 

(20) F. Dumont, R. H. Wightman, J. C. Ziegler, C. Chavie, and J. L. 
Imbach, Tetrahedron Lett., 3291 (1979). 

(21) E. Groa and S .  M. Flematti, Chem. I d .  (London) 1556 (1966). 
(22) K. K. Ogilvie, Can. J. Chem., 61,3799 (1973). 
(23) G. H. Dodd, B. T. Golding, and P. V. Ioannou, J.  Chem. Soc., 

(24) For a related ue.e of 1, 2,4triazole, see: N. Katagiri, K. Itakura, 
Chem. Commun., 249 (1975). 

and S. A. Narang, J. Am. Chem. Soc., 97, 7332 (1975). 
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(5a) and N4-benzoylcytosine (Sb) by using the SnC14 ap- 
proach in dichloroethane as the solvent (Scheme 11). 
However, “forcing” conditions, i.e., 2 equiv of SnCl, and 
heating, were employed to maximize the more stable and 
desired 8-nucleosides 6 and 7.” The yields (90% for the 
TBDMS derivatives 7a,b and -70% for the methylated 
nucleosides 6a,b) amply demonstrate the effectiveness of 
this approach; only traces of the corresponding a isomem 
were ever detected by ‘H NMR. Thus, these syntheses 
illustrate for the first time that in glycosylation reactions 
requiring high stereoselectivity “nonparticipating“ groups 
in the ribose 2-position can be as effectively employed as 
the much more common and =participating” acyl group@ 
provided correct conditions are used. 

A further example of this approach is the direct syn- 
thesis of the 2’-O-TBDMS-substituted derivative of the 
“rare” base ribothymidine (7c) in 87% yield (Scheme III). 

Unfortunately, similar sugar derivatives containing the 
methoxy THP groupla were not stable to the teactiorr 
conditions, and no nucleosidic products containing this 
useful 2’-OH protecting groupzs could be isolated. 

(25) K. A. Watanabe, D. H. Hollenberg, and J. J. Fox, 3. Carbohydr., 

(26) C. B. Reeae, R. Saffhill, and J. E. Sulston, J. Am. Chem. Soc., 89, 
Nucleosides, Nucleotides, 1 ,  1 (1974). 

3366 (1967). 
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applicability it will represent a very useful approach to the 
preparation of such oligonucleotide synthons which, at 
present, must be prepared by a lengthy sequence involving 
tritylation (protect 5’-OH), benzoylation (protect 3’(2’)- 
OH), and detritylation (deblock 5’-OH). 
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Deprotection of the 2’-O-CH3 nucleosides 6a,b was quite 
straightforward. Controlled treatment of 6b with NaOMe 
produced the N-protected nucleoside, 8 ready for incor- 
poration into oligoribonucleotide chains (e.g., see ref 10) 
in overall yields which make this method a useful alternate 
to methods involving methylation then N-protection of 
nucleosides (e.g., see ref 3). Removal of all protecting 
groups from 6a,b by methanolic ammonia produced the 
Yraren 2’-O-methylated nucleosides 9a,b. 

Attempted removal of the 2’-O-TBDMS group invari- 
ably led to mixtures of the corresponding 3’,5’- (10a,b) and 
2’,5’-di-O-benzoyl derivatives (lla,b) in ratios varying from 
9:l to 1:l as could be ascertained by ‘H NMR. However, 
thanks to favorable equilibrium conditions the pure 3’3’ 
isomers 10a,b could be isolated in good yields (90%; see 
ref l a  These derivatives have been shown to be 
very useful synthons for oligoribonucleotide synthesis), 
Best results were obtained by utilizing F- for removal of 
the TBDMS group, and we have found that KF/crown 
ether is, practically, a much simpler reagent to prepare 
than TBAF.22 In contrast, attempted removal of the 2’- 
0-TBDMS group by using 0.1 N methanolic HC1 led to 
an unresolved mixture of products. 

Elimination of the benzoyl groups from the model com- 
pound 7a with sodium methylate produced isomeric mix- 
tures of the 2’- and 3’-O-TBDMS derivatives 13a,b, as 
shown by 13C and lH NMR spectroscopy. Such base- 
catalyzed isomerization is well-known,“.28 but according 
to the literature, the isomeric derivatives can be separated 
by column chromatography and are useful synthons for 
oligoribonucleotide synthesis.ma Recently it has been 
shown that the more useful oligoribonucleotide synthon, 
the 2’-O-TBDMS isomer, can be isolated in very good yield 
by reequilibration of the mixture and recycling reverse- 
phase chromatography.29b Complete removal of all pro- 
tecting groups from the sugar hydroxyls produced the 
ribonucleosides 12a (uridine), 12b (N4-benzoylcytidine), 
and 12c (ribothymidine). 

Finally, initial results with a selective 5’-debenzoylation 
of some 3’,5’-di-O-benzoylated uridine derivatives (7a, 14) 
should be noted (Scheme IV). Reaction with excess 
NaBH, in anhydrous ethanoP0 produced directly the 
corresponding 5’-hydroxyl derivatives 15 and 16 in more 
than 50% yield. If this reaction proves to be of general 

(27) D. P. L. Green, T. Ravindranathan, C. B. Reese, and R. Saffhill, 
Tetrahedron, 26, 1031 (1970). 

(28) See ref 8b. See also K. K. Oailvie, D. W. Entwistle, Carbohvdr. - 
Res. 89, 203 (1981). 

(29) (a) W. Pfleiderer, ’Nucleosides, Nucleotides and Their Biological 
Aodications” J. L. Barascut and J. L. Imbach. Eds.. INSERM. Mon- 
tepellier, France, 1978, p 186; (b) W. Sung and S. A. Narang, Can. J .  
Chem., in press. 

(30) (a) F. Weygand and E. Fraundorf, Chem. Ber., 103,2437 (1970); 
(b) E. Schenker, Angew. Chem., 73,81, (1961); (c) M. 5. Brown and H. 
Rapoport, J. Org. Chem., 28, 3261 (1963). 

Con c 1 us i o n 
The use of the selectively protected ribofuranoses 2 and 

3 plus the determination of optimal condensation condi- 
tions has permitted a new approach to the synthesis, 
stereospecifically and regioselectively, of two classes of 2’,3’ 
unsymmetrically substituted &pyrimidine nucleosides. 

The ?are” 2’-O-CH3 nucleosides can be prepared in 
good overall yields and directly with protected aglycons 
ready for oligonucleotide synthesis. Of special importance, 
however, is the fact that this approach is amenable to 
large-scale syntheses, e.g., -5-20 g. All previous work, 
involving direct methylation of nucleosides, leads to com- 
plex mixtures which are difficultly or incompletely se- 
parable in amounts exceeding - 1 g. A variety of alkylating 
agents have been reported, including diazomethane (in the 
presence or absence of SnC12),31 methyl or di- 
methyl sulfate32d in alkaline solution and trimethyl sulf- 
oxonium hydroxide.33 

In common with direct benzoylation or TBDM silylation 
of nucleosides, this method suffers from the facile 2’- to 
3‘-position migration of these groups, a problem which has 
not detracted from their extensive use in oligonucleotide 
synthesis. In contrast, however, this glycosylation ap- 
proach will probably be the preferred procedure for 
preparation of the necessary amounts of protected nu- 
cleoside synthons containing unusual bases which will be 
necessary in any future tRNA synthesis. 

A forthcoming paper will present the detailed results 
obtained in the purine series and thus confirm the gen- 
erality of this approach. 

Experimental Section 
General Details. Melting points were obtained in capillaries 

on a Buck 510 melting range apparatus and are uncorrected. W 
spectra [k- in nanometers (e)] were obtained on a Optica Model 
10 spectrophotometer. Proton magnetic resonance (‘H NMR) 
spectra were recorded on a Varian 90 or HA-100 instrument in 
CDC13 or Me2SO-d,; all values are recorded in parts per million 
(6) with reference to Me4Si. Band shape is indicated by s (singlet), 
d (doublet), t (triplet), and m (multiplet). Thin-layer chroma- 
tography was performed by using Merck Kieselgel 60 F254 as 
0.2-mm layers on aluminum foil. Merck silica (0.0634.2 mm) 
was used for column chromatography; solvent ratios are expressed 
as volume per volume. 

Mass spectra were obtained on a JEOL JMS D 100 instrument. 
Elemental analyses were performed by the Central microanalytical 
Service of CNRS, Montpellier division. 

1,3,5-Tri-0 -benzoyl-2-O-methyl-a-~-ribofuranose (2) was 
prepared as described in the literature for a mannose derivative% 
by slow addition of diazomethane in CHzClz to a solution 

(31) (a) A. D. Broom and R. K. Robins, J. Am. Chem. SOC., 87,1145 
(1965); (b) M. Aritomi and T. Kawasaki, Chem. Pharm. Bull., 18,677 
(1970); (c) M. J. Robins and S. R. Naik, Biochem. Biophys. Acta, 246, 
341 (1971); (d) M. J. Robins and A. S. K. Lee, J. Med. Chem., 18,1070 
(1975); (e) M. J. Robins, A. S. K. Lee, and F. A. Norris, Carbohydr. Res., 
41, 304 (1975). 

(32) (a) A. D. Broom, L. B. Townsend, L. B. Jones, and R. K. Robins, 
Biochemistry, 3,494 (1964); (b) H. Bredereck, H. Haas, and A. Martini, 
Chem. Ber., 81, 307 (1948); (c) J. W. Jones and R. K. Robins, J. Am. 
Chem. SOC., 85, 193 (1963); (d) J. T. Kusmierek, J. Giziewicz, and D. 
Shugar, Biochemistry, 12,194 (1973). 

(33) K. Yamauchi, T. Nakagima, and M. Kinoshita, J .  Org. Chem., 45, 
3865. (1980). 

(34) J. 0. Deferrari, E. G. Gros, and I. 0. Mastronardi, Carbohydr. 
Res., 4, 432 (1967). 
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(maintained at 0 OC) of the 2-hydroxy sugar 1 in CHzClz with BF3 
etherate as a catalyst. Typically the sugar 1 (5.0 g) in CHzClz 
(150 mL) was treated with diazomethane from N-methyl-N- 
nitrosourea (25 g) to give after the workup and chromatography 
(CHC13/ether 191) a clear oil, 2 (3.8 g, 74%). Also recovered was 
15% of the starting sugar. These yields could not be altered by 
the addition of much more diazomethane, more catalyst, or al- 
ternating quantities of diazomethane and catalyst. 

1,3,5-Tri- 0 -benzoyl-2-0 -( tert -butyldimethylsilyl)-a-D- 
ribofuranose (3). (a) Imidazole Method?2 To a solution of 
the 2-hydroxy sugar 1 (3.46 g, 7.3 mmol) in ahydrous DMF (10 
mL) were added tert-butyldimethylsilyl chloride (1.50 g, 10 m o l )  
and imidazole, (1.3 g, 20 “01). After 20 h at room temperature, 
this solution was poured into ice-water and the resulting mixture 
extracted with hexane (4 X 15 mL). The combined organic phases 
were washed with water (1 x 75 mL), *ed (NagOJ, and fdtered, 
and the solvent was removed in vacuo to yield an oil (5.10 9). 
Column chromatography (CHC13) yielded successively the 1-0- 
TBDMS sugar 4 (1.92 g, 45%) and the desired 2-0-TBDMS 
isomer 3 1.23 g (31%); ‘H NMR (CDCld 8.30-7.20 (m, aromatics), 
6.60 (Hl, J1,z = 4.2 Hz), 5.60 (dd, H3, J3p = 1.8 Hz), 4.88 (m, H4), 
4.60 (dd, H2, J2,3 = 6 Hz), 4.38 (m, H5, H5J, 0.7 [s, (CH3)3C], 0.03 
[s, (CH3)z]. For 4 ‘H NMR (CDC13) 8.40-7.10 (m, Ph), 6.00 (t, 

(H4, H5, H53, 0.93 [s, (CH3),C], 0.20 (8, CH3Si), 0.16 (8, CH3Si). 
Anal. Calcd for CszHMOsSi: C, 66.66; H, 6.25. Found for 3: 

C, 66.37; H, 6.11. Found for 4: C, 66.41; H, 6.08. 
(b) Triazole Method. tert-Butyldimethylsilyl chloride (0.904 

g, 6.0 mmol) and 1,2,4-triazole (0.828 g, 6.0 mmol) were allowed 
to dissolve in DMF (4 mL) during 30 min at room temperature 
at  which time the sugar, 1 (0.924 g, 2.0 mmol), was added and 
the mixture stirred at  room temperature with exclusion of 
moisture. Mter 48 h, petroleum ether (50 mL) and HzO (50 mL) 
were added, the phases were separated, and the aqueous phase 
was extracted with petroleum ether (2 X 50 mL). The combined 
organic layers were washed with HzO (1 X 75 mL), dried (Nag04), 
and evaporated to yield the silylated sugar 3,1.148 g (quantitative). 
HPLC indicated that this sugar contained 1-2% of the corre- 
sponding 1-0-TBDMS isomer 4 but was used “as is” in all sub- 
sequent glycosylation reactions. 

Acylation of Heterocyclic Bases. N4-Benzoylcytosine 5b 
was obtained as d e ~ c r i b e d . ~ ~  

Preparation of Pyrimidine Nucleosides 6a,b and 7a,b. 
General Silylation and Coupling Proced~re.’~ When poasible, 
all the following manipulations were performed in a glovebox with 
exclusion of moisture. To the heterocycle (5a,b, 1 g) were added 
HMDS (25 mL) and ammonium sulfate (50 mg). The mixture 
was refluxed ovemight with exclusion of moisture. In the moming 
the homogenous solution was cooled to room temperature and 
evaporated in vacuo (oil pump); to the residue was added an- 
hydrous dichloroethane (30 mL), and the solvent was again re- 
moved in vacuo to ensure complete removal of HMDS. The 
residue, assumed to be the completely silylated heterocycle, was 
used immediately for the next step. Thus, the silylated base (1 
equiv) and the required sugar 2 or 3 (1 equiv) were dissolved in 
anhydrous dichloroethane (15 mL/g of sugar), and to this solution 
was added SnC1, (2 molar equiv). The homogenous solution was 
refluxed for 60 min, cooled, and poured into cold, saturated, 
aqueous NaHC03. After 10 min of agitation the Sn salts were 
removed by filtration through Celite and washed with dichloro- 
ethane. The filtrate was separated, the aqueous phase was washed 
with dichloroethane (1 X 50 mL), and the combined organics were 
washed with HzO (2 X 75 mL) before drying (Nag03 and solvent 
removal. In this manner the following nucleosides were prepared. 
B’~’-Di-O-benzoyl-2’-0-methyluridine (6a). Uracil (k, 0.45 

g, 4 mmol), the 2-0-methyl sugar 2 (1.90 g, 4 mmol), and SnCl, 
(2.08 g, 0.95 mL, 8 mmol) yielded, after chromatography 
(CHC13/ether, 3:1), a white foam (1.37 g, 74%) which was crys- 
ta lhd from ethanol as white needles: mp 132-133 OC (lit.15 foam); 
‘H NMR (CDC13) 8.20-7.30 (m, H6 and aromatics), 6.04 (d, Hl,, 

Hz), 4.90-4.50 (m, H4!, HW, H54, 4.23 (dd, HZt, JY3, = 5.9 Hz), 3.46 
(s, OCH,); UV (ethanol, 95%) A, 227 (30000), 256 (13000). 

(35) D. M. Brown, A. Todd, and S. Varadarajan, J. Chem. Soc., 2384 

H3, J2,3 = 6 Hz), 5.70 (d, H2, J1 ,2  = 6 Hz), 5.60 (8, HI), 5.00-4.50 

5 1 9 ,  2, = 2.9 Hz), 5.54 (d, H5, J5,s = 8 Hz), 5.38 (dd, H3,, J3,,4, = 5 

(1956). 
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Anal. Calcd for CUHzzN2O8: C, 61.80; H, 4.75; N, 6.00. Found 
C, 61.71; H, 4.98; N, 5.91. 

3’,5’-Di-O-benzoyl-2’-0 -( tert -butyldimethylsi1yl)uridine 
(7a). Uracil (5a; 2.50 g, 22 mmol), the 2-0-TBDMS sugar 3 (12.0 
g, 20 mmol), and SnCh (4.7 mL, 40 “01) yielded after the workup 
a white foam, 7a (10.75 g, 95%; pure by TLC). Chromatography 
(CHC13/MeOH, 99:l) yielded an analytical sample (foam): lH 
NMR (CDCl,) 8.78-7.23 (m, H6 and aromatics), 5.99 (d, HI+, J1t.r 

5.00-4.35 (m, H4,, H5t, H54, 4.09 (dd, Hz,, 52,,3, = 4.8 Hz), 0.8 [s, 
(CH3)+2], 0.08 [s, (CH,),Si]; mass spectrum, m/e 509 (M’ - 57). 

Anal. Calcd for C29H34N208Si: C, 61.48; H, 6.00; N, 4.95. 
Found: C, 60.97; H, 6.09; N, 4.85. 

N4-Benzoyl-3’,S’-di- 0 -benzoyl-2’- 0 -methylcytidine (6b). 
N4-Benzoylcytosine (5b; 1.35 g, 6.05 mmol), 2-0-methyl sugar 2 
(2.95 g, 6.05 mmol), and SnC14 (3.22 g, 1.48 mL, 12.1 mmol) 
produced a beige foam (3.1 g) which could be crystallized directly 
from CH2Clz/ether as white crystals of 6b: 2.0 g; mp 169-171 
OC. Chromatography (MeOH/CHC13, 1:19) of the mother liquors 
afforded additional product (0.5 g; total yield 70%). The product 
was crystallized from MeOH for analysis: mp (170-171 OC; ‘H 
NMR (CDCl,) 8.40-7.40 (m, H5 and aromatics), 8.17 (d, He, 55,6 

4.98-4.58 (m, H4,, H5,, H5”), 4.35 (dd, Hz,, J2,,3, = 5 Hz), 3.58 (s, 
OCH,); UV (ethanol, 95%) A,,,,,, 228 (35 OOO), 263 (12 OOO); mass 
spectrum, m/e 570 (M’). 

Anal. Calcd for CslHnN308: C, 65.37; H, 4.78; N, 7.38. Found 
C, 64.79; H, 4.72; N, 7.20. 

N4-Benzoyl-3’,5’- 0 -dibenzoyl3’- 0 - ( tert -butyldimet hyl- 
sily1)cytidine (7b). N4-Benzoylcytosine (5b; 0.72 g, 3 mmol), 
the 2-0-TBDMS sugar 3 (1.92 g, 3 mmol), and SnCl, (1.74 g, 0.8 
mL, 6 ”01) produced a beige foam (2.0 9). Crystallization from 
ether gave white needles of 7b: 1.70 g; mp 157-159 OC. Chro- 
matography (CHCl, ether, 7:3) yielded additional product: 0.2 
g (total yield 86%); H NMR (CDC13) 8.20-7.20 (m, H5, H6, and 
aromatics), 5.98 (d, J1t,Y = 1.8 Hz), 5.23 (8, H34, 5.21-4.70 (m, HY), 
5.20-4.70 (m, HY, H5,, H54, 0.83 [s, (CH,),C], 0.20 (8, CH3Si), 0.01 
(s, CH3Si); UV (ethanol, 95%) A, 228 (38000), 263 (14000); maw 
spectrum, m/e 670 (M’). 

Anal. Calcd for C38H3908N3Si: C, 64.55; H, 5.87; N, 6.27. 
Found: C, 64.48; H, 5.77; N, 6.37. 

3‘,5’-Di- 0 -benzoyl-2’-0 -( tert -butyldimet hylsilyl)-5- 
methyluridine (7c). This derivative of a “rare base” was pre- 
pared by using the “one-pot” procedure of Vorbruggen.% 
Thymine (0.252 g, 2 mmol), the 2 -0  TBDMS sugar, 3 (1.15 g, 2 
mmol), HMDS (0.34 mL, 1.6 mmol), trimethylsilyl chloride (0.20 
mL, 1.6 mmol), and SnC1, (0.28 mL, 2.4 “01) were added to dry 
CH&N (30 mL). The solution was refluxed for 20 min until TLC 
indicated the disappearance of all the starting sugar and was 
worked up as described (vide supra). The oily residue (1.10 g) 
was chromatographed (CHCls/MeOH, 99:l) to yield an oil: 0.99 
g (87%); ‘H NMR (CDC13) 8.21-7.20 (m, H6 and aromatics), 6.07 
(d, Hit, J1t,Y = 4.8 Hz), 5.51 (dd, H3,, 53,,4, = 6 Hz), 5.02-4.50 (m, 

(CH3),C], 0.04 [s, (CH3),Si]; UV (ethanol, 95%) A, 228 (25500), 
264 (9300); mass spectrum, m/e 565 (M’ - 15). 

Anal. Calcd for C30HzsNzOsSi: C, 62.06; H, 6.20; N, 4.82. 
Found C, 61.75; H, 6.15; N, 4.80. 

Deprotecton of 2 ’ - 0  -Methyl Nucleoside. (1) Partial: 
N-Acyl-2’-O-methyl Nucleoside 8. As commonly carried out,28 
the completely protected nucleoside 6b (1 equiv) in THF was 
treated with 1 N methanolic NaOMe (3 equiv) for 12 min at room 
temperature. Sodium ions were removed with Amberlite IR 120 
resin (pyridinium form), and after filtration and complete removal 
of solvent in vacuo, the residue was chromatographed (CHC13/ 
MeOH, 9:l) or crystallized directly. In this manner there was 
obtained N4-benzoyl-2’-0-methylcytidine (8): yield 280% ; 
mp 180-181 “C (acetone or CHzC1d (lit. mp 181-182,1° 83-84 Oca; 
‘H NMR (Me2SO-d6) 8.56 (d, H,, 55,6 = 7.5 Hz), 8.30-7.18 (m, H5 
and aromatics), 5.90 (d, Hl,, Jlf7 = 2 Hz), 4.34-3.30 (m, 5 H), 3.50 

= 3.6 Hz), 5.56 (d, H5, J5,6 = 7.8 Hz), 5.40 (dd, H3r, J3,,4t = 4.5 Hz), 

= 8 Hz), 6.09 (d, Hit, J1t.2, = 1.4 Hz), 5.25 (dd, J3!,4, = 8.5 Hz), 

H4,, H5,, H5n), 4.57 (dd, Hy, J3,,4, = 6 Hz), 1.63 (9, CH3), 0.80 [s, 

~~ 

(36) H. Vorbriiggen and B. Bennua, Tetrahedron Lett., 1339 (1978). 
(37) E. S. Werstiuk and T. Neilson, Can. J. Chem., 54, 2689 (1976). 

We believ this product must be the 3’-OMe isomer formed after acyl 
migration due to the abscence of BF3 etherate. 

(38) C. L. Liotta and H. P. Harris, J. Am. Chem. SOC., 96,2250 (1974). 
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g (97%); mp 205-206 "C (lit!' mp 198-202 "C); 'H NMR 

aromatics), 5.96 (d, Hit, J1t,2j = 4.5 Hz), 5.46 (m, H20, 4.83-4.50 

Selective Removal of the 5'-O-Benzoate. The following 
general procedure was employed. To the 3',5'-di-O-benzoyl nu- 
cleoside (1 mmol) in anhydrous ethanol (15 mL/g of nucleoside) 
was added NaBH4 (4 mmol). The reaction was stirred, allowed 
to proceed at  room temperature, and followed by TLC. After a 
few minutes the solution became homogeneous, and after 3 h the 
reaction was judged to be complete. The reaction mixture was 
then chilled to 0 "C and treated simultaneously with acetone and 
1 N aqueous acetic acid (16 "01, i.e., stoichiometric equivalents). 
The mixture was agitated for 15 min, the organic solvents were 
evaporated, and the remaining aqueous phase was extracted with 
CH2Clz 3 times. The combined organic phases were dried 
(Na2S04) and evaporated to yield a product which was usually 
purified by chromatography. The following products were thus 
prepared. 

(a) 2'-04 tert -Butyldimethylsilyl)-3'-0 -benzoyluridine 
(15). The fully protected nucleoside 7a (0.306 g, 0.53 mmol) and 
NaBH, (0.100 g) in anhydrous ethanol (2.5 mL) produced, after 
the workup and direct precipitation from ether, a solid (0.135 g, 
55%) which could be crystallized from CH2C12/hexane to give 
13a: mp 217-219 "C; 'H NMR (MeaO-d,) 11.43 (NH), 8.46-7.46 
(m, H5 and aromatics), 6.10 (d, H1, J1~,2, = 6.3 Hz), 5.86 (d, He, 

5.1 Hz), 4.53-4.28 (m, H4J, 4.3-5.8 (m, H,, HVO; UV (ethanol, 95%) 
A, 230 (12400), 258 (9500); mass spectrum, m/e  452 (M+). 

Anal. Calcd for C22H30N207Si: C, 57.14; H, 6.49; N, 6.06. 
Found C, 57.05; H, 6.72; N, 6.07. 

(b) 2',3'-O-Benzoyluridine (16). 2',3',5'-Tri-O-bemyluridine 
(14; 0.93 g, 1.7 "01) and NaBH, (0.254 g) in anhydrous ethanol 
(10 mL) produced an oily residue (1.07 g) which yielded after 
chromatography some starting material (0.275 g) with ether as 
eluent and the desired product 16 [0.431 g, (56%); mp 194-196 
"C (lit." mp 195-197 "C)] with ether/ethyl acetate (982) as eluent. 
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(a, CH,); mass spectrum, m/e  361 (M+). 
(2) Complete: Preparation of 2'-O-Methyl Nucleosides 

9a,b. The fully protected nucleosides 6a,b were dissolved in 
anhydrous methanol previously saturated at 0 "C with NH,; the 
flask was stoppered and stored in the refrigerator (4 "C). After 
2-4 days when the reaction was complete, as monitored by TLC, 
the solvent was removed at  water-pump pressure and the residue 
subjected to column chromatography. Benzamide was removed 
with CHC13/MeOH ( lg l ) ,  and the desired product was obtained 
with CHC13/MeOH (41). The following compounds were obtained 
in yields 280%. 

2'-0 -Methyluridbe (9a): mp 159-161 "C (acetone/ether) 
(lit? mp 154-161 "C); mass spectrum, m/e 244 (M+) and all other 
peaks as reported in ref 3. 

2'-O-Methylcytidine (9b): mp 251-252 "C (methanol/ether) 
(lit3 mp 255 "C); mass spectrum, m/e 257 (M+) and all other peaks 
as reported in ref 3. 

Removal of TBDMS Protecting Groups. (1) TBAF in 
THF.= To the nucleoside 7a-c (1 equiv) was added TBAF (2.5 
equiv) in THF. After 2 h at  room temperature the reaction was 
judged complete as monitored by TLC. The reaction mixture 
was evaporated to dryness and the residue purified by chroma- 
tography or crystallized directly. 

(2) KF/Crown Ether.% The flame-dried KF (15 equiv) were 
added dibenm-l&crown-6 (1 equiv) and dry benzene (300 mL/9% 
KF). Most of the benzene (75%) was distilled to dry the reaction 
mixture, which was then cooled to room temperature and treated 
with the nucleoside (1 equiv) dissolved in CH3CN (30 mL/g of 
nucleoside) plus acetic acid (0.1 mL/3 mL of CH3CN). The 
readion was refluxed for 2 h, cooled, treated with ethanol (25 mL), 
and evaporated to dryness. The residue was purified by chro- 
matography and then crystallization to give the following nu- 
cleosides. 

3',5'-Di-O-benzoyluridine (loa). Method a. 2'-0- 
TBDMS-substituted uridine (7a; 2.0 g, 3.5 "01) after treatment 
with TBAF (8.5 mmole) in THF (13 mL) and chromatography 
(CHC13/MeOH, W1) yielded an oil (1.43 g, 90%). Crystallization 
from methanol in several crops yielded the deblocked nucleoside 
1Oa: 1.29 g (82%); mp 185-187 "C (lits mp 187-189 "C); 'H NMR 
(Me2SO-d6) 8.33-7.33 (m, H5 and aromatics), 5.90 (d, HI,, Jlt2. = 

H30, 4.93-4.33 (m, Hzt, H4,, HSt, H6,,). 
Method b. The same 2'-O-TBDMS nucleoside (7a; 0.1 g, 0.175 

mmol) on treatment with KF (0.15 g, 2.6 mmol) and crown ether 
(0.064 g, 0.175 mmol) in dry benzene (10 mL), acetonitrile, and 
acetic acid yielded the deblocked nucleoside 10a (0.059 g, 74%) 
after chromatography (CHC13/MeOH, 99:l). 

N4-Benzoyl-3',5'-di-0 -benzoylcytidine (lob). The 2'-0- 
TBDMS nucleoside 7b (0.5 g, 0.74 mmol) after treatment with 
TBAF' (2.2 mmol) in THF (3.5 mL) yielded an oil which was 
directly crystallized from anhydrous ethanol to give lob: 0.405 

5 Hz), 5.86 (d, OH, J = 6 Hz), 5.63 (d, He, J5,6 = 7.8 HZ), 5.50 (m, 

(39) Y. Mizuno, T. Endo, and K. Ikeda, J.  Org. Chem., 40,1385 (1975). 

(40) H. P. M. Fromageot, B. E. Griffin, C. B. Reese, and J. E. Sulston, 

(41) R. Lohrman and H. G. Khorana, J .  Am. Chem. SOC., 86, 4188 
Tetrahedron, 23, 2315 (1967). 

(1964). 


