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Synthesis of 3’-Deuterated Pyrimidine Nucleosides Via
Stereoselective Reduction of a Protected 3-Oxoribose
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C3’-position were prepared with complete stereocontrol vxa NaB H, reduction of a 3 xonbose
derivative (5) Utilization of bcnzyl protectmg _groups in the deuterated glycosidation substrate
faciiitates the synthesis of ribonucieosides and 2’-deoxyribonucieosides with minimal protecting
group manipulations. © 1998 Elsevier Science Ltd. All rights reserved.
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structural (NMR) analysis.”
C2’, C4°, or C5’-positions have recently been reported.” - In addition, methods have been developed for seiective
isotopic incorporation at the pro-R or pro-§ positions of the C2’- or C5’-methylene groups of the nucleosides. In
particular, stereoselective reduction of a C3’-ketoadenosine derivative (1) was achieved by taking advantage of
oxygen chelation.” Coordination of triacetoxyborohydride to the C5’-hydroxyl group of 1 enabled Robins et al.
to overcome the steric bias towards preferential nucleophilic attack from the o-face of the nucleoside.”® In this
Letter we report an alternative method for the stereoselective synthesis of C3’-deuterated nucleosides in which the

isotopic label is incorporated prior to glycosidic bond formation. Deuterated 2’-deoxyribonucleosides and
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When devising the strategy for the synthesis of 2 and 3, we sought to develop a route that met the
following criteria:
1. Introduction of the isotopic label should proceed with high facial selectivity.
2. Glycosidation should be effected under Lewis acid mediated conditions with high selectivity.
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3. A single nucleoside glycosidation product would be carried on to monomers amenable to chemical DNA or

RNA synthesis without deprotecting and reprotecting the hydroxyl groups.

Consequently, we developed a method (Scheme 1) in which attack by a nucleophile on the a-face of a
randile arailalila oot &\ Tl Lrad faritars N Th 3 > ey v Lo ~
readily available substrate (5) was blocked {criterion 1). The protecting groups for the C3- and C5-hydroxyls of
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the resuiting ribose (6) were chosen so as to be stable to the conditions employed for deprotecting the C2-

-

hydroxyl group in 8 (criterion 3); whereas the C2-hydroxyl protecting group (7) was chosen so as to ensure
stereocontrol via neighboring group participation during the Lewis acid mediated glycosidation (criterion 2).
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2Key: a) (Bu3Sn),0, toluene, then BnBr, BuyNI (cat.) b) Triacetoxy periodinane c) NaBzH4, EtOH

d) NaH, DMF, then BnBr e) TsOH (cat.), dioxane/H,O f) Ac,O, pyridine, CH;CN g) Bis-(trimethyisilyl-
acetamide, thymine, CH,;CN, then SnCl,

In practice, ketone substrate 5§ was obtained from commercially available 1,2-O-isopropylidene

xylofuranose (4) via selective protection of the primary hydroxyl group utilizing the ring opening of the C3,C5-0-
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wed by oxidation of the secondary alcohol.” Exclusive attack from the B-face by NaB’H,

yielded the crude reduction product, which upon benzylation yielded 6. The extent of deuterium incorporation in
6, as determined by 'H NMR, was greater than 95%. The isopropylidene was converted into the glycosidation
precursor (7) as a mixture of anomers via a two step procedure in which the intermediate diol was acetylated
without purification.® In our hands, this method yielded more consistent results than a previously reported one
pot procedure.’” Glycosidation was effected via standard Lewis acid mediated conditions using in situ silylated
thymine.!" The B-anomer of the protected nucleoside (8) was obtained as the exclusive product, demonstrating
that the stereochemistry at the anomeric center in the substrate (7) is inconsequential, and that the directing effect

of the acylated C2-hydroxyl group is responsible for the stereocontrol.

The orthogonal nature of the C2’-protecting group in 8 with respect to the benzyl groups used to mask the
other nucleoside hydroxy! groups, greatly facilitate its transformation into 2 and 3. Protected ribonucleosides

obtained under Lewis acid glycosidation conditions are typically carried on to deoxyribonucleosides via a reliable
five step procedure that invoives cleavage of the three ester protecting groups and selective protection of the C3’-
and C5’-hydroxyl groups as the disiloxane prior to deoxygenation.'” An encouraging report recently appeared
which streamlines the stercoselective synthesis of 2’-deoxyribonucleosides by using a photolabile acyl protecting
group for the C2’-hydroxyl."" However, if one wishes to synthesize the respective ribonucleoside precursor
suitable for transformation into the phosphoramidite substrate used in chemical synthesis, the fully deprotected

nucleoside obtained from the initial glycosidation product must be carried through a series of protecting group
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manipulations, some of which can be less selective than desired ¢ combination of benzyl and acyl hydroxyl
nrotectinoe eronne eliminated anv need for renrotection of the C3’- and S’ -hvdroxv] oronneg aavaos wit
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methanolic ammonia, or mild cyanide mediated cleavage of the acetate yields the last common intermediate in the

Q
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synthesis of 2 and 3.7 Synthesis of C3’-"H-thymidine (2) was completed via radical deoxygenation, followed
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by hydrogenolysis of the benzyl protecting groups.’® The benzyl protecting groups in 10 proved to be mildly
resistant to hydrogenolysis, but were cleaved in good yield using Pd/C and H, (50 psi). Hydrogenolysis of the
benzyl protecting groups proved to be the most difficult step in the synthesis of 3, presumably due to the presence
of the r-butyldimethylsilyl protecting group (11), which is commonly used as the 2’-hydroxyl protecting group in
the chemical synthesis of RNA. The benzyl groups were untouched by H, using Pd/C, and the more reactive

Rh/ALO, resulted in competitive hydrogenation of the thymine double bond. Ultimately, the benzyl groups in 11

standard dimethoxytritylation and phosphitylation procedures.

Scheme 22
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8Key: a) NH3, MeOH b) Phenyl chlorothionoformate, DMAP, CH,Cl, c) BugSnH, AIBN (cat.),
benzene, reflux d) 10% Pd/C, H, (50 psi), MeOH e) TBDMSCI, imidazole, DMF f) 10% Pd/C,
1,4-cyclohexadiene (4 eq.), EtOH

The above method provides a stereoselective source of thymidine (2) and 5-methyl-2’-O-(t-
butyldimethylsilyl)uridine (3) deuterated at their C3’-positions. The method takes advantage of glycosidation
methods that exploit neighboring group participation to control the stereoselectivity of this process, and then
utilizes the lability of the same protecting group to transform the initially formed protected nucleoside (8) into
suitable precursors for chemical DNA and RNA synthesis with fewer protecting group manipulations than

required in other methods. Although the lability of purine nucleosides to the hydrogenolysis conditions may pose
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a limitation to this method, the chemistry described above should be amenable to the synthesis of other pyrimidine
nucleosides containing deuterium or tritium at the C3’-position.'®
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