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Abstract: A method for preparing 5’-monodeuterated nucleosides with defined (5'S)/(5°R)-ratios,
starting from glucosc is described. The 5-oxopentose derivatives, derived from glucose, were treated
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with LiAID, in the presence of Lii and/or f-amylaicohol to give stercoselectively S-monodeuterated
pentose derivatives. Using various reaction conditions, the stereoselectivity of the monodeuterated 5-
hydroxymethyl group could be partially controlled, in the range of isotopomeric ratios, (55)/(5R), of 4 :
1 to 1 : 7.4. Using appropriate mixtures of the 5-monodeuterated pentoses with different isotopomeric
ratios, we could prepare 5’-monodeuterated nucleosides with defined isotopomeric ratios, which will be

useful for NMR studies of oligonucleotides. © 1998 Elsevier Science Ltd. All rights reserved.

We have shown that stereoselectively deuterated nucleosides are useful for NMR studies of DNA/RNA
oligomers.''® For example, the vicinal P5-H5’/H5” coupling constants, which are essential NMR parameters to
determine the B-angles, could be accurately measured using DNA oligomers with '*C/*H-doubly laheled
residue(s).™® Thus far, this is the most accurate and gencrally applicable method for determining the B-angles in
nucleic acid oligomers. Stereospecific assignment of the H5'/HS™ signals, which is also essential for precise
structural determinations of nucleic acids in solution, could be accomplished by 'H-*'P correlation spectroscopy
using DNA oligomers labeled with stereoselectively 5°-monodeuterated nucleosides prepared from 2'-
deoxynucleosides.'' Although these 5° monodeuterdted nucleosides were successfully used for the NMR analyses
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of DNA ohgomcrs with limited sizes,” this approach has an inherent proolcm The different (5°S)/(5'R)-ratio for

protons, basc'\. on the relative intensities of th peaks in the 'H-"'P correlation spectra.” The cross peak
intensities are substantially affected by the vicinal coupling constants between PS5’ and HS5'/HS”, and may not
necessarily be correlated with the residual proton concentrations. Most of this ambiguily can be mostly avoided,

one can use V'C/"H-doubly labeled nucleosides, since the relative intensities of the cross peaks observed in the 'H-
P correlation spectra reflect the isolopomeric ratios more accurately. An alternative, less expensive, way to avoid
this problem would be to use a pair of 3’-monodcuterated nucleosides with different, but defined, (3°S)/(3'R)-
ratios. With these nucleosides in hand, one can estimate the contribution from the dilferent magnetization transfer
efficiencies of the 5° pro-S and pro-R protons.

We have been developing various methods for preparing isotopically labeled nucleosides from labeled
glucoses, which are commercially available. In our approach, the labeled glucoses are converted to the ribose
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the labeled nucleosides prepared by this approach have the identical isotopomeric distribution in their sugar

derivatives, which are then coupled with the pyrimidine or purine bases to give the various nucleosides

moieties. for example, the (3°5)/(37R)-ratios in the 5" -monodeuterated nucleosides, the interpretations of the NMR
spectra become straightforward. Note that the (5°S)/(5°R)-ratios of the 3'-monodeuterated nucleosides prepared
from nucleosides vary substantially with each nucleoside.'' In this paper, we describe a method to prepare 5°-
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monodeuterated nucleosides with defined (5'5)/(5°R)-ratios. As we used glucosc as a starting material, the same
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Stereoselectively 5-monodeuterated ribose derivatives can
derivatives.

sy

preparation of (5R)-[5-°

xy

H,}J-ribose.

deuteration of 5-oxopentose derivatives, using various ligand and reaction conditions.

The previousiy reported method to prepare the (55)-[5

be obtained by the deuteration of the S-oxoribose
[5-211 J-ribose,” however, cannot be adapted to the

We have thus investigated a method to control the stereochemistry of the
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Figure 1. Deuteration of the 5-oxopentose derivatives with LiAID, in the presence of ligands.
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deuteration reactions were rather low (Fig 1,

stereoselective reduction of B-alkoxy ketones, ” did not larg

and 6). The addition of Lil, which
ely improve the qteremele

as successfully used for the
tivity (Fig. 1, 2,7). Also, the

modification of LiAID, with a bulky alcohol, Whth was effective for the stereoselective reduction of B-dicarbonyl

compounds,'* was not effective (Fig. 1, 3,8).

The stercosclectivity, however, was markedly improved by the
simultaneous addition of Lil and t-amylalcohol-modified-LiAID,

(Fig. 1, 4.5.9.10)."*'¢
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Figure 2. 300 MHz NMR spectra. a) 3 with a 1 : 7.4 (58)/(5R)-ratio. b) 4 with a4 : ! (55)/(5R)-ratio
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Note that the opposite selectivities were observed between the reactions with 1 and 2 (Fig. 1, 5 and [0). The
R-isotopomer was preferentially obtained from 1, but the S-isotopomer was obtained from 2. The (58)/(5R)-ratios
varied from 4 : | to 1 : 7.4 by changing the combinations of the substrates and the reaction conditions, as shown in
the '"H-NMR spectra for 3 and 4 (Fig. 2). Obviously, the stereoselectivity of the deuteration reaction was affected
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bulky alcohol to attack preferentially the carbonyl group from the less hindered si-face. If the lithium ion was
coordinated between the carbonyl and the 3-benzyloxy oxygens of 1, rather than the carbonyl and ring oxygens,
the modified LiAID, would have preferentially attacked the re-face.
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Figure 4. 500MHz '"H-NMR spectra. a) 18 of3: 1 (55 R)-ratio. b) L@ of 1 : 3 (5°S)/(5'R)-ratio
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Compounds 3 and 4 were then efficiently converted into [2’,5’-2H2}-thymidine 10 (Fig. 3), via the
common intermediate 7, by the chemicai giycosyiation method.'*** These procedures made it possible to prepare
{5°-’H,J-nucieosides with defined {5'$)/(5°R) ratios. For exampie, a pair of isotopomeric mixtures of i9, with i :
Jand 3 : 1 (55)/(5K) ratios, was successfully prepared by mixing the intermediates, 7, derived from 3 and 4, to

viald the taraot ratine Thao ratine nf T waoaros ramnlataly maintninad in tha thumidinas 10 an choacsiee in thais ligs nasn
JEUEM LEIL MG ELE TGLIUS. LR TAUIUD UL 7 WLIL LVULNPICUILEY TG HIVU T LIS LY HTHULNCD 1 U, ad SIUWIL Wi Uil l] NIV
snectra (Fig 4)
spectira g 2

in conciusion, a method for synthesizing 3-monodeuterated riboses with defined (5°8)/(5'R)-ratios was
developed. The lsotopomenc ranos can be precisely adjusted for the desired values by mixing various 5-

clsewhere.
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