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ABSTRACT
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A regio- and stereoselective glycosylation of ribose tetraester with persilylated alloxazine to give either #-N1 or #-N3 nucleosides is described.
The N3 product is potentially of interest as a fluorescent nucleoside and is predicted to have the hydrogen-bonding characteristics of thymidine.

The fluorescence properties of many organic fluorophores ment of fluorescent nucleosides that maintain the hydrogen-
are sensitive to their chemical environment, making such bonding properties of natural nucleoside bases. One example
reagents of tremendous interest as probes for biochemicals pteridine-based nucleoside developed by Pfleiderér
processes. Fluorescent nucleoside analogues such as 2-amivhich has the advantage of possessing the hydrogen-bonding
nopurine ) have been widely used to study proteiDNA properties of guanosine as well as high fluorescértiee
interactions (Figure 1) Of particular interest is the develop- related alloxazine nucleoside® and 4a have also been
prepared and found to have low fluorescence quantum yields
N relative to quinine sulfaté?
In addition to their fluorescence properties, we are
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Figure 1. Fluorescent nucleosides.
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interested in N3-alloxazine nucleoside$ @s potentially
more hydrophobic analogues of thymidine. We predict that
nucleoside4b will maintain the hydrogen-bonding profile
of thymidine since the N10 nitrogen dfb can serve as a
hydrogen bond acceptor (Figure 2). Matteucci had shown
phenoxazine nucleosideto be a more hydrophobic analogue
of cytidine# Oligonucleotides containingshowed enhanced
stabilization of 2-5 °C per modification as measured By,
when hybridized to a complementary strand of RNA. The
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Figure 2. Hydrophobic nucleoside analogues.

more dramatic stabilization came when several phenoxazine

nucleotides were clustered, which allowed for maximum
hydrophobic stacking of the tricyclic ring system upon
hybridization.

Alloxazine ribonucleosides have been previously prepare

by the glycosylation of ribose tetraesters with alloxazine to

give predominately thg-N1 product8, with 5-N3 (7) and
the N1,N3-diribosyl products as minor componérBleider-

er has also studied the glycosylation of 3,5ap-toluoyl-
o-D-2-deoxyribosyl chloride with a number of persilylated
lumazine derivative8. The N1 regioisomer was formed
exclusively; however a mixture of anomers was usually
obtained. Interestingly, the glycosylation of persilylated
alloxazine was regio- and stereoselective, giviiigas the

only product after deprotection. We report here glycosylation

conditions to give thgs-N1 or 5-N3 ribonucleosides regi-
oselectively and the subsequent conversion of #H€3
isomer to the 2deoxynucleoside.

In analogy with the glycosylation of guanifé,we
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at —20 °C in dichloromethane gave exclusively the N3
product?7. The structures of thg-N1 and-N3 products

gwere unambiguously determined by long-rant¢—13C

heteronuclear correlated 2-D NMR (HMBC). For the N3
product {, Figure 3), the anomeric proton (HbH = 6.53
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Figure 3. Structure determination of th&-N3 andj-N1 regioi-

reasoned that glycosylation at N3 may be the kinetic product, SOmers byH—*C heteronuclear correlation.

which is converted to the thermodynamically favored N1
product via the N1,N3-bis-glycosylated intermediate, which
has been observédJsing 1,2,3,5-tetraacetylribosé) @s the
donor, Vorbriggen glycosylatiohwith silylated alloxazine

ppm) showed three-bond coupling to both carbonyl carbons
of the base (C2, C49 = 148.8, 159.2 ppm); for the N1

at room temperature in acetonitrile using tin tetrachloride as Product @), the anomeric proton (H10 = 6.80 ppm)

a Lewis acid gave a mixture of N1 and N3 glycosylation

products. Prolonged reaction times favored the N1 product

(8), consistent with our initial hypothesis; after 2 &was
the exclusive product (Scheme 1). Glycosylation for 15 min
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showed three-bond coupling to only one carbonyl carbon
(C2,6 = 149.1 ppm) and to the 10a bridgehead carbdn (
= 144.7 ppm}.0.10

We have reported a streamlined synthesig-@f-deoxy-
ribonucleosides via the glycosylation & followed by
selective deoxygenation of the2+(trifluoromethyl)benzoate
via a photoinduced electron-transfer (PET) mechanism using
carbazoles as the photosensitiZeGlycosylation of9 with
persilylated alloxazine gave a 1:1 mixture of {3 and
B-N1 products in 70% combined yield (Scheme 2); these

(10) Ewers, U.; Gather, H.; Jaenicke, LChem. Ber1974 107, 876.
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Wang, Z.; Rizzo, C. JJ. Org. Chem1997, 62, 8257.
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conditions were not optimized. The desired regioisot{®r

was easily separated by flash chromatography; however, PET,

deoxygenation of10 provided none of the desired’-2

deoxynucleoside, returning starting material instead. It is

possible that the alloxazine ring df0 may quench the

carbazole excited state, preventing electron transfer to the
m-(trifluoromethyl)benzoyl group, or may be acting as the

electron acceptor. We then attempted to achieéveedxy-

genation of the alloxazine ribonucleoside by a more con-
ventional route as developed by Robins (Schemé? 3).
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Methanolysis of7 (MeONa, MeOH) followed by simulta-
neous protection of the'band 3-hydroxyl groups (Pr-

(12) Robins, M. J.; Wilson, J. S.; Hansske, J-FAm. Chem. S0d.983
105 4059.
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SiCl),0, pyridine) gavellin 90% overall yield:® The free
2'-hydroxyl group was converted to the corresponding
phenoxy thionocarbonate or thiocarbonylimidazolide under
standard condition$:**Unfortunately, subsequent tin hydride
reduction of12 proceeded poorly, givingb in 30—35%
yield. To our surprise, the major product was the corres-
ponding protected arabinonucleosit® Presumably, heating
12a or 12b caused displacement of thé-thionocarbonyl
group by the C2-carbonyl of the base, to give the'-2,2
anhydronucleosid&4 which is subsequently hydrolyzed to
13 Thus13is probably formed by a thermal process, perhaps
catalyzed by trace acid or base, and not a radical reaction.
When11 was treated with pentafluorophenyl chlorothiono-
formate!® we obtained none of the expected prod2t
(Scheme 3). Instead, we obtained an 89% yield 4flt is
known that 2,2anhydropyrimidines such &<l are obtained
upon activation of the'zhydroxyl groupt® although we were
somewhat surprised to obtain this product under these
conditions. This sequence involving 2ghhydronucleosides

is a know method for the conversion of ribonucleoside to
arabinonucleosidé’s.

When alcoholl1 was reacted under Mitsunobu conditions
(DIAD, PhgP, toluene), the same 2@nhydronucleosideld)
was obtained in 94% vyield (Scheme 4). A variety of
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nucleophiles have been shown to open-2jthydropyrim-
idines to give the corresponding? -derivativest® Treatment
of 14 with HBr afforded the 2bromide (5) in 85% yield.

(13) Markiewicz, W. T.J. Chem. Res., Synop979 24.
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Typically 14 was not purified. Reduction with tributyltin ~ larger than values previously determined for alloxazine
hydride and desilylation proceeded in 82% overall yield for ribonucleosides3a and 4a32 For 16, the fluorescence
two steps to give the desirgd2 -deoxynucleosidéb.’®° The guantum vyield was 0.02 when measured in acetonitrile
2'-debromination could also be accomplished photochemi- (excitation, 321 nm; emission, 427 nm). This solvent
cally in 44% yield, using 3,6-dimethyl-9-ethylcarbazole as dependence may indicate that the fluorescence properties of
a photosensitizer in 2-propanol, thus avoiding the use of toxic 4b will change in a more hydrophobic environment.
tin hydride. The photodebromination, however, is somewhat |n conclusion, we have developed conditions for the
slower, requirig 3 h for complete reaction as compared to regiocontrolled glycosylation of alloxazine and ribose tet-
30-60 min for the tin hydride mediated reaction. The raacetate to give either the N1- or N3-ribonucleoside. The
dehalogenation does not require photosensitizer, although theN3 product was taken on to the correspondingl@oxy-
reaction is faster and proceeds with less side reactions whemucleoside4b via an efficient sequence. This fluorescent
itis included. The synthesis db was accomplished in seven nucleoside analogue is predicted to possess the same
steps from commercially availabéand proceeded in better  hydrogen-bonding properties as thymidine and may be of
than 50% overall yield. interest for antisense or antigene applications or as a
We have measured the fluorescence propertigb@ind  fluorescent probe. Conversion @b to the corresponding
16. Using quinine sulfate as a standai@ & 0.51), the  phosphoramidite required for solid-phase DNA synthesis and
fluorescence quantum yield @b in water (excitation, 332 subsequent studies of oligonucleotides contaidingyill be
nm; emission, 455 nm) was determined to be 0.06, which is the focus of future work in our laboratory.
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