Tetrahedron Leiters, Vol. 37, No. 6, pp. 901-904, 1996

@ Pergamon Copyright © 1996 Elsevier Science Ltd
Printed in Great Britain. All rights reserved

0040-4039/96 $15.00 + 0.00

0040-4039(95)02257-0

New Bicyclic Nucleosides Related to 6-Azaisocytidine’

Jaume Farras, Maria del Mar Lle6, and Jaume Vilarrasa*
Departament de Quimica Organica, Facultat de Quimica, Universitat de Barcelona, 08028 Barcelona, Catalonia, Spain

Sergio Castillén and Maribel Matheu
Departament de Qufmica, Facultat de Quimica, Universitat Rovira i Virgili, 43005 Tarragona, Catalonia, Spain

Xavier Solans and Mercé Font-Bardia
Departament de Cristal.lografia, Mineralogia i Diposits Minerals, Universitat de Barcelona, 08028 Barcelona, Catalonia, Spain

Abstract: Ribosidation of azolo-triazines related 1o 6-azaisocytosine gives fluorescent nucleosides
(6a/6b) and/or novel betaine-like nucleosides (7a/7b), depending on the reaction conditions. The
structure of 7a (debenzoylated) has been confirmed by X-ray crystallography. By heating in the presence
of Me3SiOTT, betaines 7 rearrange to afford first N8-substituted isomers 8 and eventually 6.

5-Azacytidine, 6-azauridine, and 6-azacytidine (1) are the most important azanucleosides isolated or
synthesised so far, from a clinical point of view.! Isocytosine and isocytidine derivatives, including 6-aza-
isocytosine, are also well-known compounds,? but 6-azaisocytidine (2) has been much less investigated.> In
this context, we focussed our attention on ring-fused systems 3 and 4 that could arise from 1 and 2,
respectively (eg, by treatment with BrCH>CHO or by reaction of their N-amino derivatives with CH(OMe)3).
The interest of nucleosides with five- or six-membered rings fused to purines* and pyrimidines? relies on their
use as fluorescent probes, their natural occurrence in tRNA from several sources, and the fact that they are
readily formed when certain mutagens (vinyl chloride epoxide, chloroacetaldehyde, etc.) interact with DNA and
RNA.3 Obviously, an alternative approach to this set of "anomalous” or rare polycyclic nucleosides could be
based on the direct glycosidation of the preformed polynitrogenated bicyclic systems. We report here that 4a
and 4b derivatives can be actually obtained via ribosidation of imidazo-triazinone 5a and triazolo-triazinone
5b,% respectively, but, even more interestingly, that these products are often accompanied by betaine-like
isomers’ of unusual features.
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Thus, heating of Sa (1.60 mmol) with Me3SiCl (40 pl) and (Me3Si);NH (2.4 ml),8 with removal of the
reagent excess in vacuo, dissolution in CH3CN (3 ml), addition via syringe to a solution of 2,3,5-tri-O-benzoyl-
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p-D-ribofuranosyl bromide (0.80 mmol) in CH3CN (1 ml), cooling to —40 °C, addition of silver trifluoromethyl-
sulfonate (AgOTf, 0.80 mmol) in CH3CN (0.6 ml),” stirring at rt for 20 h, and separation by column chromato-
graphy afforded a small amount (ca 5% yield) of a product with an intense blue fluorescence at A 455 nm
(excitation at 370 nm), the !H and !3C NMR chemical shifts for the nitrogenated moiety almost identical to
those of Sa, and the p-D-ribofuranose expected system (J;.p: = 3.3). Structure 6a, ie 1-(2,3,5-tri-O-benzoyl-
g-D-ribofuranosyl)imidazo[2,1-c][1,2,4]triazin-4(1 H)-one, was attributed to this nucleoside. On the other
hand, the more polar, major product (90% yield, referred to the monosaccharide amount employed, as
throughout the present work) was hardly fluorescent (A 462 nm, excitation at 430 nm), but its NMR spectra
were remarkable in several aspects, since the anomeric proton and carbon appeared ca 0.6 ppm and 10 ppm at
higher and lower field, respectively, in relation to the corresponding signals of 6a, while C3 appeared 14.5
ppm at higher field than C3 of 6a. However, the remaining NMR data suggested that we were dealing with a
f-D-ribofuranosyl derivative (J, o, = 2.1). Betaine-like structure 7a was tentatively assigned to this nucleoside
in view of these evidences and of a nuclear Overhauser experiment (showing a correlation between H3 and HI'
that was not observed in the case of 6a). In other words, under these reaction conditions (see entry 1 of the
Table), it seemed that attack through N2, which leads to betaine nucleoside 7a, largely predominated. On the
other hand, when 5a, without previous silylation, was treated with 2,3,5-tri-O-benzoyl-g-D-ribofuranosyi
bromide in a 2:1 molar ratio, in refluxing CH3CN for 6 h, 6a was exclusively isolated (see Table, entry 2);
however, at shorter reaction times, TLC and 'H NMR indicated the presence of 6a, 7a, and a third nucleoside
(to which structure 8a was assigned later, see below) in the reaction mixture.
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Both 7a and its deprotected,!? parent compound 2-g-D-ribofuranosyl-
imidazo|[2,1-c]{1,2,4]triazinium-4-olate showed a strong IR band at 1680
cm~! which indicated that either their structures were erroneous or that the
contribution of Lewis formulae such as 7a’ to the resonance hybrids should

be unusually low (to explain the relatively high degree of double-bond sy oo
character of the C4-O bond). Crystals of the debenzoylated compound were S
submitted to X-ray analysis,!! which confirmed the suspected structure (see 7 a (debenzoylated)

the Figure) and showed a C4-O bond length of 1.231 A (123.1 pm), only
slightly longer than that of a standard carbonyl bond.

Table. Reaction of 5a and Sb with ribofuranosyl bromide (tri-O-Bz), in CH3CN

entry substrate reaction conditions nucleoside, betaine nucl., other nucl.,
isolated yield isolatedyield isolated yield
1 5a(silylated) AgOTf,20hat rt 6a, 5% Ta, 90% —
2 Sa reflux, 6 h 6a, 95% — —
3 5b (silylated) AgOTf,20hatrt 6b, 10% 7b, 15% 8hb, 10%
4 5b (silylated) AgOTf,20hat -20°C 7b, 45% —
5 5b reflux, 6h 6b, 85% — —
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In the case of triazole derivative §b we isolated, after silylation and ribosidation (see Table, entry 3) as in
the case of Sa, three different nucleosides by column chromatography, in small amounts: the expected
fluorescent nucleoside (6b),12 the betaine nucleoside (7b),12 and a third p-ribonucleoside of intermediate
polarity (8b, the structural elucidation of which will be commented below). More interesting was the fact that,
when the reaction was performed at —20 °C, the betaine nucleoside (7 b) turned out to be the major product in the
final mixture (NMR) and could be isolated in acceptable yields (see entry 4). Therefore, it seems that 7b is
kinetically favoured but it is very sensitive —more sensitive than 7a— to the temperature under the reaction
conditions. On the other hand, the direct reaction of triazole derivative Sb, without previous silylation, with the
same ribofuranosyl bromide in refluxing CH3CN for 6 h, gave only the expected nucleoside 6b (entry 5).

Although some mesoionic and betaine nucleosides have been reported from time to time,!3 we have
demonstrated now that in azolo-triazinone systems it is also possible to isolate betaine-like species as the major
products. Nevertheless, even the most stable of our two betaines isomerised in hot in the presence of acids.
For instance, after heating 7a with 0.1 equiv. of Me3SiOTf in CH3CN for 1 h, a third nucleoside was obtained
as the major compound, to which structure 8a was assigned on the basis of 2D NMR experiments (!H-13C
COSY and HMBC); the spectral data of 8a agree with those of the other 'transient' nucleoside that, as indicated
in the Table, we isolated in the triazole case (see entry 3), viz 8b. By heating for further 8 h, 8a was completely
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converted into the normal nucleoside, 6a.!4 In the absence of Me3SiOTf, 7a was more stable. 15 Moreover, in
other independent experiments we noted that: (i) betaine 7a was converted into 8a when treated with 2,3,5-tri-
O-benzoyl-g-D-ribofuranosyl bromide (Rib-Br) and AgOTf in CH3CN; (ii) 7a, when treated with equimolar
amounts of 5a-TfOH in refluxing CH3CN, gave eventually 6a; and (iii) 6a was found to be stable under all the
above-mentioned conditions. Thus, it appears that the ribofuranosyl cation (Rib*) catalyses the isomerisation of
7a to 8a, likely through the intermediate arising from the attack of Rib* at N8 of 7a, which is favoured by
steric reasons (in relation to that at N1). When pure 7a is heated in the presence of Me3SiOTf, we believe that
small amounts of Rib*, arising now from the 7a + Me3SiOTf = Sa (silylated) + Rib* TfO~ equilibrium —the
reverse of the ribosidation reaction—, catalyse the first isomerisation (7a — 8a), while the second one (8a —
6a) is probably intramolecular. In short, these rearrangements may be summarised as in the next Scheme.
Concerning the isolation of betaines 7, we attribute the success of the experiments of entries 1 and 4 of the Table
o]
Rib’ TfO~ N -Rib" TIO”

Ta — Rib;r;x, N:J*/N}g ——— 8a —> 6a

. Rib

to the relatively low temperatures and the use of a defect of Rib* TfO™ inrelation to 5. At higher temperatures,
the presence of Me3SiOTTf (which is a product in entries 1, 3, and 4) or protic acid (HBr, ie 5-HBr, is the co-
product in the direct reaction, entries 2 and 5) diminishes the chance of obtaining betaines 7, since their
ribosidation step is reversible and they undergo the above rearrangements or a similar series of events (with

Rib-Br/A in place of Rib* TfO™ in entries 2 and 5) to afford at last the thermodynamically stable isomers, 6.
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In summary, the present results show that betaine-like structures can be generated (and suggest that they

may have participated as transient species more frequently than previously thought) in the glycosidation of

certain nucleobases. Work is in progress in connection with the glucosidation of 5 as well as with the synthesis

of 3 and related structures.
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