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ABSTRACT

This communication describes a convenient, facile, and high-yield synthesis of 3-(â-D-ribofuranosyl)isoguanine and its 8-methyl derivative, as
well as nucleoside analogues of pteridines, from a common precursor, 5,6-diaminocytidine. 5,6-Diamino-2′,3′,5′-tri-O-benzoylcytidine was
synthesized from 4,6-diamino-2-oxopyrimidine in three steps.

Incorporation of 9-(â-D-ribofuranosyl)isoguanine into oligo-
nucleotides and its ability to form parallel duplex,1 tetra-
plex1b-e,2and quintet3 structures have been well recognized.
It is also known that 9-(â-D-ribofuranosyl)isoguanine by itself
and in combination with berberin is active against various
tumor cell lines.4 It would be interesting to know the effect
of position of glycosylation of isoguanine on its structural

properties and antitumor activity. As a part of an ongoing
project leading to the synthesis of anti-HIV polynucleotides,
we became interested in 3-(â-D-ribofuranosyl)isoguanine (6a)
and its analogues. A synthesis of6a has been reported by
Schmidt and Townsend.5 However, the effect of6a on the
structure of oligonucleotides and its biological relevance are
lacking, perhaps because of the synthetic difficulties in
obtaining substantial quantities of the compound. The present
work discusses a convenient, facile, and high-yield synthesis
of 6a and its 8-substituted analogues from a pyrimidine
nucleoside, 5,6-diaminocytidine (4).

Also described is a convenient route to the synthesis of
4-amino-2-oxo-3-(â-D-ribofuranosyl)-2,3-dihydropteridine and
its 6,7-dimethyl derivative from4. Synthesis of analogues
of pteridine nucleosides starting from pteridines are well-
known in the literature.6 Recently, the fluorescent properties
of pteridine nucleosides have stimulated interest in their use
as fluorophores in nucleic acid interaction studies.7 Glyco-
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sylation of silylated 4-amino-2-oxo-1,2-dihydropteridine gave
predominantly the N1-glycosylated pteridine nucleoside; it
is difficult to synthesize the corresponding N3 nucleoside
analogue with the existing methodology.6b The present
approach depicts a convenient way of synthesizing N3-
glycosylated 4-amino-2-oxopteridines.

5,6-Diamino-2′,3′,5′-tri-O-benzoylcytidine (4)was syn-
thesized from 4,6-diamino-2-oxopyrimidine (1) as shown in
Scheme 1. Trimethylsilylated1 was allowed to react with
1-O-acetyl-2,3,5-tri-O-benzoyl-â-D-ribofuranose in 1,2-
dichloroethane under Vorbrüggen coupling conditions8 to
yield 6-amino-2′,3′,5′-tri-O-benzoylcytidine (2) in 90% yield.
The synthesis of 6-aminocytidine9 from 5-bromocytidine and

6-amino-2′-O-methylcytidine10 from 1 and the corresponding
2-O-methyl sugar have been reported. Nitrosation of2 in
acetic acid below 10°C for 4 h gave the purple 5-nitroso
derivative3 in quantitative yield.11,12Quantitative reduction
of nitroso to amine was achieved by the treatment of3 with
sodium hydrosulfite and water in DMF at 50°C for 4 h to
yield 4 as a yellowish green solid.
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Scheme 1a

a (a) i. HMDS, TMS-Cl (cat.) reflux, 6 h; ii. 1-O-acetyl-2.3.5-(tri-O-benzoyl)-â-D-ribofuranose, Sn(IV)Cl, rt, 24 h (yield 88%). (b)
NaNO2 (2 equiv), HOAc, H2O (10%),< 10 °C, 4 h (yield> 95%). (c) Na2S2O4 (2 equiv), DMF, H2O (10%), 50°C, 4 h (yield> 95%).
(d) Y-CO-CO-Y, DMF (yield 80-90%, overall). (e) X-CO-N(CH3)2, POCl3 (1.2 equiv) (yield 80-90%). (f) NaOMe-MeOH or NaOH-
H2O/MeOH.
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Treatment of4 with 1 equiv13 of POCl3 in DMF (Vils-
meier-Haack reagent) at ambient temperature gave pre-
dominantly 6-amino-3-(2,3,5-tri-O-benzoyl-â-D-ribofuranosyl)-
purine-2-one (5a).14 One might expect a mixture of5a and
its isomer7 from the reaction, but the major product isolated
was5a in 85% yield. However, a small amount of a slightly
faster moving component was observed on TLC.15 This could
be the isomer7, but the very low yield made isolation and
characterization impractical. Debenzoylation of5a in metha-
nolic sodium methoxide gave the free nucleoside6a. The
structure of compound6a has been established by HMQC
and gradient HMBC (GHMBC) NMR experiments and by
the identity of its UV spectra with those reported in the
literature.5 In the reported procedure, the authors took
advantage of the steric directing effect of iodide present at
position 8 of 8-iodoisoguanine to selectively glycosylate at
N3 of the base. This was followed by catalytic hydrogenoly-
sis of the iodide to obtain the target compound.5

Reaction of4 with 1 equiv of POCl3 and DMAc gave the
corresponding 8-methyl derivative5b. Synthesis of 8-sub-
stituted 3-(â-D-ribofuranosyl)isoguanine, while possible,
would be challenging using the earlier method.5 The present
methodology thus provides an excellent route to 3-(â-D-
ribofuranosyl)isoguanine and its 8-methyl derivative in high
yield (and fewer steps than in the previous procedure) by
application of Vilsmeier-Haack reagents. The position of
the sugar was defined by its position on the starting
pyrimidine nucleoside.

Reaction of4 with 1 equiv of glyoxal in DMF at ambient
temperature for 1 h gave a 3:2 mixture of 4-amino-2-
oxo-1-(2,3,5-tri-O-benzoyl-â-D-ribufuranosyl)-1,2-dihydro-
pteridine6b (9a) and 4-amino-2-oxo-3-(2,3,5-tri-O-benzoyl-
â-D-ribufuranosyl)-2,3-dihydropteridine (8a), respectively.
The slower eluting compound on a silica gel column was
debenzoylated and characterized by HMQC and GHMBC
NMR experiments as11a.Its UV spectrum matched that of
the reported compound.6b The faster eluting compound was
debenzoylated,16 and its structure was established as10aby
HMQC and GHMBC NMR experiments (vide infra). Reac-
tion of 4 with 1 equiv of butane-2,3-dione in DMF at ambient
temperature gave the 3-(â-D-ribofuranosyl)pteridine deriva-
tive 8b as the major product (80% yield, faster eluting
fraction on silica gel column) and 1-(â-D-ribofuranosyl)-
pteridine17 derivative 9b as the minor product (less than
10%). The predominant formation of8b rather than9b is
probably due to steric constraints in the transition state

between the methyl group and the sugar in the case of9b.
Preliminary studies on the fluorescent properties of the N3-
glycosylated pteridines revealed that the fluorescence inten-
sity of these analogues is greater than that of the correspond-
ing N1-glycosylated derivatives.7

In the 1H NMR spectra in CDCl3, the H1′of 8a and8b
appeared as broad singlets atδ 6.98 and 6.94, and one of
the amino protons appeared as a sharp peak atδ 9.70 and
9.46, respectively. The appearance of the sharp NH peak in
CDCl3 at around 9.5 ppm probably results from intramo-
lecular H-bonding between the NH (of 8a/8b) and the
carbonyl of the 5′-O-benzoate. On the other hand, the amino
protons were not detected in CDCl3 for 9a, a more typical
finding when specific hydrogen bonding is not present. These
observations are consistent with the assignment of8a and
8b as 3-ribosylated pteridines, but additional proof was
sought using HMQC and GHMBC NMR spectroscopy.

Debenzoylation of8aafforded nucleoside10a. An HMQC
experiment in DMSO-d6 readily established all the expected
1-bond correlations, of which those of interest were H1′to
C1′ (δ 6.44 to 88.9) and the two aromatic protons (δ 8.42 to
138.6 and 8.56 to 147.6). GHMBC NMR experiment in
DMSO-d6 unequivocally established the structure of10aby
means of the following connectivities: (1) two three-bond
correlations involving H1′(δ6.44) to C2(δ156.7) and C4(δ
150.3); (2) a one-bond correlation between H6(δ 8.42) and
C6(δ 138.6); a two-bond correlation between H6 and C7(δ
147.6) and a three-bond correlation between H6 and C4a(δ
125.8); and (3) a one-bond correlation between H7(δ 8.56)
and C7(δ 147.), a two-bond correlation between H7 and C6(δ
138.6), and a three-bond correlation between H7 and C8a
(δ 147.1). The critical three-bond couplings are illustrated
by arrows in the structure of10a (Figure 1).

There was no cross-peak seen between H6 and/or H7 with
C4 (which gave a cross-peak with H1′). Also, no cross-peak
was seen between H7 and C4a or between H6 and C8a. At
the same time, the strong cross-peak between H6 and C4a
and between H7 and C8a along with the cross-peak of H1′
with C2 and C4 clearly support the structure10a.

In conclusion, 5,6-diaminocytidine can be used as a general
synthon for the synthesis of a variety of 8-substituted 3-(â-
D-ribofuranosyl)isoguanines and N3-glycosylated 4-amino-
2-oxopteridines. The incorporation of 3-(â-D-ribofuranosyl)-
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Figure 1. Important connectivities observed in the GHMBC NMR
spectra.
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isoguanine, which has H-bond acceptor/donor switches at
N1 and N7, into oligonucleotides will be interesting for
comparison with the corresponding 9-(â-D-ribofuranosyl)-
isoguanine.1e,18Further studies on these aspects and the evalu-
ation of the anticancer properties of all the isoguanine and
pteridine derivatives are underway. The fluorescent properties
of the pteridine derivatives will also be evaluated in detail.
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