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The treatment of 5{1{3-methoxycarbonyl)thioureido}-1{8-D-ribofuranosyl)imidazole-4-carboxamide with
N,N'dicyclohexylcarbodiimide in N,N-dimethylformamide has afforded 4-cyano-5[1{(3-methoxycarbonyl)-

ureido]-14(3-D-ribofuranosyl)imidazole.

J. Heterocyclic Chem., 23, 153 (1986).

Alkoxycarbonyl isothiocyanates are highly reactive
functional compounds which undergo a wide range of con-
densation and ring cyclization reactions in modern synthe-
tic organic chemistry [2,3]. We have recently reported on a
facile synthesis of methyl oxazolo[5,4-d]pyrimidin-2-carba-
mates which involves the cyclodesulfurization of a meth-
oxycarbonylated thiourea derivative with NV,N"-dicyclohex-
ylcarbodiimide (DCC) [4]. It has been assumed that this cy-
clization reaction proceeds via the formation of a reactive
carbodiimide intermediate, similar to that reported [5] for
the cyclization of o-aminophenyl aryl and alkyl thioureas.

In order to explore the scope of this synthetic methodo-
logy, we attempted the preparation of a guanosine deriva-
tive by a condensation of 5-amino-1-(3-D-ribofuranosyl)
imidazole-4-carboxamide (AICA-riboside) (1) with meth-
oxycarbonyl isothiocyanate followed by a treatment of the
resulting thiourea derivative 5{1-(3-methoxycarbonyl)thio-
ureido]-143-D-ribofuranosyl)imidazole-4-carboxamide (2)
[6] with DCC (Scheme I) [7]. A literature survey revealed
that, although a variety of cyclization reactions have pro-
vided synthetic routes to guanosine [8)], this specific
method (vide supra) had not been examined. Since DCC is
known to form N,N'disubstituted carbodiimides from
N,N'disubstituted thioureas in a reversible equilibrium
reaction [9}], we reasoned that an intramolecular attack of
the amide nitrogen atom on the carbodiimide carbon atom
of intermediate 3b might shift this equilibrium towards
the formation of a methoxycarbonylated guanosine deriva-

tive (4).

A solution of AICA-riboside (1, 1.05 g, 2.0 mmoles) in 20
ml of DMF was treated with a solution of methoxycarbonyl
isothiocyanate [10] (prepared from 4 mmoles of potassium
thiocyanate and 4 mmoles of methyl chloroformate) in ace-
tonitrile. The mixture was stirred at room temperature for
12 hours and then rotary evaporated to dryness in vacuo at
30°. The residue was dissolved in anhydrous DMF (10 ml)
and treated with DCC (1.0 g). The reaction mixture was
stirred at room temperature overnight, then rotary evapo-
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rated in vacuo at 60°. The residue was washed with hot to-
luene and then purified by column chromatography (20 g
silica gel, 9:1 chloroform-methanol as eluent) to afford 260
mg (38%) of a compound (mp 176.5-177.5°) which initially
appeared to be the desired N-3-methoxycarbonylated gua-
nosine derivative 4 based on the 'H nmr spectrum and ele-
mental analysis. Based upon these criteria alone, however,
the product could not only be compound 4, but also 1-[4-
carboxamido-1-(3-D-ribofuranosyl)imidazol-5-yl]-3-meth-
oxycarbonylcarbodiimide (3b), 7-imino-5-(methoxycarbo-
nyl)amino-3<(3-D-ribofuranosyl)imidazo[4,5-d][1,3]oxazine
(5) or 4-cyano-5-[1-(3-methoxycarbonyl)ureido]-1-(3-D-ribo-
furanosyl)imidazole (6). The uv spectral data and the *C-
nmr data were not consistent with those expected for an
N-3-acylated guanosine derivative [11,12]. It was of consi-
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derable interest that the infrared spectrum of the product
showed a strong absorption at 2230 cm™ which supports
the presence of a cyano group in the molecule. Therefore,
on the basis of 'H nmr, '*C nmr, ir, uv spectral and ele-
mental analysis data [13], we have assigned the structure
of this unexpected product as the nucleoside 6.

A plausible mechanism for the formation of the product
involves the initial formation of the isothiourea derivative
3a, which may afford the carbodiimide intermediate 3b
upon loss of N,N"dicyclohexylthiourea. Ring closure by an
intramolecular attack of the carboxamide oxygen atom on
the carbodiimide carbon atom of 3b or by an intramolecu-
lar Michael addition-elimination reaction of 3a then af-
fords the oxazine intermediate 5, which ring opens to give
the 4-cyanoimidazole product 6.

Modification of this methodology towards the successful
synthesis of guanosine derivatives is currently under ac-
tive investigation in our laboratory.
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