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A Synthesis of 3-(8-D-Ribofuranosyl)xanthine (3-l1soxanthosine)

David Lipkin, C. T. Cori and Jaime A. Rabi

Department of Chemistry, Washington University (St. Louis)

Sir:

[n recent years there has been an increased interest in
sopurine nucleosides and nucleotides because of their
potential biological activity (1) and aclivity in enzyme
catalyzed reactions (2,3). Compounds of this type have
been synthesized by several methods. A common pro-
cedure is alkylation of the appropriately substituted halo
sugar with the required aglycon (4-11). Another method
involves the modification of existing pyrimidine nucleo-
sides (12,13) and in two cases such compounds have been
formed enzymatically (2,14).

We wish to report the unambiguous synthesis of 3-(3-D-
ribofuranosylyxanthine (3-isoxanthosine) (I). The first
two steps in the synthesis involve the conversion of
uridine (1) to 0°5"-cyclouridine (I11) (15,16). Com-
pound 11 then is treated with liquid ammonia 0.4 M in
ammonium chloride (60°, 25 hours) to give (60%) 6-amino-
uridine (1V) (11,17,18) [m.p. 190-191° dec.: X max (1 7)
272 my (€ 2.48 x 10%); pK,y 10.1 £0.1; [a]% +6.18°
(¢ 0.42, water)]. The structure of IV was confirmed by
the following observations: (a) cleavage of the N-glycosidic
bond by treatment with | M ammonium hydroxide (reflux,
40 minules) to yield 0-aminouracil and ribose; (b) de-
amination by treatment with 0.01 M sulfuric acid (room
temperature, 20 hours) to yield the known compound
O-hydroxyuridine (15b,20); (¢) nitrosation followed by
deamination (by treatment first with nitrous acid followed
by hydrolysis with sulfuric acid) to yield the known com-
pound 6-hydroxy-5-nitrosouridine (15b); (d) positive
periodate (21) and positive (light red) Ehrlich’s (22) spray
lests; (e) comparison of the uv spectra and pK, of 1V
with those of 6-amino-1-methyluracil (23) |\ max (pl7)
260.5 mu (e 2.18 x 10*); pKay 10.9 + 0.1], 6-amino-
3-methyluracil (24) [\ max (pll 7) 263.5 mu (e 2.12 x
10%); pKay 8.7 = 0.1], and the N3-isomer of 1V, 6-
hydroxycytidine (15b) [A max (pll 7) 267 mu (e 1.98 x
10%); pKa 8.50 = 0.05); and (f) the PMR spectrum.
Some features of this spectrum are a doublet centered at
8 0.20 assigned to Hy' (J1'2" 6.7 cps) (25); a singlet at
8 4.63 assigned to Hs; and the correct integration for six
broad NII and Ol resonances which rapidly exchanged
Atom Hj also
exchanged upon the addition of deuterium oxide (ty, ~ 0.5

upon the addition of deuterium oxide.

hour) by what is presumed to be an amino-imino tauto-
merism involving the 6-amino group. Analogous exchange
reactions (20) have been observed for 6-hydroxycytidine
and 6-hydroxyuridine (20c¢) and the corresponding bases.
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6-Aminouridine was treated with aqueous nitrite and
hydrochloric acid at pll 5 (0°, 1 hour) (27) to yield (90%)
6-amino-5-nitrosouridine (V) [m.p. 199-200° dec.; \ max
U7y 213 my (e 1.18x 10%) and 223 mu (e 1.48x 10%)].
Compound V then was reduced with zine and aqueous
formic acid (27) to give 6-amino-5-formamidouridine (VI)
[A max (pH 7) 270 mu], which was then converted, with-
out isolation, by treatment with 2 N aqueous sodium
hydroxide (80°, |5 minutes) (27) to the desired 1 [m.p.
203-205°; X max (pH 5) 267 mu (¢ 1.17 x 10%); pK, 8.0
£0.1; [a]E -26.5° (¢ 0.355, water)]. The yield of | was
50% based on 6-aminouridine.

The structure of | was confirmed by the following ob-
servations: (a) cleavage of the N-glycosidic bond by
treatment with anhydrous hydrogen fluoride (28) (room
temperature, 12 hours) to yield xanthine; (b) a positive
periodate spray test (21); (¢) comparison of the uv
spectra and pKy of | with those of 3-methylxanthine
(28,30) [\ max (pH 5) 271 my (e 1.08 x 10*); pK,,
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8.32 + 0.05]; and (d) the PMR spectrum.  Some

important features of this are a doublet centered at 8
6.22 assigned to Hy’' (J1'y" 6.7 ¢ps); a singlet at § 8.09
assigned to Hg; and the correct integration for five broad
NI and O resonances which rapidly exchanged upon the
addition of deuterium oxide (31). It was demonstrated,
furthermore, that 1is identical with the 3-(ribosyl)xanthine
synthesized enzymatically (2) in chromatographic behavior;
speetral properties;  and its relative stability toward acid
hydrolysis when compared  with 9-(8-Dribofuranosyl)-
xanthine.

Work is now in progress to synthesize other isopurine
nucleosides and nucleotides employing similar methods.
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