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A short synthesis of epinoroxetanocin [9-(B—D-threo-oxetanosyl)adenine], free from its a-
anomer, from D-lyxonolactone is described. The X-ray crystal structure of a benzylidene-
protected derivative of epinoroxetanocin is reported. A comparison of the in vitro activity
against HIV-1 of oxetanocin, noroxetanocin and epinoroxetanocin as anti-viral agents is given.

The anti-viral activity of oxetanocin (1)!.2 and of its guanine analogue3 have stimulated considerable interest in
the synthesis of oxetane-containing nucleosides,* as well as in cyclobutane analogues.5-6.7 Recently, studies
on the synthesis8 of noroxetanocin (3) indicated that competing ring expansion is a serious disadvantage in
Sn1-like displacement of leaving groups from C-2 of oxetanes; that paper also reported that epinoroxetanocin
(2) exhibited more potent antiviral activities than did oxetanocin itself, though no synthesis of epinoroxetanocin
was described. This paper reports a short synthesis of epinoroxetanocin (2) from D-lyxonolactone (5),9-1¢
which - although readily available from oxygenation of galactose!! - has rarely been used as a starting material
from the chiral pool.!2 A comparison of oxetanocin, epinoroxetanocin and 8- (3) and a-noroxetanocin (4)
indicates that, while substitution of the 2"-hydroxymethy! group in oxetanocin by a 2'-hydroxyl group to give
noroxetanocin (3) causes all activity of the oxetane nucleoside against HIV-1 to be lost, such a substitution
accompanied by inversion of configuration at C-2' gives a compound (2) with significant anti-viral activity.
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An initial attempt to make epinoroxetanocin (2) used an analogous route to that of the synthesis of
noroxetanocin (3).13 The oxetane carboxylic ester (6), prepared in eight steps from diacetone glucose,!4 was
converted by the Barton modification of the Hunsdiecker reaction!S to the epimeric chlorides (7) which
underwent displacement by adenine to give an anomeric mixture of the protected nucleosides (8). However,
unlike the anomers of noroxetanocin which could readily be separated by chromatography, no success was
achieved in separation of either the dibenzyl protected nucleosides (8) or the deprotected epinoroxetanocins.
Thus the synthesis reported from lyxonolactone has two major advantages over such an approach: (i) the
lactone triflate required for the ring contraction to the oxetane is formed in only two steps and, more
importantly, (ii) a single chloro compound undergoes clean displacement by adenine to give only a B-oxetane
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Treatment of lyxonolactone (5) with benzaldehyde and concentrated hydrochloric acid gives the protected
benzylidene derivative (9)!6 [95% yield] in which only the a-hydroxyl group of the lactone remains
unprotected. Esterification of the free hydroxyl group in (9) with trifluoromethanesulphonic anhydride and
pyridine in tetrahydrofuran at -10°C gave the corresponding triflate!? (10) in 76% yield.18 Reaction of the
lyxono-triflate (10) with anhydrous potassium carbonate in methanol gave the oxetane ester (11)!19 in 38%
yield [28% overall yield from D-lyxonolactone]. Reaction of the triflate with sodium trifluoroacetate in
dimethylformamide afforded the protected xylono-lactone (12)20 [96% yield] which was converted to the
triflate (13)21 in 78% yield. The ring contraction of the xylono-triflate {(13) with potassium carbonate in
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methanol to the oxetane (11) was much more efficient [80% yield] than the contraction of the lyxono-triflate
(10); however the additional two steps necessary for the inversion of the C-2 stereochemistry make the shorter,
but lower yielding, route the method of choice for the preparation of (11).

Attempts to convert the oxetane ester (11) to the chlorooxetane (14) by the Barton-Hunsdiecker reaction were
unsuccessful; however, hydrolysis of (11) by methanolic sodium hydroxide, followed by treatment of the
resulting sodium carboxylate with N-chlorosuccinimide and lead tetraacetate in a mixture of acetic acid and
dimethylformamide?2 gave a single chlorooxetane (14)2 in 58% yield. Reaction of the chlorooxetane (14)
with adenine, potassium carbonate and 18-crown-6 in dimethylformamide at 150°C allowed the isolation of a
single oxetane nucleoside (15)24 in 35% yield; the structure of (15), which arises out of a clean SN2
displacment of the choride in (14), was firmly established by single crystal X-ray analysis (FIGURE).2S The
benzylidene protecting group in (15) was removed by trifluoroacetic acid in methanol to give epinoroxetanocin
(2)%6 in 80% yield.
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FIGURE X-Ray molecular structure of 9-(2,4-O(R)-benzylidene-B—D-threo-oxetanosyl)adenine (15),
with crystallographic numbering scheme.

The properties of oxetanocin,?’ B- and a-noroxetanocins and of epinoroxetanocin as antiviral agents against
HIV-1 in vitro were compared;2® both oxetanocin [Isg 0.5-1.5 pg/ml] and epinoroxetanocin [Isg 0.5-1.5
pg/ml] showed significant activity whereas both B- and a-noroxetanocins showed no such activity at
concentrations up to 100 pg/ml. This and the preceding paper clearly demonstrate the viability of the y-lactone
ring contraction strategy for the synthesis of oxetane nucleosides.2930
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