Tetrahedron: Asymmerry, Vol. 8, No. 12, pp. 1971-1974, 1997
Pergamon © 1997 Elsevier Science Ltd. All rights reserved.
Printed in Great Britain

PII: S0957-4166(97)00188-2 0957-4166/97 $17.00 + 0.00

Fragmentation of carbohydrate anomeric alkoxy radicals. Synthesis
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Abstract:  The reaction of conveniently protected 5-amino-5-deoxy pentoses and 6-
amino-6-deoxy hexoses with iodosylbenzene and iodine is an efficient method, via B-
fragmentation of the anomeric alkoxy radicals, for the synthesis of azasugars of the tetrose
and pentose series, respectively. (© 1997 Elsevier Science Ltd

Polyhydroxylated pyrrolidines and piperidines structurally related to cyclic carbohydrates in
which the ring oxygen is substituted by a nitrogen atom, the so-called azasugars, have received
recently considerable attention from synthetic organic chemists.! These substances are inhibitors of
glycosidases since they are thought to mimic the transition state of these enzymatic reactions and
have a promising therapeutic value as antiviral and anticancer agents.? In recent years we have been
engaged in a program directed towards the study of the B-fragmentation reaction of anomeric alkoxy
radicals of carbohydrates using hypervalent iodine reagents.? Using this methodology, carbohydrates
with one carbon less can be obtained and it is therefore useful for descending the aldose series as well
as for the preparation of chiral building blocks.* This reaction can also be applied to the synthesis of
cyclic aldoses and ketoses in furanose and pyranose form.*"

In this context we report here on an extension of this methodology which is particularly effective for
the synthesis of five- and six-membered azasugars. As shown in Scheme 1, a conveniently protected 5-
amino-5-deoxy-pentose, as a carbamate or phosphoramidate group, was treated with iodosylbenzene in
the presence of iodine in order to generate the anomeric alkoxy radical. B-Fragmentation and oxidation
of the formed C-radical with an excess of reagent gave an oxonium ion which was intramolecularly
trapped by the amide group to give the corresponding azasugar.
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Scheme 1.

To this end N-Boc derivative 1 was prepared starting from the readily available benzyl 2,3-
O-isopropylidene-D-ribofuranoside.* Zinc azide-mediated Mitsunobu substitution of the primary
alcohol,® followed by reduction of the azide group with tri-n-butylstannane, treatment of the crude
amine with (Boc),0, and deprotection of the benzyl ether by catalytic hydrogenation (Pd/C 10%)
afforded compound 1 in 76% overall yield. Reaction of this compound 1 with iodosylbenzene and
iodine under the conditions shown in Table 1 (entry 1) gave the erythrofuranose derivative 3.° The
'H and '3C NMR spectra of this N-Boc derivative 3 appear at room temperature as a mixture of two
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Table 1. Synthesis of azasugars by B-fragmentation of anomeric alkoxy radicals

Entry Substrate Conditions? Products Yield
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a) All reactions were performed in dry dichloromethane at rt; mmol of iodosylbenzene and 1; per mmol of substrate.

conformers due to the restricted rotation of the nitrogen—carbon bond of the amide group. To overcome
this situation NMR spectra were run at 75°C. At this temperature the spectra are consistent with the
proposed structure.

To investigate the influence of the amine protecting group in the cyclization reaction the phospho-
ramidate 2 was synthesised starting with the same ribofuranoside and following a similar procedure.
In this case the reaction proceeded analogously and compound 47 was obtained in similar yield (entry
2). The NMR spectral properties of this substance showed a complex pattern because they reflected
the presence of long-range coupling between the phosphorous atom and the carbons and hydrogens
of the molecule. The reaction does not seem to be dependent on the stereochemistry at C2 since the
D-lyxose derivative 5 prepared from the known® benzoyl 5-azido-5-deoxy-2,3-O-isopropylidene-D-
lyxofuranoside, gave rise to the threofuranose derivative 6, also in good yield (entry 3).

The reaction was also extended to the synthesis of azasugars of the pentose series in pyranose form
via a 1,6-cyclization coupling, as shown in Table 1 (entry 4). Compound 7 prepared from D-glucose
afforded exclusively the 5-amino-5-deoxy-D-arabinose derivative 8.!° The stereochemistry at C1 and
the proposed conformation (! C4) was determined by comparing the observed coupling constants with
those calculated over a minimised structure using the MMX force field.!!

In conclusion, we describe a one-pot procedure suitable to obtain, under mild reaction conditions,
azasugars through a tandem B-fragmentation—cyclization process.
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Representative experimental procedure

A solution of 5-[(tert-butoxycarbonyl)amino]-5-deoxy-2,3-O-isopropylidene-D-ribofuranose (1) (50
mg, 0.17 mmol) in dry dichloromethane (10 ml) containing freshly prepared iodosylbenzene'? (93.5
mg, 0.425 mmol) and iodine (40 mg, 0.17 mmol) was stirred at room temperature (20°C) for 21 h. The
reaction mixture was then poured into aqueous solution of sodium thiosulphate, extracted with CH,Cl,,
dried over Na;SO4 and concentrated. The residue was purified by chromatotron chromatography over
silica gel (n-hexane-EtOAc, 80:20) to give 4-[(tert-butoxycarbonyl)amino]-4-deoxy-3-formyl-1,2-0-
isopropylidene--D-erythrofuranose 4 (36.1 mg, 0.125 mmol, 73%).
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