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ABSTRACT

The reaction of 3-azido-2,3-dideoxy-hexopyranose compounds from the D-gluco , D-galacto , D-lacto , and L-arabino carbohydrate series, with
(diacetoxyiodo)benzene and iodine, generated 2-azido-1,2-dideoxy-1-iodo-alditols with one carbon less than the starting carbohydrate. These
â-iodo azides could be transformed by dehydroiodination into vinyl azides, which in turn afforded 3-monosubstituted 2 H-azirines under thermal
conditions. These â-iodo azides and 2 H-azirines may be interesting chiral synthons for the preparation of more complex heterocyclic systems.

2H-Azirines have attracted considerable interest from the
synthetic, mechanistic, and theoretical points of view, largely
because of their manifold reactions and structural charac-
teristics. Due to the high ring strain, they can react as
nucleophiles, electrophiles, and also as dienophiles or dipo-
larophiles in cycloaddition processes. These strained imines
are precursors of an impressive number of more complex
heterocyclic systems.1 Moreover, a few products possessing
this 2H-azirine ring system have been isolated from natural
sources.2 Asymmetric syntheses of two of them, dysidazirine
andent-azirinomycin, have been reported.3 Vinyl azides are

also versatile organic compounds endowed with a rich and
fascinating chemistry.4 Probably one of the most interesting
features of this class of compounds is their thermal and
photochemical transformation into 2H-azirines.5
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On the other hand,â-iodo azide compounds, which are
currently being synthesized by iodoazidation of alkenes, are
precursors of vinyl azides, amines, and aziridines.6

The reaction of carbohydrate anomeric alcohols with
hypervalent iodine reagents in the presence of iodine has
been recently described by this laboratory.7 The glycopyran-
1-O-yl and glycofuran-1-O-yl radicals thus formed caused
facile cleavage of the C1-C2 bond to give a C2-radical.
An electron-withdrawing group at this position inhibits the
oxidation of the C-radical, and this can be trapped by iodine
atoms from the reaction medium. This should also occur in
the case of theâ-fragmentation of 2-deoxy carbohydrates,
allowing for the efficient synthesis of 1-iodo-alditols with
one carbon less than the starting carbohydrate (Scheme 1).

By using this methodology and taking into account the
availability of the 3-azido-2,3-dideoxy-hexopyranose com-
pounds (I),8 we had the opportunity to synthesize chiral
â-iodo azides (II), and hence vinyl azides (III) and 2H-
azirines (IV) from carbohydrates. 3-Azido-2,3-dideoxy-

hexopyranose compounds were conveniently prepared in high
yield by acid-catalyzed reaction of 2-deoxy-hex-1-enitol
derivatives (glycals) with NaN3. The reaction proceeded
through Michael addition of the azide anion over anR,â-
unsaturated aldehyde intermediate.

To explore the generality and scope of this methodology,
experiments were carried out using a variety of 3-azido-2,3-
dideoxy-hexopyranose compounds1, 5, 9, 13, and17 as
outlined in Table 1. The alkoxyl radical fragmentation (ARF)
reactions were performed under the conditions stated (entries
1-5), with (diacetoxyiodo) benzene and iodine in CH2Cl2
at reflux temperature. In all cases, the isomericγ-hydroxy
azides were separated by chromatography and the C-3
stereochemistry assigned by a careful study of the vicinal
coupling constants (particularlyJ2a,3 and J2e,3). The stere-
ochemistries of theâ-iodo azides2, 6, 10, 14, and18 were
then unambiguously determined by individually submitting
the γ-hydroxy azides to the ARF reaction. The integrity of
the adjacent azide stereogenic center was preserved during
the reaction, and no generation of diastereoisomers at this
carbon atom was detected. From a practical point of view
the ARF was best accomplished with the mixture of the
γ-hydroxy azides followed by a much more efficient
chromatographic separation at theâ-iodo azide stage. The
yields shown in the table were determined using chromato-
graphic homogeneous hydroxy azide mixtures giving correct
elemental analysis, and in all cases complete consumption
of the starting material was observed. The ARF reaction
proceeded smoothly in high yield, and as observed, the
sensitive glycosidic linkage and the di-tert-butylsilanediyl
protective group survived the reaction conditions (entries 3
and 4, respectively). The dehydroiodination of theâ-iodo
azides with DBU in benzene at reflux temperature afforded
vinyl azides3, 7, 11, 15, and19 in good yield. It is worth
noting the stability of the sensitive formyl ester under the
reaction conditions. The separation of the isomericâ-iodo
azides was not necessary, and the synthesis could be realized
directly from the diastereoisomeric mixture.

According to the rules proposed by Hassner,9 acyclic vinyl
azides with this 3-monoalkyl substitution pattern should give
2H-azirines under thermolysis conditions. Indeed, when the
vinyl azides shown in Table 1 were refluxed in toluene, the
corresponding 2H-azirines4, 8, 12,16, and20were isolated
in somewhat higher than expected yields. The lower yields
observed for azirines12and16 (entries 3 and 4) are probably
due to thermal instability of the three-membered ring at this
temperature.

The azirines4, 8, 12, and16 were sufficiently stable to
be isolated and purified by silica gel chromatography and
may be stored for months in a freezer at-20 °C without
significant decomposition. The azirine20 could be isolated
after aqueous workup but could not withstand silica gel
chromatographic purification, probably as a consequence of
its lower steric demand. The isolation of azirine16 in
crystalline form suitable for X-ray diffraction provides an
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Scheme 1. â-Fragmentation of
3-Azido-2,3-dideoxy-hexopyranosesa

a ARF ) alkoxyl radical fragmentation reaction; R1, R2 )
protective groups.
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opportunity to probe its solid-state structure.10 Although a
crystallographic analysis was performed on the palladium-
(II) complex of 3-(p-methoxyphenyl)-2H-azirine, the mo-
lecular structure of simple 3-alkylmonosubstituted-2H-
azirines has not been determined.11

As far as we know, no examples of these monosubstituted
3-alkyl-2H-azirine compounds possessing anR-hydroxyl
derivative have been reported to date, but a few examples
are documented for the preparation of monosubstituted
3-alkyl-2H-azirines.5a,12Related 2H-azirine-3-carboxylic es-

ters have been recently synthesized and used as dienophiles
in hetero Diels-Alder cycloadditions.13

In summary, using mild reactions, chiralâ-iodo azides,
vinyl azides, and 2H-azirines allowed the preparation of
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Table 1. Alkoxyl Radical Fragmentation Reaction of 3-Azido-2,3-dideoxy-hexopyranoses

a Reagents and conditions per mmol of substrate: HgSO4 (0.047 mmol), H2SO4 (5 mM, 27 mmol), 1,4-dioxane, 30°C, then NaN3 (10 mmol), AcOH
(1.35 mL).b Reagents and conditions per mmol of substrate: (diacetoxyiodo)benzene (1.5 mmol), I2 (1.5 mmol), CH2Cl2, reflux. c Reagents and conditions
per mmol of substrate: DBU (2.5 mmol), PhH, reflux.d Reagents and conditions per mmol of substrate: toluene (12 mL/mmol), reflux.e Unstable, could
not withstand chromatographic purification, crude yield.
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derivatives of alditols, with one carbon less than the starting
carbohydrate, in good yields. The interest in these compounds
owes a great deal to the ease with which they are synthesized
from readily accessible starting materials. It is hoped that
these compounds will serve as powerful synthetic building
blocks for the preparation of complex heterocyclic systems.
The methodology is also highly attractive from a strategic
standpoint since it is amenable to the preparation of stere-
ochemical and structural analogues of complex targets.
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