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Instituto de Productos Naturales y Agrobiologı́a del C.S.I.C., Carretera de La Esperanza 3, 38206-La Laguna, Tenerife, Spain

Received 19 December 2001; revised 11 January 2002; accepted 16 January 2002

Abstract—The �-fragmentation of alkoxyl radicals derived from easily available carbohydrates is a mild and efficient procedure
to obtain unsymmetrical �,�-disubstituted cyclic ethers. © 2002 Elsevier Science Ltd. All rights reserved.

The synthesis of �,�-differently substituted cyclic ethers
(I) (Scheme 1, R, R�=alkyl, aryl, heteroaryl) has
attracted great interest. This unit is present in many
natural products1 such as antibiotic polyethers,1a–e

marine toxins,1b–d acetogenins,1f,g pheromones,1h etc.,
many of which have potent biological activities.
Accordingly, different strategies have been developed to
synthesize these systems.2 A direct way to achieve this
objective could start from the cyclic aldoses (II), where
X and Y are leaving groups which allow the orthogonal
introduction of the R and R� substituents. For instance,

using Y=alkoxy or acyloxy group and X=halogen, it
would be possible to introduce an R substituent by a
radical reaction3 and an R� substituent by an ionic one.4

Syntheses of the unsymmetrical �-acyloxy (or alkoxy)-
�-haloaldoses (II) are scarce.5 As a direct, regioselective
alternative, we decided to explore the �-fragmentation
reaction of alkoxyl radicals (III) (Scheme 1), that could
be easily generated by treatment of readily available
sugar derivatives (IV) with organohypervalent iodine
reagents.6 This promising strategy could, however, be
hampered by side-reactions: once generated, the alkoxyl
radicals could evolve either by the desired �-fragmenta-
tion, or by other paths such as oxidation to a carbonyl
group or the abstraction of a nearby hydrogen.7

Although primary alkoxyl radicals usually give hydro-
gen abstraction or oxidation, we expected that in our
case the �-fragmentation process would predominate,
since the radical resulting from this scission would be
stabilized by the �-positioned ring oxygen.7 The feasi-
bility of this approach and the synthesis of �,�-disubsti-
tuted cyclic ethers is reported herein.

To compare the relative rates of the �-fragmentation
process versus the hydrogen abstraction or the oxida-
tion reactions, we studied the reaction of the 1�-pival-
oyloxy-ribose derivative 1a and its 1�-epimer 1b on
treatment with the systems (diacetoxy)iodobenzene
(DIB)- or [PhIO]-iodine (Scheme 2).

When the substrate 1a was treated with DIB-iodine in
dichloromethane (Table 1, entry 1), lactone 28 was
obtained in 26% yield, along with the diacyloxy deriva-
tive 3a (35% yield).9 Using acetonitrile as a solvent
(entry 2), the major product was the lactone 2 (53%),
and a new product was formed, the 4-amido-1-pivaloyl-

Scheme 1. Formation of unsymmetrical cyclic ethers.
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Scheme 2. �-Fragmentation versus hydrogen abstraction pro-
cesses.

oxyfuranose 3b (17%).10 Changing the reagent to PhIO-
iodine (entry 3) in acetonitrile, the yield of the amido
derivative 3b was doubled (30%), but the lactone 2 still
predominated (54%). In all the cases, only the 4�-iso-
mers 3a and 3b were produced.

A plausible mechanism for the formation of these prod-
ucts is shown in Scheme 2. Under treatment with DIB-
(or PhIO)-iodine, the alkoxyl radical (Va) was formed,
which can evolve in two ways: [1,5]-hydrogen abstrac-
tion from C1 (path a) or the �-fragmentation of the
C4�C5 bond, giving formaldehyde (path b). The hydro-
gen abstraction process is favoured here since the C1–H
lies at an appropriate distance (2.3–2.8 A� );7,11 besides,
the resulting radical (VI) is stabilized by the two oxy-
genated functions at the �-position. The radical (VI) is
oxidized afterwards to an oxycarbenium ion (VII)6,12 by
excess reagent, yielding the lactone 2.

On the other hand, the �-fragmentation process yields a
radical intermediate (VIII) which is oxidized to an
oxycarbenium ion (IX), which can then be trapped by
different nucleophiles: an acetoxy ion from DIB, to
yield the 4-acetoxyderivative 3a, or acetonitrile in a
Ritter-type reaction,13 to give the amido derivative 3b.

In contrast, when the 1�-pivaloyloxy precursor 1b was
treated with DIB-iodine in dichloromethane (entry 4),
no lactone 2 was obtained. The major product was the
diacyloxy derivative 4a (42%) as a separable mixture of
the 4� and 4� isomers (4�:4�, 3:1). When the reaction
was run in acetonitrile (entry 5), the yield of 4a
decreased (8%), and a new product, the 4-amido-1-
pivaloyloxy derivative 4b, was the major one (60%,
separable mixture 4�:4�, 5:1). Rewardingly, when the
fragmentation was carried out with PhIO-iodine in
acetonitrile (entry 6), the yield of the amidoderivative
4b was increased (81%, 4�:4�, 5:1).

It is clear that in the case of intermediate (Vb) the
distance between the alkoxyl radical and the C1–H is
not appropriate for the hydrogen abstraction process,
and this intermediate evolves by �-fragmentation to
give the 4-acetyloxy or the 4-amido derivatives 4a and
4b, respectively.

The synthesis of the 1-acyloxy-4-chloro furanoses (II,
X=Cl, Scheme 1) was then studied. The 1�-benzoyloxy
derivative 5 (Scheme 3) was formed in high yield and

Table 1. Fragmentation of alkoxyl radicals versus hydrogen abstraction in carbohydratesa

Products (yield %, d.r.)bSolventEntry Substrate Reagents

DIB CH2Cl21 2 (26), 3a (35)1a
MeCN 2 (53), 3a (7), 3b (17)DIB1a2

1a PhIO MeCN 2 (54), 3b (30)3
4a (42, 4�:4�, 3:1)CH2Cl2DIB1b4
4a (8, 4�:4�, 3:1), 4b (60, 4�:4�, 5:1)MeCN5 1b DIB
4b (81, 4�:4:�, 5:1)MeCN6 1b PhIO

a All reactions were performed with DIB or PhIO (2 equiv.) and iodine (1 equiv.) in dry solvents (10 mL per mmol of substrate) under nitrogen
at rt, using irradiation with two 80 W tungsten filament lamps for 1 h. Then the reaction mixture was poured into 10% aqueous Na2S2O3 and
extracted with CH2Cl2.

b Yields are given for products purified by chromatography on silica gel.
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Scheme 3. (i) DIB (2.0 equiv.), ICl (1.0 equiv.), CH2Cl2, hv,
rt, 6a (10%), 6b (11%), 7 (53%); (ii) chloroderivative 7,
Bu3SnCH2CH�CH2, AIBN, PhH, reflux, 82%.

from carbohydrates to synthesize unsymmetrical �,�-
diacyloxy, �-acyloxy-�-amido and �-acyloxy-�-chloro
aldoses. The �-acyloxy-�-chloro derivatives are particu-
larly versatile building blocks, which allow the regiose-
lective introduction of lateral chains in the �-position
by a radical reaction. Other substituents could be incor-
porated afterwards in the �-position by an ionic reac-
tion, according to known procedures.4 The use of
readily available carbohydrates as starting materials
would allow the introduction of many functional
groups with different stereochemistries onto the ring.
The application of this methodology to the synthesis of
natural products is underway and will be reported in
due course.
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