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Abstract—The reaction of 1,2-halohydrins derived from easily available carbohydrates with (diacetoxyiodo)benzene (DIB) in the
presence of bromine is a mild procedure for the synthesis of 1-deoxy-1-halo-1-bromo-alditols with one carbon less than the
original carbohydrate. The reaction goes through �-fragmentation of the intermediate anomeric alkoxyl radicals. These
1-halo-1-bromo polyhydroxy compounds may be valuable synthetic intermediates in organic synthesis.
© 2003 Elsevier Ltd. All rights reserved.

1,1-Dihaloalkanes are valuable intermediates in organic
synthesis for a variety of processes, including carbon–
carbon bond formation and synthesis of carbocycles.1

Notwithstanding, the synthetic applicability of these
dihalides is severely restricted in natural products syn-
thesis because their preparation requires reagents and/
or conditions that are generally not compatible with
complex or sensitive molecules. Thus, for instance, sev-
eral procedures for the synthesis of 1,1-dibromo com-
pounds have been developed: the reaction of aldehydes
with boron tribromide,2a phosphorus pentabromide,2b

and triphenyl phosphite/bromine,2c the treatment of
hydrazones with copper(II) bromide,2d and the addition
of hydrogen bromide to alkynes or vinyl halides.2e

Other interesting methods are the alkylation of
dibromomethyllithium2f and the reaction of 1,1-bis(tri-
fluoromethyl)sulfonyloxy-alkanes with magnesium bro-
mide.2g Moreover, several products possessing this 1,1-
dibromo grouping have been isolated from marine
natural sources.3 Hence, there is still a need to develop
general routes to this functionality under milder
conditions.

In a previous paper from this laboratory we described
the easy �-fragmentation of glycopyran-1-O-yl and gly-
cofuran-1-O-yl radicals, generated by reaction of
carbohydrate anomeric alcohols with the (diace-
toxyiodo)benzene (DIB) /iodine system, under

Table 1. Synthesis of 2,3,5-tri-O-acetyl-1-deoxy-4-O-formyl-1,1-dibromo-D-arabinitol (3)a

Br2 (mmol)DIB (mmol) 3 (%)Entry 2 (%)1 (%)Time (h)T (°C)

401 241.1 6 40 183
3.3 4.5 0–5 14 5 21 562

3b 3 0–5 5 – 8 702.2

a All reactions were performed in dry CH2Cl2 (50 mL/mmol) under irradiation with two 80W tungsten-filament lamps.
b Powdered molecular sieves 4 A� (4 w/w) were added.
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mild neutral conditions.4 The presence of an electron-
withdrawing group at C2 inhibits the oxidation of the
intermediate C-radical and allows the possibility of
radical-trapping by iodine atoms from the reaction
medium.5 The application of this methodology to 1,2-
halohydrin derivatives from carbohydrates gave a sim-
ple method to prepare chiral 1-halo-1-iodo-
compounds.6

The success of this strategy led us to consider whether
it might be possible to generate 1-halo-1-bromo com-
pounds using bromine instead of iodine to trap the
C2-radical. This may be not a simple task, considering
that the role of the halogen is not only to be the final
radical trap but also to form the hypohalogenite inter-
mediate.7 Nevertheless, the major drawback could come
from the differences of oxidation potential between
both halogens. Indeed, it has long been known that
under neutral conditions, bromine oxidizes an aldose
almost quantitatively into the lactone of the aldonic
acid.8

Unfortunately, as outlined in Table 1 (entry 1) this
seemed to be the case for bromohydrin 1, which under
the normal conditions for the fragmentation reaction
gave the dihydro-2H-pyran-2-one derivative 2,9 as the
major product; the intended 1,1-dibromo compound 310

was isolated in only 18% yield. Despite this discourag-
ing initial observation, we chose to pursue the discovery
of conditions to diminish this competitive oxidation
process, and in this communication we describe the
results obtained. After a variety of reaction conditions
were attempted, we found that it was possible to dimin-
ish byproduct 2 by lowering the reaction temperature
(entry 2). Eventually, the amount of the dibromo com-
pound 3 could be further increased to 70% by adding
powdered molecular sieves 4 A� to the reaction mixture
(entry 3). Water is necessary for the oxidation to take
place and consequently, the radical fragmentation reac-
tion is substantially favored under strictly anhydrous
conditions. Under these last conditions all the starting
material was consumed and the yield of the undesired
pyrone 2 could be kept at an acceptable level (8%).

We next sought to explore the generality of this reac-
tion with other halohydrins (Table 2). The 1,2-
halohydrins11 of carbohydrates were prepared from the
corresponding 2-deoxy-hex-1-enitol by reaction with
Selectfluor™,12 N-chlorosuccinimide,13 N-bromoacet-
amide,14 N-iodosuccinimide,15 respectively, in the pres-
ence of water. The alkoxy radical fragmentation (ARF)
reactions were performed under the conditions shown
in Table 2.16 In entries 1–4 we describe the reaction of
several halohydrins 1 and 4–6 prepared from 3,4,6-tri-
O-acetyl-1,5-anhydro-2-deoxy-D-arabino-hex-1-enitol
(3,4,6-tri-O-acetyl-D-glucal).17 The reaction occurred
with little, if any, diastereoselectivity to give 2,3,5-tri-O-
acetyl-1-deoxy-4-O-formyl-1-halo-1-bromo-D-arabinitol
derivatives 3 and 7–9 in moderate to good yields. In
entry 5 we describe another synthesis of 1-bromo-1-
iodo compound 9 by reaction of bromohydrin 1 with
the DIB/iodine system.6 This alternative procedure pro-
vides a better yield (compare entries 4 and 5) and

Table 2. Synthesis of 1-halo-1-bromo compoundsa

therefore this method seems to be the best choice for
the synthesis of 1-bromo-1-iodo compounds.

The 2,3-di-O-acetyl-1,5-dideoxy-4-O-formyl-1-halo-1-
bromo-L-arabinitol derivatives 13–1518 were efficiently
originated from the L-rhamno halohydrins 10–12
(entries 6–8). The disaccharide halohydrins 17–19 were
obtained from lactosan, in order to study the compati-
bility of our method with the glycosidic linkage (entries
10–12). The ARF reaction cleanly proceeded to furnish
1-halo-1-bromo compounds 20–2219 in yields that are
comparable to those observed in the monosaccharide
runs. As previously commented, 1-bromo-1-iodo-com-
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pounds 16 and 23 were obtained more efficiently using
the DIB/iodine methodology (entries 9 and 13).

It was also observed that the reaction worked equally
well for the D-galacto chlorohydrin 24 that has a sensi-
tive 3,5-O-(1,1,3,3-tetraisopropyldisiloxa-1,3-diyl) as
protecting group (entry 12). The 5-bromo-5-choro-D-
arabinitol derivative 25 was obtained in comparable
yield to the other bromo-chloro derivatives 8, 14 and 21
(compare entry 14 with 2, 7, and 11).

Using this ARF methodology, with bromine or iodine
as radical trap, we are able to prepare seven out of ten
possible 1,1-dihaloalkanes, with the exceptions of 1,1-
difluoro, 1,1-dichloro, and 1-fluoro-1-chloroalkanes.
These dihalo-alditols can be useful multifunctional chi-
ral synthons for the preparation of more complex
molecules.
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6. González, C. C.; Kennedy, A. R.; León, E. I.; Riesco-
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