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Instituto de Productos Naturales y Agrobiologı́a del CSIC,
Carretera de La Esperanza 3,
38206-La Laguna, Tenerife, Spain

Received August 6, 1998

In previous papers from this laboratory, we have described
the formation of glycopyran-1-O-yl and glycofuran-1-O-yl
radicals by reaction of carbohydrate anomeric alcohols with
hypervalent iodine reagents in the presence of iodine.1
Under very mild conditions, these intermediates undergo a
C1-C2 â-fragmentation reaction to give a C2 radical. In
the previously reported examples of this reaction, all the
substrates possessed an ether group at C2. In these cases,
the C2 radical was always oxidized by an excess of the
reagent to give an oxonium ion (Scheme 1, eq 1), which may
be trapped intermolecularly by an acetate anion from the
medium to give an acetyl alkyl acetal.1a Intramolecular
trapping by hydroxyl, carboxyl, or amide groups is also
possible.1b-e

With these results in mind, we reasoned that the presence
of a stronger electron-withdrawing group at C2 should
decrease the electron-density at this position and the oxida-
tion of the C2-radical should be more difficult. The competi-
tive trapping of the intermediate radical by atoms of iodine
from the reaction medium might then be possible. In this
paper, we describe a study that shows how R-iodoalkyl esters
and R-iodoalkyl carbonates can be obtained using, respec-
tively, esters and carbonates as electron-withdrawing groups
(eq 2). The exchange between iodide and other halogens
(Finkelstein reaction) is the only method that has been
employed for the synthesis of R-iodoalkyl esters.2 R-Io-
doalkyl carbonates have also been prepared from halide
exchange and the 1-iodoethyl phenyl carbonate by reaction
of acetaldehyde with phenyl carbonoiodidate.3 All these
substances have a limited stability, and to the best of our
knowledge, they have not been previously used as synthetic
intermediates. In Table 1 we compare the reaction of several
carbohydrates of the threose and erythrose series, possessing
either an ether or an ester group at C2, with the system
(diacetoxyiodo)benzene/iodine. As shown in entry 1, the 2,3-
O-isopropylidene-D-ribose derivative 1 is transformed under
the conditions cited into the erythrose acetyl acetal deriva-
tive 2 in good yield and with excellent selectivity.1a On the
other hand, under the same conditions the 2,3-carbonate 3
gave exclusively the R-iodoalkyl carbonate 4 as an insepa-
rable 4:1 mixture of 1R and 1S isomers (entry 2). It is worth

noting that, in this case, no products coming from addition
of acetate to an oxonium ion (eq 1) were detected and that
the product formed is better explained by a radical reaction
(eq 2). Compound 4 is a stable crystalline solid that can be
purified by chromatography and stored for months in the
refrigerator.

To further extend the scope of the described method, we
have investigated the feasibility of applying this methodol-
ogy to hexoses of the glucose (entries 3-7) and galactose
types (entries 8 and 9). In all cases when the substituent
at C2 was an ether (entries 3, 6, and 8) R-acetoxy ethers
were formed, and when it was an ester (entries 4, 5, 7, and
9) R-iodo esters were obtained, while mixtures of both
products were not observed in any case. Two features of
these reactions deserve a brief comment: first, the unex-
pected selectivity of the acetate 10 (7:1) compared with that
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Table 1. Reaction of Carbohydrates with DIB/I2
a

a All reactions were performed in dry CH2Cl2 (35 mL) at room
temperature under nitrogen containing (diacetoxyiodo)benzene
(DIB) (2 mmol) and iodine (1.2 mmol) per mmol of substrate. Ratios
were determined by 1H NMR analysis, and where assigned the
major isomer is illustrated. b See ref 1a. c Partially hydrolyzed
during silica gel chromatography.

Scheme 1
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of the benzoate 8 (1.5:1) (entries 4 and 5); second, the
remarkable stability of the products, especially of the iodine
compounds. All are sufficiently stable to be purified by silica
gel chromatography and stored under nitrogen at low
temperature, with the exception of compound 14, which
could not be purified by this technique without substantial
hydrolysis to the corresponding aldehyde.

Compound 4 belongs to a class of meso-erythritol deriva-
tives that have become asymmetric by substitution. Since
these compounds are important four-carbon chiral building
blocks in natural products synthesis,4 we have initiated the
study of this R-iodo carbonate as a synthetic intermediate.
We are particularly interested in the reactivity of the carbon-
centered radical generated by rupture of the C-I bond. The
reduction of compound 4 with tributyltin hydride led to
carbonate 19 containing a small amount of the alcohol 20
in 89% overall yield (Scheme 2). This could be a good two-
step method to transform a carbohydrate into the corre-
sponding alditol with one less carbon. Radical intermolecu-
lar allylation is also possible following the Keck and Yates
procedure;5 reaction of the 4:1 mixture of compound 4 with
allyltributylstannane in the presence of AIBN gave the allyl
derivative 21 along with the alcohol 22. Absolute selectivity
was observed in the crude reaction mixture, with only the
anti-stereoisomer being obtained.

Moreover, R-acetoxy ethers react with a variety of carbon
nucleophiles (e.g., allylsilanes) in the presence of a Lewis
acid.6 We therefore now have the opportunity to carry out
either cationic or radical allylations from R-acetoxy ethers
or R-iodo esters obtained from the same carbohydrate by
simply changing the protective group at C2.
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FARTE), Spain, for a fellowship.

Supporting Information Available: Supporting Information
Available: Experimental procedures and characterization data for
compounds 4, 6, 8, 10, 12, 14, 16, and 18-22 (5 pages).
JO981587R

(4) (a) Flasche, M.; Scharf, H.-D. Tetrahedron: Asymmetry 1995, 6, 1543-
1546. (b) Pottie, M.; De Lathauwer, G.; Vandewalle, M. Bull. Soc. Chim.
Belg. 1994, 103, 285-294. (c) Pottie, M.; Van der Eycken, J.; Röper, H.;
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Scheme 2a

a Key: (a) Bu3SnH (2.5 equiv), AIBN (0.2 equiv), PhH, reflux, 1 h,
89% [19 (71%), 20 (18%)]; (b) allyltributyltin (3 equiv), AIBN (0.2
equiv), PhH, reflux, 3 h, 74% [21 (45%), 22 (29%)].
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