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Abstract. Suarez B-fragmentation of carbohydrate lactols induces C-C bond
forming, by a non reductive process This tandem B-fragmentation-cyclization

reaction of carbohydrate lactol derivatives 1,2,5 produces stereoselective
carbocycles 2,4,6 in moderate yield. © 1997 Elsevier Science Ltd.

Radical reactions are now employed routinely by synthetic organic chemists'. Special interest has been
devoted to the synthesis of carbocycles from carbohydrates.?

Most of these reactions are based on tin hydride chemistry. One of the limitations of synthetic sequences
based on free radical carbon-carbon bond-forming reactions is that they are generally terminated by hydrogen
atom transfer.’ This means that the cyclization step has to be fast in order to compete with premature hydrogen
abstraction. In practice, this can be solved using high dilution conditions or by adding the tin hydride very slowly,
to keep its concentration low. Another approach uses less efficient hydrogen donor reagents such as germanium
hydride.** or tris(trimethylsilyl)silane.* Recently Zard® and co-workers reported novel radical-chain reactions
based on o-alkyltin dithiocarbonates as reagents which eliminate these problems.

We describe here a preliminary result of a different approach to the synthesis of carbocycles via radical

chemistry that circumvent these limitations, as illustrated in Schemel.
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Thus, the carbohydrate lactol derivative 1 undergoes (i) B-fragmentation® of the anomeric alkoxy radical
generated with hypervalent iodine reagent / I, system and (ii) intramolecular trapping of the C2 radical generated
in the fragmentation step with a suitably unsaturated ester containing side-chains to give the cyclic iodine 2.
Reduction of the mixture of cyclic iodines provides the cyclopentane derivatives 3.
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The carbohydrate derivatives were treated with iodosylbenzene and iodine in benzene under the
conditions specified in Table 1.*

As we illustrate this new carbon-carbon bond-forming process generates five membered rings in
moderate yield (entryl,4 and 5). However, the cyclization failed with lactone 7 giving several unstable
compounds and only traces of the cyclic product. The reaction behavior does not depend on the C2
configuration (compare entry 1 with 5).

Table 1
Entry Substrate Solvent PhIO ) Time Products Yield
(mmol) (mmol) (h) (%)
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* after reduction with Ph;SnH. ® reflux. © 60 "C. ? nt. ° traces.

The stereochemical outcome of this cyclization agrees with a related rationalization embodying a
chairlike transition-state model.” Only a cis stereoisomer was detected in each case. These isomers show a triplet
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(ca 6Hz) for H*. In the case of the other isomer, examination of the model shows that this proton has a dihedral
angle of ca 90° to H'.
We explain the moderated yield based on the proposed mechanism (Scheme?2).

Scheme 2
_ - - - _ -
O.Et OEt CO,Et CO.Et
OCOH OCOH
\_/ OH Phi=O/l, 0_}:0 _ —_—
% 2 s 1 Lad
1 2 3
CO2Et CO2Et
2 — 6 ' _;m é ' Ou' COZEt
M, 3< A, S( 3 — >( OCOH
HOCO* (o) Hoco (o) *™ OAC
4 5

On a ribofuranose derivative the C2 radical formed by B-fragmentation of the initially formed anomeric
alkoxy radical, is trapped by the side chain unsaturated ester to give (after reduction with Ph;SnH) the cyclic
compound 4. Also this highly stabilized'® dioxanyl radical 2 can be oxidised'' to an oxonium ion 3. If this
intermediate cannot revert to the C2 radical in the same way, it will decompose under the reaction condition thus
lowering the overall yield. We think that this is our case. As a result, treatment of compound 1 (Scheme2) under
the conditions described® but in the presence of an external nucleophile (1,5 meq. AcOH or NH4AcO) give
mostly compound 5* and minor amounts of cyclic compound 4.

In summary, we have described a new carbon-carbon bond-forming process for the preparation of highly
functionalized enantiomerically pure cyclopentanes from readily accessible carbohydrates derivatives. Further
studies on the synthetic utility of this method and improvement of the yield by means of less stabilized C2
radicals are in progress.
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