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Abstract

The ®rst 8-endo-trig and 7-exo-dig carbocyclizations of primary alkyl free radicals on acyclic carbohydrate
templates derived from d-glucose, leading to chiral and polyfunctionalized medium-sized carbocycles are
described. # 2000 Elsevier Science Ltd. All rights reserved.

In spite of some recent developments, the synthesis of medium-sized rings is a challenging goal
and remains as a partially unsolved problem.1 Free radical chemistry2 has advanced interesting
and e�cient solutions to this problem.3 In this context, aryl,4 a-carbonyl,5 a-acyl,6 and acyl7

radicals, or anion-radicals8 have been prepared and submitted to regioselective 8-endo9 carbo-
cyclizations to give more or less complex eight-membered ring systems. Very interestingly, 8-endo-
alkyl radical cyclizations are rare and, to the best of our knowledge, only two examples have been
reported.10 Conversely, 7-endo11 and 7-exo12 radical cyclizations are more common and have
been described in several instances.
In our current e�ort for the synthesis of carbocycles from carbohydrates,13 very recently we

have directed our interest to the preparation of polyfunctionalized cycloheptanes from sugars by
using di�erent methodologies.14 A free radical ring-closure strategy was also sought. In this
context, the use of chiral polyoxygenated precursors for the asymmetric synthesis of medium-
sized rings is scarcely documented.15 In this paper, we have systematically analyzed several
alternatives for the synthesis of polyhydroxylated medium-sized rings from carbohydrate pre-
cursors, and we describe a simple and convenient conversion of d-glucose to highly functionalized
chiral medium-sized rings by regioselective 8-endo-trig and 7-exo-dig15b primary alkyl radical
cyclizations in sugar templates, as we stated previously.
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For the exploratory experiments, and starting from d-mannose, radical precursors 1±6 (Fig. 1)
have been synthesized.16 Unfortunately, in the standard experimental conditions for free radical
carbocyclizations, using tributyltin or triphenyltin hydrides or tris[(trimethylsilyl)]silane, with or
without triethyl borane, in no case the required 7-exo ring closure products were detected;
depending on the case, only reduced, acyclic, stannylated or recovered starting materials were
isolated in variable chemical yields.

In view of these deceiving results, and assuming that more conformationally constrained radical
precursors were needed to promote e�ective cyclization reactions,13c we prepared intermediates
which have two isopropylidene moieties at carbons C2/C3 and C4/C5 (sugar numbering). Then,
starting from d-glucose we synthesized radical precursor 7.16 In the usual free radical condi-
tions,17 instead of the expected 7-exo compound, we isolated compound 8a in 50% yield and the
reduced, acyclic derivative 8b in 10% yield (Eq. (1)). The structure for 8a16,17 was assigned based
on the spectroscopic (compound 8a showed in the 13C NMR spectrum three methylene carbons
for CH2 at high ®eld, con®rming the structure and excluding then the exo product) and analytical
data.16 Although predicted by MO calculations and experimentally corroborated by Beckwith,18

the exclusive formation of the 8-endo product (8a) in this radical cyclization is noteworthy. In
fact, we think that the presence of two isopropylidene groups in precursor 7 has also deeply
a�ected the regioselective and exclusive 8-endo mode for this cyclization, as Redlich and our own
results have demonstrated in 7-endo-trig (see the ring closure of 9 to 10)15 and in the 6-endo-dig13c

cyclizations, in related substrates.
In order to con®rm and extend these results, we have prepared and submitted to free radical

cyclization precursor 11.16 Very surprisingly, this compound a�orded the 6-exo-trig product 1216

in 30% (40%)19 yield (Eq. (2)) (compound 12 showed in the 1H NMR spectrum a doublet for the
methyl group at 1.13 ppm with J=6.5 Hz, con®rming this structure and excluding then the endo
product), as the only detected and isolated regio- (no 7-endo product) and diastereoisomer
(absolute con®guration R at C5, in agreement with the asymmetric diastereoselection observed in
related precursors in our laboratory).13 The formation of the exclusive 6-exo-trig product was
surprising in this case taking into account Redlich's report.15
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Figure 1.
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Apparently, this result proves that not only is the presence of the isopropylidene protecting
groups for de®ning the course of the radical cyclization important, but so is the the relationship
between the stereogenic sequence of the asymmetric carbons and the location of the carbon centered
radical and the radical trap. In compound 11 the primary radical is vicinal to a syn-isopropylidene
group, while in Redlich's example15 the primary radical is vicinal to an anti-isopropylidene group.
Continuing with our project, and in view of these results, we decided to prepare the radical

precursors 1316 and 14,16 which have acetylenic radical traps vicinal to hydroxyl or keto groups,
respectively. Under the standard conditions, and starting from precursor 13, after cyclization and
acetylation, we obtained, separated and analyzed the 7-exo-dig products 1516 and 16,16 in the
yields shown in Eq. (3); moreover, acyclic materials, apparently resulting from the reduction of
the precursor 13, without cyclization, were isolated, but their structure could not be assigned.
Analogously, precursor 14 gave alkylidene-cycloheptanones 1716 and 1816,17 in 8% (10%)19 and
18% (20%)19 yields, respectively. Extensive and full spectroscopic analysis (1H, 13C, 13C±DEPT,
1H±1H COSY, HMQC, HMBC) clearly con®rmed the `exo' structure of these carbocyclization
derivatives. In fact, and as we expected, the vinylic protons appear (Ha) in all the cases as singlets;
similarly, the E or Z stereochemistry has been unequivocally assigned by NOE experiments. In
the cyclization of precursor 14 we also detected other more polar products, none of which were
isolated or characterized. Apparently, and by comparing the reactivity of precursors 7 with 13/14,
the substituted acetylenic moiety drives the cyclization to the exo mode by a steric e�ect.
In summary, we have reported a series of experiments which show that the 7-exo/8-endo cycli-

zation protocols in carbohydrate templates are possible and can be modulated to give poly-
droxylated carbocycles in enantiomerically pure form. Studies are now in progress to extend these
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results to other substrates and analyze the synthetic scope of this protocol; in addition, com-
plementary molecular orbital calculations will be attempted to ascertain the transition state for
these cyclizations, in order to give a more adequate explanation to these results.
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