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Indium-mediated carbon-carbon bond-forming reac-
tions have commanded considerable attention recently
because of the high efficiency with which In promotes
these processes in water1 and the ability of proximal
hydroxy,2 dimethylamino,3 and keto substituents4 to
control diastereoselectivity through chelation to orga-
noindium reagents under aqueous conditions.5 No ex-
amples involving comparable intramolecular complex-
ation to a carboxylic acid residue have yet been reported.
In connection with the development of a general enan-
tioselective approach toward 3,10-epoxy-2,11-cyclized
cembranoids, the occasion to examine the stereoselectiv-
ity associated with addition of the allylindium reagent
to γ-hydroxy γ-lactones presented itself. We now report
that introduction of an allyl side chain into such systems
proceeds with a synthetically useful stereochemical bias,
a result presumably due to internal chelation to the
neighboring carboxyl group once unmasked.
The required enantiopure γ-hydroxy γ-lactones 1-3

were derived by hydrolysis of the corresponding γ-men-
thyloxy γ-lactones under acidic conditions.6 In this way,
undesired epimerization next to the hemiacetal center
was effectively skirted. Each substrate was stirred
vigorously overnight at rt with allyl bromide and indium
powder in dilute HCl (pH 3) containing 10% of ethanol
or tetrahydrofuran. The acidic environment accelerated
the rate of lactol ring opening, and the limited amount
of organic solvent guaranteed complete miscibility of the
nonmetallic reagents.7 The results are provided in Table
1.
The major diastereomer in each instance was easily

recognized from examination of the multiplicity and
chemical shift of its R-oxy proton, in tandem with NOE
experiments. Since an endo-oriented proton is displaced

90° out of plane from the adjacent tertiary hydrogen, it

appears uniquely as an upfield triplet (see 4). A doublet
of triplets as depicted for 7 is seen for the minor isomers.
A typical set of NOE experiments is shown for 5 and 8.

The high diastereoselectivity observed for 1 and 3 can
be rationalized in terms of preferred coupling via a
chelated transition state in which the carboxylic acid
group coordinates to the allylindium species prior to
nucleophilic attack.8 As seen in Figure 1, this process
locks the conformation of the bicyclic ring system, thereby
causing allylation to occur via a six-membered transition
state preferentially on the Re face of the aldehyde as in
A. Under these circumstances, intramolecular delivery
from the Si face as in B is disfavored due to nonbonded
steric interactions involving the allyl group and bicyclic
framework. The higher selectivity observed for 3 can be
attributed to increased shielding of the Si face of the
aldehyde by the tert-butyldiphenylsilyl substituent.
In Table 1, entry 4, the presence of a salt such as tetra-

n-butylammonium bromide is seen to induce a significant
increase in diastereoselectivity. The phenomenon, which
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has previously been observed with R-hydroxy aldehydes,2a
is also accompanied by considerable rate acceleration.
Interestingly, the free hydroxy derivative 2 exhibits

quite low diastereoselectivity. This increase in the
proportion of the R-allyl isomer is consistent with com-
petition between the OH and COOH groups for complex-
ation to the incoming indium reagent. Transition state
C in Figure 1 reflects the expectation that chelation to
the hydroxyl substituent can bring about favored attack
on the Si face of the aldehyde. It is particularly relevant
that the product ratio determined for 2 is not inverted.
This observation may suggest that the carboxylic acid
functionality is a more effective chelator of allylindium
than the hydroxyl group in aqueous acidic environments.
For comparison purposes, 1 was treated with allyl-

magnesium bromide in THF9 and relactonized with 10%

HCl. A 1:1.5 mixture of 4 and 7 resulted, with 4 being
the minor product. Thus, indium is a significantly better
chelating metal than magnesium for this reaction.
The methodology outlined herein constitutes a conve-

nient and reliable means for the stereoselective synthesis
of bicyclic γ-allyl lactones from γ-hydroxy precursors. For
this new application of indium-promoted Barbier allyla-
tions in aqueous media, reliance is placed on the ability
of a neighboring carboxylic acid group to guide C-C bond
formation by means of chelation to the organometallic
species.
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Table 1. Indium-Mediated Allylation of 1-3 (CH2dCHCH2Br, 25 °C)a
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