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ABSTRACT: Conversion of ester moieties into 4-bromophenyl groups was effected by means of a four-step protocol: a
Grignard reaction of the ester with allylmagnesium halides, a ring-closing metathesis, dibromocyclopropanation, and an
electrocyclic reaction of the dibromocyclopropanes.

Ester and its related functional groups are ubiquitous in
natural products and medicinally important compounds.

Ester moieties are also widely used in organic synthesis to
construct skeletons and to introduce functional groups. Such
transformations are achieved by means of a wide variety of
reactions, including an aldol reaction, conjugate addition to an
unsaturated ester, Diels−Alder reaction, and Ireland−Claisen
rearrangement, to name a few. These reactions can transform

substrates into products with more complex structures, in
which chiral centers are newly created. It occurred to us that
conversion of the ester moiety in such products into a benzene
ring would provide versatile molecules for drug development.
This is because additional complexity of the molecules might
correlate positively with success in drug development.1 In
addition, benzene rings have been widely used to fine tune
molecules in the course of lead optimizations by changing
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Scheme 1. Working Hypothesis

Scheme 2. Formation of a Benzene Ring
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substituents on it.2 Along this line, we initiated our studies
toward conversion of ester moieties into benzene rings.3

Our working hypothesis is shown in Scheme 1. A reaction of
an ester with an allyl metal species would afford a tertiary
alcohol that could be converted into a cyclopentenol via a ring-
closing metathesis. Subjection of the cyclopentenol to cyclo-
propanation with dibromocarbene would furnish a dibromocy-
clopropane. An electrocyclic reaction of the dibromocyclopro-

pane followed by deprotonation of the resulting allyl cation4

would give a diene, which, after dehydration, is expected to
yield a 4-bromobenzene.5

Our hypothesis was initially validated using ester 1 as the
starting material (Scheme 2). Thus, allylmagnesium chloride
was added to afford alcohol 2, which was subjected to a ring-
closing metathesis using the second-generation Grubbs
catalyst6 in dichloromethane at room temperature to afford
cyclopentenol 3 in 92% yield.7 Treatment of 3 with bromoform
under basic conditions in a biphasic system furnished
dibromocyclopropane 4 as a 1.3:1 mixture of diastereomers.
To our delight, upon heating 4 in DMF at 110 °C in the
presence of 2,6-lutidine, the electrocyclic reactions of both
diastereomers occurred, giving the desired product 5 in good
yield.
Having established a novel method for forming benzene

rings, we next applied the method to a variety of substrates.
Table 1 summarizes the results. The substrates with steric
hindrance around the ester moiety could be converted to the
corresponding products in good yield (entries 1 and 2). Methyl
benzoate could be used as a substrate to give 4-bromobiphenyl
(entry 3). Boc and Cbz groups were used to protect the amino
groups and were compatible with these reaction conditions
(entries 4 and 5). Chloroform could be used for the
cyclopropanation, giving a dichlorocyclopropane as an
intermediate, which could be converted into a chlorobenzene
derivative (entry 6). N-Acyloxazolidin-2-one could be used as a
substrate in place of the esters for this method (entry 7).8 The
stereogenic center at the α-position to the carbonyl group was
conserved during the process, and no racemization was
observed. N-Acyloxazolidin-2-ones have been used as substrates
in a variety of enantio- and diastereoselective reactions.9 These
results ensured the applicability of our method to the synthesis
of complex molecules.
The method thus developed was applied to lactone 6

(Scheme 3).10 The Grignard reaction of 6 with allylmagnesium
chloride and the subsequent ring-closing metathesis proceeded

Table 1. Substrate Scope

aIsolated yield. bdr = 3:1. cFrom the major isomer. dFrom the minor
isomer. edr = 1.7:1. fdr = 2.7:1. gThe reaction was performed in
toluene at 60 °C in the presence of the second-generation Grubbs
catalyst. hdr = 4:1. idr = 2.5:1. jdr = 4.5:1. kThe reaction was
performed at 130 °C. lAllylmagnesium bromide and diethyl ether were
used as a reagent and a solvent, respectively. mer = >99:1. ndr = 2:1.
oer = >99:1.

Scheme 3. Application to a Lactone
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smoothly. After protection of the secondary hydroxy group in 8
with a TBS group, the cyclopropanation and ensuing
electrocyclic reactions were conducted under the standard
conditions to give 11 in good yield.
In conclusion, we have demonstrated an efficient method for

constructing benzene rings from ester moieties. A variety of
functional groups survived the process, and the stereogenic
center at the α position to the carbonyl group was not affected
by the transformation. 4-Bromo- and 4-chlorophenyl groups
thus prepared are good substrates for a variety of coupling
reactions.11,12 Therefore, the method developed here will help
prepare a wide range of compounds for drug development.
Further applications of our method are currently underway and
will be reported in due course.
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