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Saturated oxygen heterocycles, such as tetrahydrofurans and
dihydrobenzofurans, are important motifs in a myriad of
biologically active compounds, including natural products and
pharmaceutical targets. Therefore, there has been consider-
able interest in the development of new synthetic methods for
the construction of these important structures.[1] Many tradi-
tional approaches to the generation of these compounds
involve ring formation through intramolecular SN2 reactions
and related strategies. However, these approaches typically
lead to the formation of only one bond during ring closure and
often require somewhat complicated substrates.[1]

Late transition metal catalyzed alkene carboalkoxylations
are a subclass of alkene difunctionalization reactions[2] that
have considerable utility for the construction of tetrahydro-
furans, dihydrobenzofurans, and related oxygen heterocycles.
These reactions effect formation of a C�O bond during ring
closure along with a C�C bond adjacent to the ring and up to
two stereocenters (Scheme 1). In most instances these trans-
formations involve the coupling of an alcohol that bears

a pendant alkene with an exogenous carbon electrophile, such
as an aryl-, alkenyl-, or alkynyl halide.[3, 4] Introduction of an
ester functionality has also been accomplished by using CO as
the carbon electrophile.[5]

Recently, the groups of Douglas and Nakao have inde-
pendently developed two complementary new strategies for
metal-catalyzed alkene carboalkoxylation reactions that do

not require an exogenous carbon electrophile.[6,7] Instead, the
carbon electrophile is covalently attached to the cyclizing
oxygen atom in the substrate, and the carboalkoxylations are
accomplished through activation of this C�O bond by the
catalyst. Importantly, these two approaches lead to the
formation of dihydrobenzofuran derivatives that bear func-
tional groups (ketones or nitriles), which are convenient
handles for further elaboration of the molecule, and cannot be
directly installed by using previously developed alkene
carboalkoxylation methods.

The method of the Douglas group involves the use of
a cationic RhI complex to catalyze the intramolecular
alkoxyacylation of acylated 2-allylphenol derivatives
(Scheme 2).[6] These reactions afford 2-acylmethyl dihydro-
benzofuran derivatives in good yield (51–90 %), and are also

effective for formation of analogous chroman and benzodiox-
in products (although the yield of the benzodioxin is modest).
However, at this point in time, the presence of a quinoline
directing group on the acyl unit of the substrate is required for
successful product generation. This group helps to prevent
competing decarbonylation side reactions of intermediate
acylrhodium species, and may also play a role in catalyst
binding to direct the C�O bond activation.

The Nakao group employed a related strategy for the
generation of 2-cyanomethyl dihydrobenzofuran derivatives
(Scheme 3). In this case, cyanates derived from 2-allylphenols
were used as substrates, and intramolecular alkoxycyanation
reactions were effected by using a dual catalyst system
composed of [Pd2(dba)3]/Xantphos (10 mol%) and BPh3

(20 mol %).[7] The palladium catalyst is involved in the key
bond-forming events, and the BPh3 Lewis acid catalyst binds
to the nitrile and facilitates insertion of the palladium

Scheme 1. Metal-catalyzed alkene carboalkoxylation reactions between
unsaturated alcohols and exogenous carbon electrophiles.

Scheme 2. Rhodium-catalyzed intramolecular alkene alkoxyacylation
reactions developed by Douglas. cod = 1,5-cyclooctadiene, dppp =pro-
pane-l,3-diylbis(diphenylphosphane).
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complex into the cyanate O�CN bond. The products are
generated in moderate to good yield, and the authors
illustrate the feasibility of forming both five- and six-
membered rings. The reaction conditions are sufficiently mild
to tolerate the presence of ester functional groups, and
halogen substituents (F, Cl, Br) on the aromatic ring are not
cleaved during these transformations. However, chemical
yields are slightly lower for reactions of these functionalized
substrates (43–79 %) as compared to unfunctionalized deriv-
atives (60–90 %).

Both the intramolecular alkoxyacylation and alkoxycya-
nation reactions described by Douglas and Nakao, respec-
tively, appear to proceed through similar mechanistic path-
ways (Scheme 4). In both cases, the O�FG bond undergoes
oxidative addition to the low-valent metal catalyst to generate

an intermediate metal alkoxide complex.[8] Migratory inser-
tion of the alkene into the M�O bond[4a,b, 9] followed by C�FG
bond-forming reductive elimination then provides the func-
tionalized heterocyclic products. This mechanism is related to
that of other late transition metal catalyzed carboalkoxylation
reactions,[4] but differs in the route by which the key metal
alkoxide intermediate is formed.

As is the case with all new synthetic methods, the scope of
these new transformations has not yet been fully explored,
and many challenging problems have yet to be addressed. In

contrast to other late transition metal catalyzed carboalkox-
ylations, the new alkoxyfunctionalization reactions are cur-
rently limited to the construction of heterocycles that bear
fused aryl rings. In addition, substitution at the internal alkene
carbon atom is required to prevent competing b-hydride-
elimination side reactions. Diastereoselective or enantiose-
lective versions of these reactions are also certain to be
a focus of future investigations in this area. Nonetheless, the
new intramolecular alkene alkoxyfunctionalization reactions
developed by Douglas and Nakao represent a significant
conceptual advance in the field. These transformations allow
introduction of ketone or cyano groups into the heterocyclic
products, and proceed under relatively mild conditions, as no
added base is required to facilitate these reactions. The
strategy of heterocycle formation through metal-catalyzed
alkene insertion into a heteroatom-containing functional
group bond has considerable potential utility, and will likely
find many applications in both reaction development and
complex molecule synthesis.
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Scheme 3. Palladium-catalyzed intramolecular alkene alkoxycyanation
reactions developed by Nakao. dba = trans,trans-dibenzylideneacetone.

Scheme 4. Mechanism of intramolecular alkene alkoxyfunctionalization
reactions. FG = functional group, M = metal.
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