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Abstract—Medium ring sulfur heterocycles are prepared from �-alkenals and alkynals containing a sulfur tether atom via a novel
chelation-assisted intramolecular hydroacylation catalyzed by rhodium(I). © 2002 Elsevier Science Ltd. All rights reserved.

Rhodium-catalyzed intramolecular hydroacylation is an
attractive synthetic tool because the yields of cyclized
products are high, the reaction conditions are mild, and
a variety of functional groups are tolerated.1 4-Pente-
nals are converted to cyclopentanones via the mecha-
nism outlined in Scheme 1. Extensions of this chemistry
include asymmetric hydroacylation of substituted 4-
pentenals using rhodium(I) catalysts with chiral diphos-

phine ligands2 and hydroacylation of 4-pentynals to
produce cyclopentenones.3 Until recently, attempts to
synthesize rings containing more than five atoms via
intramolecular hydroacylation have been unsuccessful
as ring closure to form the requisite medium ring
metallcycle intermediates is kinetically unfavorable and
competing reactions such as decarbonylation prevail.4

5-Hexenals undergo hydroacylation, but yield 2-methyl-

Scheme 1.

Scheme 2.
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Scheme 3. Reagents and conditions : (a) LiAlH4, THF, 89%; (b) 4-bromo-1-butene, DBU, benzene, 93%; (c) MnO2, benzene, 76%.

cyclopentanones instead of cyclohexanones; and 6,7-
unsaturated aldehydes such as citronellal do not
undergo hydroacylation.1b Strategies aimed at the syn-
thesis of medium rings must avoid direct ring closure to
medium ring metallacycle intermediates. For example,

cyclooctenones have been prepared via hydroacylation
of 5-cyclopropyl-4-pentenals, which initially produce
six-membered metallacycles upon reaction with the
rhodium catalyst.5 Ring expansion affords the nine-
membered intermediate metallacycle which yields the

Table 1.
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Scheme 4.

acylation of internal alkynes were generally obtained in
higher yield than those obtained from terminal alkynes
with the same cyclization trends as observed for the
alkene substrates (entries 6–9). The difference in yield is
attributed to the greater reactivity of the methylidene
products toward nucleophilic attack or dimerization as
compared to the more hindered ethylidene products.14

Comparison of entries 2 and 10 suggests that the system
is sensitive to the distance between the sulfur tethering
atom and the aldehyde. 1,1- and 1,2-Disubstituted alke-
nes do not undergo cyclization as illustrated by entries
11 and 12. However, substitution alpha to sulfur does
not negatively affect the reaction (entry 9). The failure
of substrates 13a and b (Scheme 4) to cyclize suggests
that coordination of the Lewis-basic tether atom is a
prerequisite for hydroacylation and that the choice of
heteroatom is crucial.

In summary, the results presented here demonstrate
that medium ring heterocycles can be prepared via a
chelation-assisted intramolecular hydroacylation, pro-
vided a suitable tether atom is present and correctly
positioned relative to the alkene and aldehyde func-
tional groups. Future work will explore the use of
functional groups other than sulfides to provide a tether
atom and expand the range of heterocycles available by
this methodology.
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cyclooctenone product upon reductive elimination of
the metal.

Efforts in our laboratory have focused on exploiting a
chelation-assisted6 approach for the synthesis of
medium ring heterocycles (Scheme 2). The hydroacyl-
ation substrates, 5, are �-alkenals and alkynals that
possess a Lewis basic tether atom, such as sulfur.
Coordination of both the tether atom and the alkene or
alkyne to the metal center and oxidative addition of the
aldehyde, likely affords metallabicyclic intermediate, 6,
avoiding direct ring closure to medium ring metallacy-
cles. Subsequent insertion of the alkene or alkyne into
the Rh�H bond and reductive elimination affords the
heterocyclic product. A series of sulfur-containing sub-
strates has been prepared and subjected to hydro-
acylation conditions affording dihydrobenzothiepinones,
dihydrobenzothiocinones, and related compounds in
moderate to high yields.7 The chemistry presented in
this letter offers a facile route into these ring systems
and is, to the best of our knowledge, the first example
of heterocycle synthesis via hydroacylation.

Scheme 3 is illustrative of the strategies used to prepare
the substrates. Lithium aluminum hydride reduction of
the commercially available 2-mercaptobenzoic acid, 9,
yields the air-sensitive 2-mercaptobenzyl alcohol, 10,
which can be stored under argon for several months
without appreciable decomposition.8 Alkylation on sul-
fur with the appropriate alkyl halide or mesylate fol-
lowed by MnO2 oxidation yields the hydroacylation
substrate.9,10

Hydroacylation experiments were run in methylene
chloride solvent with 5–10 mol% Rh(PPh3)3Cl at room
temperature. Reaction progress was monitored by GC
and reactions were normally complete within 4–12 h as
determined by the absence of starting material. Solvent
was removed in vacuo and the cyclized product purified
by silica gel chromatography.11

Experiments intended to establish the scope and limita-
tions of this reaction are summarized in Table 1.
Entries 1–5 suggest that the distance between the sulfur
atom and the alkene functional group is critical.
Homoallylic and bis-homoallylic sulfides (entries 1–3)
readily undergo hydroacylation to yield seven- and
eight-membered rings, respectively. Cyclization to give
either six- or nine-membered rings did not occur in the
case of the allyl and 5-hexenyl substrates (entries 4, 5).
The failure of the allyl sulfide to cyclize may be
attributed to competitive rhodium-mediated cleavage of
allyl�sulfur bonds.12,13 Products from the hydro-
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