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Transition metal-mediated cycloaddition reactions provide
synthetic access to important organic ring systems inaccessible
by traditional cycloaddition methodology.2 Seven-membered-ring
synthesis is prominent among these efforts, with important recent
advances in two-component cycloadditions and intramolecular
cyclization methodology.3 Our investigation is focused on the
development of metal-mediated allyl/alkyne cycloaddition reactiv-
ity patterns, targeting intermolecular three-component cyclization
processes.4 η3-Allyl alkyne coupling reactions proceed via vinyl
olefin intermediates and typically provide open-chainη5-penta-
dienyl complexes5 (path a) orη5-cyclopentadienyl complexes6

(path b) from reaction with a single alkyne (Scheme 1).
Incorporation of two alkynes has also been reported, leading to
the formation ofη1,η4-methanocyclohexadiene complexes (path
c).7 By controlling the regiochemistry of the migratory insertion
that determines ring size in the double alkyne reactions, we
recently established the first allyl/alkyne cycloaddition reactions
to yield seven-membered-ring systems with high selectivity (path
d).8,9 To exploit the synthetic potential of that iridium-mediated
reactivity pattern, less expensive and more reactive organometallic
systems were sought for the development of organic methodology.

In this communication, we report that unsaturated permethyl-
cyclopentadienylcobalt(III) allyl complexes react with alkynes to
give substitutedη5-cycloheptadienyl complexes by metal-mediated
intermolecular [3+ 2 + 2] cycloaddition. Subsequent nucleo-
philic alkylation/decomplexation procedures provide functional-
ized organic cycloheptadienes in a highly regioselective and
stereoselective manner, providing convergent new methodology
for the construction of synthetically valuable seven-membered-
ring systems.

The required cobalt(III)η3-allyl complexes can be generated
in several ways compatible with the development of synthetic
organic methodology.10 The neutralη3-allylcobalt triflate com-
plexes2 are particularly convenient precursors, with good thermal
stability, high solubility, and a highly labile triflate ligand (eq
1). The unsubstituted allyl triflate complex2a is prepared in high

yield by treatment of allyl alcohol with (C5Me5)Co(ethylene)2 (1)11

and triflic acid. The red-brown inner-sphere triflate complex2a
thus formed can be used in situ or isolated in 85-90% yield.12,13

Substitutedη3-allyl derivatives are best prepared from the 1,3-
diene by thermal exchange followed by protonation, without
isolation of the intermediate diene complex (eq 1). Thus,η3-
crotyl andη3-1,2-dimethylallyl triflate complexes2b and2c12-14

are formed in near-quantitative yield and can be isolated in
crystalline form in yields in excess of 80%.

Consistent with a previous report,6b permethylcyclopentadi-
enylcobaltη3-allyl complexes react with alkynes in THF to yield
substituted cyclopentadienyl complexes by dehydrogenative [3
+ 2] cycloaddition, even in the presence of excess alkyne. By
using a noncoordinating solvent, however, the reaction is diverted
to the higher-order cycloaddition, producing seven-membered-
ring complexes from incorporation of two equivalents of alkyne
(Table 1). Thus, treatment of allyl, crotyl, and 1,2-dimethylallyl
complexes2a-c in dichloromethane with excess acetylene affords
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η5-cycloheptadienyl complexes3a-c as air-stable solids in good
yield (entries 1-3).12 No formation ofη5-cyclopentadienyl or
η1,η4-methanocyclohexadiene products is observed, nor are
significant amounts of regioisomericη5-cycloheptadienyl com-
plexes detected in the crude product. The endo stereochemistry
of the methyl substituent in complexes3b and3c is assigned by
spectroscopic correlation with the structure and stereochemistry
of bicyclic complex3f, which was confirmed unambiguously by
X-ray crystallography.12 The use of terminal alkynes also leads
to the formation ofη5-cycloheptadienyl complexes (entries 4 and
5), although phenylacetylene and 3,3-dimethyl-1-butyne provide
regioisomeric substitution patterns in complexes3d and3e.15,16

Synthetically interesting bicyclic complexes3f and3g can also
be prepared, starting from readily available five- and six-
membered-ring precursors (entries 6 and 7). In these cases,
oxidative addition is used to prepare theη3-allyl complexes, which
are converted without isolation byin situ ionization and treatment
with acetylene.

Conversion ofη5-cycloheptadienyl complexes3 to organic
cycloheptadiene derivatives is accomplished by nucleophilic
alkylation17,18/oxidative decomplexation (Table 2).19 Sodium
dimethylmalonate, for example, adds regioselectively to the
unsubstituted end of the pentadienyl fragment, providing func-

tionalized diene complexes412 with complete stereoselectivity.20-22

Demetallation is more difficult than in the less-electron-rich
cyclopentadienylcobalt systems19 but is accomplished in reason-
able yields by using ferricenium salts and a two-phase solvent
system.12 The dienes are obtained without positional isomeriza-
tion as the exclusive organic product; the material balance consists
of intractable material and the known dication [(C5Me5)Co-
(NCCH3)3]2+(PF6

-)2.23 It is noteworthy that the trans stereo-
chemical relationship observed for the cycloheptadiene substit-
uents in5b, 5c, and 5g is complementary to that obtained by
conventional metal-mediated functionalization sequences starting
from the unsubstitutedη5-cycloheptadienyl ring.18
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Table 1. [3 + 2 + 2] Allyl/Alkyne Cycloadditiona Table 2. Synthesis of Functionalized Cycloheptadienes
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