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The investigation of transition metal-mediated allyl/alkyne
coupling reactions has revealed a range of synthetically valuable!
or potentially exploitable?? reactivity patterns. Particularly
interesting are the 7-allyl/alkyne cyclization reactions reported
by Rubezhov, assembling the #°-cyclopentadienyl® and #',7°-
methanocyclohexadiene® ring systems by incorporation of one
or two alkyne equivalents, respectively. In this communication,
we report a new reactivity pattern on this energy surface: seven-
membered-ring synthesis via metal-mediated [3 + 2 + 2]
cycloaddition, coupling an 7-allyl ligand with two alkynes to
yield the n3-cycloheptadienyl ring system (eq 1).
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Treatment of 73-allyl 2-butyne complex 2a, prepared as
previously described or generated in situ from triflate complex
1, with diphenylacetylene leads to the formation of the
tetrasubstituted 7°-cycloheptadienyl complex 3° in 56% yield,
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as determined by 'H NMR integration against an internal
standard (Scheme 1). Complex 3 was isolated by crystallization

/
0
Tf1 \

from THF/Et;O and the structure deduced from extensive one-
and two-dimensional 'H-NMR and '3C-NMR spectroscopy.’
Confirmation of this structural assignment was obtained by
X-ray crystallography,® providing an unambiguous basis for
comparative analysis of other adducts in this series. Optimal
reaction conditions require the use of excess alkyne (~3 equiv),
although byproduct formation appears to arise largely from
competitive dissociation of the labile 2-butyne.* Lower reaction
temperature leads to the formation of Cp*Ir(#°-CsH;Me,)TOT{~
(4)* (Cp* = n*-CsMes) as a minor byproduct, from incorporation
of only one alkyne unit.” The 73-cycloheptadienyl complex 3
is also formed on treatment of allyl diphenylacetylene complex
2b with excess 2-butyne, although the yield is lower and the
crude product less clean.

The reaction of complex 2a with an unsymmetrical or
terminal alkyne® similarly produces the #°-cycloheptadienyl ring
system, isolated as an isomeric mixture in modest yield (Scheme
1). The major product 5° from the reaction with 1-phenyl-
propyne was recrystallized to analytical purity, revealing
spectroscopic data closely analogous to those obtained for
complex 3; the minor isomer 6 could not obtained in pure form
and is assigned only tentatively.” Treatment with phenylacety-
lene affords a 2:1 mixture of 7°-cycloheptadienyl isomers 7 and
8, which cocrystallize in analytical purity as a 1:1 mixture. The
marginally less soluble isomer 8 was obtained in pure form by
repeated fractional recrystallization; structural assignment of the
major product 75 was based on close spectroscopic analogy to

(6) The crystal structure determination was performed by Drs. K. Folting
and J. D. Martin of the Indiana University Molecular Structure Center,
Department of Chemistry, Bloomington, IN 47405. A description of the
structure solution, along with an ORTEP diagram and selected bond lengths
and angles, are provided as supporting information. Full details are available
directly from the structure center: request report No. 92039.

(7) This complex is the only product isolated when complex 2 is allowed
to stand in CH2Cl, at room temperature in the absence of added alkyne.*

(8) Terminal alkynes can be incorporated only as the second alkyne
component: no tractable product is isolated from treatment of triflate
complex 1 with phenylacetylene (1—5 equiv).
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complexes 3 and 5.5 The common substitution pattern defined
for complexes 7 and 8 reveals that the alkyne insertion is highly
regioselective, but the subsequent hydrogen redistribution is less
so. No interconversion of isomers is observed at temperatures
up to 110 °C, suggesting that the product distribution results
from a kinetic partitioning.

Higher yielding [3 + 2 + 2] cycloadditions are obtained
directly from triflate complex 1, minimizing the complications
associated with alkyne lability. The reaction with 2-butyne
(~10 equiv) leads to an inseparable 5:1 mixture of two products,
isolated as a colorless solid in 78% yield (eq 2).? The structure
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of the major product, #°-cycloheptadienyl complex 9,° was
assigned on the basis of NMR spectroscopic analysis, yielding
data analogous to those obtained for phenylacetylene adduct 8.
The minor product is tentatively assigned as the #',7*-metha-
nocyclohexadiene complex 10° on the basis of spectroscopic
data and comparison to previously reported complexes of - this
structural class.®® Minor amounts of 7°-cyclopentadienyl
complex 4* are observed upon significant reduction in alkyne
concentration (3 equiv). Treatment of triflate complex 1 with
excess diphenylacetylene, however, leads exclusively to incor-
poration of a single alkyne, giving the known 7°-cyclopenta-
dienyl complex, Cp*Ir(7°-CsH;Phy)*OTf~.4

The reaction of triflate complex 1 with 2,8-decadiyne also
yields the 7°-cycloheptadienyl ring system, demonstrating the
potential for polycyclization reactions based on this reactivity
pattern. Despite concern over the regioselectivity of the initial
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alkyne insertion, fused+bicyclic complex 11° is obtained as a
spectroscopically homogeneous white solid in high yield using
only a slight excess (1.3 equiv) of the diyne (eq 3). Although
this material could not be recrystallized to analytical purity, the
structural assignment, by extensive NMR spectroscopic analysis,
is nonetheless unambiguous.’

This unique three-component cycloaddition reaction proceeds
via initial coupling of the allyl and alkyne ligands, producing
an unsaturated o,7-vinyl olefin complex,'® as previously
proposed.’ Coordination and insertion of the second alkyne
(Scheme 2, I —II) sets the stage for the regioselective migratory
insertion that partitions the reaction between 7',7*-methano-

(9) Recrystallizations from various solvent systems retain both complexes
in an invariant ratio.

(10) This intermediate, analogous to I (Scheme 2) but lacking the alkyne,
can be trapped and isolated upon addition of phosphine or CO. Details
will be presented in a full account. .
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cyclohexadiene and 5',n7*-cycloheptadienyl ring systems III and
IV, respectively. Subsequent rearrangement of IV to the
conjugated #°-cycloheptadienyl product(s) then occurs via a
series of S-hydride elimination/reinsertion reactions, presumably
directed by the steric and/or electronic profile of the peripheral
substituents. The regioselectivity of the critical vinyl migration
thus appears to be controlled by the character of the ancillary
ligand: the sterically large, electron-rich 7°-CsMes used in this
work compared to the small, less electron-donating 73-CsHs or
n%-benzene ligands used by Rubezhov.?

The origin and extent of this ancillary ligand directing effect
is currently under investigation, as is the development of
alternative metal templates holding greater potential for ap-
plications to organic synthesis, where metal-mediated methodol-
ogy forzseven-membered-ring synthesis remains comparatively
rare.! 1!
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