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Reactions that transform benzene and substituted benzenes
into functionalized hydrobenzenes with concomitant regio- and
stereoselective C-C bond formation are scarce.1 Two comple-
mentary transition metal mediated approaches for activating
arenes for this reaction have been developed. The Harman
group has shown that regioselectiveη2-coordination of phenols
and anilines to Os(NH3)52+ results in partial localization of the
π-electron density and enhances the nucleophilic reactivity of
the arenes.2 Conversely, activation of arenes to C nucleophile
addition results fromη6-coordination to electrophilic transition
metal groups. The Cr(CO)3 fragment has proven particularly
efficient with both benzene and condensed aromatic ring
systems.3 Regioselective addition of carbanions followed by
reaction with C electrophiles affordstrans-disubstituted cyclo-
hexadienes. Incorporation of CO in this sequence depends on
the nature of the arene and the migratory aptitude of R′′ (Scheme
1).4

Asymmetric versions of this methodology include the use of
chiral o-directing auxiliaries (e.g., R) chiral oxazoline,5a

SAMP-hydrazone5b), chiral nucleophiles (R′Li/L*), 5c and chiral
ligands on chromium,5d with the first two procedures being the
most successful.
We here report a new approach that involves the generation

of two stereogenic centers from an arene complex of planar
chirality.6 Other new features reported here are the use of
propargyllithium as nucleophile in an arene addition reaction,
the regioselectivity of the allylation, and the combination of
the above methodology with a highly diastereoselective Pau-
son-Khand reaction.7

We reasoned that products3 with an appropriate group R′
could be used for the preparation oftrans-fused ring systems.
First attempts at intramolecular cyclization of the oxazoline

cyclohexadiene5 via Co- or Zr-mediated reactions did not meet
with success, though, presumably because of the rigidtrans-
diaxial disposition of the two side chains in cyclohexadiene5.
However, anisole complexes6 offer a convenient solution

to this problem. Cyclohexadienes8 or 9 should be readily
hydrolyzed to the more flexible enones (10 or 11) (Scheme 2).
Predominantmeta-regioselectivity in nucleophilic additions to
anisole complexes6a and 6b is well documented8 but the
practicality of the formation of the cyclohexadienyl intermediate
7 and the regioselectivity of the ensuing reductive elimination
to give 8 and/or 9 had not been investigated previously. The
planar chirality of anortho-substituted anisole complex also
offered the possibility for the diastereoselective generation of
two new stereogenic centers in the products.
Highly enantioenriched 1(S),2(R)-6b, obtained by enantiose-

lective lithiation/electrophile addition of the anisole complex
6a following Simpkinset al. procedure,9 was treated sequen-
tially with (3-(trimethylsilyl)propargyl)lithium (-78 f 0 °C,
THF, 3 h) and allyl bromide (10 equiv,-78f 20 °C) to afford
cyclohexadiene8b (Scheme 3).In situ hydrolysis yielded the
trans-disubstituted cyclohexe none10as a single regioisomer.10

Desilylated product12 was a side product. Modification of
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hydrolysis conditions aimed at the suppression of12 has not
yet met with success.
A sizable body of literature exists dealing with the synthesis

of bicyclo[3.3.0]octan-3-ones by intramolecular Pauson-Khand
cyclization of 1,6-enynes.11 The analogous construction of
bicyclo[4.3.0]octan-3-ones is not as well documented,12 and we
are not aware of the use of this reaction in the preparation of
enantioenriched tricyclic molecules having atransdisposition
of the substituents participating in the cyclization step.13

Coordination of the alkyne of10 to the Co2(CO)6 fragment
followed byin situ treatment withN-methylmorpholineN-oxide
(NMO) gave the expected tricyclic diketone13 in good yield.
1H NMR and GC analyses of the crude product indicated13 to
be formed as a single diastereomer and chiral GC showed13
to have an enantiomeric excess (ee) of 90%.14 Both the
nucleophile addition/allylation step and the Pauson-Khand
reaction had thus occurred with complete diastereoselectivity.
The sequence demonstrates the efficient transfer of the planar
chirality in 6b to the three new stereogenic centers in13.

The relative stereochemistry of the single diastereomer formed
was determined by X-ray analysis ofrac-13.15 This structural
analysis also served to confirm the regioselectivity of the
sequential nucleophilic/electrophilic addition.
A rational for the formation of13 is presented in Scheme 4.

The cyclohexenone side chains are in a diequatorial conforma-
tion. A chair-like arrangement for10 then places the alkene in
a pseudoequatorial position. Coordination to Co and insertion
into the Co-C(alkyne) bond then leads to the diastereoisomer
13.
Thus, we have shown that the highly regio- and stereoselec-

tive sequential addition of a propargyllithium reagent and of
allyl bromide to the planar chiral anisole complex66 followed
by an efficient metal-mediated cyclocarbonylation provides a
rapid access to the highly enantioenriched tricyclic13. This
forcefully demonstrates the synthetic potential of planar chiral
arene complexes in the synthesis of enantioenriched alicyclic
systems.
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