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Since the original preparation of the parent 1,6-
methano[10]annulene by Vogel and Roth,1 annulene
derivatives have been the subject of numerous investiga-
tions dealing with both theoretical2 and, more recently,
biological3 issues stemming from the novel properties and
structures of these interesting species. In conjunction
with these studies, several useful synthetic approaches
into a variety of methanoannulene systems have been
developed.4 As the demand grows for access to more
substitutionally elaborate annulenes to support these
studies, methods for preparing derivatives in enantio-
merically enriched form become increasingly significant.

1,6-Methano[10]annulene (1) itself possesses C2v sym-
metry but becomes chiral (planar chirality) with the
introduction of a non-hydrogen substituent at any posi-
tion around the perimeter of the π-framework (i.e.,
compound 2).5 Furthermore, empirical evidence suggests
that the configurational stability of the bridge is suf-
ficiently high to permit isolation of enantiomeric forms
at ambient temperatures. For example, the inversion
barrier of a closely related oxido-bridged [10]annulene
species has been estimated to be at least 42 kcal/mol-1.6

To date, however, relatively few chiral, nonracemic
annulenes have been prepared and characterized. In
most instances classical resolution techniques7 or chiral

chromatographic separation of racemic mixtures have
been employed to isolate enantiomerically enriched an-
nulenes.8

We now disclose a new method for the construction of
planar chiral 1,6-methano[10]annulenes in enantiomeri-
cally enriched form. The strategy employed in these
studies features an enzymatic resolution of substituted
bicyclo[4.4.1]undecatrienes, which are conveniently avail-
able via chromium(0)-promoted [6π + 4π] cycloaddition.
(eq 1).9 An advantage of this approach is the capability
of delivering chiral, nonracemic annulenes that may not
be amenable to traditional resolution.

The preparative sequence begins with an efficient
photocycloaddition between complex 3 and 1-acetoxyb-
utadiene that affords, after saponification, the known
bicyclic alcohol (()-49c in excellent yield. It is noteworthy
that metal-promoted higher-order cycloadditions are
known to proceed with high diastereoselection via an
endo reaction pathway.9 Although auxiliary-controlled
methods for asymmetric induction during the cycloaddi-
tion event itself have been established previously,9d
enzymatic resolution was regarded as a more attractive
prospect for delivering enantiomerically enriched sub-
strates in the present context. Toward this end, exposure
of the racemic alcohol 4 to Amano PS-30 lipase10 in
isopropenyl acetate under standard conditions for 68 h
at room temperature afforded (+)-5 and (-)-4 in
43%(100%ee) and 50%(86%ee) yields, respectively. The
enantiomeric purity of each compound was determined
by conversion into the R-R-methoxyphenylacetate ester,
and the absolute configuration of (+)-5 was established
by an X-ray structure determination of the methoxyphe-
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(7) (a) Kuffner, U.; Schlögl, K. Monatsh. Chem. 1972 103, 1320. (b)
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nylacetate derivative of the corresponding alcohol.11 This
is the first example of an enzyme-mediated resolution of
the bicyclo[4.4.1]undecane ring system.

Swern oxidation of the alcohol derived from (+)-5
afforded enone (+)-6,12 which was envisioned to be the
key building block from which a range of substituted
annulenes could be assembled. No evidence of epimer-
ization at the bridgehead position was noted during the
oxidation step. It is noteworthy that the epimer of (+)-6
would possess a so-called inside, outside-interbridgehead
stereochemical relationship, which is well-known to be
a relatively high-energy spatial arrangement in the
bicyclo[4.4.1]undecane system.13 The utility of enone
(+)-6 in 1,6-methano[10]annulene synthesis is crucially
dependent on the ability to efficiently generate and trap
the corresponding bridgehead enolate within the bicyclic
framework. At the outset, this objective seemed attain-
able since it had been previously demonstrated that
enolates of this type in the bicyclo[4.4.1]undecane ring
system are well-behaved and react efficiently with nu-
merous electrophiles.14 Thus, treatment of (+)-6 with
KN(TMS)2 followed by quenching with N-phenyltrifla-
mide afforded the requisite vinyl triflate. This species
was regarded as a versatile point of departure for
effecting various carbon-carbon bond constructions around
the annulene perimeter, and the preparation of 2-sub-
stituted species became the initial focus of the current
study. In the event, the somewhat labile triflate was
immediately exposed to the Ortar Pd(0)-mediated car-
bomethoxylation protocol15 to afford tetraene ester (+)-
712 in good yield. Routine dehydrogenation4c with DDQ
in refluxing dioxane gave 1,6-methano[10]annulene (+)-
812 [R]20D ) +269, lit.7 ) +266), which was identical in
all regards to the known enantiomerically pure compound
obtained previously by Schlögl and co-workers using
classical resolution techniques.7 It is noteworthy that the
entire sequence from (+)-5 to (+)-8 occurred with no
apparent erosion of enantiomeric purity.
The same sequence of steps can provide access to a

number of other chiral, 2-substituted 1,6-methano[10]-

annulenes as outlined in (eq 4). For example, trapping
of the bridgehead enolate with pivaloyl chloride or acetyl
chloride afforded the corresponding esters (+)-912 and (+)-
10,12 respectively, and Suzuki arylation16 of the triflate
derivative (PhB(OH)2, Pd(PPh3)4, K3PO4) afforded (+)-
1112 in serviceable yield.

More highly substituted 1,6-methano[10]annulenes are
also readily available via this route. In a typical case,
cycloaddition of complex 12,17 which can be prepared in
diastereomerically pure form, afforded the racemic ad-
duct (()-1312 in excellent yield. This material was again
subjected to enzymatic resolution using PS-30 lipase;
however, in this instance, the hydrolysis direction proved
to be superior for delivering enantiomerically enriched
product. Swern oxidation then afforded enone (+)-1412
(85% ee), which was easily transformed into several
chiral annulenes via manipulation of the bridgehead
enolate in a fashion completely analogous to the examples
described previously (eq 6).

In summary, the combination of metal-promoted [6π
+ 4π] cycloaddition and enzymatic resolution of the
resultant bicyclo[4.4.1]undecatriene products provides
efficient and general access to a variety of chiral, non-
racemic racemic 1,6-methano[10]annulene derivatives.
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