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Annulation strategy for the biomimetic synthesis
of cis-fused diterpenoids
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Abstract—Concise and efficient formal syntheses of the A/B cis-fused ring C-aromatic tricyclic diterpenes, xanthoperol, and
cis-A/B-coleon V are reported, via the application of domino reactions followed by a novel annulation method, in which the highly
substituted target molecules are assembled from an acyclic precursor, namely the easily accessible monoterpene, citral.
� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

The 1,1,4a-trimethyl- and 1,1,4a,8-tetramethylperhydro-
phenanthrene ring systems 1 and 2 (Fig. 1) form all, or
part of, the basic carbocyclic framework of several clas-
ses of terpenes.1 In addition, the B and C rings in many
of the natural products incorporate carbonyl, hydroxyl,
epoxide, and/or olefin moieties at various positions and
ring C is often aromatic in nature.

Strategies for the total synthesis of these terpenes most
commonly employ consecutive Robinson annulation
reactions, or linear substitution strategies based on
sequential electrophilic substitution and metalation–
alkylation reactions. A more effective approach to
highly substituted aromatic compounds, however,
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Figure 1. Basic carbocyclic framework of various classes of terpenes.
involves the application of annulation methods: conver-
gent strategies in which the aromatic system is assem-
bled from acyclic precursors in a single step, with all
(or most) substituents already in place. Significantly,
annulation routes avoid the regiochemical ambiguities
associated with aromatic substitution reactions, and
their intrinsic convergent character facilitates the effi-
cient assembly of highly substituted aromatics that
would require long, multistep routes using classical
substitution methodology.

We have previously shown that the application of a
novel type of domino reaction provides the basis for a
very efficient route for the one-pot construction of
highly substituted aromatic diterpene systems.2 The
strategy, provided extremely direct synthetic routes to
tricyclic ring C-aromatic diterpenes with A/B trans-
fused ring junctions. In order to further define the
scope of this methodology, we have examined its
application to the construction of substituted 1,1,4a-
trimethyl-1,2,3,4,4a,9a-hexahydrofluorenones.

In the larger context, substituted hexahydrofluorenones
have attracted attention as intermediates for the synthe-
sis of b-norditerpenoids, b-norsteroids,3 C-nor-D
homosteroids,4 and the gibberellins.5 These compounds,
after expansion of the B-ring, have the potential to be
used for the synthesis of compounds with cis A/B ring
junctions such as the opium alkaloids and some bile
acids. However, the lack of methods to prepare these
compounds has restricted their use in organic synthesis.

As in all hexahydrofluoren-9-ones, the more stable of
the two possible hydrindanone ring junctions has been
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shown by thermodynamic and kinetic considerations,
by House and co-workers,6 to be the isomer with cis
A/B-ring fusion, and this was later confirmed by Kai7

(synthesis of b-norditerpenoids) and Merchant8 (synthe-
sis of b-norsteroids).

Encouraged by our previous work2 employing novel
domino reactions for the synthesis of abietane-type
diterpenes, we envisioned the formation of the cis A/B
ring fused hexahydrofluoren-9-one system via domino
alkylation–cycloacylation of methyl b-cyclogeranate 1,
easily obtained9 from the readily accessible mono-
terpene, citral, with aromatic substrates. To test this
hypothesis, we first subjected methyl b-cyclogeranate
to an AcOH–H2SO4 (1:9) (�5 �C) promoted domino
alkylation–cycloacylation with benzene (Scheme 1).
The resulting product 2 was shown to have a 6-5-6 fused
ring skeleton by analyzing the COSY and HMBC spec-
tra. Further spectral analysis indicated it to be
1,2,3,4,4a,9a-hexahydro-1,1,4a-trimethyl-9-fluorenone,
and its relative stereochemistry was assigned as cis by
nuclear Overhauser enhancement exchange spectro-
scopy (NOESY), where a 16% enhancement of H9a (at
d 1.90) was caused by irradiation of Me-4a (at d 1.25).

To apply this mild method to the synthesis of other
substituted hexahydroflorenones, methyl b-cyclogera-
nate 1 was reacted (AcOH–H2SO4 (1:9) (�5 �C)) with
1-isopropyl-2-methoxybenzene10 3 (Scheme 2). The
product 4 was also shown to possess a 6-5-6 skeleton
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Scheme 1. Fluorenone 2 via domino alkylation–cycloacylation.
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Scheme 2. Fluorenone 4 via domino alkylation–cycloacylation.
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Scheme 3. Synthesis of xanthoperyl methyl ether 5.
(by COSY and HMBC experiments) and its stereochem-
istry was deduced as cis by the 12% enhancement of H9a
(at d 2.05) through irradiation of Me-4a (at d 1.35) in the
NOESY spectral data. Analysis of its IR, NMR (due to
lack of coupling, the two aromatic protons are assumed
to be para to each other) and elemental analysis
indicated compound 4 to be 6-methoxy-7-isopropyl-
1,2,3,4,4a,9a-hexahydro-1,1,4a-trimethyl-9-fluorenone.

The ring expansion of the hexahydrofluorenone 4 with
diazomethane and subsequent Tiffeneau–Demjanov
annulation, followed by Jones oxidation of the reaction
mixture gave compound 5 in good yield (Scheme 3). The
identification of synthetic 5 as (±)-xanthoperyl methyl
ether was established by mixed melting point experi-
ments and from IR and 1H NMR comparisons with
an authentic sample. Since 5 has previously been con-
verted into the A/B cis-fused diterpene, (±)-xantho-
perol,11 this method can be regarded as a formal total
synthesis, utilizing citral as the starting material.

As a further example, methyl b-cyclogeranate 1 was
reacted with highly substituted 1,2,4-trimethoxy-3-iso-
propylbenzene12 6, the resulting product 7 also having
a 6-5-6 ring-skeleton (by COSY and HMBC experi-
ments), cis-fused (12% enhancement of H9a (at d 2.05)
caused by irradiation of Me-4a (at d 1.35)). Analysis
of its IR, NMR (2D NMR peak of isopropyl –CH is
at 2.75, and its coupling is observed with H at 3.8 and
3.9) and elemental analysis data indicated 7 to be
5,6,8-trimethoxy-7-isopropyl-1,2,3,4,4a,9a-hexahydro-1,
1,4a-trimethyl-9-fluorenone. When this hexahydrofluor-
enone was ring expanded with diazomethane and subse-
quent Tiffeneau–Demjanov annulation, followed by
Jones oxidation and demethylation with 48% HBr, com-
pound 9 was obtained in moderate yield (Scheme 4). The
identification of synthetic 9 as cis-A/B-coleon V13 was
established by IR, NMR, and mass spectroscopy and
through elemental analysis.
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Scheme 4. Total synthesis of cis-A/B-coleon V 9.
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2. Conclusion

In conclusion, the transformation of the acyclic mono-
terpene, citral, into highly substituted A/B cis-fused
ring-C aromatic tricyclic diterpenes was effected via ring
homologation of cyclic ketones by the Tiffeneau–Demja-
nov ring expansion. This new method should allow the
rapid production of a large array of diterpenoids with
cis stereochemistry due to the wide substrate scope with
respect to the aromatic co-reactant used.
Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.
2006.08.082.
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