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ABSTRACT

(+)-Komaroviquinone photolytically rearranges to ( +)-komarovispirone. A rationalization of this isomerization is presented.

The local inhabitants of the west Tian Shan Mountains in
Uzbekistan use the above the ground parts of the semi-shrub
Dracocephalum komaroViLipsky1 known as “buzbosh” to
cure inflammatory diseases and hypertony. In the course of
a systematic study of the organic extracts of buzbosh, Honda
and co-workers isolated the icetexane-based diterpenes
komaroviquinone (1)2a and coulterone (2)2b as well as
komarovispirone (3),3 which has a novel spiro-octahydroin-
dene skeleton (Scheme 1). While coulterone and komar-
oviquinone undoubtedly interconvert through an oxidative/
reductive process, it has been proposed that komarovispirone
may be biosynthetically derived from komaroviquinone
through a novel ring-contraction sequence. Because of its
useful biological activity,4,5 komarovispirone has attracted
the attention of others within the synthetic community.6

Herein we report the conversion of (+)-komaroviquinone
into (+)-komarovispirone.7

Our synthesis of (()-komaroviquinone8 provided us suf-
ficient insight to achieve an enantiospecific synthesis of (+)-
komaroviquinone9 and enabled us to investigate the proposed
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biogenetic rearrangement of1 to 3. We doubted that this
isomerization occurs under acidic or basic conditions and
were not surprised when komaroviquinone did not rearrange
to 3 using common mineral acids, trifluoroacetic acid, TEA,
or DBU. We recognized that a photochemically promoted
isomerization would convert komaroviquinone to komaro-
vispirone through a fragmentation/coupling process.
Indeed, irradiation for 1 h of a deoxygenated solution of
komaroviquinone in cyclohexane with 254 nm light produced
a 90% yield of (+)-komarovispirone (Scheme 2).10,11 The
spectral data and the optical rotation of our synthetic
material matched the reported data for “natural” komaro-
vispirone.3

Scheme 2 also presents our mechanistic rationalization for
this light-induced isomerization. Excitation of the nf π*

transition of either of the carbonyls of benzoquinone1
generates a diradical species (cf. resonance contributorsi,
ii, and iii), 12 which can undergo an intramolecular hydrogen
atom abstraction to form diradicaliv. Fragmentation ofiv
leads to intermediatev. Scrutiny of a Dreiding molecular
model of v reveals that the C(6) free radical is positioned
directly above the sp2-hybridized C(9) carbon atom, thereby
facilitating the creation of the C(6)-C(9) σ bond and the
C(9) asymmetric center.

Since1 cleanly photolyzes to only3, we were unable to
isolate, or trap, any of the proposed intermediates to verify
this mechanism. Nevertheless, literature precedents support
this mechanism. For example, verbenone (4) is photochemi-
cally converted into chrysanthenone (5) (Scheme 3).13 The
redistribution of electrons in the excited state ofvi leads to
the cleavage of the C(4)-C(7) σ bond to produce tertiary
diradicalvii; coupling of the diradicals at C(2) produces5.
Of more relevance is the work of Zimmerman and
Chapman and their co-workers which showed that cyclic
enones, such as6, rearrange via diradical species (i.e.,viii
and ix).14 Note that a primary free radical (ix) is formed at
C(1) by homolytic cleavage of the C(1)-C(10)σ bond which
then adds to the styrenyl double bond at C(5) to generate a
new more stable tertiary, benzylic free radical (cf.x). The
coupling of the diradicals ofx forms the C(2)-C(10)σ bond
and ketone7.
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Storage of komaroviquinone in deuterochloroform in the
dark for 7 days at room temperature confirmed that1 was
stable under these conditions; however, exposing this same
solution to daylight at room temperature for 2 days produced
3 and trace quantities of an unknown. These observations,
coupled with our photochemically promoted isomerization
of komaroviquinone, suggest that komarovispirone is not a
natural product but is an artifact of the isolation process.15
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