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

The local inhabitants of the west Tian Shan Mountains in Herein we report the conversion of-J-komaroviquinone
Uzbekistan use the above the ground parts of the semi-shrukinto (+)-komarovispironé.

Dracocephalum komaro:iipsky! known as “buzbosh” to

cure inflammatory diseases and hypertony. In the course of | R EIINELRNNNNNEEEE
a systematic study of the organic extracts of buzbosh, Honda Scheme 1

and co-workers isolated the icetexane-based diterpenes
komaroviguinone (# and coulterone (2 as well as
komarovispirone3),2 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’,> komarovispirone has attracted
the attention of others within the synthetic commusity.
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Scheme 2
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biogenetic rearrangement @fto 3. We doubted that this  transition of either of the carbonyls of benzoquinohe
isomerization occurs under acidic or basic conditions and generates a diradical species (cf. resonance contribijtors
were not surprised when komaroviquinone did not rearrangeii, andiii), 12 which can undergo an intramolecular hydrogen
to 3 using common mineral acids, trifluoroacetic acid, TEA, atom abstraction to form diradicat. Fragmentation ofv

or DBU. We recognized that a photochemically promoted |eads to intermediatg. Scrutiny of a Dreiding molecular
isomerization would convert komaroviquinone to komaro- model ofv reveals that the C(6) free radical is positioned
vispirone through a fragmentation/coupling process. directly above the sghybridized C(9) carbon atom, thereby

Indeed, irradiation fo1 h of adeoxygenated solution of  facjlitating the creation of the C(6)C(9) o bond and the
komaroviquinone in cyclohexane with 254 nm light produced ¢ (9) asymmetric center.

a 90% vyield of (+)-komarovispirone (Scheme2}! The
spectral data and the optical rotation of our synthetic
material matched the reported data for “natural” komaro-
vispirone?

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

Sincel cleanly photolyzes to onl@, we were unable to
isolate, or trap, any of the proposed intermediates to verify
this mechanism. Nevertheless, literature precedents support
this mechanism. For example, verbenodeig photochemi-
cally converted into chrysanthenorts) (Scheme 3)3 The
redistribution of electrons in the excited statevoteads to

(7) The spectroscopic data obtained for all new compounds were fully the cleavage of the C(4)C(7) o bond to produce tertiary
consistent with the assigned structures. Reaction conditions have not beerdiradicalvii; coupling of the diradicals at C(2) producBs

optimized.
(8) (a) For the first synthesis of+)-komaroviquinoneX), see: Sengupta, Of more relevance is the work of Zimmerman and

S.; Drew, M. G. B.; Mukhopadhyay, R.; Achari, B.; Banerjee, A. K. Chapman and their co-workers which showed that cyclic
Org. Chem.2005, 70, 7694—7700. (b) For our synthesis af)¢tkomar- . . . . R
oviquinone, see: Majetich, G.; Li, Y.; Zou, Gleterocycle007, 73, 217— enones, such &, rearrange via diradical species (iii
225, ‘N 14 . . S
andix).'* Note that a primary free radical (ix) is formed at
(9) For a synthesis off)-komaroviquinone, see: Majetich, G.; Yu, J.; ) . P y ( ) .
Li, Y. Heterocycle007,73, 227—235. C(2) by homolytic cleavage of the C(2L(10) o bond which

(10) (+)-Komaroviguinone (6.0 mg, 0.0167 mmol) was dissolved in 1
mL of dry and deoxygenated cyclohexane. The resulting solution was then adds to the Swrenyl double bond at C(S) to generate a
placed in'an ACE glass microscale photochemical redcsmd irradiated new more stable tertiary, benzylic free radical (cf. The
using a Pen-Ray, 5.5 W low pressure, cold cathode, mercury lamp. After . . .

1 h at room temperature, TLC analysis indicated thatlatiad been coupling of the diradicals of forms the C(2)-C(10)o bond
consumed. The solvent was evaporated in vacuo, and the resulting crudeand ketoner.

residue was chromatographed on silica gel (elution with petroleum ether/
ethyl acetate, 10:1) to give 5.4 mg (90%) of komarovispirogev¢hich
was homogeneous by TLC analysis (R= 0.38, R 3 = 0.55, hexanes/
EtOAc = 4:1).

(11) Penn, J. H.; Orr, R. Dl. Chem. Educ1989,66, 86-88.

(12) Scheme 2 depicts only the excitation of the C(11) carbonyl of
prior to the generation of diradical speciiéis If the C(14) carbonyl, a
vinylogous ester, is the dominant chromophore, its excitation also results
in the intermediacy ofii, as shown below.

(13) Hurst, J. J.; Whitham, G. H. Chem. Socl1960, 2864—2869.

(14) (a) Zimmerman, H. E.; Lewis, R. G.; McCullough, J. J.; Padwa,
A.; Staley, S.; Semmelhack, M. Am. Chem. S0d966,88, 159—161. (b)
Chapman, O. L.; Sieja, J. B.; Welstead, W. J.JJAm. Chem. S0d.966,

88, 161-162.

(15) Komarovispirone was isolated as a minor component from a side
fraction of a silica gel column in which komaroviquinone was isolated as
the major component. It has been suggested that komarovispirone may be
produced via the proposed photochemical pathway while still in aerial parts
of the semi-shrulracocephalum komaeo Lipsky prior to isolation. Since
the photoisomerization of komaroviquinone to komarovispirone is rapid, if
it occurred within the semi-shrub, then komaroviquinone should not have
been isolated and komarovispirone would have been the major component
isolated.
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Scheme 3
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Storage of komaroviquinone in deuterochloroform in the  Acknowledgment. We thank the National Science Foun-
dark for 7 days at room temperature confirmed thavas dation (CHE-0506486) for support of this research.
stable under these conditions; however, exposing this same
solution to daylight at room temperature for 2 days produced ~ Supporting Information Available: The 'H and **C
3 and trace quantities of an unknown. These observations,NMRs of synthetic {-)-komaroviquinone 1) and (+)-
coupled with our photochemically promoted isomerization KOmarovispirone have been provided. This material is
of komaroviquinone, suggest that komarovispirone is not a available free of charge via the Internet at http:/pubs.acs.org.

natural product but is an artifact of the isolation procéss. 0L7017449
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