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The rhodium(ll)-catalyzed cyclization/cycloaddition cascade of a o-carbomethoxyaryl diazo dione is described as a potential route to the
oxatricyclo[6.3.1.0 %%dodecane substructure of the icetexane diterpene komaroviquinone. The initially formed carbonyl ylide dipole prefers to
cyclize to an epoxide at 25 °C but can be induced to undergo cycloaddition across the tethered s-bond at higher temperatures.

Dracocephalum komarodiipsky (Labiatae) is a perennial diterpene2 was also isolated from the same plant, and since
semishrubthat is called “buzbosh” in Uzbekistan, and local it possessed a novel spiro-octahydroindene skeleton, it was
people use the aerial parts in a tea to treat various inflam-named komarovispirone2).® Biogenetically, komaro-
matory diseases. Dried whole plants@f komarai were vispirone (2) may be derived from komaroviquinorn® (
extracted and fractionated to give several icetexane diterpeneshrough a novel ring-contraction sequence as outlined in
whose structures were elucidated by extensive analysis ofScheme 1. The stereochemistry?ofias tentatively assigned
their NMR dat& The major fraction isolated from the plant as indicated in Scheme 1.
was assigned structufieand was named komaroviquinone. On the basis of previous work in our laboratory using the
This compound showed strong in vitro trypanocidal activity intramolecular dipolar-cycloaddition reaction of carbonyl
against epimastigotes dirypanosoma cruzithe causative  ylides for the synthesis of various natural product$,we
agent of Chagas’ disease in Central and South América. — —— :
. (5) Fernandez Villamil, S. H.; Perissinotti, L. J.; Stoppani, O. M.
Several types of natural quinones have been reported togiochem. Pharm1996,52, 1875.

show trypanocidal activity, and their activities have been  (6) Uchiyama, N.; Ito, M.; Kiuchi, F.; Honda, G.; Takeda, Y.; Khodzhi-
. . . . _matov, O. K.; Ashurmetov, O. ATetrahedron Lett2004,45, 531.
partly ascribed to the production of reactive oxygen species " (7)(a) Padwa, A.; Carter, S. P.; Nimmesgern,HOrg. Chem1986,
in the parasité>® In addition to compoundl, a minor 51, 1157. (b) Padwa, A; Carter, S. P.; Nimmesgern, H., Stull, B. Bm.
Chem. So0c1988,110, 2894.
(8) (a) Padwa, A.; Fryxell, G. E.; Zhi, L1. Org. Chem1988,53, 2875.
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The University of Utah Press: Salt Lake City, 1998. 1994,116, 2667. (b) Padwa, A.; Curtis, E. A.; Sandanayaka, \d. Rrg.
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s diazoacetate in the presence of tin(ll) chloride. In our hands,

Scheme 1 a modest (but unoptimized) yield 8f(ca. 40%) was obtained
from the reaction o7 with hex-5-enal. A subsequent Regitz
diazo transfer reactidfusing nosyl azide and & furnished
diazo dione9 in 98% yield. Treating a sample & with

. Rhy(OAc), in benzene at 80C afforded cycloadductO in

O oMe 75% vyield (Scheme 3).

1; komaroviquinone 2; komarovispirone

Scheme 3
felt that the Rh(ll)-catalyzed reaction of a diazo dione

- . ) COsMe CHO
precursor (i.e.,.3) might allow for a facile entry to the ? i
icetexane core of komaroviquinon®) (The eventual forma- GHN, SnCly Z

tion of the oxatricyclo[6.3.1%¥]dodecane skeleton dfwas ;0 o . S
envisioned to come about from cyclization of the rhodium ,
carbenoid intermediaté with the adjacent carbomethoxy \E?;,f," azide
group? The ensuing dipolé& was expected to undergo an OMe

intramolecular [3+ 2]-cycloaddition across the tethered Not Rh(Il) Coﬂfe
m-bond. The resulting cycloaddugtvould then be converted 1 ~ | 259 W
to komaroviquinone in several steps by sequential reduction o 0 0 0

of the keto groups, oxidation to the benzoquinone core, and 11 S

acid hydrolysis of the ketal moiety (Scheme 2).
25°C \Theat

Scheme 2 ON(I:
Me O OH Me OMeOMe M @Q\’M
G A BA o o
12

Interestingly, when the Rh(ll)-catalyzed reaction was
- carried out at room temperature, the major product isolated

Mo OMe. s ve = | M QUeome corresponded to epoxyindanoh2 (71%) with only a small
Mé X Me Me Me SO0T Me Me amount (<10%) of cycloaddudt0 being formed. Heating a
MeO & MeO - 7 sample ofl2 at 100°C in benzene gav&0in 78% isolated

MeO O O MeO O O yield. This reaction presumably occurs by thermalCbond
3 X =N, 5 - cleavage of the epoxide ring to generate dipble which
4 X=Rn undergoes a subsequent intramoleculat [3]-cycloaddition

to give 10.

Many studies support the intermediacy of carbonyl ylides

To test the feasibility of the retrosynthetic strategy outlined i, reactions involving the interaction of a metallo carbenoid
in Scheme 2, our initial efforts were focused on some model \ith a carbonyl oxyge#® The great majority of literature
substrates. According to our design, we hoped to employ areports on carbonyl ylides are dominated by 1,3-dipolar
tandem cyclization/cycloadddition reaction of a rhodium cycloaddition reactions rather than cyclization of the dipole
carbenoid intermediate to rapidly generate the 9,10-benzo-iq produce the oxirane ring systeént® Huisgen was the first
12-oxatricyclo[6.3.1.9°]dodecanedione skeleton from a rela- g report the formation of an epoxide from the reaction of
tively simple precursor (i.e9). Our synthesis of the key  gimethyl diazomalonate with benzaldehyde, but in only 7%
diazo dione9 commenced witlo-carbomethoxy diazo ketone yield when the reaction was carried out at 175 in the
7, which is readily available in high yield from phthalic acid presence of 1 mol % of Cu(acad} More recently, the
monomethyl ester. We anticipated that under suitable reactionD0y|els and Davie® groups have reported stereospecific
conditions7 would react with hex-5-enal to give diketoBe

following a protocol developed by Holmquist and Roskamp (12) (a) Regitz, MChem. Ber1966,99, 3128. (b) Regitz, M. Hocker,
for B-keto esterd! These authors have found that aldehydes J.; Liedhegener, AOrg. Synth.1973,5, 179.

iR it (13) Doyle, M. P.; McKervey, M. A.; Ye, TModern Catalytic Methods
can be converted mt'ﬁ keto esters by the addition of ethyl for Organic Synthesis with Diazo Compoundshn Wiley and Sons: New
York, 1998.
(11) (a) Holmquist, C. R.; Roskamp, E.J).0rg. Chem1989 54, 3258. (14) de March, P.; Huisgen, R. Am. Chem. S0d.982,104, 4952.
See also: (b) Padwa, A.; Hornbuckle, S. F.; Zhang, Z.; ZhiJ.LOrg. (15) Doyle, M. P.; Hu, W.; Timmons, D. Drg. Lett.2001,3, 933.
Chem.1990,55, 5297. (16) Davies, H. M. L.; DeMeese, Jetrahedron Lett2001,42, 6803.
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epoxide formation from rhodium acetate catalyzed reactions that outlined in Scheme 3, gave cycloaddLg&tn 92% vyield.
of aryl, heteroaryl, and vinyl diazoacetates withg- Most importantly, wheri4 was treated with aqueous acid it
unsaturated aldehydes or ketones. Later, a similar epoxidationwas readily converted tb5 in essentially quantitative yield

process was used to prepare spiro-indoloxiranes with cyclic (Scheme 4). The conversion @B to 15 via this method
diazoamides by the Mathusamy grotipwhen dimethyl

diazomalonate was used as the carbenoid source, a compe_
tion between dioxolane and epoxide formation was noted.

Doyle was able to direct the decomposition of the diazoma-
lonate system to produce either epoxide or dioxolane by

influencing the stability of the intermediate carbonyl ylide coilr\ge Me Ve RA(Il)

dipole!® When the electron-ricip-anisaldehyde was used W T80

as the trapping reagent, only epoxide formation was ob- 0O o

served. Stabilization of the intermediate ylide was suggested 13 14: R = OMe
to account for its diminished reactivity toward cycloaddition 15; R = OH

with a second molecule of the added aldehyde. The fact that
we were able to isolate epoxide® in 71% yield from the
cyclization of dipolellis perfectly consistent with the Doyle  syggests that a similar approach could be used in our planned
observations (_Scheme_ 3). ThL_Js, stgbilizatior) of the positive synthesis of komaroviquinone (1).
center of the dipole by interaction with the adjacent methoxy
group diminishes the rate of the dipolar cycloaddition o . )
reaction and promotes cyclization of the ylide to the epoxide komarowqumopg was acgompllshed by an mtrarnolecylar [3
ring. + 21-cycloadd|t|9n reagtlon of a carbonyl ylldg dlpole
The Rh(ll)-catalyzed reaction of the related dimethyl obtained by the interaction of a metallo carbenoid with an
substituted diazo esté8was also studied since this system 2adjacent carbomethoxy group. Application of this strategy
contained the appropriate substituent groups needed for thd© the synthesis of komaroviquinone is currently underway
eventual synthesis of komaroviquinor®.(The rate of an  and will be reported at a later date.
intramolecular reaction is often increased when alkyl groups
are placed on a chain between the two reacting cetiters.  Acknowledgment. We appreciate the financial support
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reaction of diazo dion&3, prepared in a manner similar to

In summary, an efficient approach to the core skeleton of
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