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Total Synthesis of (f)-Coronafacic Acid:
Use of Anionic Oxy-Cope Rearrangements on Aromatic
Substrates in Synthesis
Sir:
Coronafacic acid (1) has been isolated directly from the
culture broth of Pseudomonas coronafacience var. atropurpurea.’ The amide of coronafacic acid (1) with coronamic acid
(2) is also produced by the same phytopathogenic bacterium.’
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This natural phytotoxin, coronatine (3), induces chlorosis on
the leaves of Italian rye grass and promotes the expansion of
potato cells a t very low concentrations.2 Herein is reported an
efficient total synthesis of coronafacic acid which employs as
a key step an anionic oxy-Cope rearrangement on an aromatic
substrate, a synthetic process developed recently in our laboratory.’ In addition, a novel silicon-based alternative to an
ethylidene Wittig reaction is described.
The only known total synthesis of coronafacic acid utilized
a Diels-Alder reaction between cyclopentenone and a substituted butadiene to construct the 1-hydrindanone ~ k e l e t o n It
.~
was envisioned that the anionic oxy-Cope rearrangement of
a suitably substituted norbornenyl alcohol would produce a
hydrindan intermediate which could be easily transformed into
the desired natural product (Scheme I). To this end, the highly
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functionalized enone 45 was treated with 2-lithiobenzofuran
( 5 , prepared from benzofuran6 by treatment with n-butyllithium) to furnish a 90% yield of the crystalline exo alcohol
6’ (mp 116-1 17 “C, I R 3500 cm-’).* The stereochemistry of
the product was assigned both by analogy to our earlier work
in these norbornenyl systems’ and by the effect of the shift
reagent, Eu(fod)3, on the chemical shifts of the various protons
in the molecule, especially those of the syn-7-methoxy group,
which undergo a very large downfield shift.
Refluxing a solution of 6 and sodium hydride in tetrahydrofuran (THF) for 1 h afforded the crystalline rearranged
product 8 in 88% yield (mp 146-147 O C ; IR 1735,1600,1460
cm-I). This reaction proceeds by the presumed intermediacy
of the anion 7 which would be expected to undergo facile
oxy-Cope r e a r r a n g e m e r ~ t .The
~ . ~ stereochemistry of the four
asymmetric centers in 8 are assumed to be all cis based both
on analogy to our previous work3 and on the similarity of the
chemical shifts and coupling constants of the protons in 8 and
those of 12, the structure of which was proven unambiguously
by an X-ray analysis. Although catalytic hydrogenation of 8
proceeded in high yield, the subsequent Wittig reaction gave
only a fair yield of the ethylidene mixture 9’ under all conditions tried. A large amount of starting ketone is recovered so
that enolization of the ketone by the very basic ylide is the
probable source of difficulty. The use of other solvents, e.g.,
D M E or Me2S0, for the production of the ylide did not significantly improve the reaction. Since the highest yield for this
process was only 38% (68% on unrecovered ketone), we sought
alternatives to the Wittig route.
Encouraged by the widely reported successes of the silylWittig reaction of Petersonlo for methylene formation, we
attempted to extend this approach to the formation of an
ethylidene unit. Reaction of the Grignard reagent formed from
commercially available a-chloroethyltrimethylsilane with the
ketone 8 afforded simple reduction of the carbonyl in 85% yield
with no evidence for addition. This result is not due to the steric
bulk of the carbonyl in 8 since both benzophenone and cyclohexanone also give nearly quantitative yields of the corre-
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an authentic ~ a m p 1 e . Since
l~
coronafacic acid (1) has been
coupled with coronamic acid (2),4 this report also constitutes
a formal total synthesis of coronatine (3).
Acknowledgment. W e thank the National Cancer Institute,
the National Science Foundation, and Eli Lilly Co., for their
generous support of our synthetic program.
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sponding alcohols under these conditions. It is presumably the
great steric bulk of the Grignard reagent which causes elimination of hydride from the /3 position1]to be preferred over
simple addition.I2
Since a vinyllithium should not undergo facile /3-elimination-reduction, the use of the cY-trimethylsilylvinyllithium
offered another alternative to the Wittig process (Scheme 11).
Reaction of this organometallic reagentl3~l4with the ketone
8 followed by stirring in benzene over silica gel afforded the
internal ketal lo7 in good yield. Catalytic hydrogenation
produced the tetrahydro compound which now underwent
clean desilylative olefin formation upon treatment with boron
trifluoride to give the mixture of keto olefins 117 in excellent
yield.I5 This three-step alternative for ethylidene formation
should be generally useful. Catalytic hydrogenation of 11
produced a mixture of products from which the major product
lz7 could be purified without chromatography by direct
crystallization from the reaction mixture (mp 140-141 " C ) .
The desired product 12 corresponds to reduction of the olefin
from the less hindered convex face of the molecule. The stereochemistry of all centers in 12 was determined by a singlecrystal X-ray diffraction.I6
Having served as the protected form of the carboxylate
function, the aromatic ring in 12 was now converted into the
ester 13 by ozonolysis in acid, oxidation, hydrolysis, and esterification in 40% yield. The final conversion to coronafacic
acid (1) was effected in 57% overall yield by elimination of the
P-hydroxy function with phosphorus oxychloride-pyridine to
give the ester 1417 which was hydrolyzed in acid to afford 1.18
The synthetic product was thus produced by a nine-step process
in an overall yield of 5%. It was identical in all respects with
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Secondary Deuterium Isotope Effects
on Epoxide Methanolysis Reactions
Sir:

Secondary kinetic deuterium isotope effects have recently
come into widespread use as probes of reaction mechanism and
transition state
They are particularly useful for
detailed comparison of transition states for enzymatic and
chemical model reactions because isotopic substitution, in
contrast to introduction of chemical substituent groups, does
not change the potential energy surface of the reaction pathway. These effects are presumed to arise by one of two major
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