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Total Synthesis of Lettucenin A, a Guaianolid Phytoalexin

from Lactuca sativa var. cagitata1)
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Lettucenin A, a novel composite phytoalexin with
2H-cycloheptal[b]furan-2-one ring system was synthesized
from an indanone. The unique ring system was constructed
by reductive ring expansion of a dibromomethylcyclohexa-

dienone.

Recently, we reported the isolation of 1lettucenin A (1), a novel
guaianolide phytoalexin with significant antifungal activity, from lettuce

(Lactuca sativa var. capitata) inoculated with the bacterium Pseudomonas

cichorii.2) Although the guaianolide family represents one of the largest
groups of naturally occurring sesquiterpene lactones,3) lettucenin A is
unique in having a 2H-cyclohepta[blfuran-2-one ring
system and a formyl group at C11. To our knowledge,
only two natural guaianolides with this ring system
have been reported from an umbelliferous plant Ferula
malacophylla4) and from a gorgonian Placogorgia sp.5)
We wish to report herein the first total synthesis of 1

by a strategy which includes ring expansion as a key Lettucenin A
step of the synthesis.

We chose a known indanone 26) as a starting material, which was
obtained from p-cresol by an improved procedure7) in 79% yield. Since the
presence of both the exocyclic double bond and formyl groups in 1 makes
the inherently stable ring system highly unstable we planned to introduce
these groups at the 1later stages of the synthesis. To introduce an
exocyclic methylene equivalent, the indanone 3 from 2 was treated with
dimethyl sulfonium methylide to give an aldehyde 4 and an allyl alcohol
5,8) which were reduced separately to give an alcohol 6 in a combined
yield of 57% from 2, Acetylation of the alcohol 6 followed by
nucleophilic demethylation with ethanethiol in the presence of aluminum

chloride9) gave a phenol 7 in 94% yield.
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Next, a two-carbon unit (C11 and C12) of the yY-lactone moiety in 1 was
introduced at the ortho position of the phenolic hydroxyl by treatment of
7 with glyoxal in the presence of a catalytic amount of hydrochloric

acid?0) and a desired lactone 8 was obtained in 65% yield.11)
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For construction of a tropone nucleus we utilized a ring expansion
reaction developed recently by Barbier et al.12) Treatment of the lactone
8 with dibromocarbene in the presence of Y-cyclodextrin,13) followed by
methylation with diazomethane gave diastereomeric dibromomethylcyclohexa-
dienone methyl esters 9a and 9b, 14) together with a phenol 10,15)in 10, 9
and 47% yields,respectively. Silylation of 9a gave a protected dienone
11a.

Reaction of the dienone 11a with tributyltin hydride in the presence
of azobisisobutyronitrile as a radical initiator'2) resulted in expected
ring expansion and gave regioisomeric 2H-cycloheptal[blfuran-2-ones 12 and
13, and an inseparable mixture of tropones 14 and 1516) in 29, 9, and 28%
yields, respectively. The isomeric dienone 11b gave a similar result:
Compounds 12, 13, and a mixture of 14 and 15 were obtained in 31, 10, and
21% yields, respectively. The TH-NMR spectrum of the major product 12
indicated that it has a methyl group at the desired C10 position in the
system. Namely, it showed AB type signals at ¢§ 6.94 and 7.16 (J = 11.5
Hz) while the minor product 13 showed two broad singlets at § 6.72 and
7.08 (Wyg = 4.3 Hz). Formation of 12 as major product would be explained
by preferential attack of a radical intermediate at sterically less
hindered position to form a less hindered bromocyclopropane intermediate,
which would rearrange to the tropone 14 and then cyclize to 12.

An unusually high proton chemical shift at ¢§ 5.58 (11-H) of 12
indicated high electron density at the C11 carbon atom, suggesting ready

electrophilic substitution at this position. Vilsmeir-Haack formylation
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of 12 proceeded uneventfully with concomitant desilylation to give a
formyl derivative 16 in 85% yield.

The final step of the synthesis was achieved by dehydration of the
primary alcohol 16 using Mukaiyama's mild procedure:17) Treatment of 16
with 2-fluoro-1-methylpyridinium p-toluenesulfonate and triethylamine in
dichloromethane at room temperature afforded the desired dehydration
product 1 in 70% yield, which was identical with natural lettucenin A
(HPLC, UV,1H—NMR,and MS), confirming the proposed structure 1.
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