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TOTAL SYNTHESIS OF RACEMIC FRULLANOLIDE

Fusao KIDO, Riichiro MARUTA, Kentaro TSUTSUMI,
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2,4,5,5a,6,7,8,9%9a,9b0-Decahydro-9ag-hydroxy-5ag-methoxycarbonyl-
98-methyl-2-oxo-naphtho[1l,2-b] furan, the major annulation product
from 4-vinylfuran-2(5H)-one and 2-methoxycarbonyl-6-methylcyclo-

hexanone, was transformed into racemic frullanolide.

Previously a new lactone annulation reaction of 1,3-dicarbonyl compounds
with g-vinylbutenolide (1) was reported by us.l To illustrate efficiency of
this reaction in the synEhesis of sesquiterpene lactones, we describe the total
synthesis of frullanolide (g), an allergenic eudesmanolide isolated from

Frullania,2 in the racemic form.3
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The reaction of the sodium enolate of 2-methoxycarbonyl-6-methylcyclohex-
anone4 (g) with } (THF, room temperature) gave the butenolide (é) as the major
product, m.p. 168-169°C (33% yield) (Scheme). The stereochemistry at the C-4
and C-6 positions were assigned as follows;5 the chemical shift value (§, 5.27)
of the butenolide y-proton in é was observed at a higher magnetic field than
that of its C-6 epimer6 (8§, 5.72) which was obtained on base treatment of g,
demonstrating a trans disposition of the C-5 hydroxyl and the y-proton in the
former butenolide. Dehydration of f (SOClz—pyridine, 0°C) yielded the dehydr-
ation product (5) (87% yield). The PMR spectrum of the product 5 showed the
allylic C(4)-pr;ton as a broad signal (é, 3.28; W/2 = 7 Hz) on ir;adiation of
the C(4)-methyl doublet at § 1.02. This indicates a quasi-axial configuration
of the C(4)-methyl in 5.

The butenolide (f; was reduced to the y-lactone (6), m.p. 99-100°C (NaBH4-
NiC12;7 quantitative yield), which was further dehydrated to the unsaturated
lactone (Z), m.p. 92-93°C (SOClz-pyridine; 74% yield). In contrast to the case
of 4, the regioselectivity of dehydration was completely reversed as shown above.

Treatment of 7 with diisobutylaluminium hydride, followed by trimethyl ortho-
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formate and pyridinium p-toluenesulfonate catalyst,8 gave a mixture of the
acetal (8), m.p. 71-72°C (54% yield) and its epimer with respect to acetal
methoxyl~group, m.p. 108-110°C (21% yield). To avoid the presumable spectral
and chromatographic complexity, we proceeded with the major acetal (8). The
acetal was reduced to the alcohol (g) (LiAlH4) which was then oxidiz;d to the
aldehyde (10) (Collins reagent). The product was successively submitted to
Huang-Minl;; reduction and then to oxidation to the lactone (11), m.p. 121-122
°C (Jones reagent; 32% overall yield from 8). Introduction 8% methylene group
into 11 was performed according to the pro;edure described by Grieco and Hiroi
(lithiam diisopropylamide-formaldehyde; methanesulfonyl chloride; DBU) affording
racemic frullanolide (%)' m.p. 90.5-92°C, as identified by spectral comparison

(IR and PMR).
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