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TOTAL SYNTHESIS OF (+)-CITREOVIRAL

Martin C. Bowden and Gerald Pattenden*

Department of Chemistry, The University, Nottingham, NG7 2RD.

Summary: A total synthesis of (+)-citreoviral (1) found in Penicillium
citreoviride, which uses the bicyclic lactone (5) as a key intermediate, is

described.

Citreoviral (1)1, together with citreoviridin (2)2 and the citreoviridinols (3)
and (4)3’4 are complex, substituted tetrahydrofuran metabolites produced by

Penicillium citreoviride. Citreoviridin (2) is a potent neurotoxic mycotoxin,

acting as an inhibitor of ATP synthesis and hydrolvsis catalysed by
mitochondrial enzyme systems. The synthesis of members of the
'citreoviridinoids' has been the subject of considerable recent research.3’4’5
In this Letter we describe a new synthesis of (+)-citreoviral (1), which uses a
strategy whereby three of the four stereocentres in the natural product are
locked in the key bicyclic lactone intermediate (5), produced from angelic acid

via the epoxy-ester (7) and the substituted butyrolactone (6) (Scheme).
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Thus, reduction (LiA1H4, Et20 reflux) of angelic acid6 to the carbinol (8),
followed by epoxidation (m-CPBA, CH2C12, 25 °C) and oxidation (Collins) first
led to the epoxy-aldehyde (9)7. A Wadsworth-Emmons reaction between (9) and
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trimethyl 2-phosphonopropionate (NaH, THF, -70 °C) then gave (78%) the Z-alkene
(7) (6 6.03, :CH) containing less than 10% of the corresponding E-geometrical
isomer (6 6.6, :CH). Treatment of the Z-epoxy ester (7) with hot 60%
perchloric acid in dioxan for 0.5 h, next produced the butenolide (10, 83%),
which underwent stereospecific vicinal bis-hydroxylation from the least hindered
face of the C - C double bond (OsO4, NMMO, EBuOH-HZO) leading to the triol (11,
57%).8 Conversion of the triol (11) to the crystalline benzylidene acetal (6)
m.p. 118-118.5°C, followed by reaction with N-bromosuccinimide in dry
chloroform9 then led (76%) to the key bicyclic lactone intermediate (5) (white
needles m.p. 79-80°C) containing three of the four stereocentres in citreoviral

(1) in the correct relative configuration.
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Treatment of the key bicyclic lactone intermediate (5) with triethylamine
in methanol-water resulted in smooth hydrolysis and ester exchange producing the
substituted tetrahydrofuran (12) (80%), m.p. 89-91°C. After conversion into
the corresponding acetonide, reduction (LiAlH4) followed by oxidation (PCC) next
led to the aldehyde (13). A Wittig condensation between the aldehyde (13) and
ethoxycarbonylethyidenetriphenylphosphorane gave an excellent 82% yield of the
E-unsaturated ester (14), an oil, which was then converted into the crystalline
dioi (15), m.p. 70-71°C, by treatment with Amberlyst acidic resin.
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The secondary hydroxyl-substituted centre in (15) was inverted to the
correct stereochemistry, i.e. (17), found in natural citreoviral following
Moffatt oxidation (DMSO-DCC-TFA) to the ketone (16) (57%) and reduction using

sodium borohydride (NaBH THF, -60°C). The synthesis of citreoviral (1) from

4'
(17) was then completed by straightforward reduction to the corresponding
carbinol (LiA1H4) and oxidation of the latter in the presence of manganese
dioxide. The (+)=-citreoviral, thus obtained, showed identical spectroscopic

data to those reported for naturally derived material.
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