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It has recently been shown (1) that carolic acid, a metabolite of Penicillium
charlesii (2), exists in deuteriochloroform solution as a 4:5 mixture of the
(E)- and (Z)-isomers of 5-methyl-3-(2'-tetrahydrofurylidene)tetrahydrofuran-2,4-
dione (). This conclusion was based on 13C—nmr spectral measurements of both
unenriched and enriched carolic acid derived by incorporation of [1-1-, [2-1-,
and [1,2—13C]—acetate respectively. These spectra showed two closely similar
signals for each carbon atom, except C-6 and C-4', with chemical shift values
which were incompatible with the earlier proposed structure (8) (3). In aqueous
solutioﬁ the non-lactonic ring in carolic acid is opened to give the a-acyl-
tetronic acid structure (3).

It has now been shown that when carolic acid is crystallised from ethanol
and dissolved in the dark in pure acetonitrile—g3 there is only one isomer

present. Comparison of the 13

C-chemical shifts of this with those of methyl (E)-
and (Z)-3-methoxyacrylate (4) suggest that it is the (E}-form of (1). In the
presence of traces of acid, or under the influénce of light, equilibration with
the (Z)-isomer occurs, although the position of the equilibrium appears to be

solvent dependent. The 13

C-chemical shifts for the pure (E)-isomer permit unam-
biguous assignments for the individual isomers in deuteriochloroform (cf. Table)

These contrast with the earlier tentative assignments (1) which were based on
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relative signal intensitities in the spectrum of the mixture.

13C-nmr spectra of the related o-acyltetronic acids: dehydrocarolic acid

The
(§) from P. cinerascens (5), terestric acid (7) from P. terrestre (6} and carlic
acid (8) from P. charlesii (2) show close parallels with that of carolic acid
(cf. Table). In the cases of dehydrocarolic and terrestric acids in deuterio-
chloroform it is clear that they exist as mixtures of (E)- and (Z)-5-methylene-
3-(2'-tetrahydrofurylidene)- (2) and 5-methyl-3-[2'-(5'-ethyltetrahydrofurylid-
ene) Jtetrahydrofuran-2,4-dione (3) respectively. Due to the low solubility of
carlic acid in chloroform its 1:(’C-nmr spectrum was measured in methanol-g4 and
the chemical shifts compared with those of carolic acid in the same solvent (cf.
Table). The parallel again emerges and carlic acid in methanol is thus a mixture
of (E)- and (Z)-5-carboxymethyl-3-(2'-tetrahydrofurylidene)tetrahydrofuran-2,4-
dione (4). It is now clear that the original structures, (19) for dehydrocarolic

acid, (1}]) for terrestric acid and (12), or other alternatives (7} for carlic

acid, are no longer tenable.
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The absolute configurations of C-5 in terrestric and carlic acids have been
shown to be (R)- and (S)- respectively (8,9). The recent synthesis (10) of (S)-
(-)-4-hexanolide establishes that C-5' in terrestric acid has the (S)-configura-
tion since acid hydrolysis gives (-)-4-hexanolide (from C-2' to C-7') in addition
to acetoin (from C-3 to C-6) and carbon dioxide (from C-2) (6).
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Table.

Acid Derivatives.
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