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Abstract—The biosynthesis of PR toxin was studied by incorporation of [1,2-!3CJacetate. The biosynthesis of the
eremophilane skeleton of PR toxin follows the scheme proposed by Robinson involving a i,2-methyl shift from a
eudesmane skeleton. Induced coupling, arising from farnesyl pyrophosphate being formed from more than one labelled
acetate unit, was observed and explained. The intervention of an abnormal isopentenyl pyrophosphate unit to account

for satellite bands is discounted.

INTRODUCTION

Secondary metabolites from Penicillium roqueforti, a
fungal species used in the ripening of Roquefort cheese
include alkaloids [1,2] and sesquiterpenoid metabolites
such as PR toxin [3] and related compounds [4,5]. As
shown by X-ray diffraction studies, the absolute
stereochemistry of PR toxin is characteristic of the
eremophilane series [6]. We report here our investigation
of the biosynthesis of the eremophilane skeleton using the
technique of [1,2-'3CJacetate incorporation into PR
toxin and *3C NMR spectroscopy of the resulting labelled
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RESULTS AND DISCUSSION

In the case of the eremophilane type sesquiterpenoids,
the currently accepted biosynthetic scheme involves a 1,2-
shift of an angular methyl group in a eudesmane

MemmCOOH

precursor. The incorporation of the intact acetate units,
and the carbon arising from C-2 of the mevalonate as
originally postulated by Robinson [7 ] are shown in Fig. 1.
The assigned proton noise decoupled natural abundance
13C NMR spectrum of PR toxin is shown in Fig. 2. The
90-MHz spectrum obtained after !3C-labelling experi-
ments is shown in the same figure. The !3C NMR
spectrum of [1,2-13CJacetate enriched PR toxin is
characterized by sharp singlets (C-15, C-3, C-9, C-12 and
C-10) and as anticipated, multiplets arising from coupled
carbon nuclei from intact acetate units. The de-
termination of the coupled carbons based on coupling
constants measurements is given in Table 1. It is
immediately evident that our results are in complete
accordance with the scheme proposed by Robinson. The
carbon atoms C-3, C-9, C-12 arise from the C-2 of
mevalonate while C-15 and C-10 (which also exhibits
singlets) arise from the cleavage implicated in the 1,2 shift

Fig. 1. Incorporation of acetate units into the eremophilane
skeleton according to Robinson.
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Fig.2. The PFT '3C NMR spectra of PR toxin in CDCl;. (a) Natural abundance (25.2 MHz); (b)labelled with 909,
enriched [1,2-!3CJacetate (90 MHz).

previously mentioned. Finally, the distribution of the
intact units is also consistent with the terpenoid origin of
the molecule.

A similar study, reported on capsidiol [8,9], has led to
the same conclusion. An alternative proposal involving a
sequence of spiro-rearrangements has been suggested for
the eudesmane—eremophilane conversion [10]). Our
results rule out this suggestion for the biosynthesis of the
metabolites of P. roqueforti. Careful examination of the

Table 1. Values of '3C-!3C spin—spin coupling

JC-1,C2=25Hz

J C4,C-14 =36 Hz
J C-5,C-6 =34Hz

J C-7,C-8 =52Hz
JC-11,C-13 =45Hz
J C-16, C-17 = 59 Hz

NMR spectrum of labelled PRT revealed small but easily
distinguishable satellite resonances around the sharp
singlets exhibited by C-15, C-9, C-3, C-12 (Fig. 2), and
even associated with the multiplets attributed to C-5, C-6
and C-4 (Fig. 3).

The existence of such satellites could only be due to
spin—spin coupling. These satellite signals originated from
coupling within acetate units. Here we propose that our
satellite observations arise from couplings between
carbon nuclei from adjacent acetate units. The occurrence
of multiply labelled compounds from [!3CJacetate has
been already mentioned [11,12,8] and seems to be a
general phenomenon. The proposal of an ‘abnormal’
isopentenyl pyrophosphate unit (to account for satellite
band of C-2 from mevalonate) in which part of the
terminal olefinic carbon is derived from C-(3') of
mevalonate can be discarded in our experiment since
satellite signals clearly occur for C-15, a carbon not
implicated in isopenteny! phosphate isomerization.
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Fig. 3. Satellites’ resonances from various peaks (arrows).

EXPERIMENTAL

Penicillium roqueforti cultures. 10°-10° spore of P. roqueforti
washed from potato dextrose agar slants were inoculated in 800-
ml Roux bottles containing 150 m! of medium (29} yeast extract
and 15 % sucrose in demineralized water) sterilized by filtration
on membrane filters (0.2 um). Ten Roux bottles were incubated
as stationary cultures in the dark at 25° for 14 days.

Incorporation of [1,2-13C]Jacetate. Labelled NaOAc (1 g) was
dissolved in demineralized water (50ml) and sterilized by
filtration on membrane filters (0.2 um). One ml of this solution is
added to each Roux bottle at days 7, 8, 9, 11 and 13.

Purification of PR toxin. On day 14 the cultures were filtered
and the medium extrd by CHCl;. PR toxin is purified and cryst.
as previously described [4]. We obtained 65 mg of pure labelled
PR toxin.

NMR experiments. 13C NMR spectra were recorded on a
Briicker WP 60 (15.06 MHz) and WP 360 (90 MHz). Samples
were dissolved in CDCl;. The measurement of the percentage
enrichment at each labelled position is obtained by the following

18
equation, % enrichment: 1.1 Iy /Ic = ﬁl’- for a 909 enriched

precursor, where I, is the sum of the intensities of the two lateral
resonances; I the intensity of the central peak. Table 2 lists the

PHYTO 20:10 - C

results obtained for most of the carbon atoms. The average value
of percentage enrichment is 1.7%;.

Table 2. Per cent '3C incorporation of
various carbon atoms

Total
% Enrichment abundance
C-1 3 41
C-2 1.1 22
C4 1 2.1
C-5 2 31
C-6 1 2.1
C-8 0.3 14
C-13 1.7 2.8
C-14 22 33
C-16 2 31
C-17 2 31
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