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The 13C—nmr investigation of the bicosynthesis of the

pyrone metabolite 2-(1',2'-epoxypropyl)-5,6-dihydro-~5-
hydroxy-6-methylpyran-2-one, aspyrone, isolated from A.
mg%&g&§ is described. Labeling distribution and incorpora

tion level data from 1—13

C-acetate, 2—130—acetate and 1,2-
13C—acetate supports a proposed Favorsky rearrangement route
from a linear pentaketide unit for the biosynthesis of this
fungal metabolite. 13C--nmr chemical shift assignments and
carbon-carbon coupling data are presented. A Favorsky route

is also proposed to account for bisfuran ring formation in

aflatoxin and sterigmatocystin biosynthesis.
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The Tactone metabolite 2-(1',2'-epoxypropyl}-5,6-dihydro-5-hydroxy-
6-methylpyran-2-one (1) has been isclated from laboratory cultures of
several Aspergillus species in¢luding melleusI and ochraceus.z Although

3 the possible sig-

A. ochraceus also produces the mycotoxin ochratoxin,
nificance of the lactone pyrone metabolite as a mycotoxin remains
unexplored.

We report results of our 13C-nmr investigation of the biosynthesis
of the pyrone metabolite for which we prapose the trivia? name aspyrone.
Earlier 1-1%*C-acetate and 2-!%C-acetate Tabeling studies established a
pentaketide pathway to aspyrone and yielded the labeling pattern shown
in (2) of Figure 1. Thus any biosynthetic proposal must account for the
label distribution having the adjacent C-2 and C-7 carbons labeled by the
methyl group of acetate. Carbon branching at C-Z also indicates aspyrone
biosynthesis results from carbon skeleton rearrangement of a linear
pentaketide unit.

13C.pmr chemical shift assignments of aspyrone were obtained from
known chemical shifts correlations and from off resonance decoupling for
C-1, C-2 and C-3. From the known proton chemical shift assignments of
aspyrone,1 the carbon shifts of the four chemically similar oxygenated
carbons at ¢-4, C-5, ¢-7 and C-8 were obtained by specific sing]é fre-
quency prdton decoupling. The two methyl signals for C-6 and C-9 could
not be distinguished from each other in an unlabeled sample of aspyrone.
The chemical shift assignments of aspyrone are given in Table 1.

The 13C-nmr spectra of 1-13C-acetate and 2-13C-acetate enriched
aspyrone, produced by cultures of 4. melleus are shown in (2) and (3)

of Figure 1. Strong signal enhancement over natural abundance is observed

for the C-1, C-3, C-5and C-8 signals (2) of Figure 1, showing they are
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Table 1
13¢_NMR DATA FOR ASPYRONE (1)

Aspryone (1) Mesylate (2)
Carbon 8¢ JHz 8¢ JHz
1 163.6 6.0 161.3 6.2
2 128.7 67.8 132.8 *
3 142.3 67.2 133.8 *
4 67.4 40.5 72.7 41.0
5 79.5 40.5 76.5 41.1
6 18.0 -~ 18.1 -
7 54 .7 6.1 54.4 5.9
8 59.0 44 1 59.2 443
9 17.5 44.0 17.6 44 .2
-5020H3 - .- 39.0 --

)
(2) R=

RELATIVE ENRICHMENT OF MESYLATE (2)

= “502CH3

Carbon

1.87
1.871
1.87!
1.64
1.802
1.74
2.09

©1.802
~50,CH, 1.00

OO NS W RS-

Since the chemical shifts of these signals are very close, the extreme AB
coupling pattern prevents detection of these outer satellites.

Average intensity of the combined C-2 and €-3 signals.

Average intensity of the combined C-6 and C-9 signals.

Obscured next to the CDCly solvent peak.
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labeled by the carboxyl of acetate. The enhanced -2, C'ﬁ, C—6,_C-7 and
C-9 signals (3) of Figure 1 establishes these carbons are labeled by 2-
3¢-acetate. These results confirm the previous *C-Tabeling study,4

as well as showing that adjacent labeling of C-2 and C-7 by the methyl
group of acetate occurs.

The use of doubly labeled 90% enriched 1,2-13C-acetate as a precursor
afforded-a clearer insight into the biosynthetic pathway to aspyrone.

The 1,2-13C-acetate enriched spectrum of aspyrone (1) of Figure 1 showed
vicinal 1,2 coupling between C-2 and C-3 (67 Hz), C-4 and C-5 (40 Hz} and
C-8 and -9 (44 Hz). The magnitudes of these observed coupling constants
are apprdpriate for the degrée of hybridization of the respective carbons
and electronegative substitution pattern. Coupling between adjacent
incorporated acetic acid units was minimized and are not visible in the
spectrum since the 90% 1,2-13C-acetate was initially diluted with 1.5
parts of unlabeled acetate in the feeding experiment.

In a high resoiution 32K Fourier transform, proton noise decoupled
13C spectrum of the 1,2-13C-acetate enriched aspyrone, carbon-carbon
coupling for the C-1 and C-7 signals was observed with a coupling constant
of 3JC_C = 6 Hz (see (1) of Figure 1). This value is consistent with a
1,3-coupling of these carbons. This result establishes that C-1 and C-7
of aspyrone are derived from the same acetate molecule that was initially
incorporated into the Tinear pentaketide precursor. Our finding is
clearly inconsistent with a previous biosynthetic scheme for aspyrone
which proposes that C-1 and C-6 are derived from a common acetic acid
unit and C-7 is derived from another acetate um‘t.5

Relative enrichment levels of the carbons in the 1,2-13C-acetate

labeled aspyrone were determined by comparison of relative signal inten-
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sities. Since no unlabeled carbon in the 13C-enriched aspyrone is present
to serve as a reference standard, it was converted to the 5-methanesylfonate
ester by treatment with methanesulfonyl chloride [mp 113-115°, IRntO]
1725, 1345, 1175, 1170™ 3 WRCOCTS 1,44 (3n, d, H-9), 1.48 (3H, d, Ho6),
2.85 (1H, m, H-8), 3.14 (3H, -S0,CH3), 3.57 (1H, d, H-7), 4.69 (1H, m,
H-5), 5.18 {(1H, dd, H-4}, 6.72 &5 {1H, d, H-3}1. The methyl signal of the
mesylate was a convenient unlabeled reference standard.

For the intensity measurements, the mesylate sample was doped with
paramagnetic tris(acetylacetonate)chromium {Cr{acac)s] in order to
minimize variations in signal intensities due to the variable NOE effects

and Ty relaxation times of the individual car'bons.6

The relative inten-
sities obtained in this way shdw all nine aspyrone carbons uniformly
enriched to about twice natural abundance. The data are summarized in
Table 1. This result establishes that the five acetic acid units that
form the Tinear pentaketide precursor of aspyrone are incorporated at
the same stage of metabolism.

In Scheme 1 a biosynthetic mechanism is given which is consistent
with all the labeling distribution and incorporation level data. Initial
condensation of five acetyl co-enzyme A units forms a uniformly labeled
Tinear pentaketide. Biological introduction of a leaving group at C-7
(x) is followed by intramolecular displacement by a C-2 carbanion to
form a cyclopropanone analogous to the Favorsky rearrangement intermediate.
Specific opening of the C-1—C-7 cyclopropanone bond can be facilitated
by its 1,3 dicarbonyl relationship with C;8. This specific cyclopropanone
C-1-=C-7 ring opening process accoynts for the 1,3 coupling observed
between C-1* and C-7* in the 1,2-!3C-acetate labeled aspyrone. The cyclo-

propanone intermediate also accounts for the 1,2 coupling observed between
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C-2 (e) and C-7 () in the 2-13C-acetate labeled aspyrone. Further elabora-

tion of the carboxylic acid intermediate to aspyrone is well precedented.

This proposed Favorsky rearrangement route to aspyrone appears to be one

of many examples of this process occurring in fungallmetabo1ite biosynthesis.
In this connection, the biosynthesis of two other fungal metabolites

sterigmatocystin and aflatoxin B; conceivably can proceed through similar

Favorsky type intermediates. Hsieh7 has elegantly demonstrated with a

blocked mutant of A. parasiticus the obligatory intermediacy of averufin

Scheme 1

5-CH3maCO,
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in aflatoxin B, biosynthesis. Another mutant oxidatively converts the

xanthone, sterigmatocystin, to the coumarone aflatoxin By. Feeding
experiments have also established that the adjacent carbons C~9 and C-15
in both of these metabolites are labeled by the methyl carbon of acetate.8’9
A mechanistically acceptable biotransformation route from averufin's
six carbon side chain to sterigmatocystin's and aflatoxin By's character~
istic branched difurano four carbon side chain is through a cyclopropanone
derivative. Such a biosynthetic route is compatible with the observed
Tabel distribution.10
This proposed route is outlined in Scheme 2. Introduction of a
biological leaving group at C-15 {x = pyrophosphate) in averufin is
followed by cyclopropancne formation assisted by A#?L—S participation
from the ortho phenolic hydroxyl group.ll Opening of the cyclopropanone
next affords a branched carboxylic acid and its conversion to the char-
acteristic branched four carbon sidechain found in the fungal metabolites
can proceed by the equivalent of a Baeyer-Villager oxidation of the
terminal acetyl unit as shown. Ultimate transformation to the bisfurano
ring can proceed as indicatéd with reduction of the carboxylic acid to
the aldehyde level occurring at some stage of the transformation, to
give the bisfurano-anthraquinone derivative versicolorin. An alternate
biotransformation route from averufin to sterigmatocystin'and aflatoxin
8, through a Baeyer-Villager reaction on an acetyl-furan has also been
proposed.12
Since the completion of our work on aspyrone biosynthesis, similar

results and conclusions have appeared.l3
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