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Biosynthetic Origin and Revised Structure of Ascochitine, a Phytotoxic
Fungal Metabolite. Incorporation of [1-'3C]- and [1,2-13C:]-Acetates
and [Me-'3C]Methionine
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A ”Q n.m.r. analysis of [1-13C]- and [1,2-13C,]-acetate- and [Me-13C]methionine-derived ascochitine confirms
its origin from a single hexaketide chain and three C, units. An ortho-quinone-methide structure is assigned on
the basis of the 13C~1H n.m.r. coupling patterns.

THE polyketide origin of ascochitine ! (1), a phytotoxic
fungal metabolite from culture filtrates of Ascochyta pisi
Lib.2 and Ascochyta fabae Speg.® has been assumed by
Turner,* on the basis of the analogy with the experi-
mentally established biosynthesis of similar compounds,

(3)-

e.g. citrinin 8 Our experiments with sodium

(3)
[1-13C)- and [1,2-8C,)-acetates and [Me-13C]methionine
now confirm this hypothesis and show that the skeleton
of ascochitine is derived from a single hexaketide chain,
composed of head-to-tail acetate units, and possesses
three C; units introduced by S-adenosylmethionine ®
(Scheme). This is confirmed by the 13C chemical shifts,

MeC0,Na
MeS [CH, ], CHINH,)CO,H

PMe —"cO,Na
SCHEME

which show the alternate distribution of the label in
[1-13CJacetate-derived (1), the presence of six pairs of
coupled 13C-satellites in [1,2-13C,Jacetate-derived (L),
and the presence of three labelled carbon atoms in
[Me-13C)methionine-derived (1).

A para-quinone-methide structure (2) had until now
been assigned 1 to ascochitine and similar pyronoquinoid

systems. A single-crystal X-ray diffraction study of
citrinin (3) has shown that it is a para-quinone-methide.”

13C—1H Coupling patterns of (3) are in agreement with
this structure (Table 1). In the proton-coupled 13C
n.m.r. spectrum unresolved multiplets originate from
C-6 and from C-5, and are due to coupling to the three
protons at C-13. Irradiation at the frequency of the
signals due to these C-13 protons causes the multiplets
due to C-5 and C-6 to change into singlets. Irradiation
at the frequency of the 1-H and 8-OH signals causes the

TABLE 1

13C Chemical shifts {(p.p.m.) and 3C-'H coupling
constants (Hz) of citrinin

Chemical
Carbon shift Multiplicity J [coupled proton]

1 163.3 dd 200 [1-H}; 6 [3-H]
3 81.9 m
4 34.5 m
5 122.8 m
6 183.6 m
7 100.1 brs
8 177.1 brs
9 107.3 m

10 139.5 m

11 18.4

12 18.2

13 94

14 174.4 brs

broad singlet due to C-8 to be enhanced in intensity;
by irradiation at the frequency of the C-14-carboxy-
proton signal, the signal from C-14 changes into a sharp
singlet.

In the proton-coupled 3C n.m.r. spectrum of ascochi-
tine (1) (Table 2), however, a double doublet originates
from C-5, due to the coupling to 5-H {*J[C-5-5-H] 168
Hz} and the hydrogen-bonded C-6-hydroxy-proton
{3][C-5-6-OH] 6 Hz (anti)}. On deuterium exchange, or
on irradiation at the frequency of the C-6-hydroxy-proton
signal, the double doublet from C-5 changes into a simple
doublet (owing to the loss of its coupling through three
bonds), and the signal from C-6 is enhanced in intensity.
By irradiation at the 5-H frequency the signal from C-6
changes into a doublet {3/[C-6-6-OH] 3 Hz}. Irradi-
ation at the frequency of the C-1 proton signal causes
the signal from C(8) to change to a sharp singlet.

In this way analysis of the long-range coupling
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constants & allows the assignment to ascochitine of the
ortho-quinone-methide structure (1). The 3C assign-
ments have been confirmed by the observed 13C-13C
couplings in the spectrum of ascochitine derived from
{1,2-13C,lacetate (Table 2).

TABLE 2

13C—Chemical shifts (p.p.m.), 13C-'H coupling constants
(Hz), and '3C-13C coupling constants (Hz) of ascochitine

Chemical J [coupled
Carbon shift Multiplicity proton] J(3C-13C)
1 158.3 ¢ d 200 [1-H] 71.3
3 161.9 ® m ¢ 52.2
4 117.4 m 4 43.8
5 100.3 dd 168 [5-H]; 64.8
6 [6-OH]
6 179.1 % brse 3 [6-OH| 65.4
7 101.3 ddd ¢ 6 [6-H]; 62.9
4 [6-OH]
4 [16-OH]
8 177.7°% brs 63.6
9 115.0 dd 7 [5-H]; 71.2
7 [1-H]
10 141.4% m ¢ 42.5
11 36.8 51.6
12 27.8% 35.0
13 11.9 34.9
14 18.1°¢
15 12.3 ¢
16 173.9¢ brs

@ 1BC-13C Coupling constants in the proton noise decoupled
13C n.m.r. spectrum of ascochitine derived from [1,2-13C,)-
acetate. ® Enhanced in intensity after incorporation of
[1-13Clacetate (average enrichment 29,). ¢Enhanced in
intensity after incorporation of [Me-*C]methionine (average
enrichment 69). ¢ Unresolved multiplet. ¢ Resolved by
selective proton decoupling or by deuterium exchange.

J.C.S. Perkin I

EXPERIMENTAL

Incorporations of [1-13Clacetate (90%,), [1,2-13C,]Jacetate
(90%), and [Me-13C]methionine (909,) were achieved by
addition of these compounds (0.33 mg ml?) to a 1-day
culture broth; 9 days after the addition, isotope-enriched
ascochitine was isolated as described previously.?

13C N.m.r. spectra were recorded on a XL-100 Varian
spectrometer at 25.2 MHz for ca. 0.1m-solutions in CDCl,
using a heteronuclear lock. The spectra were recorded
using broad band decoupling and an off-resonance technique
was used to determine the substitution at carbon atoms.
An alternately pulsed or gated decoupling method was also
employed and selective proton decoupling experiments
were performed using a low decoupling power and irradi-
ation at the specific proton resonance frequency in order
to make unequivocal assignments of several carbon fre-
quencies. All chemical schifts are quoted as p.p.m.
downfield from internal Me,Si.
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