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An investigation of the metabolites present in the intact fruit bodies and those
formed as a response to injury of the fruit bodies of Lepista nebularis has been
performed. In addition to unsaturated and hydroxylated fatty acids, the intact fruit
bodies contain 2,4-diphenyl-2-butenal. The injured specimens also contained (8£)-
10-hydroxy-8-decenoic acid and (8£)-10-ox0-8-decenoic acid, presumably formed
enzymatically from (12Z)-9,10-dihydroay-12-octadecenoic acid, as well as small
amounts of 4-hydroxy-2.4-diphenyl-2-butenal. 2.4-Diphenyl-2-butenal possess
weak to intermediate antimicrobial and cytotoxic activities. and it is possible that
the a,B-unsaturated aldehydes are responsible for the gastric upsets that may
strike consumers of this mushroom.

Fruit bodies of Lepista nebularis (= Clitocybe nebularis) OH
(clouded agaric) are considered to be edible, although W\/\/\/\/\/\
they may cause indisposition to some consumers.' Al- OH COOH
though they are frequently attacked by diptera larvae, the
fruit bodies of Lepista nebularis appear to be less sensitive 1
to the most common pest of fungi (Mycetophila fun-
gorum),” and this could be due to the presence of pro-
tective secondary metabolites. As nothing appears to be
known about the metabolites of L. nebularis, we have per- R\/\/\/\/\
formed a chemical investigation of this species. In order Z COOH
to study whether any metabolites are formed in the fruit
bodies as a response to injury, as is the case in several 2: R=CH,0H
other species,>* we have compared the contents of ethyl 3: R=CHO
4: R=COOH

acetate extracts of fresh, intact mushrooms with extracts
of mushrooms that had been ground in a meat grinder (to
induce injury) 15 min prior to extraction. TLC and
GC-MS analyses of the extracts showed significant dif-
ferences between the extracts, and the major compounds
were isolated.

Result and discussion

The compounds present in the largest amounts both in
the extracts of intact as well as injured fruit bodies are 5 6
fatty acids, especially linoleic acid. From the extracts of
the injured specimens only, (12Z)-9,10-dihydroxy-12-oc-
tadecenoic acid (1) was obtained in significant amounts

Fig. 1.

(20 mg from 300 g fresh fruit bodies) (Fig. 1). This com-
pound has previously been isolated from the rice plant
and has been suggested to be a defensive metabolite that
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protects the plant against the rice blast disease.” It may
well be a precursor to the short fatty acids (8£)-10-hy-
droxy-8-decenoic acid (2) and (8F)-10-oxo-8-decenoic



acid (3) that were also obtained from the extract of the
injured specimens (30 and 9 mg, respectively, from 300 g
fresh fruit bodies). Hydroxylated and/or unsaturated fatty
acids surprisingly often possess biological activities, for
instance antifungal® and nematicidal”® activities, and
their presence in fruit bodies may well have a biological
significance. Recently (E)-2-decenedioic acid (4) was iso-
lated as a nematicidal principle of Pleurotus ostreatus,’ a
fungus the hyphae of which are known to be able to pa-
ralyse, penetrate and digest nematodes.'’ It was also
shown that short fatty acids (C8-C12) are potent nem-
aticidal agents.® The formation of (8E)-10-hydroxy-8-de-
cenoic acid (2) and (8E)-10-oxo-8-decenoic acid (3) has
previously been demonstrated in the injured fruit bodies
of Agaricus campestris."" Compound 3 stimulates the
mycelial growth and stipe elongation in Agaricus bisporus,
and has been suggested to be a mushroom hormone in-
volved in the fruiting of this species.'? (8)-10-Hydroxy-
8-decenoic acid (2) has previously been isolated from the
fruit bodies of Cantharellus tubaeformis,’ and its biological
activities are presently being investigated. In addition, er-
gosterol and ergosterol peroxide could also be isolated
from both types of extract. The former, being the major
steroid in fungal membranes, has been found in virtually
all fungal species that we have investigated, while it is
quite seldom that we have obtained the latter.
2,4-Diphenyl-2-butenal (5) was isolated from extracts
of both intact and injured mushrooms, while its hydroxy-
lated derivative 6 only could be detected in the extract of
the injured specimens. The amounts of 4-hydroxy-2,4-
diphenyl-2-butenal (6) obtained are small, but both com-
pounds give a very distinctly coloured spot when the TLC
plates were developed with anisaldehyde—sulfuric acid, so
we feel confident that compound 6 is formed in the in-
jured fruit bodies. If compound 5 is the precursor, which
is likely, the oxidation is probably enzymatic as, at no
time, did we observe any traces of compound 6 during the
handling of compound 5. The structures of the com-
pounds were determined by NMR and mass spectros-
copy. The stereochemistry of the C-2/C-3 double bond
was established based on the strong NOESY correlation
observed between 1-H and 3-H in the spectrum of 2,4-
diphenyl-2-butenal (5), and the enhancement of the signal
for 1-H (10%) when 3-H was irradiated and 3-H (12%,)
when 1-H was irradiated for 4-hydroxy-2,4-diphenyl-2-
butenal (6). 2,4-Diphenyl-2-butenal (5) has previously
been prepared synthetically,'>'* but is not known as a
natural product. 4-Hydroxy-2,4-diphenyl-2-butenal (6) is
a new compound. The spectroscopic data were not
given'>!* for compound 5, and a full set is therefore given
in the Experimental. Both compounds 5 and 6 are sus-
pect from a toxicological point of view; the o, -unsatur-
ated aldehyde functionality is electrophilic and it is pos-
sible that the compounds are responsible for the gastric
upsets that may strike consumers." When 2,4-diphenyl-
butenal (5) was assayed for biological activities, it was
found to possess weak antifungal and antibacterial
(Gram positive bacteria) activities. The minimal inhibi-
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tory concentration was for example 20 pg per ml for
Paecilomyces varioti, and 50 pg per ml for Mucor miehei,
Bacillus subtilis and Bacillus brevis. No phytotoxic effect
towards Setaria italica and Lepidium sativum could be
noted. Its cytotoxic activity towards L1210 cells (lym-
phocytic leukemia mouse) was intermediate, 25 pg per ml
lysed all cells. The cytotoxic activity of 4-hydroxy-2,4-
diphenylbutenal (6) was weaker, 50 pg per ml did not lyse
the cells. Owing to the small amounts available no other
assays were performed with this compound.

The GC-MS analysis showed that various isomers of
octanol and octenol are present in the extracts of the in-
jured specimens, these are probably co-produced with the
C,, fatty acids by the oxidation of C fatty acids. In
addition, the presence of 2-benzylethanol and 2-benzyl-
ethanal in the extracts is noted, and it is possible that
2,4-diphenylbutenal (5) is formed from the latter.

Experimental

Fruit bodies of Lepista nebularis (Fr.) Harmaja were col-
lected in the vicinity of the University of Kaiserslautern,
and extracted the same day. Some specimens were
ground in a meat grinder together with ethyl acetate (2 1
per kg fruit bodies), in order to investigate the original
contents, while others were ground without solvent and
left as a mush for 15 min before being extracted with ethyl
acetate. The extracts were compared by TLC and
GC-MS analyses, and the pure compounds were iso-
lated by chromatography on SiO, columns eluted with
different mixtures of ethyl acetate and heptane. The NMR
spectra were recorded with a Bruker ARX500 spectrom-
eter in CDCl; with the solvent signal as reference
(7.255 ppm for 'H NMR and 77.1 ppm for '*C NMR).
Coupling constants are given in Hz. The UV spectra were
recorded with a Cary 219, the IR spectra with a Perkin
Elmer 257, and the mass spectra with a Jeol SX102 spec-
trometer. The biological assays were performed as de-
scribed in Ref. 15.

(2E)-2,4-Diphenyl-2-butenal (5) was obtained as an oil
(3.5 mg from 300 g fresh fruit bodies). MS (EI, 70 eV),
mjz: 222.1018 (M *, 1009, C,sH,,O requires 222.1044),
204 (14%), 178 (19), 115 (46), 103 (30) and 91 (31). 'H
NMR: § 9.66 (s, 1-H), 7.42 (dd, J=7 and 7, 3"-H and
5”-H), 7.38 (m, 4”-H), 7.32 (dd, J=7 and 7, 3'-H and
5'-H), 7.25 (m, 4’-H), 7.23 (d, J=7, 2"-H and 6"-H),
7.16 (d, J=7, 2'-H and 6'-H), 6.87 (t, J;,=7.6, 3-H),
3.69 (d, J;,=17.6, 4-H,). BC NMR: § 193.5 (C-1), 153.4
(C-3), 144.2, 138.1 and 132.2 (C-2, C-1" and C-1"),
129.5, 128.9, 128.5 and 128.4 (C-2’, C-3’, C-5", C-6',
C-2”,C-3", C-5" and C-6"), 128.2 and 126.8 (C-4" and
C-4"), 35.8 (C-4). IR (KBr): 1695, 1500 and 710 cm ™.
UV (ethanol) A, (€): 255 (5050) and 273 nm (2300).
(2E)-4-Hydroxy-2 4-diphenyl-2-butenal (6) was obtained as
an oil (0.5 mg from 300 g fresh fruit bodies). MS (EI,
70 eV), m/z: 238.1000 (M*, 59%, C,¢H,,0, requires
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238
'H

.0994), 209 (71%), 191 (31), 105 (100), and 77 (49).
NMR: § 9.69 (s, 1-H), 7.45 to 7.15 (m, 10 x ArH),

6.84 (d. J,,= 9.1, 3-H), 4.52 (d, J;, = 9, 4-H). UV (etha-
nol) A, (€): 246 (5500) and 273 nm (2300). Insufficient
amounts were obtained for IR and '*C NMR spectros-

copy.
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