Short Reports

4. Young, H. and Paterson, V. J. (1980) Phytochemistry 19, 159.

S. Dillon, J. and Nakanishi, K. (1974) J. Am. Chem. Soc. 96,
4059.

6. Morris, J. A, Khettry, A. and Seitz, E. W.(1979) J. Am. Oil
Chem. Soc. 56, 595.

7. Rosenlerg, S. (1962) Chem. Abs. 56, T3901.

8. Stenhagen, E., Abrahamsson, S. and Mclafferty, F. W. (1974)
Registry of Mass Spectral Data, p. 1833. Wiley, New York.

2501

9. Iida, T, Tamura, T. and Matsumoto, T. (1981) Phytochem-

istry 20, 857.

10. Stenhagen, E., Abrahamsson, S. and Mclafferty, F. W. (1974)
Registry of Mass Spectral Data, p. 2660. Wiley, New York.

11. Buttery, R. G, Komm, J. A. and Ling, L. C. (1984) J. Agric.
Food Chem. 32, 254.

12, Taniguchi, M. and Satomura, Y.(1972) Agric. Biol. Chem. 36,
2169.

Phytochemistry, Vol. 28, No. 9, pp. 2501-2502, 1989.
Printed in Great Britain,

0031-9422/89 $3.00+ 0.00
Maxwell Pergamon Macmillan plc.

THE ISOLATION OF A GUAIANE SESQUITERPENE FROM FRUIT BODIES
OF LACTARIUS SANGUIFLUUS

OLOV STERNER, OLA BERGENDORFF and FABIENNE BOCCHIO

Department of Organic Chemistry, Lund Institute of Technology, P.O.B. 124, $-221 00 Lund, Sweden

(Received 5 December 1988)

Key Word Index—Lactarius sanguifluus; Agaricaceae; mushroom; guaiane sesquiterpene; sangol.

Abstract—The isolation and structure elucidation of a novel guaiane alcohol, formed together with related aldehydes
and alcohols from fatty acid ester precursors in injured fruit bodies of the Basidiomycete Lactarius sanguifluus, is

reported.

The fruit bodies of the Lactarius species belonging to the
Dapetes Fr. section (Basidiomycotina subdivision of
Fungi) have yielded a series of sesquiterpenoids with a
guaiane skeleton, which appear to be enzymatically con-
verted into each other in injured fruit bodies [1, 2]. The
fruit bodies of Lactarius deliciosus Fr. and L. deterrimus
Groger for instance, originally contain the stearic acid
ester 1a (together with small amounts of the correspond-
ing linoleic acid ester [1]) as the only sesquiterpenoid. If
the fruit bodies of these species are injured, the ester 1a is
converted to the aldehyde 1b, to the free alcohol 1c, as
well as to lactaroviolin 2b and deterrol 2c [1]. The stearic
ester of the latter, i.e. the ester 2a, has never been detected
in the fruit bodies of L. deliciosus and L. deterrimus, but
was instead isolated from the fruit bodies of L. indigo
(Schw.) Fr. [3] together with lactaroviolin 2b. Recently,
the aldehyde 3b was isolated from the fruit bodies of L.
sanguifluus Paulet ex Fr. {4], a species that previously has
yielded the ester 1a, the alcohol 1¢, lactaroviolin 2b, as
well as an unidentified azulene called ‘lipophiles lactaro-
violin’ [2]. It was not clear whether the aldehyde 3b is
present as such in the fruit bodies or if it is formed
enzymatically from a precursor, and in order to establish
this we performed an investigation of both the initial
sesquiterpenoid contents of the fruit bodies of L. sanguifl-
uus, as well as of the nature of any new compounds
formed in injured specimens.

In accordance with the situation observed in the fruit
bodies of L. deliciosus and L. deterrimus, no traces of the
free sesquiterpenes 1b, 1c, 2b, 2¢ or 3b could be detected
by TLC analysis of hexane extracts of young and un-
damaged fruit bodies of L. sanguifluus (extracted directly
after collection). Instead, the presence of the ester la
could be demonstrated by comparison of 'H NMR and
TLC data with an original sample isolated from L.
deliciosus. Besides the yellow ester 1a, the presence of an
equally nonpolar but red compound was indicated, but
due to the instability of the compounds, the limited
amounts available, and their similar chromatographic
properties, it was not possible to separate the two com-
pletely. However, inspection of the 'H NMR spectrum of
a purified fraction of the unidentified red compound, and
comparison of this with those of the other sesquiterpen-
oids discussed here, strongly suggest that it is the ester 3a.
The only difference (except for the signals of the fatty acid
protons) compared to the H NMR spectrum of the new
alcohol 3¢ (for which we propose the name sangol,
structure discussed below), is that the signal for H,-15
was shifted downfield from 64.58 in the spectrum of
sangol 3¢, to §5.04 in the spectrum of the compound
believed to be ester 3a. We believe that this compound is
identitical to ‘lipophiles lactaroviolin’ [2]. Sangol 3¢ was
isolated by rapid silica gel chromatography from an ethyl
acetate extract of fruit bodies of L. sanguifluus that had
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a R = H,0CO(CH,) ¢Me
b R =20
¢ R = HOH

been ground 30 min prior to extraction. It showed the
same chromatographic properties as the alcohols 1c and
2¢, and is just as unstable as compound 1e. Its structure
could be established by analysis of the spectroscopic data,
and especially by comparing its 'H NMR data with those
of compounds 1b, 1¢, 2b, 2¢ and 3b. Compared with the
corresponding aldehyde 3b [4], all signals in the spectrum
of sangol 3c appeared with the expected multiplicity and
coupling constants, except for the 59.78 singlet integrat-
ing for one proton which had been replaced by a §4.58
singlet integrating for two protons. In addition, the
olefinic protons were slightly upshifted in the spectrum of
the alcohol 3¢, which is expected if C-15 is a hydroxy-
methyl group instead of a formyl group. Actually, the
observed differences between the 'H NMR spectra of the
two compounds 3b and 3¢ are almost identical to the
reported differences between the spectra of the aldehyde
1b {17 and the alcohol 1¢ [5]. In conclusion, it appears as
if the fruit bodies of the Lactarius species belonging to the
Dapetes section originally contain fatty acid esters of at
least one guaiane sesquiterpene (i.e. compounds 1a, 2a
and/or 3a), and that these esters are converted enzymati-
cally into the aldehydes 1b, 2b and/or 3b and the alcohols
Ic, 2¢ and/or 3¢ if the fruit bodies are injured. The
enzymatic conversions appear to be relatively simple, like
ester hydrolysis and oxidation of a primary alcohol to an
aldehyde, but the fact that lactaroviolin 2b and deterrol
2c are formed also in mushrooms which do not contain
the ester 2a originally, show that other oxidations also
take place.

EXPERIMENTAL

Fruit bodies of L. sanguifluus were collected near Karlstadt
(F.R.G.)in September 1986, and near Caussols (Alpes Maritimes)
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(France) in October 1987. The extraction of the fresh mushrooms
and the work-up of the extracts were made in the same way as
described previously [1]. '"H NMR (300 MHz) spectra were run
in CDCl,, J is given in Hz and the chemical shifts in ppm relative
to tetramethylsilane. The UV spectrum was recorded with a
Cary 219 spectrophotometer in EtOH, and the mass spectrum
(EI) was obtained at 70 V.

8-H ydro-1-hydroxymethyl-4-methyl-7-isopropylideneazuiene
(3c¢) (sangol). 2 mg, was obtained as a dark red oil after repeated
chromatography on silica gel. UV AES%" nm (log ¢): 239 (4.06),
280(3.83), 343 (3.86),445(2.67); '"H NMR: 37.56 (1H, 5, H-6), 6.42
(1H,d. J, ;=2.4,H-2 or H-3), 6.34 (1H, m, H-2 or H-3), 5.59 (1H,
dt,Jg=172,Jq4,4=12,H-9),458(2H, 5, H-15),3.07(2H,d, J3 4
=72, H-8), 1.98 and 1.93 (3H + 3H, 5, H-12 and H-13), 1.94 (3H,
d, Jg 4= 1.2, H-14);, EIMS (probe) 70 eV m/z (rel. int.y: 214 (M ")
(25), 155 (13), 143 (15), 129 (46), 115 (19), 73 (100), 60 (99),
insufficient amounts were obtained for '>C NMR and elemental
analysis.
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