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New Nardosinane and Aristolane Sesquiterpenes from the
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Abstract Received 19 May 1998; accepted 15 June 1998

Three new naturai'ly occuning sesquiterpenes, rulepidanol and rulepidadienes A and B were isolated from
the fruiting bodies of Russula lepida. Their siruciures were esiablished by speciroscopic methods. These
compounds together with aristolone are the first nardosinane and aristolane sesquiterpenes isolated from
Rasidiomvcetes © 1998 Elsevier Science Lid. All ﬂahtc reserved,
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The Russulaceae family is one of the largest in the subdivision Basidiomycotina in
Whitthaker’s Kingdom of Fungi [1] and comprises hundreds of species, worldwide distributed,
belonging to the genera Lactarius and Russula. While secondary metabolites occurring in the
fruiting bodies of European Lactarius species have thoroughly been investigated [2], the Russula
mushrooms have received less attention, notwithstanding the larger number of existing species.
So far, lactarane and secolactarane sesquiterpenes have been isolated from R. sardonia [3] and
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related marasmane derivatives have been isolated from R ueletn [4], R. cuprea l9] R
atropurpurea [10], R. mairei [10], and R. foetens [10]. These partlal data seem to indicate that
most acrid and hot pungent tasting Russulaceae species are very similar to each other not only
for many morphological features, but also for the chemical contents of sesquiterpenoids.
Furthermore, all sesquiterpenoids isolated so far from Russula species are believed to be
biosynthesized from protoiliudane precursors, which through skeieton rearrangements give rise
to the basic structures of the other classes displayed in Fig 1. Therefore, it is interesting to

investigate those Russula species which may contain sesquiterpenes arising from a different
¥’}

biosynthetic pathway. In this context we examined Russula lepida Fr. (syn. R rosacea (Pers.
ex) Gray), a species which does not respond to the so-called sulphovamlhc mixture” [11].
This simple test, used in Mycology for mushroom identification, indicates the occurrence
of velutinal esters and the derived marasmane- lactarane group of sesquiterpenes when a
black-blue colour develops in the cold on mushrooms cystidia exposed to a solution of vanillin
in H,S0, [12]. Moreover, different authors describe the taste of R. lepida as slightly bitter or
minty-resinous, but never acrid or pungent.
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Fig 1
1 Kg of apparently undamaged fruiting bodies of R. lepida were frozen at - 20 °C and
extracted with CH,Cl, in the cold. The residue (4 g) was cluted with EtOAc on an activity 111

ALO; column to remove free carboxylic group compounds, mainly fatty acids. The neutral
fraction was further separated on several RP18 columns (MeOH: EtOAc, 9:1) and on Si gel
centrifugal circular chromatographic plates (Chromatotron) to yield eventually 1 (20 mg), 2 (3
mg), 38 mg), 42 mg) (,lompound 1 was found to be identical to (+)-anstolone (a-ferulone)
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Dy comparmg mp, Op, 8] V tH and 1°C NMR specxra with literature vaiues [1.5 l4]
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system was further coupled w1th a methylcne group, Wthh was also coup]ed with a
CH,CH(Me)-Cgua spin system; the methine at the opposite end was further coupled to a CH (C
qua)CH(C quar) group. These data, together with the presence of three additional methyl groups
attached to two quaternary sp” carbons were best accomodated by an aristoladiene structure in
which the conjugated double bonds were connecting C-1 with C 8, as in formula 2.

Rulepldanol 3 * showed in its 13C NMR spectrum three sp methine and one sp’ quatemary
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H-13C COSY spectra permitted establishment of two proton systems, one at C-| through C-14,
and another at C-9 through C-6. To complete the structure of 3, three isolated spin systems, i. €.
one quaternary methyl [ 3 0.96 (s)] and two methyl groups geminal to a tertiary hydroxyl group [
8¢ 77.1 (0)] , had to be taken into account. The connectivity of these units was assigned on the
basis of COLOC correlations (see fig. 2A). Two or three-bond couplings from H-1 to C-10,
from H-9 to C-10, from H-4 to C-5 and C-15, and from H-6 to C-5 allowed to establish the
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1610 1460 1178 1265 075 850 810 am-l - GOME 1 & (22l int Y 2072 Mt o78y 187 ¢ M Malt 62) 173 (7). 159 ( IM - C-H-1 1,

101V, 140V, 1270, 1305, 715, 0JV, OJ3v Liil SUCMS mEZ (T8 1N )] 4V (M 1Sy, 167 pvisvaly U5, JR7) 127 YR T3

100), 145 (92), 131 (67), 117 (64), 105 (45), 91 (57), 77 (27), 6 (12) 55(15), 41 (31)

3

Colorless oil; [2]20p = + 84.1 (¢ = 0.6, CHCh): CD . (CHCL)Ac+12; IH and 13C NMR spectra, Table 1; UV (EtOH)
A max nm (log €) 268 (3.59); IR V¥ 3400 (sharp) 3040, 2970, 2925, 1455, 1425, 1380, 1268, 1140, 960, 870, 784 cm-! ;
CIMS (CHy) mz 221 [M + H]*.
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moiecuiar structure of ruiepidanoi as 3. The relative configurations of C-4, C-5, and C-6

stereocenters were established by NOESY spectroscopy (see Fig. 2B): the imporiant nOe
correlations were between H-6 and 113-14 aI‘d }13 }5, between H-4 and H3 13, and between aH-
1 and H;-13, indicating the stereochemlstry own in formula 3.

In the CD spectrum of 3 a positive CE for the n—>n* transition of the skewed conjugated

diene was observed, mdlcatmg P helicity [15] and thus that the abso lute conﬁguranon of
rulepidanol could be assigned as 45, 58, 6S.
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Fig 2. Pertinent COLOC (A) and NOESY (B) correlations observed for rulepidanol 3

b Table 1
1-.. 8 « 17 e s e eme e
I'H and 12C NMR Data for compounds 2, 3, and4 n LUC13
2 3 4
3¢ iy 13¢ Ty 13¢ Iy

1 121.9(1) 5.26 brt 4.0 0.8 324(2) 229m(BH) 3219(2) 220-228m
2.32 m (aH)

2 25.1(2) 2.11-220m 247(2) 140m 256 (2) ]
168 m

3 27.6 (2) 1.47-1.70 m 320(2) 1.31m(BH) 31692 & 1.25-1.72m
1.60 m (aH)

4 35.7 (1) 1.65m 346(1) 2.54ddq12.0,4.0,65 352(1) _J

5 34.5 (0) - 417(0) - 395(0) -

6 34.4 (1) 0.92d85 51.4(1) 2.18d6.5 52.8(1) 2.83brd6.0

7 243 (1) 1.15dd 8553 1259 (1) 559 ddt9.5 65,12 1249 (1) 543ddq9.56.01.0

8 1242 (1) 5.72 ddq 10.0 5.3 0.8 123.4 (1) 5.82ddt9.5,5.2 0.8 1232 (1) 5.83brdd9.55.30.7

g 1266 (1) 5.83 dg 10.00.8 1176 (1) 547ddt5.2 25,12 1176(1) 54Tm

10 141.6 (0) - 147.3(0) - 146.4N(0) -

1 26.2 (0) - 771(0) - 1456M ) -

12 146 ©(3) 090¢Us 259%(3) 1.24s ii3.7{2) 4862m

4.78brd 2.5

13 22.9€(3) 09595 31.5€3) 1.26s 185(3) 1.71dd1.508

14 15.8 (3) 0.98d 6.5 18.0f(3) 094d65 17.0(3) 084d65

15 29.2 € (3) 1119 18.17(3) 096s 174(3) 0895s

OH - - - 160s - -

: 300 MHz; 8y, values in ppm from TMS, Jin Hz. . o ;
75.5 MHz; 8 . values in ppm relative to CDCl; at 77.0. The numbers in parentheses indicate the number of hydrogens attribuied to the
cprresponding carbon and were determined from DEPT experiments.
Attributions can be interchanged.
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The structure of rulepndadlene B 4 was eastly 3531gned by companson of its NMR data with

at_

those of compound 3, which showed the signais of a 2-propenyi group (3 1.71 ppm, olefinic
Me; 6 4.62 and 4.78 ppm, >C=CHj, ) in stead ofa 2—hydroxypropyl group.
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NATGO3Ianc SCSGuUICTpeiics aic believed to derive in Nature from an aristolane precursor [l()]

Tha Am ~nonesesmasas o Ao ___ 1 e
I'ne co-occurrence of compounds 3 and 4 with 1 and 2 in the same mushroom reinforces this
Teooon ol 5 ____ .3 _____ __ _ __ . ~L a
hypothesis and suggests that the absolute configurations of the two olefins 2 and 4 correspond to
those of 1 and 3, respectively.

Aristolane and nardosinane sesquiterpenes are of a type rather rare in Nature; they 1 have been
isnlntnr‘ hnth fram tarractrial nlante and maeina Aronnmicmoe 1771 MThein 1o 4o £
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members of these classes in a funpal snecies It ic of evolutionictic cioni ificance the elaboration
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by Russula lepida of nardosinane and aristolane sesquiterpenes antipodal to those usually found
in higher plants and belonging, instead, to the enantiomeric series tvmcal of se
and Octocorallia.
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Colourless oil; 1H and 13C NMR spectra, Table 1; UV (EtOH) A, nm (log €) 259 (3.62); IR v 3070, 3030, 2960, 2930,
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