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Abstract. Violascensol 1 and the corresponding 6-ketostearoyl ester 2 were isolated from the fruiting
bodies of Lactarius violascens. Their structures were established by spectroscopic and chemical
methods. Compounds 1 and 2 are the first examples of protoilludane sesquiterpenes isolated from a
Lactarius species. © 1998 Elsevier Science Ltd. All rights reserved.

The Lactarius genus (order Agaricales, family Russulaceae), comprising more than 150 species
world-wide distributed, is one of the largest in the subdivision Basidiomycotina of Whittaker’s Kin

gdom
Fungi.l.2 In the great majority of these species, sesquiterpenes of different kinds exert an important

biological role, being responsible for the pungency and bitterness of the tlesh and the milky juice

change in the air of the colour of the latex. 3 Moreover, a few sesquiterpene dialdehydes are believed to be
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(Scheme 1).5 Protoilludane intermediates are considered to be formed in the early steps of the biosynthetic
pathway, though no representative of that class of sesquiterpenes has ever been isolated so far from a
Lactarius species.
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In this paper we report the isolation of the first two Lactarius protoilludanes, i.e. violascensol 1 and the
ester 2, from L. violascens (Otto ex Fr.) Fr., an inédible species growing on Italian Apennines. Specimens of
the above mushroom that appeared undamaged were collected, frozen at -20°C, and extracted with EtOAc in
the cold. The residue from the organic extract was redissolved in MeOH-H,O (9:1) and extracted with

hexane to remove the largest part of free hydroxy compounds. The two organic layers were then separately
fractioned by multistep flash column chromatography on SiO,. Violascensol 1 was isolated from the
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composition of 17 was established as C;5H5,05 from eims and the number of carbon signals in the NOE
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suppressed 3C-NMR spectrum (Table 1), which indicated a sesquiterpenoid skeleton containing 5 degrees
of unsaturation. Since 1 exhxbztcd a primary CH2).. gro-..p (Ymax 3450 cm-l; 1H-NMR, 3 3.35, ABq, 2H,;

P Y

tricyclic. The remaining 51gnals in the LC-NMR spectrum of 1 could be attributed , w1th the aid of the DEPT
spectrum, to three methyls, one (8 1.95 ppm) being vinylic and in 3 position to the carbonyl group, four
methylene, two methine, and two nonprotonated sp3 carbons. A 13C-H COSY experiment established the
positions of all of the !H-NMR signals for each of the carbons, while TH-1H COSY data and selective
homonuclear decoupling experiments clearly indicated two partial structures, A and B, comprising two
separate spin systems. The former was an AB quartet, whose chemical shift was characteristic for a

methylene (C-4) flanking the carbonyl group; the latter was the system linking C-1 to C-10 and included the
H,-8 to H-9 linkages.
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When the partial structures were compared with the two and three bond C-H connectivity data from
COLOC experiments (Fig.1) the structure of violascensol could unambiguously be assembled as 1. The
important linkages which established the structure of the ring system were: (i) those about the angular methyl
at C-3 conn gtma C-5 and C-6 to C-12 via (‘-4 (i) that from C-4 to H-2, which ruled out the alternative

sterpurane like structure C, also excluded by the coupling (J=1.5 Hz) between H3 -13 and BH-8; (iii) those
C-10 to C-14 via C-11, and (iv) that from C-14 to H, -15 which enabled the two terminal methylenes

of the partial structure B to be connected gem substituted quaternary carbon of a cyclopentane ring. The

Fig. 1 COLOC correlations (J = 5 Hz) Fig 2 Selected NOE and NOESY correlatiot

Chiroptical properties of skewed a,B unsaturated ketones are often used for determining the absolute
configuration of organic compounds on the basis of simple empirical helicity rules.8.9 The CD spectrum of
violascensol showed a negative CD band at 332 nm which was attributed to the n — =n* transition of the
dissymmetric enone chromophore; however, we promptly realized that the sign of this band could not be
straightly connected to the absolute configuration of compound 1. In fact, a Dreiding model of 1 clearly
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inarasimaince '.‘..J lanéneasea e ceeriniternenas

2 a2 ANAVAAN Qs 3 ............ Qi
1 2
assignment 3¢ 1He Bcy 1Hg.h
36.7 (2) o 1.38dd 36.6 (2) a1.47dd
B 1.68 ddd B 1.74 ddd
2 47.3(1) 2.17 ddd 47.1 (1) 2.23 mi
3 36.7 (0) - 36.6 (0)
4 60.9 (2) 2.62 (ABq) 60.8 (2) 2.68 (ABq)
5 197.1 (0) 196.9 (0)
6 150.6 (0) 150.5 (0) -
7 143.2 (0) 143.1 (0)
8 35.7(2) o 2.20 dd 35.6(2) a?2.25dd
B 1.77 dddq B 1.82 ddq
9 41.7 (1) 2.35 ddddd 41.5(1) 24 mi
10 43.5(2) @ 0.99 dd 439 (2) o 1.08 dd
B 1.83 ddd B 1.88 ddd
11 45.3 (0) 43.8 (0)
12 20.3 (3) 1.15s 20.3 (3) 1.17s
13 20.3(3) 195d 20.3 (3) 2.02d
14 24.3 (3) 1.05s 24.8 (3) 1.13s
15 69.2 (2) 3.35 (ABq) 69.7 (2) 3.90 (ABq)

8 300MHz, 8y values in ppm from TMS. 5 75 5MHz; 8¢ values in ppm relative to CDCl3 at 77.0. € The number in parentheses
indicates the number of hydrogens attached to the corresponding carbon and was determined from DEPT experiments. d Carbon
ass.gnmems were confirmed by 1H-13C COSY spectra. € s (Hz) for 1: la, 1B=13.5; 10,2=9.3, 1[3 2=8.5; lB 10p=1.8; 2,9=11.0;

N, 0. 0

4 AY_tL Ny,
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NMR signals for the 6-oxostearoyl moiety , 173 ), 428, 42 1, , 340, 31.8 295, 295, L, 293, 292,
29.1,24.4, 23.8, 23.1, 22,6 (one CH, each), 14.0 (CH3). & 1H-NMR signals for the 6-oxostearoyl moiety: 0.88 (t,3H, /=6.5, H3 -
18°), 1.25 (brs, 18H, (CHp) ¢>.17°), 1.5-1.68 (m, 6H, Hy -3°, 4", -8), 2.3-2.5 (m, 6H, Hp -2°, -5°, -7). W § (Hz) for 2
1y 1R=11 & 1w 2=0%- IR2?2=0S8- 1N 10R=17 20=110- 44°=160" Ry AR=I85 N Ry O=(5§5- RARO=100N KRR 1:=14' Q 1N~v=11 §-
A KPT12.0, 1IK,LT7.2, Ip,& 0.7, IP‘I\I?) 1.7, 7110, S 2V, SO . v, S TTTULO, O, av.y, O, 1T, T, viRT Y,
9,108=7.3: 10a,108=13.0: 15,15°=11.0. ! Hidden by other signals and unearthed by COSY experiments

The structure of compound 215 was readily established by direct comparison of the NMR data with
those of 1 (see Table 1). The downfield shift of the ABq for the H,-15 group and the characteristic signals of

n lnang chain fatty anid acter in tho enantrmim nf Y were indicative nf the Aonvnctearies acter moniety
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at C-15 On exnaocure ta K.CO, in Me() 2 oave vinlascensol 1 and 6-oxostearic acid (lactaninic acid)
at C-15. On exposure to Kk»CU; 1 MeUH, 2 gave violascensol 1 and 6-oxostearnic acid (lactanimc acia),

identical with an authentic sample, 16 while acylation of 1 with 6-oxostearoyl chloride!® afforded 2,
confirming the structure. Violascensol 1 showed a weak activity against bactenial strains and Artemia salina.
In conclusion, the finding of violascensol 1 and the ester 2 in /. violascens demonstrates that
protoilludane sesquiterpenes may be biosynthesized in Lactarius cells and gives credit to the biosynthesis
proposed for Lactarius sesquiterpenes (Scheme 1), It is likely that protoilludane intermediates are rapidly
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metabolized in the cells of most Lactarius species and thus escape detection, while L. violascens is probably
devoid of the enzymes needed for transforming the protoilludane skeleton into more elaborate structures.
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