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Abstract-Ethanolic extracts of Lactariws vellereus gave, in addition to known sesquiterpenes, one new highly 
oxygenated marasmane lactone and two new 13-normarasmane sesquiterpenes, which are the first representatives of 
such a class of compounds. Molecular configurations and conformations have been established by spectroscopic 
methods. 

INTRODUCTION 

Lactarius vellereus Fr. is one of the most thoroughly 
investigated species of mushroom because of its peppery 
taste and apparent resistance to attack by predators such 
as insects, snails and mammals Cl, 21. Originally only a 
single marasmane sesquiterpene, the chemically very 
labile velutinal (la), was isolated from the mushrooms, 
where it is present as the stearic acid ester lb [3]. 
Whenever fresh mushrooms are injured and then extra- 
cted with organic solvents, different sesquiterpenes are 
isolated which are believed to be formed from stearoyl 
velutinal (lb) by chemical and/or enzymatically triggered 
reactions [4]. For instance velleral (2) and isovelleral (3), 
two biologically active pungent-tasting dialdehydes, are 
considered to take part in a chemical defence mechanism 
which is activated when the mushrooms are damaged 
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[4, 51. The present paper describes the results obtained in 
a study of the polar sesquiterpenes of L. vellereus extra- 
cted with ethanol. They could well have escaped detection 
in earlier investigations because of their tiny amounts (ca 
3S60 mg each from 52 kg of mushrooms!). 

RESULTS AND DISCUSSION 

Following the MPLC separation of the extract on a 
silica gel column, fractions containing dihydroxy sesqui- 
terpenes were collected and further separated by prep. 
HPLC using reversed phase RP-18 columns (see Experi- 
mental). Lactarorufin A (4), isolactarorufin (5) and furan- 
diol (6) were identified by comparison with our own 
authentic samples isolated from other mushrooms [6,7]. 
Besides a mixture of monoglycerides, three new sesquiter- 
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penes 7a. 8a and 12a were isolated and their structures 

were established in the foIlowIng way. 

The first isolated compound (7a) is :t sticky oil with 

molecular formula C, 5H,,,0, (high rrsoiution MS. NMR 

counting of H and c‘ atoms) and tMo <ahil) exchangeable 

protons (M ’ increased by two unit\ after deutcrarionl. IR 

bands were attributahic to alcoholic hydroxyl and :‘- 

lactone carbonyl stretching\ and to oieflnic bonds. These 

features were confir-rned hq the apprclpriatc signals in {Ire 

“C’NMR spectrum at ci 176.X ((‘-0). 141.5 and 115.4 

(C-CH- ),X6.3( CHOj. 7X.1 i (‘ 01 and h8 S I(‘!-i201. Ori 
acetylation wifh pqridine xet~ anhqdritic dt room tem- 

peraturc il riiivturc of !wi) compound3 %,‘.a> r,ht:iincti. !hc 

Icsq polar compound 7b conta;ncti no f:.cc hydrnxkl 

groups (IR). but instead two ne& ;tc~t)l group?, (NMR 

cil.96~ and 3.1K) i+ere present. Moreoccr. on acetylatiirn. 

a significant downticld shift wa\ c~J~scr_~d fat- ~rnly one 

methine proton indicating the prt’$en’e ol’\,ne ‘icc<~~ldar~ 

and one tertiary h>riroxyt group 

The chemical shltt of the oletinic proton m the NMR 

and theend absorption in the UV spectra ofcompound 7a 
exclude any conjugation of the ; -1actonc cnrhonql with 

the double bond: furthermore, u?efu! structural inform- 

ation was infer& from the presence o!‘an aiiylic coupling 

between the oirlinic C’H and ?he lacton? meth!lene 

protons. The retnaming signals of ihe high resolution 

‘H NMR spectrum (300 MHz) were assigned to three 

quaternary methyls, to an isolated CH2 Cl-1 system 

(AM)C pattern) and to one isolated methylenc: group. The 

last of these pave rise to an AHq system whose smail 

coupling constant (3.4 Hz) IS characteristic for two gem- 

nal cqclopropanc proton<. Their unu~~u:tlI\ rather IOU 

chemical shift< 10 1 frS ;ind 1.02 I!I CIX.’ i. rcspectivei!,) 

could indeed hc due tcj the wlthdra\%mg cfl’cct of rhc 

carbonyl group [compare isovrllcral (3): dnublcts at 20 9: 

and I.88 LX], and meth!! marasmatc: doublcf~ :I: ~5 1.1 X 

and 2.34 [9] 1. 

Attempts to draw the entlre structure of the compound 

also had to accomodate the presence of iour quaternar\ 

sp.’ carbon atoms ( ‘-‘C YMR speLtrum) and rhe ahsencc 

of an) coupling of the secondar! CH ()IH. 

These restriciion\ and ohb~ou\ hio~cnetli: tonsidcr- 

ations made 7;r the xtructurc of chide. :I<?! c~cludinp the 

alternative poj\thility ofplacing !hc t~(? Ilydrouql group5 

at C-I and (‘-2 in\rc:rd of<‘-"iand C-10 In I,ICI thrabscncc 

ofany vicinal coupling of 11-X does no1 c \ciiiilc tf prrorr lhc 

presence of .I proton at C-9. &I:, [he Jr j: cm bec,rmc 

negligibly small for 5omc c‘onformation5 ill compounds 01 

thir type [I 1. In either c;tst' the luiik hytiw~~i groups must 

be vicinal and .\i’f, !o txch <)thcr. II~ ordci lo cuplain the 

easy acztylation of the tcrriar> hidro\!I group hi ?‘ 

10 -3 C-9 migration of the ;tceIyl group [liFj 
The\tructure ~,fsescluitcrpcne7a. irrcigltilug rhe relati\c 

configuration ‘11 the ~icl~r:~~~Cllis. c:cn!rcs. ~;IY ct)nlirmcd by 

NOEDS cxpcrtment\ in (‘,,I.),, .,oiutlon The cclective 

irradialion of the oictinlc proton {fi-hi ind~ccd 111 facl a 

positive NO13 on thv C-l? protorti\ I 1.5”,,1 and on the 
C’H-OH signal (?.3”:3). indlcatlng rh;tt :iil thecs protons 

were on the same srdc ofthe pol~c:~ci~c \Ji!cm. 1.0. rhc I..?- 

dial system \\;I\ at (‘-9 :mct (‘-10. Morw~c:. ii-radiation of 

the methyl signal at Arl.c)J resulted :n an ~nhancernent of 

EI-3 (6.1 ‘%I .mtf WI), cone of the pl’~,lo!l\ .II <-I 15.2%). 
whereas Ihe saturation oi the mefhyl grr)up ;I: 00.79 

affected the signal.. ~>f f+-X 17.3”;,)+ ii I(i I!I.~“~,/ and the 

other proton at (‘-1 14.4’:L/, but left I-I _’ u~~,~lTcctcd. These 

effects clearI> intlicatcxd rh;lt fl-7 :;ntJ I-i-if~ :I~c: tr,rn\ to 
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the cyclopentane ring probably adopts the envelope 
conformation “E or Et. 

The last product isolated from L. oellereus was an 
isomer of the normarasmane 8a. Detailed analysis of the 
NMR data showed no proton at C-7 and the presence of a 
secondary hydroxyl group at C-8, the two protons H-8 
and H-9 mutually interacting with J = 11.5 Hz. Reduc- 
tion of the diacetate 12b with sodium borohydride in 
methanol followed by acetylation, gave an inseparable 
mixture of two triacetyl derivatives, in the ratio 2.5: 1. The 
minor compound showed NMR signals identical with 
those of llc, previously obtained from ketone 8b by 
analogous reactions, while the major isomer is the C-7 
epimer 13. These data are consistent with structure 12a for 
this new 13-normarasmane. The reversed hybridation of 
C-8 and C-9, with respect of ketol8a, has a marked effect 
on the molecular shape of compound 12a. The coupling 
constants J, _ 2 = 13.0 and J, _ ,0 = 1.1 Hz indicate that 
H-2 and H-l are tram diaxially oriented while H-9 and H- 
10 are tram diequatorially oriented, therefore the cyclo- 
pentane ring probably exists in the E, or ‘T, conform- 
ation. Dreiding models showed that in either conform- 
ation Me-14 and H-8 are close in space, while Me-15 and 
H-9 are much more distant. This conclusion has been 
confirmed by the appropriate NOE effects: enhancements 
of H-l (3%) H-10 (5.3%) and H-8 (6%) by irradiation of 
Me-14; enhancement of H-l’, (5.7%) H-2 (7.3%) and 

H-10’, (8%) by irradiation of Me-15. Moreover the pre- 
ferred conformation of the cyclohexanone ring now ap- 
proaches the chair-boat with C-8 below the mean plane. 

Sesquiterpene 7a is the first marasmane with an 
oxygenated function on the cyclopentane ring, while 
compounds 8a and 12a represent the first examples of the 
13-normarasmane class; the latter ketones can derive 
form lactaropallidine 9 by [Gelimination and oxidation at 
C-7. As they are not formed during the solvolysis of 
stearoyl velutinal in alcohols [13], we believe they are 
formed from stearoyl velutinal by some enzyme catalysed 
reactions. For biogenetic reasons the formulae 7a, 8a and 
12a must then represent the absolute configuration of the 
molecules. The new compounds showed no activity 
against Bacillus suhtilis, Staphylococcus oxford, Escheri- 
chia coli and Candida al&cans. 

EXPERIMENTAL 

Mps (Fisher Johns hot plate): uncorr.; ‘H NMR: 300 MHz, in 

CDCI, soln unless otherwise indicated with TMS as int standard. 

“‘C NMR: 75.47 MHz, CDCf3 (which also provided the lock 

signal), TMS as int. ref. Assignments of 13C chemical shifts were 
made with the aid of off-resonance and noise decoupled 

’ ‘C NMR spectra. Compounds were visualized on GF,,, silica 

gel plates as coloured spots by spraying with a vanillin-H,SO, 

soln and then heating at 120” for 10 min. The identity of the 
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mushroom was checked by Prof. A. Sklrgiello (CJmversit) of 

Warsaw). 
Extructiori md durion o/ sesyutlerpen~~.~ /km L. vekreus. 

Fresh mushrooms (52 kg) collected m Zaiesic rnlzed forest near 

Warsaw (Poland) in September 19X5 were ground ,md then 
soaked in EtOH fol- 45 days and tllc c\tr;tct ADS proces~cd 

essentially m the same way as described 111 a previous paper II 4 1. 

The residue (25 g). bq MPLC on a silica gel column (1 kg) with a 

C,H,- Mc2C0 gradient system (TLC monitoring), pa\ty ;t frac- 

lion contammg dihydroxy aequlterpencs (K, 0.2 (1.4. 

C,H, --Me,CO 4: 1 I. The latter 14.8 gj was sep~~t-~tcd Into 5 groups 

of compound:, (1-V) on a rcperhed phase RF-18 column 

(15-251im. M&H-H,0 3:21. I(l.l gl: maml~ ;aolactarorufin 15); 

II (550 mgj: 3 mixture of lactarorufin 4 14) and compound 7a: 111 
(400 mgl: mtxture of 8a and IZa; Ii’ 1950 mgt: furandl~,l (6): V 

(2.0 g): monoglyceridcs. washed out urth hleOIi Fraction II ~,a< 

separated using a scrics of ii\, HPLC columns 130 cm length 

x X mm i.d.; Waters instrument, RI detector!. lilled with Lichro- 

sorh Si 60 (II) ,pnj and a mlrture of C‘H<‘i, hc\ane I\+PrOH 

(12: 12: I) as eluant. to afford 43 mg of pure tf~oi 7a. .An~lopous 
prep. HPLC‘ of fractlvn III. 81th the same \olvcnt system, ga\c 

5.7x-dihydroxy-l3-normarasman-ic-l.,ne I%+. (x.1 mg) and the COT- 

responding isomer I2a (32 mp). 

9~10~1 3-7r~h~dro.~~-mc~rlrnr-7(8)rn-5-~~~l ur,iri y-iu~onc, (7a). 

Sticky o11 which could not be induced to cr>rtallire. L;(]k” i- 1 I 2 
(CH,CIZ r-0.5); IR vk:\T cm ‘: 3420 (OH). 1760 (;‘-lactone 

(C=O), 16X5 (C‘:C). 1455, 1400. 1.3811, 1365. 1330, 1290, 1’15. 

1150. 1065. 1005, 030. 910. XXO. X45. x00. 76X. ‘35: #H NMR 
(C,D,): 60.60 11I1. i. .I, I .I, 2 124 HI. H-l,. 0.7’) (?H. j. 

If,-14), 0.94 (?H. .\. 1-I,,-IS). 1.34 IIH. dd. ./. i 12.4. .I, L 
= 7.5Hz. H-1’). I.41 (3H.\.H,-12). 1.49ilti.d,i, +, 34 HZ. 

H-4,,,,>). 1.X.3 (IH. <i. .I 1 a=_. 7 1 H/. H-4< ,“,,, Ij, 2.76 I I H tlLi .I . .1? 
= 12.4 Hz, .I, L = 7.5 Hz. H-21, I.% and 2.7.3 (2 Y 1H. 2 hrr 

exchangeable with DLO. 2 OH), 3 01’1 I I H. ,. H-IO) 4.26 (I I+. Jd. 
,I,, ] 3 7 13.5. I;,? H =- 1.X Hz. I-1-131, 43: IIH, Bd, ,I!, jj 
= 13.5, .I,,, _x == 2.5 Hz, H-13’). 365 III{. /vi. .l,: h 2 5. 
J, x:=l.X Hz,H-Xj:“C’UMR: 17~~5(i/.~‘-l21.7?.97~c~.~‘-l~). 

29.73 (s. C-3 or C-6). 30.15 (q. C-14). 35.63 /\. (‘. I I ), 36.X1 (t. (~4). 
38.46 (v, C-6 or C-31. 42.37 (r. C-l), 46.05 Id. (‘-2). 68.X4 I/. C-l:), 

78.0h(.~,C-9j.X6.40(t.c-lo). 1 ls.3sl~1.c‘-8). I-21.54~,\.C-7). 176.77 

(s, C-5) ppm: HR EIMS (prohe) 70 ~1. VI : !rcI int.): 264.1362 

[M’, calculated for c‘, TH,,,O,. 764 1361 ] 120). 249 (M - Mej * 
119,,246[Mm HLO]’ (41).231 [M ~mH,C) MeI’ (691.213LM 
-2H20 ~ Mel 110). 20X [ ivl r\ohutenc] ( Z I ), 203 [ 23 I 
--CO] i ill). I9 (311. 17’(331. I64 I 100). 14’) (‘21. 119 (30). I Ii 

130). 105 (37). 101 (53), 77 (471. 5”; 1421, d? (53). 41 (67). On 
deuteratmn. peaks at m, z 264, 249. 246, 2i!. 164 and 101 were 

shifted to ~II : 266, 251, 247. 232. 165 and 103 reapecti\ely. 

Acetylation of compound 7a with AcZO f’? at rolrm temp. 
aflorded a mtxturc of the mono- and diacetyl derivative\. which 

could be beparated on d shor: column i)! silica gel 60 

(0.040~0.063 mm) eluted with C,H,,-EtOAc i.? !) 
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= 6.8 Hz, H-10’), 1.83 (IH, dd, J, _, = 13.0 Hz, J,._, = 6.5 Hz, 

H-l’), 1.87 (lH, dd, J,,m,,. = 13.8Hz, J,o-9 = 1.1 Hz, H-lo), 

1.96(1H,dt,J,_,= 11.5Hz,J,_,=6.5Hz,J,~,,.=6.8Hz,H- 

9), 2.63 (lH, dt,J,_, = 6.5 Hz, .I_, = 13.0 Hz, J,_,. = 6.5 Hz, 

H-2), 3.59 (IH, d, J,_,. = 11.8 Hz, H-5), 3.73 (IH, d, J,_, 
= 11.5 Hz, H-8), 4.20 (1H. d, J,_,, = 11.8 Hz, H-5’); EIMS 

(probe)70 eV,m/z(reL int.): 238 [M]’ (l), 220 [M-H,O]+ (23). 

205 CM-H,O-Me]+ (20). 202 [M-2H,O]+ (7), 192(26), 191 

(24),187(15),177(22),167(28),163(14),161(23),159(19),149(16), 

137 (14), 135 (18), 124(25), 123 (100). 121 (28), 119 (17), 109 (30), 

107(41), 105(26), 97(25), 96(29), 95 (53), 93 (27), 91(30), 85 (19), 83 

(2% 81 (69), 79 (32). 77 (21), 71 (16), 69 (48), 67 (37), 57 (43), 55 (61), 
43 (98). 41 (79). 

5,8a-Diacetoxy-13-normarasman-7-one (12b). Obtained from 

compound 128 in the standard way. Oil [s];” -22.3” (CHCl,, 

c I); IR vy’,” cm-’ 1740 (acetate CO), 1710 (ketone CO), 1385, 

1365, 1330, 1230, 1130, 1075, 1050, 1030, 980, 930, 895, 815; 

‘H NMR: 60.87 (lH, d, J,_,. = 5.4 Hz, H-4), 1.9 (3H, s, H,-15). 

1.18 (3H, s, H,-14), 1.23 (3H, s, H,-12), 1.31 (lH, d, J,_,. 
= 5.4Hz, H-4’). 1.48 (LH, dd, J,,-,o, = 13.9Hz, J,,_g 

= 1.2 Hz, H-IO), 1.62 (IH, dd, J ,0 ,,,, = 13.9 Hz, J,o.-9 _ 

= 6.2 Hz, H-10’). 1.64(1H, t,J, _ I, = J, -* = 12.5 Hz, H-l), 1.85 

(lH, dd, J,_,. = 12.5 Hz, J,._, = 6.5 Hz, H-l’), 2.04 (3H, s, 

MeCOO-),2.15(3H,s,MeCOO-),2.22(1H,dt,Js_, = 11.9Hz, 

J,m, = 6.5 Hz, J,-,O, = 6.2 Hz, J 9 10 = 1.2 Hz, H-9), 2.70(1H, _ 
dt, J,.., = J,_,, = 6.5 Hz, J,_, = 12.5 Hz, H-2), 3.81 (lH, d, 
J,_,.= 11.6Hz,H-5),4,95(1H,hrd,J,_,.= 11.6Hz,H-5’),4.95 

(IH, d, J,_, = 11.9 Hz, H-8); 13C NMR: 19.54 (4. C-12). 20.62 

and 20.77 (4 and 4, 2 COMivl), 23.56 (t, C-4), 27.57 (s, C-3 or C-6), 

32.62 and 32.70 (9 and 4, C-14 and C-15), 36.36 (s, C-l l), 37.15 (s, 

C-6 or C-3), 39.22 (d, C-2 or C-9), 43.91 (t, C-l or C-10) 44.51 
overlapped d and t, C-9 or C-2 and C-10 or C-l), 73.79 (t, C-5), 

74.79 (d, C-8), 170.38 and 170.80(s and s, 2-OCOMe), 201.34(s, C- 

7) ppm. 
5,7.&8a-Triacetoxy- 13-normarasmane (13). The diacetyl deriva- 

tive 12b was reduced with NaBH, in 95% EtOH, according to 

the standard procedure, followed by acetylation with Ac,O in Py. 

An inseparable mixture of two diastereomeric triacetates was 

obtained, in the ratio 2.5: 1, showing a molecular ion at m/z 366 
(EIMS) and IR bands at 1730 and 1245 cm-‘. The ‘H NMR 

signals of the minor isomer corresponds to 5,7a,8a-triacetoxy-13- 

normarasmane (llc), whereas the major stereoisomer is 

5,7fl,8g-triacetoxy-13-normarasmane (13). ‘H NMR: 60.60 (IH, 

d, J,_,, = 5.4 Hz, H-4), 0.90 (lH, d, J,_,,=5.4 Hz, H-4’), 0.98, 

1.10 and 1.15 (3H each, 3s, H,-15, -14 and -12), 1.33 (lH, 

dd, .I,,_,,.= 13.6 Hz, J 9 ,. = 4.5 Hz, H-IO), 1.50-1.70 (3H, _ 

m. H-10’, H-l and H-l’), 1.92 (lH, qd, J _ - 45 Hz, 9 *o- 
Jz_~ = J,_ IO, =J,_, z 8.0 Hz, H-9) 2.02, 2.03 and 2.04 (3H 
each, 3s, 3 MeCOO-), 2.57 (IH, dt, J,_, = 12.9Hz, 

J:_, = J,_,, z 7.5 Hz,H-2),4,08(1H,d,J,_,. = 12,0Hz,H-51, 

4.12(1H,d, J,_,. = 12.0Hz.H-5’),4.81 (lH,dd, J,_, = 8.0Hz, 

J,_, = 6.5 Hz, H-8), 5.14 (lH, d, J,_, = 6.5 Hz, H-7). 
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