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Abstmcr The chemcal background behmd yellowIng and pungent taste of Lactar~us clvysorrhcu~ and L 

scro61clclatl~~ has been mvest~gated The Intact fnut bcdu?s ongmally contam a ft~ty aad ester of velutmal (1 c 

compolmd 2b and 2a, reqxctwely) as the only sesqmteqenotd when the frmt bo&es atz rnjmzd the esters are 

enzymatxxlly converted mto sesqmterpene furzms, mono- and &-akiehydes, and lactones. whtch have been tsolated 

and theu stmchues eluculated These compounds have been subnutted to conformattonal analysts by molecular 

mechamcs and *H NMR m order to make correct Wreochemtcal assignments The pungent taste of the fiult bodes 

of both specxs IS due to a new duxldehyde, chrysorrM (9), whde a new me ne-en&ctone (8) LS u~olved m the 

change of the colour 

INTRODUCTION 

The mushrooms belongmg to the genus Luctarrus (family Russulaceae, Bas~dmmycotma) contain a 
nnlky-Jmce which can be observed when the fnnt-bo&es are cut or broken The colour and taste of dus latex, 
as well as those of the flesh, can be d&rent from species to smes, a fact of great taxononucal relevance l 
The chermcal background for such nnpresstve dwersities have been su~ected to several investlgtions m the 
last two decades 2.3 It 1s now possible to give a general plctute of the hochemical origin and fate of many 
sesqmterpenes and other secondary metabohtes found m these mushrooms. A smgle compound, wluch can be 
specSc for each spectes, for example the guatane sesquttetpenold 1 m L deltaosus Fr ,I velutmal ester 2a us 
L vellereus,sS phenol stearate 3 m L fdtgmtwsus Fr ? is ongmally present m intact fiW-Mes and can be 
isolated when mushrooms are worked up m carefully controlled condmons 

1 

re “0g-W1eCHa 

&I R = CO(CH&&H3 
2b R = CO(CH&CO(CH& 1Cb 3 

+ Commumcauon N 29 of the senes “Fungal metabohtes” For part 28 see reference 7 
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These compounds are probably stored as fatty acrd esters m the hpld layers of the cell membranes. In thts 
way they are protected agamst the amon of hpases and other enzymes’r whtch would promote the cascade of 
chenncal transformattons of the ortgtnal molecules when the mushmoms cells are Qsrupted A few mushroom 
enzymes drsplay then achvity very raprdly (from a few seconds to mtnutes). others p&ably remam acuve tn 
rn~ured samples for long perrods of tune and even III contact wtth orgamc solvents 7 Thrs can exphun the 
apparent d~screpancres ur the results reported fmm d&rent laboratones, where dtfferent extracuon and 
lsolaaon processes were followed For example, some sesquiterpene furans and lactones (e.g. 7 and S), 
isolated rn the past Ram Lactarrus fruit bodtes Z3 and Lately regarded wtth some skepucrsm as true 
metabol~tes.~ have agatn been reconsidered as enzymaucally formed.loJ1 

In thrs context we exammed the secondary metabohtes of intact and m~ured fiurt bodres of L 
chrysorrfzeus Fr. and L scro6rcuZazu.s (Stop ex Fr ) Fr. They belong to a relanvely small group of tn&ble 
Lucranus species that have a latex and flesh which, as soon as the frtut b&es are broken, am whne and 
tasteless, but turn yellow and bnter-acnd after a whde. l2 The tune for observmg these vanahons of colour and 
taste depends on several factors, mamly on the species and the age and state of the fnut bodres For example, 
tn young, fresh samples of L scrobrculatus the changes occur almost ely whde they take l-5 mtnutes 
tn L chtysorrheus I3 In old specmms yellowmg and pungency are much less marked Moreover, the colour 
fades constderably whde the latex drops dry up on the surface of m~ured specimens Nothmg IS known about 
the nature of the molecules involved in these transformauons 

We tsolated ur the past a great number of lactarane. secolactamne and norlactarane sesquiterpenes from 
L scroRculatus.~4-1s however the labrle acnd and coloured compounds escaped our tnvesugauons In thts 
paper we report our iindmgs on the sesqunerpenes of L chrysorrheus, a common mushroom of many It&an 
forests, and then extend our results to L scrobrcukuus 

RESULTS AND DISCUSSION 

In order to compare our results v&h those reported for snmlsr studies on other Luctarrus specles,4J9-1~ 
we adapted the procedure already followed for L vellereus 9 Only young specimens of L chrysorrheus that 
appeared undamaged by parasites were collected To su’nulate tn~ury, the mushrooms were nunced without the 
addtnon of solvent and extracted wnh hexane at room temperature A complete senes of extracuons was made 
at d&rent ttmes after injury and the extracts were analysed by TLC and W spectroscopy In addmon, at the 
same tunes, few drops of the rmlky-Juice were collected with a captllary tube, suspended tn U&Cl2 and mptdly 
analyzed by TLC Thrs chenucal analysis was performed wlule sunultaneously tasttng the mushroom’s flesh and 
latex 

Only a stngle compound, the hpophdtc veluunal lactaruuc acrd ester (2b)6 was found ut a specunen of 
tasteless and colourless latex ey collected after breakage of the fruit hodtes 19 The compound was 
tdenucal wnh an authenuc sample Surpunngly, neither stearoylveluttnal (2a)Q nor other veluunal fatty acid 
este# could be detected About 5-10 nun after rn~ury the taste became extremely acnd and pungent, whtle 
the latex turned a ntce brdhant yellow colour At the same tune a hexane extract showed an mtense absorpuon 
at 360 nm, well estendmg over the vnuble mgon TLC analysts revealed no slgmficant amount of ester 2b. 
instead the major components were found to be a non polar yellow compound and other colourless spots 
detectable only after sprayrng wtth vatulhn-H$O4 solutron 17 We nientrtled lactamscmb~ulnie A (4),15J7 
blenntn C (5).t5J1 lactanhal (6),r’J~1tJr furanol 73 (rdenufied by tberr spectral data and compartson wtth 
authentrc samples) and three new lactarane sequnerpenes chysorrhelactone (S), chrysorrhed~al (9) and 
chrysorrheal(l0) 23 The thermal and photochermcal labtlny of the last three compounds requued them to be 
handled III the dark and theu spectral data recorded as soon as possrble after chmmatographrc separanon 
Tnene 8 resulted paruculsrly unstable as a neat hqtnd and had to be always kept III a soluuon of apronc 
solvent, however, even m a benzene soluuon at -22 “C III the dark, tt decomposes wtthm a few days to a white 
insoluble matenal 
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The structures S-10 were assigned dy on the basis of ‘H and 13C NMR measurements, mcltig 
NOE and selectwe decouphng expenments and two-dunensional techNques (home- and hetem-nuclear 
COSY) 

A comparison of the NMR data of 9 and 10 with those of 4 (Tables 1 and 2) suggested that the three 
compounds are very sundar and proved the existence of the followmg molecular fragments m all three a 4,4- 
dunethylcyclopentene rmg, a pentasubsmuted dlene system contammg the only OlefiruC proton (at 6 6 81 N 9 
and at 6 6 61 us 10) N f3 posmon to a C=O group, one -CH(CH3)CH&H- fragment attached to an olefimc 
quatemary carbon. By usmg these fragments we established the lactarane skeleton for both 9 and 10 The mass 
spectrum of 9 &splayed a molecular peak at m/z 232 which, along ~th the NMR data, 1s consistent wuh the 
formula C15Hm& In the IR spectrum strong bands at 1717, 1670 and 1588 cm-1 m&cated d&rent kmds of 
carbonyl functions, wluch were &X&x-l as two formyl groups by the charactensac sgnals N the 1H (Table 1 
and Fig. 1) and 13C NMR spectra Therefore, &aldehyde 9 must have one CHO group attached to C-6 and the 
other lmked to C-7 UV absorption at 3 13 nm fully supported the benal system. 

The mass spectrum of 10 showed a molecular peak at m/z 234, two units more tban 9. whde IR, W and 
NMR spectra confumed the presence of the benal funcnon In addmon, COSY cross peaks and decouphng 
experunents proved the existence of a CHzOH group attached to the allyhc methme carbon C-6 Thus, 
compound 10 IS the 5-H denvatwe of 9 

Although we expected that l,rl-d&dehyde 9 and y-hydmxyaldehyde 10 could be m equd~br~u~ wtb the 

correspondmg herruacetal forms (16 and 17, re.specQvely) no significant amount of a cychc product is observed 
N the NMR spectra However, cat p-TsOH N EtOH completely converted compound 10 into O-ethyl acetals 
18, confirmmg the relahve posmon of the OH and CHO groups m 10 Furthermore, the IH NMR spectrum of 
9 shows small sgnals at 6 9 62 (d, J 1 2 Hz) and 9 41 (s), which were atmbuted to the C-6 epunenc aldehyde 
6-epr-chrysonkhal (ca 12%) 
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Fig 1 - 'H NMR spctra of chrymhelactone (8) and chrysorrh~ (9) 
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Table 1 ‘H NIvIR Spectral Data for compounds 4, * 8p 9.*10,)+ and ll* (~valu~mppn fmmTMs) 

Fmton 4 8 9 10 11 

H-l 222d’ 7. 225dkb 225d’vb 2O7d. 

H-l’ 256d* z 246d.c 256d.G 2 38’ 

H-3 2 62 m 215mr 263m 258m 2 38’ 

H4a 167ddd 180dd 235ddd 2O7ddd 195ddd 

H-4P 178dt 210m’ 159ddd 149ddd 162ddd 

H-5 456t 618bs 950s 356m 3 67 dd 

H-5’ 381t - - 3 56 m 373dd 

H-6 331m - 398dd 329tdd 268dddd 
H-8 6 86 d 68Obs 681s 661s 5 76 s 
H-10 2 36d* z 2 37 dk” 2 31 da.” 2 15 d1 
H-10’ 2455. 

06;d 

253 d*f 249d.F 238’ 

H-12 1 14d 112d 110d lO2d 
H-13 - - 940s 9 30 s 403bd 
H-13’ _ _ _ - 4 12d 
H-14 107 sb 086 sb 1 O4s.e 1 04 se 101 s 

H-15 108 sb 091s” 111~ 111s 107s 

J(Hz)4 8 9 10 

1,l’ 172 II 17.5b 
10,lO’ 152 II 14 5b 

4a,4B 135 149 142 

48.6 30 - 30 

4p,3 3 0 ” 105 

4~~6 115 - 65 

4a.3 36 51 45 

5,5’ 8 8 - - 

5,6 8 8 - 0 
5’,6 8 8 - - 
6.8 32 - - 
3.12 70 70 70 
13.13’ - - - 

11 

’ 300 MHz, 8 250 MHz. + CD@ sohmon. * C&j solution, 

” 

14; 

20 

115 

60 

43 

7; 
72 

70 

16 5 
14 0 

14 0 

18 

117 

65 

50 

100 

52 

87 

70 
12 0 

a each hne further sphtted by long range couplmgs. b* C. c assqpmeats m the same verhcal column may be mterchanged, 

” undetelmaled, rov&ppmg stgnak. 2 overlapping ABq at IX 2 05 

Table 2 13C NMR Spectral Dat# for Compounds 4,O+ 8:* 9.0+ and 10 '* 

Carbon 4 8 9 10 

c-1 

c-2 

c-3 

C-4 

c-5 

C-6 

c-7 

C-8 

ZO 
c-11 

c-12 

c-13 

c-14 

c-15 

54 2 (2). 54 6 (2)” 

154 2 (0) 156 7 (0) 

34 8 (1) 33 7 (1) 

32 5 (2) 29 4 (2) 

70 5 (2) 140 8 (1) 

35 6 (1) 119 l(0) 

128 9 (o)b 130 3 (0) 

1315 (1) 132 2 (1) 

128 5 (0)b 126 8 (0) 
52 6 (2)’ 51 6 (2)’ 
36 9 (0) 37 0 (0) 
21 7 (3) 16 4 (3) 

172 1 (0) 168 8 (0) 
29 1 (3) 29 0 (3)b 

29 1 (3) 29 1 (3)b 

53 3 (2Y 53 3 (2)’ 

157 3 (0) 155 7 (0) 

340(l) 33 l(1) 

32 l(2) 34 l(2) 
199 9 (1) 62 6 (2) 

47 5 (1) 37 4 (1) 

137.8 (0) 143 3 (0) 

147 8 (1) 145 9 (1) 

129 2 (0) 129 1 (0) 
52 4 (2)’ 52 8 (2)’ 
36 5 (0) 36 3 (0) 

19 6 (3) 15 4 (3) 

192 6 (1) 1935 (1) 

29 0 (3)b 29 2 (3)b 

28 8 (3)b 28 9 (3)b 

x The number (m parentheses) of pmtons attached to each carbon was determmed by DEPT expenments, o 62.5 MHz, 0 75 5 MI-Ix, 
+ cm3 du~on, 6, vdw m Ppm I&uve m cm13 at 77 0. * GD6 wbm 6, bdm m m r&m% m wf, a 128 0, 

*a b assignments m the same vemcal column may be mterchanged. 
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Compound 4.9 and 10 have the same absolute conflguratton, as shown m the formulae Irnuhaaon of 
H-6 rn lactone 4 gave a NOE effect at Hs-12 (1.5%) and H-S (5.6%) and trnuhatton of Hs-12 gave NOE 
effects at H-6 (8%) and H-18 (5.5%). Thus, H-6 and CI-Is-C(3) are CIS posittoned on the cycloheptadtene nng 
The same relanonshtp between these hydrogens 1s mamuuned tn compounds 9 and 10, notwtthstandmg the 
d&rent molecular conformaaons (vu&r t@a). In fact, hydrtde reducnon of 4.9 and 10 a&rded the same do1 
11 wth rdenttcal opttcal rotatron. A CD measurement of 11 gave a posmve Cotton effect (AE +1.12) for the 
x-1x* transraon of the &ene system. Accotdmg to the dtene hebcny ruleM thts mdtcates a posinve skewness of 
the chromophore tu 11 and allowed to establish the absolute configuranon of the &ol (and mdnectly of 4.9. 
10) by rnspecung Dmrdmg mcdels of the preferred conformanon 11A (Fig. 2). establtshed by molecular 
mechanics. 

The mass spectrum of compound 8 showed a strong molecular peak at & 230 whrch is conststent wrth 
the molecular formula C,sH,,Oa The latter was confirmed by hydrogens and carbon countmg 6om the NMR 

spectra IR bands at 1760 (s). 1675 (m), 1615 (m) and 1565 uuhcated the presence of an unsaturated y-lactone 
and conjugated double bonds, tdenn.tIed by NMR srgnals as one tetrasubstituted and two ttisubstttuted olefms 
Companson of the NMR data of 8 wrth those of 4 (I’ables 1 and 2) proved that the former contams a further 
unsaturanon tn the furanone rtng. whrle the mmauung part of the two molecules are rdenucal. The strong 
absorpnon of sesqtuterpene 8 at 370 4 nm was that expected for the cross-conjugated drenone-mene 
chromophore and IS tesponstble for the yellow colour and photolabrbty of thts compound Although only 
btosyntheac masons (vrde &a) support the absolute stereochenustry of the C-3 stereocenter, thts should be 
the same as tn sesqtnterpenes 4.9 and 10 

The constant flndmg of furanol (7). blenmn C (5) and la&u&al (6) rn dtfferent batches of L 
chrysorrhfm confihmed that they are true metabolttes of thts mushroom and are fotmed enzymattcally. 

Invesnganon on L scrobmlatus was camed out by the same procedure followed wtth L chrysorrhew 
but tn thrs case fnnt bodtes had to he extracted ca one mmute after the m~ury. as yellowIng is much more 
raptd. We confnmed earlter 8ndmgP that mtact fruit b&es contam only steamy1 veluanal(2a). accompanied 
by traces of other unsaturated fatty acid esters of velutmal. From the extracts of mjured mushrooms we 
:solated, tn addmon to compounds 4-6, 8-1O,23 small amounts of ftuanodtene 12 Thrs has aheady been 
obtamed by synthesrs,aa~ but has never been descrkd before as a natural product. Although furanolacuuane 
sesqunerpenes must always be consrdemd wrth some cautton as true metabobtes of Lucnzrn4~ mushrooms,22 it 
1s ltkely that, bke furan (7) and secolactaranes 5 and 6, dlene 12 IS formed duectly fmm the velunnal esters 
by a secondary route (vrde @a) 

Besides 12, the presence of other furanotd sesqtmerpenes rn L scrobmdatus must be regarded as htghly 
uncertam, even If traces [for example of furanol (7)] could have escaped our present tnvesttgation Thts 
contrasts dramahcally with the large amounts of furans isolated from pmvtous extracts of the same 
mushroomtsJ7 Therefore, mcorrect extracuon and rsolatton methods posstbly caused the “unnatural” 
formanon of these compounds 

Epoxtde 13, tsolated tn the past from L scrobtcularus.14 was not found durmg thts mvesngatton, even m 
extracts made one hour after m~ury Therefore, because of the easy oxuhxabtbty m au of lactone 4 to 
compound 13. the latter 1s strongly suspected of betng an artefact Interestmgly, MCPBA ox&non of 4 to 13 
1s completely &astereoselecnve 
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Confommtional Analjvis of L.actaranc Sesquiterpnes 4,9-II,13 
A number of stereochenucaI problems assocrated wrth sesqmterpenes 4.9-11. and 13 requued a cat&l 

conformanonal analysrs of these compounds. In fact, the presence of a cycloheptadrene nng confers them a 
certam degree of conformattonal flexrlnlny which cannot be quantuatrvely evaluated by qle mspecuon of 
Drerdmg models. Therefore, III order to make correct stereochemtcal assignments, we related the observed tH 
NMR data wnh the results of molecular modelmg performed usmg the MM2 program.% 

To coniirm the mlanve configuranon of lactaroscobrculide A (4), referred by the NOE expenments (see 
above), the conformattonal space of the stereostructure 4 and of Its Qastereorsomer 14 was explored. Besrdes 
a certam degree of conformatronal mobrlnlny due to the cycloheptadtene nng (nng B), the cyclopentene nng 
(nng A) mtroduces addmonal flexrbrhty lmnted, however, only to the mterconversron of the *lE and Etr forms 
due to the sps hybruhxanon of the carbon atoms at the rmg fusion On the contrary, the lactone nng (nng C) 
does not deserve spectal attennon, as its conformation 1s dtctated by the conformanon of the adlacent nng B 

The conformatronal search of compounds 4 and 14 made large use of the smgle and double dnver opnon 
of the MM2 program extensively applied to the torsional angles of nng B After locatmn of all the confonnets 
denvtng fmm the puckenng of this rmg, smgle dnvmg of a proper torsional angle msrde the cyclopentene rmg 
mverted its envelope conformatmn and doubled the number of the local mtmma Table 3 reports the mlanve 
energres. the eqtubbnum percentages and selected torsional angles of the conformers of4and14foundrna 
range of 5 kcal/mol above the global muumum Only conformers 4A,B and 14A.B conmbute to the overall 
populanons, all the other conformers are lugh energy practrcally unpopulated local munma. It ls worthy 
pomtmg out that the four populated conformers present the same geometry in the rings B and C as can be seen 
by the values almost rdenttcal of the torsional angles descnbmg the geomemes; each A,B couple of 
conformers differ rn the conformahon of rmg A as can be seen by the opposite value of the torstonal 
angle (C-l-C- 1 l-C- 10-C-9) 

Table 3 Relahve Buergres (kcaMnol), Boutlrbnum Percentages and Selected Torstonal Angles (degrees) for the. 
Conformers of Lactaroscrobnhde A (4). :ts Eper 14, and the Epoxldes 13 and 15 

Conf E, 96 C-2-C-9-C-8-C-7 C-2-C-3-C-4-C-6 C-3-C-4-C-6-C-7 C-l-C-11-C-l&C-9 

4A 000 53 2 
4B 008 46 8 
4c 4 53 <o 1 

14A 000 80 1 
14B 0 83 198 
14c 424 -al 
14D 478 <ol 
14E 481 <ol 

13A OWa 77 8 
13B 102 139 
13c 1 66 47 
13D 190 31 
13E 3 35 03 
13F 3 77 01 

MA 000 98 2 
15B 253 14 
1sc 3 41 03 
15D 405 01 

a 2 70 kcal/mol relative to 15A 

-5 66 -75 -28 
-6 66 -74 27 

40 -36 -39 -27 

-10 62 -79 -28 
-8 67 -77 26 

-39 -21 -50 -27 
-29 -68 19 -26 
40 -18 -52 24 

-13 60 -79 -24 
-10 59 -80 33 
-45 46 -25 -25 
-39 -63 . 0 -25 
-49 47 -26 35 
43 -64 -2 35 

48 -40 -39 24 
-5 68 -73 24 
-6 69 -72 -31 

-39 -69 6 -26 
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Table 4 Calculated %I NMR Vmnal Couplmg Constants J (Hz) of Canpounds 4.9-11.13-15 

mm 48.3 4cG3 48,6 4a6 5.6 S.6 

4 35 27 17 119 87 98 
14 27 123 14 115 91 92 
13’ 32 39 20 11 1 86 93 
15 113 57 68 107 36 89 
9 11 1 45 14 68 

10 120 34 13 63 
11 120 43 12 65 

1 Observed vlcmal coupling constants ofcompoundl3 I4 48.3 50. 4a.3 3 0; 4/3,6 35, 4a.6 115. 5.6 85. 5’.6 90 

The lH NMR wcmal couphng constants for the hydrogen atoms at C-3, C-4, C-6, and C-5 were then 
calculated~ for each dmstenolsomer~ lactone as waghted averages of the values of each conformer and are 
reported m Table 4. The close agreement of the expermxntal data (Table 1) ~th the values calculated for 4 
ensures that the tncychc lactone has the relative configuraaon md~cated by the formula 4. Fig 2 reports the 
thnx-cbmens~onal plots of conformers 4A and 4B; It can be easdy seen that H-6 1s close to Hs-12 [the &stance 
between H-6 and C-12 1s 2.72 A (2 73 A) III 4A (SB)] as was suggested by NOE expemnents. 

The chmce between contigurahons 13 and 15 for the 29-epoxule of lactamscrob~uhde A (4).14 was 
made III a smular way. Owmg to the smct sumlanty of 13.15 to 4,14 the strategy for the conformatumal search 
was the same as ahove descr~hed for the latter compounds. an extenswe conformatmnal search m ring B 
followed by envelope mvers~ons of nng A The conformanonal behavior of 13 was shown to he quite Want 
from the hehavlor of 15, so ensuring the possllnhty to dlsnngulsh them by spectroscopy We the most 
populated conformanons 13A.B of epoxlde 13 (which account for about 92% of the overall population) have a 
geometry of nng B closely resemhhng that of 4A,B, the global muumum 15A of epoxlde 15 (which accounts 
for 98% of the overall population) was found completely different from them (see Table 3 and Fig 2) Very 
&fferent patterns of *H NMR wcmal couphng constants could, therefore, be calculated for 13 and 15 (Table 
4), only the data of 13 well fit the expenmental data ensunng that structure 13 correctly describes the product 
of oxidation of 4 It 1s worthy pomMg out that, as the energy of conformer 15A 1s calculated 2.70 kcal/mol 
lower than that of 13A. the epoxtdation process 1s confumed to he under kmeac control Quite surpnsmgly, 
the apparently more hmdered face of the C-2-C-9 double bond 1s shown more easdy accessible by the 
oxuhzing agent. 

The three b~ychc compounds 9,10, and 11 wdl be &scussed together as fhelr conformatmnal hehavmr 
1s very snndar In these cases the flexltity of rings A and B 1s expected to be tigher than us the prewously 
studled compounds due to the absence of nng C, moreover, hydmxymethyl and fonnyl groups produce other 
conformatlonal freedom owmg to rotation around sutgle bonds Therefore, the strategy of conformational 
search applied above for 4,13-15 was completed by a till analyws of the mtamers denvmg, m the case of the 
hydroxymethyl groups, from the rotation of the oxygen atom around the (G)C-C bond and the rotation of 
the hydrogen atom around the (H-)0-C bond (3x3 rotamers), analogously, when foxmyl groups are present, 
rotation around the (O=)CX bond has to be considered gwmg nse to two mtamers when the formyl group 1s 
linked to the C-7 spZ carbon atom or to three mtamers when It 1s hnked to the C-6 sp3 carbon atom 

Each confom~ of dlol 11 presents, therefore, a cluster of 81 (3~3~3x3) conformanons denvmg fmm 
&fferent onentatlons of the two hydroxymethyl groups, this figure becomes 18 (3~3x2) for hydmxyaldehyde 
10 and 6 (3x2) for tidehyde 9. The energy of all the conformers m each cluster have been calculated, 
however, as rotation of the side groups does not slgmficantiy affect the geometry of the Mg moleties, only the 
conformers wnh the lowest energy m each cluster have been reported in Table 5 
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Due to the ahaence of nng C III 9-U the flexMq of nng B was found higher than III 4.13-15. several 
local muuma were located m a range of 5 kcal/mol above the global muumum. However, the global mnumum, 
and the Elated second muumum (which d&rs from it only III the confoxmatton of rmg A) account for a very 
Hugh percentage of the overall populanon. 87%,96%, and 98% for 9,10, and 11, respectively. The geometry 
of the global muuma (Fig. 2) 1s completely &fferent from that m 4 and 13, m fact, the onentation of the 3- 
methyl group 1s. m 9-11, pseud~equatornd, m contrast to the pseudo-axial onentaaon found in 4 and 13 The 
weighted averages of the vlcmal couphng constants well fit the expenmental data ensurmg the calculated 
conformatmns be a good representation of the sohmon conformations, moreover, the NOE observed m 11 on 
tiation of H-6,l.e the enhancements of H-5 (3 5%) and H-13 (2 6%), are explamed by the calculated 1-6 
averaged &stances H-6-H-5 (2 62 A) and H-6-H-13 (2.55 A). 

Analysts of the preferred onentations of the formy groups m &aldehyde 9 showed a marked preference 
(by about 3 kcal/mol) of the 7-formyl group for an onentatton of the carbonyl oxygen arm to C-8. Though 
rotation around the C-5-C-6 bond IS easier than around the bond C-7-C-13, the two onentabons showmg 
H-C-6-C-5-H angles of 108” and -113’ were preferred by about 1 kcal/mol over the thud one showmg a 

Table 5 Fklaave lGerg~!~ @caMno& EquU)mun Percentages and Selected Tomonal Angles (degees) for me 

Cmfonners of -al (9). chlysonheal(10). and ChlysorIhedlol(11) 

chlf % 

9A 000 73 4 
9B 099 13 8 

9c 174 39 
9D 175 38 

9E 2 28 16 

9F 251 11 

9G 251 11 

9H 2 70 08 

91 299 05 

9J 378 01 

1OA 000 810 

10B 102 145 

1OC 2 16 21 

1OD 225 18 
10E 3 55 02 
10F 3 65 02 
1OG 3 91 01 
1OH 434 CO1 
101 472 CO1 

1OJ 4 79 <o 1 

11A 000 814 
11B 095 164 
11c 2 69 09 
11D 2 77 08 
11E 3 63 02 
11F 3 73 01 
1lG 3 81 01 
1lH 404 01 
111 431 CO1 

C-2c-9-c~-7 c-2-c-3-c4cd c-3cQc_6c-7 C-l-c-l lC-10-c-9 cx-a-c-7x-13 

21 -51 87 30 -105 
29 40 84 -26 -107 
14 81 -61 26 -47 
15 80 -60 -27 48 
39 18 55 24 -118 

-23 54 -90 27 7 
-16 59 -88 -28 -1 
42 20 54 -25 -119 

-43 -36 -45 -27 22 
-45 -37 43 22 23 

16 -56 83 29 -95 
16 -58 83 -27 -95 
20 81 -50 27 -56 
21 81 -51 -26 -57 

-24 52 -92 27 9 
-20 57 -92 -28 4 

-43 -36 45 -27 20 
38 33 39 24 -108 

45 -37 43 22 21 

40 30 43 -25 -113 

21 -51 85 29 -107 
25 -49 85 -26 -109 
16 82 -57 26 -51 
15 80 -60 -27 -49 

38 31 41 23 -115 
-10 66 -84 -28 -17 

-15 62 -87 27 -12 
41 43 -23 -115 

-43 -44 -27 24 
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value of 6” for the same torstonal angle. On these basrs the absence of a detectable coupliig between H-S and 
H-6 m the tH NMR spectrum can be exphuned by the almost petpendrcular orientatton of the two C-H bonds 

The tH NMR spectrum of chrysorrheal(l0) drd not uuhcate the pmsence of any detectable amount of 
henuacetahc mcychc form (17). Inspectron of conformer 1OA shows a somewhat dtvergent orientatton of the 
C-5-C-6 and C-7-C-13 bonds (the torsional angle C-5-C&C!-7X-13 rs -959. ring closure to hermacetal 
would require a sevem confotmattonal rearrangement at a htgh energeac cost; this fact, added to the cost for 
the loss of the resonance energy denvmg from the comugatton of the carbonyl group to the C-7-C-8 double 
bond, makes mpmbable the cychzahon to 17 Moreover, the pseudo-axral onentatron of the C-5-C-6 bond III 
10 and 11 1s confirmed by the proxmuty of Hz-5 to H-3 (see conformers 1OA and 11A III Fig 2) as 
demonstrated by the NOE enhancements of Hz-5 on uradtatton of H-3 m 10 (2.3%) and 11(2 4%) 

Biological Signi$cance of Sesqdterpenes 4,6,8-10 
The formatton of mene lactone 8 1s mvolved m the yellowing of the latex and flesh of L scrobmdatw 

and L chrysorrheus shortly after an injury of the fruit bodies Chrysorrhedial (9) is extremely pungent and, 
along with lactardutl (6),l” appears to be responsible for the pungency of these mushrooms 
Iactamscrobicuhde A (4) and chrysorrheal(l0) are bitter and shghtly asmngent, but not acnd. Despite these 
sundannes, the compounds are formed by spectfic enzymattc processes from two dtfferent velutmal precursors 
2a III L scrobzculatus and 2b m L chtysorreheus Moreover. wtth respect to mene 8, the xelauve amount of 
dialdehyde 9 1s hrgher tn the former than m the latter species, while lactone 4 1s more abundant in L 
chrysorrheus Thus cmfii ear& findmgs 9-11 that the pattern of sesqmtexpenes produced by each Lucrarrus 
species mers from one species to another and can be a chemotaxononncaI marker Unfortunately, a complete 
quantttauve analysrs of the sesqmterpenes of L chrysorrheus and L scrobrculatus as a function of tune 
between grmdmg and extraction, smular to that made for L vellered was unposnble to perfonr~ The raprduy 
of the mural enzymauc reactions m ln~ured mushroom tissues and the mstabrhty of many compounds made it 
ticult to study the kmeucs of their formanon and to isolate possible mtermechates. However, at least rn L 
chrysorrheus where changes occur less raptdly, compounds 8, 9 and 10 appear tn the extracts almost 
smuthaneously (w-nhrn 80-90 set from the m~uty), wlule lactone 4 seems to be formed shghtly later Along 
wtth small amounts of $6 and 10 the latter becomes the matn compound in the (colourless) extracts made cu 
l/2 h after grmdmg By this tune the pungent dtaldehyde 9 and the yellow tnenelactone 8 have practrcally 
disappeared Together wuh these chenncal changes. the peppery taste of the mushroom turns bitter and the 
yellow colour fades away consx-lembly. Compared wtth L chrysorrheus. drsappearance of lactone 8 1s faster rn 
L scrobmdurur, while lactatoscrobiculide A (4) increases less rapidly 

When the fruit ties of L scrobrculatus were cut m the dark and under an mert (Ns) atmosphere, 
yellowmg of the flesh and latex occurred as promptly as tn the au. Thrs expenment demonstrates that 
atmosphenc free oxygen IS not duectly mvolved, but specrfic enzymes m the mushmoms promote the 
oxtdatton of substrates 2a-b to compound 8 

In several aspects the chemrcal behavlour of L scrobrculufus and L chrysorrheus 1s smdar to that of 
other pungent Russulaceae species wnh permanent white latex. (c11.20 In fact, tn inlured ttssues of these 
mushrooms hot tasttng sesqmterpenotd unsaturated diakiehydes [e g rsovelleral (19). velleral (20), pipe&al 
(21) and epl-ptpenhal(22)] are rapidly formed by specific enzymattc routes from fatty actd esters of veluunal 
(2a-b) These potent antuxucmlnal compounds are then reduced to the correspondmg less acuve and non 
pungent 13-hydmxyaklehydes (e g rsovellerol, velletol, pmeralol and epl-ptperalol). It has been suggested that 
all together these sesqmterpenes commute a chermcal defense system agamst parasites and predators 9~3 It 1s 
hkely that rn L chrysorrheur and L scrobmlatus chrysonkdd (9) and, m minor extent, lacta~W(6) act as 
the deterrent compounds, hke the other unsaturated &aklehydes 19-22, whde blenmn C (5) and 
lactaroscxobrcuhde (4), more than chrysorrheal (lo), seem to be the harmless end products. Interestmgly, the 
deterrent acnvny decreases m “white ~mce” Lacrurrus species by reduchon of the C-13 carbonyl, mstead ur 
“yellow ~mce” species by mductton of the C-5 fotmyl group. Lactone 4 can be formed erther by oxulanon of 
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C-13 m chrysorrheal (10) or by a -type reachon 111 du&lehyde 9. as the conversion 6 --f 5 C-13 
oxldauon of compound 9 leads duectly to chrysorrhelactone (8). The rapid formanon of a large amount of 
lactones 4 and 8 shortly after an m~ury to the iiuit mes m&cates that ktanus sjmxes smetmg a yellowIng 
latex are endowed ~th an array of oxldu;urg enzymes much more dficlent than species ~th permanent white 
latex In the latter mushrooms, mdad, the routes leading to sesqmterpene lactones m stdl debated.ll 

Lactaroscroticuhde A (4) shows no an~bbactenal actlvlty, wNe both chrysorrhe&al(9) and chrysorrheal 
(10) are active agamst Bacrllus subnlts and Staphylococcus aweus (Kuby-Bauer test). cltotomty was tested 
by bmessaymg on Artema salma (bnne shnmp essay) *9 The LDso (pg/mL) values (95% confidence) found for 
4, 9, and 10 were 12.9 (8 4-19.6), 15 7 (9 6-25 7). and 43 6 (24 3-76 8). respecavely The mstamty of 
chrysorrhelactone 8 made these bolo@cal acnvlty tests unrehable, thus its role m mushmoms remams 
unknown 

Biosynthetic Routes to Sesquiterpenes 4-10,12,19-22 
The enzymanc mechamsm of VeluMti ester conversion 111 m~ured i&Xar~ frtut mes are poorly 

stud& However, the co-occurrence of sesquiterpenes with related structures m the same mushroom has 
suggested possible bosynthehc route~.~K~~J~ The findmg of specific metabohtes patterns m&cates that parallel 
enzymauc pathways must have evolved m each species ~th small ecatmns of the m&mdual enzymes 
pool Stereochenucal &tads of isolated sesqmterpeqes are obviously important m searchmg for possible 
biosynthetic mteates The absolute configuration m&cated m the formulae 2a-b, 4-13, 19-22 were 
estabhshed by CD sties (thus paper and ref. 32). enantloselectlve synthes~ of lsovelleral (19)33 and chmc.aJ 
correlations *.W* It 1s well estabhshed that lactarane and secolactarane sesquiterpenes can have either 
absolute configurahon at C-3 (compare 9 with 20) As the C-3 stereocenter 1s a quaternary carbon 111 veluMal 
esters 2a-b, this would depend on whch side stereospeclfic H addition to C-3 occurs Therefore the 
stereochermstry at this center m each compound, compared to that of other stereocenters m the same 
molecule, may reveal important clues for the conversion of the marasmane Incyclo[4 1 Olheptane moiety into 
the lactarane seven membered Mg and may suggest further key mterme&ates 

In Scheme 1 we propose a comprehensive picture of the possible pathways leadmg to SesqMerpenes 
4-10, 12, and the pungent related Udehydes lsovelleral (19), velleral (20). plpetial (21) and epr-plpen-hal 
(22) As velleral IS not formed via lsovelleral(19),* at least four parallel routes stream from the veluMal esters 
2a-b to other fuctarws sesqu~texpenes one to isovelleral(19), another to the velleral(20) - pipe&al (21-22) 
group, another to chrysorrhe&al(9) and related compounds and the last one to secolactaranes and furanold 
sesqmterpenes The mechamsm of the latter enzymaac conversion may well be very slrmlar to that of the 
non-enzymatic degradatton **s It 1s hkely that the epoxide nng is the uuMl site of reaction, with more or less 
simultaneous enzymattc ester hydrolysis. ms 1s suggested by the extreme ease of spontaneous hydrolysis of 
these esters and the findmgs of a hgh hpase achvlty m other Luctarrus species 4.7 As recently proposed,* 
compound 23 (R=H or a fatty acid acyl) could well be one of the first mwates 111 veluMal2a-b conver- 
sions Notably the henuacetal nng of 23 already contams two formy groups at C-S and C-13 m a masked 
form. A formal lsomenzahon of 23 (R=H) could lead eventually to 21 or 22, wNe ehnunanon of a ROH 
equivalent could afford 9 or 19 or 20 Two alternative ways of lsomenzatlon or ROH expulsion would lead 
instead to the secolactarane 5 or to furanol(7), respecavely It 1s really impresswe, mdeed, how Nature could 
manage to create such a large number of &fferent structures by an unagmatlve vanauon of these two snnple 
reactlonsl A deeper scruMy of the ummate detiuls of these conversions shows that they all fall m the same 
type of a cooperative electron push-pull mechanism An enzymatic proton source provides the uuMl electro- 
phlle, whde an mtemal (route a) or external (routes b, b’, c, d) enzyme nucleophllic group would stabdlze the 
developing positive charge Thus, the fate of the mterme&ate 23 appears to depend on the site of protonanon 
whch may take place on the C-5 oxygen function or on the C-8 hydroxyl group or on the C-7-C-13 double 
bond The formanon of both pipe&al (22) and epi-piperdial (23) mhcates that the configuration at C-7 1s 
mtroduced m the course of these conversions, depending on which side protonation occurs Entenng of the 
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external nucleophtltc group takes place at C-3 wnh sm~ultaneous opernng of the cyclopropane ring (see mter- 
medn~s 24-27) ti is followed by a hydnde shtft from a vzmal carbon unth an arm exption of the group 
temporanly attached to C-3. A BH-4 shtft woukl thus lead to the configuration at C-3 of velleral (20) and 
ppe&als (21-22), wNe a 1.2-H sh&t from C-2, followed by the loss of H-9 or fragmentanon of the C-8-C-9 
bond could gave nse to chtysord&al (9), Mene (U) or &an&al (6). re+vely Subtle tiferences tn 
the topology of the enzymes are therefore suffifzent for catalyzmg the &vergent formation of lsomenc 
tidehydes 9 and 20 fmm mtermedtate 25 along the two routes e and f, respechvely 

EXPERIMENTAL 

Meltmg pomts were determuted on a Fisher-Johns hot plate and are unconnected. IR spectra were 
recorded (film or KBr pellets) ~th a P&n-Elmer model 881 spectrophotometer NMR spectra were 
recorded on a Bruker 250 MHz or a Bruker ACE 300 mstrument. For the two dunenstonal home- and hetero- 
nuclear CGSY and NOE&fference expenments Bruker standard software was employed. Mass spectra were 
obtamed on a Fmmgan MAT 8222 mass spectrometer at 70 eV usmg a dtrect Net system. Spe&ic optical 
rotations were determuted w~tb a Perkm-Elmer model 241 dtgtal polaruneter at 20 “C and CD spectra were 
obtamed with a Jasco J-SOOA spectropolanmeter UV absorpnon spectra were detemuned ~th a Perkm-Elmer 
Lambda 5 UV/VIS spectmphotometer Column chromatography was performed on Icleselgel 60 (Merck) 
0 040-0.063 mm, shmy packed TLC analysis was camed out on s&a gel plates (GF,, Merck, 0 25 mm) 
‘Ihe spots were vtsushzed by spraymg the plates wtth 0 5% vamllm soluuon us HzSO4 (4: 1) and then heatmg at 
120 “C for 30 set All solvents were punfied, dned and degassed by standard techniques Just before use. 

Extracnon and ~solatwn of the sesqwepenes L chrysorrheus was collected III different woods of 
Appennuunes, wNe L scrobmlatus was found tn coniferous forests near Champoluc (Aosta Valley). The 
mushrooms were brought to the laboratory m Pavla and extracted w&m 24 hours after collectmg. Fresh fnut 
b&es of L chrysorrheus (650 g). apparently not damaged by parasites, were nnnced and left at room 
temperature for 10 mm w&out adding any solvent They were then extracted three tunes at 22 “C! with 
degassed hexane and the combmed extracts were rapully dned (MgSQ) and concentrated below 30 “C under 
reduced pressure 111 the dark It was very important not to evaporate the solunon completely to dryness for 
prevennng decomposiaon of lactone 8 The residual solution (ca 2 5 mL,) was adsorbed on the top of a s&a 
gel column, eluted with a gradient of AcOEt tn hexane (from 1 16 to l-8). All the operattons were perfoxmed 
under dunmed light The sesqutterpenes were eluted in the following order 8 (30 mg), 9 (35 mg), 7 (12 mg), 4 
(270 mg), 10 (28 mg), 6 (8 mg). 5 (15 mg). The same procedure was followed for the extraction and lsolatton 
of sesqmterpenes 12, 8. 9, 4, 10, 6. and 5 from L scrobmlam However, m thus case fruit Wes were 
nunced only one mmute pIlor to extraction Furanol (7),3 furantiene 12,U lac taroscmbtcuh& A (4),‘s mp 
86-88 “C, [a]o +466 (CH2Cl2, c 0 8), lactial (6),” blennm C (5).1521 were identical ~rlth authentic samples 
‘H NMR and 13C NMR spectra of compounds 4,8,9.10. and 11 are reported ut Tables 1 and 2, respectwely 
For obtammg the NMR spectra of lactone 8 chmmatographic fractions contamIng tt had to be evaporated to 
dryness just before reconimg and CaD6 was added rmmedrarely 

Chrysorrhelactone (81 011, [a]D -30 4 (CH2Cl2, c 0 7), UV (CH&) lb, 370 4 nm, v, 3110.2920. 
1760,1675,1615.1565,1460,1365,1300,1265,1155,1110,1045,980,950, 755,725 cm’; EIMS. m/z (rel 
mt ) 230 (M+, 100). 215 (M-Me, 25). 201 (40). 187 (17), 174 (M-isobutene. 22). 159 (15). 146 (35), 91(20) 

Chrysorrheduzl(9~ Chl, [& +60 2 (CH2Cl2, c 2 4). W (CH&Q) L 313 nm (log & 3 95); v, 2956, 
2720,1717,1670,1588,1457,1424,1363,1313,1157,1048.737,702 cm-l, EIMS, m/z (rel mt) 232 (M+. 
50), 204 (28), 203 (40), 189 (21), 185 (30), 175 (45), 169 (25), 159 (24). 147 (43), 133 (U), 131 (26). 129 
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(24), 128 (24). 119 (65), 117 (a), 115 (30). 105 (75). 95 (23), 91 (85). 83 (30), 81 (28), 79 (34), 77 (47). 69 
(50), 57 (45). 55 (70), 43 (49), 41 (100). 

Chrysorrheal(Z0) Chl, [a]o +29 6 (C&, c 0 15), W (CH2C12) L 318 nm (log E 4.17). v, 3400, 
2950.1675, 1590, 1460,1425,1365, 1300, 1245,1170,1035 cm*; EIMS, m/z (rel.mt): 234 (M+, lOO), 216 
(M-18, 26). 203 (27), 201 (47), 187 (78). 173 (48). 161 (35). 160 (33), 159 (31), 145 (42), 133 (21), 131 
(34), 119 (40), 105 (58). 91 (56), 77 (21). 55 (25), 41 (32) 

O-Ethyl acetals 26 of chrporrheal Compound 10 (8 mg) m EtOH (2 mL) contammg p-TsOH (0.5 mg) 
was stmed at room temperature for 2 hours Sobd Na&Q was add4 and the nnxture was filth and taken 
to dryness IR no OH bands, ‘H NMR (80 MHz, CD& TMS) 6 1.05 (6H, s, Hs-14 and Hs-15), 107 (3H, d, 
J 7 0 Hz, H3-12). 1.22 (3H, t. J 7.0 Hz, C!&CH~G-), 1.5-2.7 (8H, m, Hz-l, Hz-lo, H-3, Hz-4, H-6), 3.35-3 85 
(2H, m, HZ-~). 4 05 and 4 27 (totally 2I-I. 2q, J 7 0 Hz, CH&&G-), 5.30 and 5 45 (totally H-I, 2s. H-13), 5.90 
(lH, bs. H-8); EIMS, m/z (rel mt): 262 (M+, 62), 217 (M-OEt, 100). 188 (42), 175 (40). 173 (46), 162 (27). 
161 (24), 147 (61), 133 (24), 131 (22). 119 (31). 105 (37), 91 (36), 69 (23). 57 (25), 55 (28), 43 (28). 41 

(32) 

Chrysorrhed~ol (II) Mp 53-54 ‘C!. [a]n +59 5 (CHzClz, c 0 2). UV (CH&) L 269 4 nm (log E 
4 16), CD (EtOH) L (A&) 268 nm (+l 12), v,, 3300, 2940, 1620, 1455. 1430, 1360, 1310, 1290, 1230. 
1150, 1025,995, 870 cm-l, EIMS, m/z (rel mt.) 236 (M+, 7), 218 (M-H20, 67), 187 (lOO), 159 (21), 145 
(31), 131 (28), 119 (25). 105 (40). 91 (37). 55 (20). 41 (24). 

a) From LtAlHd reducnon of lactone 4 Lactamscrob~cubde A (4.21 mg, 0 091 mmol) III THF (1 mL) 
was added to m (2 6 mg, 0 068 mmol) III THF (1 mL) at -25 ‘C under argon After shmng for 2 hours, 
AcOEt (1 mL), then Hz0 (0 3 mL) and Cehte were added and the rmxture was filtered under vacuum, drted 
(MgSOd) and evaporated The residue was chromatographed on a sdtca gel column. Eluaon with hexane- 
AcOEt (2 1) gave dtol 11(12 mg) 

b) From LtAlH, reducnon of chrysorrheal(Z0) Followmg the above procedure hydroxyaldehyde 10 (6 

mg) gave d10111(3 5 mg) 
c) From DZBAL-H reabctton of chrysorrhedtal(9) 10 M DIBAL-H m THF (37 1 pL, 0 37 1 mmol) was 

added to compound 9 (34 4 mg, 0.148 mmol) m THF (1 mL) at - 10 “C under argon The reaction nuxture was 
stmed for 90 mm at room temperature, then quenched wtth 10% aq NaOH, dduted with AcOEt and washed 
with brme The organic layer was dned (MgSQ) and evaporated Chromatograptic separation of the residue 
on a slhca gel column, eluted ~nth C,I-&-AcOEt (7 3), gave ho1 ll(l0 mg). 

Acknowledgements 
This work was supported by grants from the Itahan Mmtstero dell’Umverstt& e della &cema Sclentica e 

Tecnologlca (funds 40%) and fmm Conslgho Nauonale delle kcemhe (Progetto Fmahzzato Uumtca Fme II) 
We warmly thank Prof. Anna Gamba Invemlzu, Prof &ovanm Fmnza, and Dr. Massnno Slsti for tecordmg 
the NMR spectra; Dr Glorgto Melleno for MS analyses, Mr. Glorgo Bauu~o and the components of the 
Mycologcal Group “G. Bresadola” m Ast~ for collectmg and identifymg the mushrooms 

REFERENCES AND NOTES 

1 Bon, M. Documents mycologques, Tome X. Fasclcule n 40; Wle, 1980 
2 Ayer, W , Brown, L Tetrahedron 1981,37,2199 
3 Turner, W , Aldndge, D Fungal Matabolites II, Academx Press London, 1983 
4 Sterner, O., Bergendorf, 0 , Bocchlo, F Phytochemtstty 1989.28,2501 and references cited therem 
5 Favre-Bonvm, J , Gluchoff-Fiasson, K , Bermllon, J Tetrahedron Lett 1982,23,1907 



1504 M DE BERNARDI et al 

6 

7 
8 
9 

10 
11 
12 

13 

14 
15 
16 
17 

18 
19 

20 
21 
22 

23 

24 

25 
26 
27 
28 
29 

30 
31 
32 

33 

Sterner, 0.; Bergman, R , Kesler, E , Ntlsson, L ; Oluwtiya, J ; Wtckberg. B Tetrahedron Lett 1983, 
24.1415. 
De Bemardr, M , Vtdan, G., Vita-Ftnw P , Fronza. G Tetrahedron 1992,48,7331. 
Hansson, T., Sterner, 0 Tetrahedron ktt 1991,32.2541 
Sterner, 0.; Bergman, R., K&erg, J.; Wtckberg, B.J Nat Prod 1985,48,279. 
Sterner, 0, Bergman, R ; Franz&t, C.; Wtckberg, B Tetrahedron Len 1985,26,3 163. 
Sterner, 0. Acta Chem Scand 1989,43,694 
Notwuhstandmg these smnlsrmes, tradmonal botarucal su~vrston of the genus Lucturus places L 
scrobu&tus III the section Trtcholomotdea Fr and L chrysorrhetu m the section Ruswlares Fr ’ A 
snmlar behavtour can be observed for other relauvely common Luctaraas spexxes, Ike L dectprens Quel , 
L theJogaIus (Bull ) Fr , L hepaticus Plow, L crmolens Pouzar, L tntermedius Krbh t3 
Matchand, A. Charnprgncns du Nord et du Muit, Lactawes et Phohotes, Socxt% Mtcologtque des 
Pyr&es Mtiterrantennes, Hachette, 1980. 
Vtdan, G., Garlaschelh, L , De Bemat&, M ; Fmnza, G ; Vita-Fntzr. P Tetrahedron Lett 1975.1773 
De Beam&, M.; Fronza, G , Vtdan, G , Vita-Fiizt, P. Chrm Ind @Uan) 19X,58,177 
De Berm&. M., Fronza, G., Melleno, G , V&n, G , Vita-Ftnzt, P Phytochemutry 1979,18,293 
Battagha, R ; De Bemsrdt, M , Fmnza, G , Melleno, G., Vtdart, G., Vita-Ftnzt, P J Nat Prod 1980. 

43,3 19. 
Bosem. A ; Fronza, G , Vldan, G., Vita-Futzr. P Phytochemwry 1989,28,1427. 
Internstingly. 6-oxo-octadecanotc actd (syn dketostearic acrd, lactamuc actd) was tdenufied ut fnut 
bodtes of L chrysorrheus by extracnon wnh C!HCl,-MeOH wt. M Nippon Noget Kagakzu Katslu 

1978,52,351 (C A 1979,90.19016q)] 
Gluchoff-Ftasson, K , Kuhner, R. C R Acad Set S&rre III 1982,294,1067 
Vrdart, G ; De Bemanh. M , Vita-Ftnu, P , Ftonza, G Phytochemtstry 1976,15,1953 
Sterner, 0, Bergman, R, Kthlberg, J ; Oluwadtya, J, Wtckberg, B ; Vtdart, G , De Bemardt, M ; De 
Marcht, F , Fmnza, G , Vita-Futzt, P J Org Chem 1985,50,950 
Dr 0 Sterner has recently tnformed us to have tsolated compound 10 dunng an uuhpendent work on 
L.ucmrws scrobrculatus (paper tn press m Tetrahedron Lett ) 
a) Moscownz, A.; Chamey, E., Wetss, U , Ztffer, H .I Am Chem Sot 1%1,83,4661, b) Wetss, U , 
Z&r, H, Chamey, E. Tetrahedron 1%5,21, 3105. c) N&o, M, Hmta, M Tetrahedron 1989.45. 

7201 
De Be&, M ; Ftonza, G ; Sdmngo. A , V&n, G , Vita-Fun, P Tetrahedron 1986,42,4227 
Tar. J C ; Alhnger, N L J Am Chem Sot 1988,110,2050 
Haasnoot, C. A G , de Leeuw, F A A M , Altona, C Tetrahedron 1980,36,2783 
Camazme, S , Resch, J , Elmer, T , Metnwald, J J Chcm Ecofogy 1983,lO. 1439 
Meyer, B N.; Femgtu, N R , Putuam, J E , Jacobsen, L B ; Nichols, D E , MC Laughlm, J L Plantu 
Meduza 1982,45, 3 1 
De Bemardt, M , Vtdarr. G., Vita-Fmzt, P , Gluchhoff-Frasson, K. Tetrahedron Lett 1982,23,4623. 
Sterner, 0 The Russulaceae Sesqurtetpenes, Doctoral Thesis, p. 67, Untversrty of Lund, 1985. 
De Bemauh, M , Fmnza, G , Melleno. G Valla, V , Vtdan, G , Vtta-Futzr, P Guzz Chum Ital 1984, 
114,163 
Bergman, R , Hansson, T , Sterner, 0, Wtckberg, B J Chem Sot , Chem Commun 1990,865 


