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Abstract-The structures of melleolides ED, three new protoilludene sesquiterpenoid 0-methylorsellinates isolated 
from a culture of Armillaria mellea, have been elucidated on the basis of chemical and spectral data. 

INTRODUCTION 

As a part of our studies on fungal metabolites, we have 
isolated melleolides ED (l-3) from cultures of a strain of 
Amdlaria mellea, a Rasidiomycete which is known to 
produce chemical defence metabolites possessing anti- 
bacterial activity [l]. These compounds, which have an 
unusual hydroxylation pattern at C-10 and C-l 3, are new 
members of the protoilludane sequiterpenoids, a group of 
fungal metabolites first isolated from Clitocybe illudens 
[2]. It is suggested that they are derived from a ‘proto- 
illudane’ intermediate arising from famesol via humulene. 

The lirst compound of this type to be isolated from A. 
melleo was armillol orsellinate [3,4] followed by mel- 
leolide [5],armillarin and armillaridin [6], and judeol and 
4-O-methylmelleolide 173. In all cases the structures were 
established by X-ray analysis. In this paper, we report the 
isolation of melleolides ED, aromatic esters of different 
derivatives of protoilludene, and their structural assign- 
ment on the basis of chemical transformations and ‘H and 
“C NMR spectroscopy. 

RESULTS AND DlSCU!SlON 

When A. mellea was grown on glucose-yeast 
extract-agar medium (GYA) in Roux flasks for 4 weeks, 
two main metabolites (1 and 2) were produced. 
Compound 1 was obtained as a glassy solid, mp 4245”; 
[a],, = + 19.6” (c 0.6; MeOH). Its IR and UV spectra 
established the presence of an ester function (1645 cm- *) 
and a substituted aromatic ring respectively. Its molecular 
formula (C2*Hs207) was determined by CI/MS (CM]‘, 
m/z 432). A major fragmentation ion at m/z 183 cor- 
responded to the 0-methylorselhnate moiety. The ‘Hand 
13C NMR data, which are summarized in Tables 1 and 2, 
confirmed the proposed formula. 

The presence of the 0-methylorsellinate moiety was 
deduced from the following results: the 300.13 MHz 
‘H NMR spectrum of compound 1 exhibited one chelated 

*Part XIV in the series “Secondary Mould Metabolites”. For 
Part Xl11 see Arnone, A., Camarda, L., Merlini, L. and Nasini, G. 
(1985) 1. Chem. Sot. Perkin Trans. 1. 1387. 

1 R = R’ = R’ = H, R’ = H,j 

2 R=~~=R~=H, ~1~0~ 
3 g= R1=H, R’=OH, R’=Cl 
4 R = R’ = AC, g’ = g’ .z H 

S R= d=H, R’=OH, R’=Ae 
6 R=R7=A~,RI=OAe,R)=H 

COOMe 

OH 

be 

7 R=H 

8 R=CL 

phenolic hydroxy proton at 6, 11.60 (OH-3’), two meta 
coupled aromatic protons at 6, 6.32 and 6.25, one 
methoxy group at 6u3.79 and one aromatic methyl group 
at 6, 237, while the 75.47MHx “CNMR spectrum 
showed the presence of one ester carbonyl carbon atom at 
6,171.O (C-1’)and a tetrasubstituted benxenering,besides 
two methyl carbon atoms, one of which was oxygen- 
bearing, at 6cS5.3 and 24.0 respectively. In particular, the 
proton-bearing carbon atom at 6c99.1 was assigned to C- 
4’ because it presented a three-bond coupling constant to 
the chelated 3’-hydroxy proton [‘J (CH) = 6.5 Hz] [8]. 

NOE experiments (Table 3) located the methoxyl 
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Table 2 ‘H NMR data of compounds l-6 (300.13 MHz, CD&, TMS as int. standard) 

H 1 2 3 4 5 6 J 1 (Hz) 2 w)l 

1A 

18 

3 

5 

63 

68 
Me-8 

9 

10 

12a 

128 
13 

Me-14 

Me-15 
4 
6 
8’ 
OMe-5 

4.25 

3.92 

5.86 

5.70 

2.00 

1.67 

1.38 

228 

3.61 

1.49 

l.% 

285 

0.99 

1.05 

6.32 

6.25 

237 

3.79 

11.6O.I 

4.0l.t 

2.95t 

2.08t 
- 

4.29 (4.28). 

3.93 (4.00) 

5.98 (6.08) 

5.65 (5.65) 

200 (1.86) 

218 (2.43) 

1.35 (1.35) 
2.44 (245) 

3.71 (3.70) 

1.98 (1.94) 

1.82 (1.85) 
- - 

1.16 (1.14) 

0.98 (0.97) 

6.32 (6.32) 

6.26 (6.32) 

2.38 (2.44) 

3.79 (3.82) 

11.57t(ll.6O)t 

3.98t(4.04)t 

2.3t (3.95)t 

2.3t (3.86)t 

2:3t (3.34)t 

4.31 4.76 4.85 
3.93 4.42 4.56 
5.98 5.89 5.94 
5.62 5.22 5.29 
2.00 2 2.12 
2.18 2 2.01 
1.35 1.213 1.35 
2.44 2.41 2.42 
3.71 4.94 3.70 
1.98 2 1.90 
1.82 2 1.84 
- 2.86 - 
1.16 1.05$ 1.15 
0.98 0.87$ 0.98 
6.41 6.46 6.46 
- 6.62 6.61 
251 235 237 
3.88 3.79 3.79 

11.17t 3.54t 3.41t 
Na 2.255 1.8Ot 
N.a. 2.069 1.8Ot 
N.a. 2.019 2260 
Na - 2010 

4.84 

4.38 

6.73 
5.17 

2 

2 

1.21* 

270 

5.02 

2 

2 
- 

1.15$ 

0.84$ 

6.46 

6.62 

232 

3.19 

3.75t 

2258 

2.068 

2w! 
1.985 

lA, 1B 12.3 13.6 

143 1.0 1.4 

lA, 13 20 - 

lB, 3 1.0 1.4 

lB, 13 1.0 - 

3, 9 0.8 1.2 

3. 13 25 - 

5. 6l 8.3 8.4 

5, 68 9.1 9.1 

6a; 68 10.8 10.8 

68, 8 0.8 0.4 

9, 10 3.7 4.2 

9, 13 9.4 - 

10, 128 0.8 1.2 

12s 128 13.4 13.8 

12s 13 5.0 - 

124 14 0.8 0.8 

12/?, 13 10.2 - 

4’, 6 2.7 2.51: 
4, 8’ 0.7 0.5q 

6’. 8 1.0 0.75 

*Values in parenthesis are chemical shifts in acetone-d,. 

Khemical shift of OH resonances. 

*Assignments may be reversed. 
gchemical shift of MeCOt resonances. 
[Coupling constants obtained in acetone-d,. 
7 Coupling constants of 5. 
Na., Not assigned. 

Table 3. Connectivities (%) established by NOE difference experiments* 

Proton 

irradiated 1t 

H-3 
H,-8 

H-9 
H-13 

H,-14 

H,-15 
Ha-8 
OMe-5’ 

H-1B (4.3). H-12~ (5.5), H-13 (3.6). 
H-5 (17.3), H-k (5.8), 
H-9 (4.3), H-10 (9.8). 
H-6/I (2.3), H-10 (9.1). H-13 (7.6). 
H-3 (5.1), H-6/? (4.3). 
H-9 (6.8). H-12B (4.3). 
H-9 (11.9X H-10 (6.6). 
H-128 (1.6). 
H-10 (3.8), H-12~ (6.3). 
H-6’ (10.7). 
H-4’ (21.3). H-6’ (7.8). 

2% 

H-18 (5.6), H-12a (4.6). 
H-5 (20.6), H-6a (5.1), 
H-9 (4.8), H-10 (11.3). 

5% 

H-1B (2.6X H-12a (3.1). 
H-5 (15.4x H-k (3.5). 
H-9 (5.2), H-10 (10.9). 
H-10 (5.6X H,-14 (0.9). 

H-9 (lO.l), H-10 (6.2). H-9 (10.6), H-10 (7.3). 
H-12@ (27). H-12a (0.9), H-12/l (2.7). 
H-10 (4.4), H-1201 (4.6), H-128 (0.9) H-10 (3.9), H-12a (3.2), H-12/I (20). 

H-6’ (8.8). 
H-4’ (11.3), H-6’ (8.8). 

l NOE values reported have only qualitative significance. 

t Run in CDC13 t D20. 
*Run in acetone-d, t D,O. 
§Run in CDCI,. 

Cz~H,,OsCl. Comparison of the NMR and MS data of 2 
and 3 indicated that thcsc compounds shared the same 

which was correlated with the proton-beari;! carbon 
atom at Sc 98.8, assigned to C4 because in the C NMR 

basic structure, the only sign&ant difference being the spectrum it presented a three-bond coupling constant to 
presence of a chlorine atom on the 0-methylorsellinate the chelated 3’-hydroxy proton (3J (CH) = 7.5 Hz) [8]. 
ring. In fact the ‘NNMR spectrum of 3 (Table 2) Methanolysis of melleolide D (3)aITordedcompound g, 
contained only one aromatic proton at 6, 6.41 (H-4’) which was identified on the basis of the following results. 
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Its mass spectrum showed molecular ions at m/z 2301232 
indicating the presence of the chlorine atom, and its 
‘HNMR spectrum was consistent with the proposed 
structure (see Experimental). Moreover irradiation of 
methoxy protons only produced enhancement of H-3 
(17.2 7” while no signal experienced NOE e&t by 
irradiation of the aromatic methyl protons. The-se findings 
located the methoxy and the methyl groups at C-4 and C-6 
respectively. As a consequence the chlorine atom must be 
placed at C-5. Melleolide D (3) is therefore the 6’4 
derivative of melleolide C. The substances 1, 2 and 3 
exhibited remarkabk antibacterial activity against 
Bacillus ceretls (ATCC 10702), B. subtiuS (ATCC 6633) 
and Escherichia coli (ATCC 10536). 

Work is in progress to identify the structures of the 
many other different melleolides isolated from the same 
fungus. 

EXPERIMENTAL 

Mps are uncorr. Flash chromatographies were performed 
with Merck silica gel (0.04ft-O.063 mm) and TLC with Merck 
HFss, silica geL Unless otherwise indicated, the purity of 
products was checked by TLC, NMR and MS and deemed 
sul&ient for the purposes of structural elucidation. 

Isolation and purijcatioa ofmetabolites. A strain of A. m&a 
obtained from ‘Centro C.N.R. di Studio sulla Micologia de1 
Terreno, Torino’, grown on glucose-yeast extract-agar medimn 
(GYA-30/, 1% 1.5 y& in 50 Roux Rasks was extracted twice 
with EtOAc after 4 weeks growth at 24”. The extract was dried 
(NasSO.) and evapd to give a brown mixture of crude metab- 
olitea. The mixture was chromatographed on a column of silica 
gel using hexane-EtOAc (2 : 1) and pur&d further by prep. TLC 
using the same solvent. Two main fractions, 1 (50mg) and 2 
(100 mg) containing 3 as _ 10% impurity, were isolated. The 
metabolites 2 and 3 were separated by reverse phase chromato- 
graphy on RPCll using MesCO-Hz0 (2: 1) as ehtent. 

Melleolide B (1). MS m/z: 432, 414, 233, 183, 165; 
UY IzetoH nm: 264 and 303 (E 14 500,615O); NMR: see Tables 
land2 

Melleolide C (2). MS (electron impact) m/z: 430 [M - 18]+, 
412[M-36]+,238,181,165(basepeak),137;UV1~EtoHnm: 
264 and 303 (~14.700, 63OOk IR v*cm- ‘: 3430 (OH), 1645 
(ester); NMR: see Tables 1 and 2 

Melleolide D (3) Mp 9698” (CHsCls-hexane); MS m/s: 
482/484,464/466 [M - 181’; NMR: see Tables 1 and 2. 

Mel&&e B triacetate (4). Compound l(20 mg) was dissolved 
in 0.5 ml of dry pyridine and treated with AcsO (0.5 ml). The 
mixture was left to stand at room temp. for 24 hr, dissolved in 
CHCI, and treated with satd NaHCO, soln, HsO, satd KHSO. 
soln, Hz0 and finally dried (NasSO,) Evapn of the solvent gave 
4, glassy solid, mp 5760”; NMR: see Table 2 

Methanolysis ojl, 2 and 3. Each compound (20 mg) was treated 
with 5 ml of 0.5 N KOH in MeOH at 6O”for 10 mitt; evapn of the 
solvent, dilution with HsO, neutralization and extraction with 

CHsCls gave after prep. TLC with hexane-EtOAc (9: 1) from 1 
and 2, compound 7, and from 3, compound 1. 

Methyl-2-hydroxy_Qnuthoxydmelhylbonzwrc (‘I)- MP 
64-66” (hexanek MS m/x 1% [Ml’, 164 (base peakk ‘HNMR 
(300 MHz, CCL): 6247 (3H, br s, Me+, 3.91 and 3.79 (6H, s, 
20Me), 6.19 (lH, dq, I = 26 and 0.8 Hx, H-5), 6.23 (IH, br d, J 
= 2.6 Hz; H-3), and 11.60 (lH, s, OH-Z) (Med): H-5 (NOE 
= 11.70/d; (OMe-4): H-3 (13.1%) and H-5 (5.1 YJ 

MnhyC2-hydroxy4Nth~~h~~~fhylbe (8). 
Mp 13%136” (hexanek MS m/z 230/232 [Ml+, 198/200 (base 
peak),170/172,155/157;‘HNMR(300M~CDCI,):6263(3H, 
s,Me--6),3.95and3.91 (6H,s,20Me),6.41 (lH,s,H-3),11.56(1H, 
s, OH-2); (OMe-4): H-3 (NOE = 17.2%). 

Melleolkfe C acetates 5 and 6 Compound 2 (20 mg) was 
acetylated as for 1 to give compound 5. mp 79-81” (CHIC&- 
hexanek [a]n + 2.87” (c 0.9; CHCls); the same sample was again 
acetylated with A@-pyridine at 60” for 3 hr. Evapn of the 
solvent and prep. TLC in hexane-EtOAc (2: 1) gave the tetra- 
acetyl derivative 6 as an oil; NMR: see Table 2. 

Biolq.~icaI tests. Antibacterial activity was tested with paper 
disks~~with10,50or500~ofcompounds1,2and3ond 
the teat microorganisms were inoculated in sterilized agar in Petri 
dishes; the metabolites exhibited inhibition until 1OOpg. 
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