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MELLEOLIDE. A NEW ANTIBIOTIC FROM ARMILLARIA MELLEA 
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Summary : Melleolide, a new sesquiterpenoid orsellinate, has been Isolated 
Armillaria mellea. Its structure was elucidated by X-ray crystallography. 

Armillaria mellea the prevalent "oak root fungus" is known to produce 

from cultures of 

chemical defense 

substances to eliminate its bacterial predators.1 By X-ray crystallography we have now 

identified the first such compound isolated from laboratory cultures of this fungus. Melleo- 

lide (I) is the orsellinate of a sesquiterpenediol of the protoilludane skeleton. It exhibits 

antifungal activity against Cladosporium cucumerinum2 and is one of a family of related 

esters which have antibiotic activity against a number of gram positive bacteria.3 The only 

previously isolated protoilludane derivatives are illudol (II)4 and neoilludol (III)5 from 

Clitocybe illudens, and A6-protoilludene andAy-protoilluden-6-01 from Fomitopsis insularis. 

Other naturally occurring esters of orsellinlc acid are the lichen depsldes, lecanoric and 

gyrophoric acid, and a fungal pigment, mitorubin (IV)7 from Penicillium rubrum. Orsellinic 

acid and several of its simple aliphatic esters have been shown to be effective antifungal and 

antibacterial agents.8 No trrpenoid orsellinates have been previously reported.9 
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Armillaria mellea was grown in still cultures of potato dextrose broth containing a trace 

of ethanol to stimulate growth. After three weeks, extraction of the culture filtrate with 

methylene chloride gave small amounts of an oily mixture with antifungal activity. This 

material was chromatographed on a Florisil column and active fractions were purified by re- 

peated hplc. Final purification of melleolide was achieved using a Diol column (Brownlee Labs) 

with 6% isopropanol in hexanes as the mobile phase. The extracts of the fungal rhiaomorphs and 

mycelia contained relatively less antifungal material. A number of other related antifungal 

compounds which were concurrently isolated are still under investigation. 

Chemical ionization mass spectra (methane) of melleolide indicated a probable molecular 

weight of 400. Major fragments were observed at m/e 233 and 151, corresponding to cleavage 

on either side of an ester oxygen. The ultraviolet spectrum showed bands at Amax. run(~) 

218(31000), 267(16500), and 305(6700) which shifted to 218(37000), 240(22000), 313(24000) in 

the presence of sodium hydroxide. The position of these bands and the observation of a 46nm 

bathochromic shift is explained by a p-hydroxy aromatic carbonyl compound. Infrared absorbance 

at 3380 cm-1 and a D2C-exchangeable pmr signal at 11.6 d indicate a hydrogen-bonded phenol. 

Assuming proton doublets (592.4 Hz) at 6.16 and 6.226 to be aromatic meta hydrogens, substruc- 

ture A was deduced as a starting point for crystallography. Carbon-13 nmr data10 confirmed 

the presence of such an oxygenated aromatic system and one olefinic double bond, a conjugated 

aldehyde, and an ester. 

Figure 1. Fragment A 

The remaining pmr data indicated quaternary methyl groups at 0.98, 1.0, 

methines at 3.03 6 (br t) and 5.64 6 (t, J=8.8 Hz), an olefinic proton at 

and an aldehyde singlet at 9.458. The methylene envelope, unresolved 

and 1.36, oxygenated 

6.826 (d, J=1.8 Ha), 

at 90 MHz, could be 

clarified at 500 MHz with judicious choice of solvent and eventually assigned by double irradi- 

ation techniques11 and by correlation with double off-resonance l3C spectra. Fortuitous 

positioning6 of the upfield protons however precluded structure elucidation by spectroscopy 

alone. 

Crystals suitable for X-ray diffraction were obtained by slow evaporation of a water-meth- 

anol solution of I.* Crystallographic cell constants were a-17.251(2), k-14.072(2), ~=14.614(4), 

space group P212121. The observed density, 1.246 g/ml, indicated 8 molecules per unit cell 

or 2 independent molecules per asymmetric unit; McaLc.=400.8. Data collection on a Syntex pi 
diffractometer using Cu KQ radiation to 28=100.1' gave 2494 observed reflections including 350 

E's above 1.4. A 0 scan showed that no absorption correction was needed. The structure was 

solved with a single run of MULTAN 80+ l2, supplying fragment A as a random group. The 

remaining atoms were defined by Karle recycling and weighted Fourier synthesis. Preliminary 

refinement of these atomic coordinates by block diagonal least squares followed by full matrix 

refinement of isotropic carbons and anisotropic oxygen6 gave R=10.9%. Final full matrix 



refinement of all atoms, including hydrogens, brought R to 6.0% (weighted), 7.9% (unweighted). 

Comparison of the two independent molecules of the asymmetric unit showed conformational 

similarity of the sesquiterpene portions, but some rotation about the ester and the aldehyde 

linkage. Major torsion angle differences between the two molecules at the ester bonds were 26" 

about C5-01 and -6' about C16-01; the aldehyde substituents showed a torsion angle difference 

of 16“ about C7-CU. The relative orientations of the sesquiterpene and aromatic portions of 

the two independent molecules differed by 20". 

Figure 2. Stereo representation of melleolide. 
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