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Herqueinone, which is a red pigment present in the mycelium of 

Penicillium herquei (l), has been shown to possess the same carbon skeleton as 

atrovenetin (III; R =R' =R" = H) (2) and has been tentatively assigned the 

structure (I; R = H, R' = Me) or (I; R = Me, R' = H) (3). We now wish to 

present evidence which establishes that herqueinone is to be represented as 

(I; R = H, l?' = Me). We have also found that herqueinone extracted from the 

mycelium is contaminated with varying amounts of isoherqueinone, which is now - 
shown to differ only in the configuration of the asymmetric centre in the side 

chain. Mild base treatment of herqueinone results in epimerisation at the 

tertiary alcoholic centre to produce enantio-isoherqueinone, possibly through - 
the intermediate diketone (II) [cf. the structure of trimethylherqueinone 5 

(4)l. The crystalline material isolated after treatment of herqueinone with 

potassium carbonate in refluxing acetone, referred to in the literature simply 

as isoherqueinone (I), - is in fact racemic isoherqueinone arising by admixture - 
of the newly-formed enantio-isoherqueinone with the isoherqueinone already - 

present. Depending on the composition of the original sample of "herquein- 

one" the mother liquors contain either eherqueinone or enantio- 

isoherqueinone, - and we have obtained transformation products in both series. 

The IR, UV, Mass and NMR spectra of herqueinone are all consistent with 

structure (I; R = H, R' = Me) and deuterium exchange experiments have 

revealed the presence of three h*ydroxyl groups. In particular, the nuclear 

methyl group and the hydrogen atom on the adjacent caroon atom are coupled 

(J = 1 Hz.), as required by the quinonoid structure (I). The position of the 

methoxyl group of herqueinone follows from conversion of its reduction product, 

deoxyherqueinone (III; R = R' = H, RI' = Me), into a mixture of atrovenetin 

orange (III; R = R’ = R” = Me) and yellow (IV; R = .R' = R" = Me) trimethyl 

ethers (cf. ref. 2b), which were separated chromatoqraphically. Since these 

methylation products are dextrorotatory, as are th? same compounds obtained 

from atrovenetin itself, it follows that herqueinone and atrcvenetin have the 

same absolute configuration at the asymmetric centre in the side chain. 
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All the specimens of herqueinone obtained by 

spectra impurity peaks which corresponded exactly 

racemic isoherqueinone obtained by base-catalysed - 

us exhibited in their NMR 

to the spectrum of the 

isomerisation. All tne 

NO.12 

batches of mycelia grown by us, except one, gave on extraction a mixture in 

which herqueinone predominated. Chromatography and crgstallisation failed 

to produce a sample of herqueinone which was completely free from 

isoaerqueinone. - 

Zinc and acetic acid reduction of racemic isoherqueinone, followed og -- 

acetylation, gave deoxyherqueinone diacetate (III or IV; R = R' = AC, 

P )' = Me) with a residual rotation of only +2*7O. Similar treatment of the 

best grade of herqueinone gave material of Cal, +57O. Sampies of deoxy- 

herqueinone diacetate with Cal, values of +>4' and -31° were obtained when 

the mother liquors from the isomerisation respectively of herqueinone- 

predominant and isoherqueinone-predominant samples of "herqueinone" were - 
reduced and acetylated. 

When the herqueinone-isoherqueinone mixture extracted from the mycelium - 
was hydrogenated, and the resulting mixture of dihydroherqueinone and dihydro- 

isoherqueinone was meth.ylated under various conditions, isomeric pairs of - 
mono- (V; R = R" = H, R' = Me), di- (V; R = R' = Me, R" = H) and trimethyl 

(Vi R =R' =R" = Me) ethers were obtained. It was not found possible to 

separate the isomeric components of any of these pairs of compounds. Racemic 

modifications of these compounds in the isoherqueinone series have, nowever, - 
been obtained pure, starting with racemic isoherqueinone. In all these com- -- 
pounds. the free phenolic hydroxyl groups were readily acecylated (acetate 

C=O at 1765 cm. -l); the tertiary aliphatic nature of the remaininq hydroyyl 

group was apparent since forcing conditions were required to acetglate it 

(acetate C=C band at 1735 cm.-'), and comparison of the NMR spectrum of each 

of the tertiary acetates with its precursor alcohol revealed no downfield 

proton shift, as would have been the case nad the aliphatic h,ydroxyl been 

primary or secondary. The placement of the methoxyl groups in cne dimethyl 

ethers follows from the acid-catalysed dehydration of tne hydride reduction 

nroduct (VT), [al, +64O, (see below) to afford the phenalenone (VII; R =R' 

= R" = Me), in which the position of the caroonyl &roup was revealed by the 

coupling evident in its NvlR spectrum between the nuclear, metn~yl group and tne 

hydro::en atom on :,he adjacent caroon. The metnylation patterns in the mono- 

and dimethyl ethers are sssi?;ned on the basis of their inf'rared csrbonyl 

stretchin< frequencies at 1~2C cm. -1 (H- bonded ar.yl C=C)and 1970 cm.-L 

(normal 3ryl C=O) respectively. 

Litaium aluminium hydride reduction of the mixture of dimethyl ethers of 

dinvdroherqueinone and dihydroisoheraueinone - gave two products which were 

sep,alated chromatographically. One of these, Cal, +45O, was saown by spect- 

r:LL COmpar’iSOn to be an OpticaLly -active form of the single racemic coml,our,d 
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obtained when the same complete reaction sequence was applied to racemic iSo- 

herqueinone; the other enantiomer, less optically pure ([al, -32O), was ob- 

tained starting from the enantio-isoherqueinone present in the mother liquor - 
from the isomerisation of a herqueinone-predominant sample of "herqueinone". 

This compound is assigned the structure (VI). The other product was an 

epimer, Cal, +64O, of the same gross structure, derived ultimately from 

herqueinone. An interesting feature of the NMR spectra of these compounds 

is that they both exhibit long-range coupling (J = 2 HZ.) between the two 

benzylic protons. If the usual geometric requirement for such coupling (5) 
is assumed, the two compounds may both be assigned the relative stereo- 

chemistry implied in (VI). 

The structures and epimeric relationship of these reduction products were 

shown by treatment of each with hydrochloric acid in aqueous dioxan. The 

substance of [a], +64O, derived from herqueinone, afforded the phenalenone 

(VII; R = R' = Me, R" = H), [cl, +137’, and the compound (VIII), ra.]D -4760, 

while the reduction product derived ultimately from isoherqueinone gave the 

enantiomer of (VII; R = R' = Me, R" = H), [al, -12Q”, and an epimer of 

(VIII), Cal, - 84O. The structures of the enantiomers (VII; R = R' = Me, 

R " = H) and the epimers (VIII) followed from their spectra; in the case of 

compound (VIII), [al, -4760, its structure was confirmed by its dehydration 

with p-toluenesulphonic acid to afford the phenalenone (VII; R ; H, R' = R" 

= Me) and by its reduction with zinc and acetic acid to give anotner phenalen- 

one (X), Cal, -31°, arising presumably by acid-catalysed cleavage of the 

initially formed phenalene (IX). Compound (X) and its diacetate both had 

UV, IR, Mass and NMR spectra in full agreement with their assigned structures. 

Treatment of the epimer (VIII), [a], -84O, with zinc and acetic acid gave as 

expected the enantiomer of (X), [al, +28o. The placement of the methoxyl 

groups in compounds (VII) - (X) is based on a study of the NMR spectra of a 

range of phenalenones, and will be detailed in our full paper. 

Satisfactory analyses and spectra were obtained for all the new 

compounds described. 

We thank Dr. R. Thomas for providing us with a culture of P. herquei, 

and Professor W. Klgne and Dr. P.M. Scopes for determining the CD curves of 

some of our compounds. 
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