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Abstract-Two new quinones, 7,7’-bis (1,4,5,8-tetrahydroxy-3-ethylnaphthalene-2,6-dione) and its monomeric 
analogue, five anthraquinones, parietin, fallacinal, emodin, endocrocin and emodic acid, as well as ( - )-usnic acid, ( + )- 
lichesterinic and protolichesterinic acids were isolated from the lichen Cetraria cucuha. 

INTRODUCTION 

Cetraria cucullata (Bell.) Ach. is an abundant lichen 
species found in the north east of the USSR, which is 
grazed by reindeer. Its chemical composition has been 
little investigated. Recent publications [l-4] have 
reported that it contains ascorbic, usnic and 
protolichesterinic acids, the terpenoid friedelin, 
structurally unknown pigments and some microelements. 

The present paper gives the results of an investigation of 
the secondary metabolites, mainly the pigments, located 
in the lower tips of the thallus of this lichen. 

RESULTS 

Extraction of the thallus with ethyl ether, benzene and 
acetone did not remove all the pigments. The residual 
pigments were bound in stable metal-rganic complexes 
and were extracted by methanol containing hydrochloric 
acid (99: 1). 

TLC of the total extract gave usnic acid, and red, yellow 
and yellow-orange pigments. A red polar pigment (1) was 
the predominant coloured compound (0.20% by wt of 
coloured thallus tips). 

Electron spectra data of pigment 1 were very similar to 
those of the natural hydroxynaphthoquinones mompain, 
2,5,7,8-tetrahydroxy-1,4_naphthoquinone, and echino- 
chrome A, 2,3,5,7,8-pentahydroxy-6-ethyl-1,4- 
naphthoquinone [5]. When treated with alkali, 
magnesium acetate, zirconyl nitrate and ammonia, the 
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pigment changed colour to blue-violet, blue-violet, violet 
and lavender, respectively. It was decolourized by sodium 
hydrosulphite and the colour was restored in air. These 
data indicated that the pigment was a hydroxyquinone, 
apparently a hydroxynaphthoquinone. The 13C NMR 
spectrum of 1 showed signals for two aliphatic (q and t) 
and 10 aromatic (s) carbons, two of which were carbonyl 
C atoms. None of the aromatic carbon atoms had a 
proton substituent. This observation was confirmed by 
the absence of signals in the aromatic region of the 
‘H NMR. The triplet at (S 1.23 and the quartet at 6 2.66 
(which interacted with each other) were assigned to the 
protons in the ethyl side-chain and the signal at 6 11.33 
was attributed to the presence ofchelated OH groups. The 
IR spectrum of pigment 1 contained a complex band at 
1598cm-’ with shouldersat 1572,158Oand 1620cm-‘. A 
band at 1620cm-’ was thought to represent the 
stretching vibration of quinonoid carbonyl groups 
bounded by intramolecular hydrogen bonds. The MS of 
pigment 1 exhibited major fragments at m/z 500 
[M + 2]+ (7x), 499 [M+ + l]+ (28x), 498 
[M+]+(lOO%), 497 (M - 11, 480 [M - HzO]‘, m* 
462.6 (498 -+ 480), 470 [M+ - CO], m* 443.6 [498 
-+ 4701 and 452 [M - CO - H,O]+, m* 434.7 (470 
+ 452). The elemental composition (CX4H1 8O1 J of M+ 
was established by high resolution MS (Found 498.076, 
calcd. 498.080.) The elemental composition and the 
presence of only 12 carbon signals in the ’ 3C NMR 
spectrum indicated that pigment 1 must contain two 
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identical fragments. This was confirmed by the presence of 
a fragment peak at m/i 249 [Ml’ in the MS. 

Pigment 1 gave an octaacetate (M + = 824), suggesting 
the presence ofeight OH groups in the molecule, but only 
a tetramethoxy derivative (M+ = 554) was obtained by 
methylation with diazomethane. Hence, there were only 
four non-hydrogen-bonded hydroxyl groups. The 
positions of the ethyl groups, belonging to the two 
symmetrical parts of the molecule, were determined from 
the r3CNMR data. The existence of long-range 
C-C-C-H coupling constants for the signals at (? 127.3 
(C-Et), 153.3 (C-OH) and 172.3 (C=O) indicated that 
the ethyl substituents were located between the carbonyl 
and hydroxyl functions of the quinonoid rings. An 
attempt to obtain an anhydro derivative of the pigment by 
treatment with cont. H2S04 at 110” [6] was unsuccessful 
and the pigment was recovered unchanged. This excluded 
1,2- and 1,4_naphthoquinonoid structures for the 
fragment. Hence, as a possible naphthoquinonoid system, 
a 2,6-naphthoquinone (nmphi-naphthoquinone) system 
seemed the most likely. The location of the carbonyls in 
positions 1 and 5 was improbable due to the ease of 
transformation in 1,4-quinones [7]. For a 2,6- 
naphthoquinonoid fragment with four hydroxyls and an 
ethyl group there are four isomeric structures (2a-2d). The 
1,l’ dimer of 2a should give a binaphthoquinone with six 
hydroxyl groups capable of reaction with diazomethane, 
and unlike the natural pigment its IR spectrum should 
contain an absorption band for non-chelated carbonyl 
groups. The dimer of2b would form an anhydro derivative 
very easily. Thus our experimental datadid not correspond 
to structures 2a and 2b. Of the isomers 2c and 2d, the 
preferred one was 2d, the coupling of which in its free 
position 7 leads to structure 1 and does not contradict the 
experimental data. The corresponding product of isomer 
2c could not be definitely discounted. Confirmation of 
structure 1 as 7,7’-bis (1,4.5,8-tetra- 
hydroxy-3-ethylnaphthalene-2,6-dione) requires an X-ray 
study which is in progress. 

The UV spectrum of pigment 2 was similar to that of 
pigment 1. The colour reactions were identical and the 
MS contained analogous fragments. Methylation with 
diazomethane formed a dimethyl ether. The identification 
of pigment 2 as 1,4,5,8-tetrahydroxy-3_ethylnaphthalene- 
2,6-dione, the monomeric unit of pigment 1, was 
confirmed by dimerization of the dimethyl ether of 
pigment 2 to give a product identical to the tetramethyl 
ether of pigment 1. 

A naphthoquinonoid pigment (3) was isolated in very 
small quantities and its structure was not established. 

The presence of a series of anthraquinones along with 
the new naphthoquinones in C. cucullata was unexpected. 
They were seen as a yellow zone on a Sephadex column 
and were isolated together (35 mg). The main component 
of this mixture was emodin, which was separated by 
repeated chromatography. Crystallization of the rest of 
the yellow pigments produced a polar anthraquinone, mp 
>310”, m/: 314 [Ml+, which was identified as 
endocrocin. Among the minor components the 
anthraquinone mixture parietin, fallacinal and emodic 
acid were identified by comparison (MS and TLC) with 
known samples. 

The other six pigments, one red, one yellow and four 
yellow-orange, were present in small amounts and not 
identified. In the course of the separation and purification 
of these pigments, a mixture of other colourless 
compounds, mainly fatty acids, was obtained. GLC of the 
methyl esters of these acids showed that (+ )-lichesterinic 
and protolichesterinic acids were the principal 
components. 

DISCUSSION 

In Thomson’s monograph [5] there is no mention of 
natural amphi-naphthoquinones, and data on these 
compounds have not appeared in the following years (Sci. 
Cit. Index). Although umphi-naphthoquinone is an 
unstable substance [9], its 1.5-dihydroxy derivative is 
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