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I. Introduction 

Lichen substances are organic compounds synthesized by lichens. They 
have long attracted the attention of organic chemists, and their chemistry, 
structure, properties, and distribution have been treated in detail recently in 
major works by Asahina and Shibata (1954) and Culberson (1969,1970). This 
field is also reviewed by Huneck (1968, 1971). Further details on the bio
synthesis of lichen substances may be found in Chapter 16 by Mosbach. 

Although their chemical nature is extremely varied, lichen substances can 
be classified on the basis of their biogenesis and brought together into larger 
groups. Amino acids, amines, peptides and proteins, polyols, and mono-, 
oligo-, and polysaccharides are examples of the products of the primary 
metabolites. By far the majority of typical lichen substances belong to the 
group of acetogenines, i.e., the aliphatic, cycloaliphatic, and aromatic 
derivatives as well as terpenoids such as mevalonate derivatives, and lastly 
are the polyporic acid, thelephoric, and pulvinic acid derivatives derived 
from phenylalanine. The approximately 220 lichen substances of known 
structure will be discussed in this order. Structural determinations of this 
group of natural products are accomplished today primarily with physical 
methods: infrared (IR), ultraviolet (UV), nuclear magnetic resonance 
(NMR), and mass spectrometry (MS). Optical rotatory dispersion (ORD) as 
well as circular dishroism (CD) provide valuable information. Concentra-
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tion of lichen substances varies within relatively wide limits and can more
over reach high values such as in Pentagenella fragillima Darb., which has 
30% of its weight in psoromic acid. Methods of identifying lichen substances 
are discussed by Santesson in Appendix Β of this book. 

II. Structure of Lichen Substances 

A. Products of Primary Metabolism 

1. AMINO ACIDS, AMINES, PEPTIDES AND PROTEINS 

The lichens contain important amino acids similar to those in higher 
plants. Picroroccellin (1) and the cyclic tetrapeptide (2a or 2b), which yields 
L-prolin (3) and D-/*-amino-/3-phenylpropionic acid (4) on hydrolysis, have 
been isolated from Roccella fuciformis (L) D a , R. canariensis Darb., and/?. 
vicentina Vain. 
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Protein content of lichens varies between 1.6 and 11.4% of the dry weight 
but can go as high as 20%. Methyl- and trimethylamine, amines that have 
been detected in various species of the Stictaceae, are apparently degrada
tion products of amino acids. 

2. POLYOLS AND ΜΟΝΟ-, OLIGO-, AND POLYSACCHARIDES 

Polyols and carbohydrates are derived by photosynthetic activity of the 
phycobiont, and these can be converted into related compounds by the 
mycobiont. Polyols occurring in lichens include glycerin, ribitol, D-arabitol, 
meso-erythritol (5) isolated from many species in the Roccellaceae, D-man-
nitol, myo-inositol, D-volemitol, and D-siphulitol (6). All of these are water 
soluble. 

CH2OH 
HO—c—Η 

I 
HO-C—Η 

I 
CH2OH H—C—OH 
I I 

H—C—OH H—C—OH 
I I 

H—C-OH H—C—OH 
I I 

CH2OH CH3 

(5) (6) 

Lichens may contain the following mono- and disaccharides that also 
occur widely in higher plants: D-glucose, D-fructose, D-galactose, D-xylose, 
D-tagatose, arabinose, saccharose, and trehalose. The following sugar 
alcohol glycosides, however, are restricted to lichens: 4-O-^-D-gluco-
pyranosyl-D-mannitol (7), peltigeroside (8), and umbilicin (9). 

Lichenin is poly-/3-D-glucopyranose with/3-(l->3)- and/3-(l->4)-glycosidie 
linkages in the ratio 27:73. Isolichenin, which gives a positive (blue) iodine 
test, is a linear polyglucoside with a-(\ -> 3) and a-(\ -+ 4) linkages in the ratio 
45:55. Pustulan, known from Lasallia pustulata (L.) Mer., is a linear glucan 
with β-(1->6) linkages. Umbilicaria esculenta Miyoshi and Lasallia papulosa 
(Ach.) Llano both contain a poly-/S-(l -• 6)-glucan O-acetylized to about2% 
and with a molecular weight of 20,000. This particular compound has an 
anticancer effect on sarcoma-180 in mice. Finally, a linear a-(l -> 3)- and 
ar-(l -» 4)-glucan has been found in Parmelia caperata (L.) Ach. 

3. SULFUR-CONTAINING COMPOUNDS 

The only sulfur-containing compounds known from lichens aredimethyl-
sulfone, the internal salt of choline sulfuric acid, and thioethanol amine. 
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CI^OH 

CHGOH 

CHAOH 

CHAOH 

C H J S O H 

CH2OH 

CH2OH 

(8) (9) 

B. Acetogenines 

1. ACETATE AND MALONATE DERIVATIVES 

a. MONO-, DI- , AND TRIBASIC ALIPHATIC ACIDS. Oleic and oleinic acids 
have so far been reported only in Alectoria ochroleuca (Hoffm.) Mass. In 
contrast, 9,10,12,13-tetrahydroxyheneicosanoic (10) and 9,10,12,13-tetra-
hydroxydocosanoic acid appear to have wide occurrence in lichens. 

HO OH HO OH 
CH S—(CH 2) 7—C—C—CH 2—C—C—(CH 2) 7—CO ZH 

Η Η Η Η 

(10) 
The dibasic fatty acid (+ )-roccellic acid is (+^S-methyl-SR-dodecyl-

succinic acid (11) and can be synthesized as a racemate through anodic 
coupling of lauric acid with erythro-3,4-dimethoxycarbonylpentanoic 
acid. 

CH, 

tt-CLOHOR** 

*C0 2 H 

*'C02H 

(11) 
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Norrangiformic acid (12) can be approached through total synthesis from 
threo-3, 4-dimethoxycarbonyl-6-oxoheptanoic acid by means of electrolytic 
coupling with myristic acid, following hydrolysis and oxydation with hypo-
bromite. 

Rangiformic acid is the monomethylester of (12). Caperatic acid (13) is 
derived from rangiformic acid by hydroxylation. 

H O 2 C 
>C0 2 H 

* - C 1 4 H 2 f i **C02H 
Η 

(12) 

OH 

H 0 2 C " 

n - C 1 4 H 2 9 -

^C0 2 H 

Η 

(13) 

XC02CH3 

b. ^-LACTONIC ACID DERIVATIVES. Acaranoic acid (14) , acarenoic 
acid (15) , lichesterinic acid (16) , nephromopsic acid (17) , nephrosteranic 
acid, nephrosterinic acid, (+ )-protolichesterinic acid (18) , alloprotoliches-
terinic acid, and (+)-roccellaric acid (19) are long chain p-lactonic acids. 

n-C, 

.CH 2—CO zH 

Ο 

(14) 

n - C u H / ^ 0 ^ 0 

CH—CO-H 

(15) 

HO,C 

n - C 1 3 H 2 7 ^ ^CT 

(16) 

HO zC X / C H s 

(17) 

H Q 2 C V 

n - C 1 3 H 2 / ' 

(18) 

HO z C. ^ C H 3 XX n - C l s H 

<19) 

The stereochemistry of these acids has been elucidated in part by past 
workers. The absolute configuration of some of these lactones has been 
determined from ORD and CD data. Compound (16), for example, has a 
negative Cotton-effect at 260 nm. Protolichesterinic acid with an UV maxi
mum at 217 nm (log 1 0 ε = 5.5) can be isomerized easily to lichesterinic acid 
by heating with acetic anhydride. 
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c. CYCLOALIPHATIC COMPOUNDS. The only compounds known in this 
group are the bitter-tasting lactones, portentol (20) and acetylportentol (21), 
both described from various Roccella species. Their structure can be verified 
by chemical degradation to acetylmesitol methylether or by X-ray analysis of 
the /7-bromobenzoate of acetyldihydroportentol. 

2. AROMATIC COMPOUNDS 

a. ORCINOL DERIVATIVES. Although many aromatic lichen substances, 
especially the depsides and depsidones, are derived from phenolic carboxylic 
acids, up to this time only orcinol, ethylorsellinate, methyl β-orcinolcarboxy-
late, and (+ )-montagnetol (22) have been found. 

b. NAPHTHOQUINONE DERIVATIVES. The pigment in the apothecia of 
Haematomma ventosum (L.) Mass., identified as haemoventosin (23), is a 
dihydrofuranonaphthoquinone. 

CHg 

(22) 

OH Ο 

OH Ο 

(23) 
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c. ANTHRAQUINONES AND ANTHRONES. A number of lichens, in 
particular in the genera Xanthoria and Caloplaca, are pigmented orange or 
red by hydroxyanthraquinones which are distinguished by a violet coloration 
with potassium hydroxide. We will discuss here parietin (24), fragilin (25), 
solorinic acid (26), and averythrin-6-monomethylether (27), four of the 
approximately 22 known lichen anthraquinones. Parietin, for example, 
absorbs in UVat220(log 1 0 e = 4.31),254(log 1 0e - 4.03),264(log 1 06 = 4.05), 
286 (log 1 0 e = 4.03), 374 (log 1 0 e = 3.44), and 430 nm (log 1 0 e = 3.86). 

Especially noteworthy is the joint occurrence of anthrones (28) and (29) 
in Anaptychia obscurata (Nyl.) Vainio. Perhaps they are precursory bio
genetic stages of the corresponding anthraquinones. 

d. CHROMONES. Few of the colorless or pale yellow chromones are 
presently known in lichens. These include siphulin (30)fromSiphulaceratites 
(Fr.) Th. Fr., 8-chloro-5,7-dihydroxy-2,6-dimethyl chromone (31) from 
Lecanora rupicola (L.) Zahlbr. and L. carpinea (L.) Ach., lepraric acid (32) 
from Lepraria latebrarum Ach. and a few Roccellaceae, as well as 6-
ethoxymethyleneugenitin (33). Chromones are easily recognized from 
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their characteristic UV spectra; thus, compound 31 has the following: 
•*max(log10<0 225 (4.5), 260 (4.5), 295 (4.1), and 330 nm (3.8). 

(30) 

OH 

C0 2 H 

OH Ο 

H,C 

H O z C - C H 2 — C = C H — C O - O - H a C 

CH S 

CH sO 

(32) 

OH Ο 

OH Ο 

Q 
<T ^CH S 

H 5 C 2 OH 2 C v 

C H g O ^ ^ / ^ O ^ ^ C H 3 

(33) 

Roccellin (33a), mollin, and galapagin are the first phenolic glycosides 
known from lichens; they have been isolated fvomRoccellaria mollis (Hampe) 
Zahlbr., Schismatomma accedens (Nyl.) Zahlbr., and Roccella galapagoensis 
Follm. 

OH ο 

H aC 

R ^ . o I Q I ι 
^CH. 

RO 
(33a) 

R = Η, H, CH 3CO, CH sCO 

The furane structure (34) was originally proposed for rhodocladonic acid, 
the red apothecial pigment in various Cladonia species. More recently, how
ever, the chromone structure (35) has been considered. Chiodectonic acid, 
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which is present in the tropical corticolous lichen Chiodecton sanguineum 
(Sw.) Vain., apparently has the structure (36). 

ο OH ο OH ο 

e. XANTHONES. All lichen xanthones are derived from norlichexanth-
one (37), which has been found in Lecanora straminea (Wahlbg.) Ach. and 
L. reuteri Schaer. A number of chlorine-containing xanthones occur in the 
crustose lichen genera Pertusaria, Lecanora, Buellia, and Lecidea. 

Examples are thuringion (38) and thiophanic acid (39), which absorbs in UV 
at 248 (log 1 0 β = 4.65), 320 (log 1 0 ε = 4.12), and 360 nm (log 1 0 e = 4.22). 

Condensation of orsellinic acid (40) with phloroglucinol (41) leads to 
norlichexanthone which can be chlorinated to thiophanic acid (39) with 
chlorine in acetic acid. 
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C H 3 O H 

(40) (41) 

f. DIBENZOFURANES. Five dibenzofuranes are known from lichens: didy-
mic acid (42), pannaric acid (43), porphyrilic acid, schizopeltic acid, and 
strepsilin. They also have characteristic UV spectra, for example, schizo
peltic acid with a maximum at 241 (log,0 e = 4.49), 274 (log 1 0 e = 4.17), 
290 (log 1 0 e = 4.13), 301 (log1 0 e = 4.00), and 314 nm (log I 0 e = 4.02). The 
structure of pannaric acid follows from decarboxylation to pannarol (44) 
which is available synthetically from 3,5-dimethoxy-4-iodotoluol (45), and 
3,5-dimethoxy-2-iodotoluol (46). 

(44) (45) (46) 

g. USNIC ACID, ISOUSNIC ACID, AND PLACODIOLIC ACID. Usnic acid 
(47) [UV: A m a x (log1 0 e) 232 (4.41) and 282 nm (4.31)], one of the most wide
spread lichen acids, is optically active (chiralic center indicated with an 
asterisk) and occurs in both genus-specific (+) and (—) forms. The racemate 
can be synthesized in a biogenetic type pathway by oxidation of methyl-
phloracetophenone (48) with potassium ferricyanide and separated into the 
optical antipodes with brucine. 
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OH OH OH 

(48) 

(+ )-Usnic acid may be hydrogenated to (-)-dihydrousnic acid (49) with 
hydrogen in the presence of palladium; 49 is isomerized to isodihydrousnic 
acid (50) by heating in hydrogen. The structure of isousnic acid (51), isolated 
so far only from a few species of Cladonia, Lecanora, and Sphaerophorus, 
follows from catalytic hydrogenation with palladium in tetrahydrofurane 
to compound (50). 

(50) (51) 
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The structure of (— )-placodiolic acid from Lecanora rubina (Vill.) Ach. 
has been established as (—)-isousnic acid isomethoxide (51a). 

(51a) 

h. DEPSIDES. Lichen depsides may be categorized as shown in Fig. 1. 
Of the 43 structurally determined depsides, 37 are didepsides and five are 

tridepsides; only one tetradepside has been discovered. Depsides have typi
cal UV spectra with two bands, such as lecanoric acid with A m a x (log 1 0 e) at 
270 (4.3) and 307 nm (4.2). 

/7-Depsides of the orcinol series include among others lecanoric acid (52), 
erythrin (53), especially widely distributed in theRoccellaceae, and miriquidic 
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Depside 
(didepside) 

Tridepside 

Tetradepside 

Orcinol-unit 

/3-Orcinol-unit 

p -Depside 

m-Depside 

FIG. 1. Basic structural formulae of the main classes of lichen depsides. 
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acid (54), which deviates from the acetate rule with reference to the position 
of the carbonyl group in the side chain. 

Merochlorophaeic acid (55) and scrobiculin (56) are examples of ra-dep-
sides of the orcinol series. 

The most frequently encountered /?-depside in the /3-orcinol series is 
atranorin (57) and the most widely occurring m-depside, thamnolic acid (58). 
Phenarctin (59) is characterized by complete substitution of the depside 
skeleton. 

The tridepside gyrophoric acid (60) is the chief component in the Umbili-
cariaceae, while a tetradepside, aphthosin (61), has been isolated from Pel
tigera aphthosa (L.) Willd. 

The ester linkage in depsides can be hydrolyzed with concentrated H 2 S0 4 

at 0°C or with aqueous or methanolic KOH. The corresponding phenolic 
carboxylic acids, their methylesters, or their decarboxylation products are 
obtained. Hydrolysis is especially easy with depsides having a /3-positioned 
carbonyl group in the 6 and 6' side chains. One therefore obtains from 
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methyl 3,5-dichlorolecanorate (62) the following compounds: 3,5-dichloro-
orsellinic acid (63), methyl orsellinate (64), methyl 3,5-dichloroorsellinate 
(65), dichloroorcinol (66), and orcinol (67). 

(66) (67) 

Depsides can be synthesized by condensation of the S and A units in the 
presence of trifluoroacetic anhydride or A^TV'-dicyclohexylcarbodiimide. 
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i. BENZYL ESTER DERIVATIVES. Barbatolic acid (68) and alectorialic 
acid (69) are two closely related benzyl esters from lichens. 

HO 

j . DEPSIDONES. The approximately 23 lichen depsidones are derived 
biogenetically from depsides by phenoloxidation, giving among others the 
following depside-depsidone pairs: 4-0-desmethylbarbatic acid-hypopro-
tocetraric acid, microphyllinic acid-a-collatolic acid, and perlatolic acid 
(70)-colensoic acid (71). As with depsides the UV spectra of depsidones show 
two peaks, hypoprotocetraric acid, for example, having A m a x ( l o g 1 0 6 ) at 256 
(4.14) and 314 nm (3.55). 

n - C 5 H n C 5 H 1 1 

(70) (71) 

A number of depsidones in the meta series are aldehydes: fumarprotoce-
traric acid, stictic acid, norstictic acid (72), constictic acid, (73),pannarin, 
physodalic acid, protocetraric acid, psoromic acid, salazinic acid, and 
virensic acid. They react with /7-phenylenediamine to give yellow to red 
condensation products (P+ substances). 

The ester linkage of depsidones is easily hydrolyzed, as is the case with 
depsides, but cleavage of the ether linkage calls for more drastic means such 
as fusion with KOH or oxidation with nitric acid. 
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In the synthesis of diploicin, 3,4-dichloro-4-0-benzylorsellinic acid (74) 
is esterified with 2,4-dichloroorcinol (75) in the presence of trifluoroacetic 
anhydride to (76), this product is oxidized to (77) with manganese dioxide, 
and this methylated and catalytically hydrolyzed to diploicin (78). 

k. DEPSONES. The only hitherto known depsone from lichens is picroli-
chenic acid (79), the bitter principle from Pertusaria amara (Ach.) Nyl.; struc-

(81) 



(79) 
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ture (79) is hydrolyzed to 80 which yields by decarboxylation and demethyla-
tion 2,2'-di-w-pentyl-4,6,4',6'-tetrahydroxydiphenyl (81). 

The structure of picrolichenic acid can be further verified by a biogenetic 
type synthesis. Oxidation of anziaic acid 2-methylether (82) with active man
ganese dioxide goes directly to (79) through the diradical (83). 

1. BISANTHRAQUINONES AND BISANTHRONYLES. The structure of rugu-
losin (84) was proved by X-ray analysis of (+ )-dibromodehydrotetrahydroru-
gulosin. Skyrin (85) is chiral because of the limited rotation around the 
C-5—C-5'-axis and shows a positive Cotton effect. Other bisanthraquinones 
are oxyskyrin (86) and skyrinol (87). The bisanthronyl flavoobskurin A (88) 
yields two anthraquinones, (89) and (90), on oxidation with chromium tri-
oxide. 

m. BISXANTHONES. Parmelia entotheiochroa Hue and several other Par
melia species contain both ergot pigments ergochrome A A (91) and ergo-
chrome A B (92). 

O H Ο O H O H Ο O H 

O H Ο O H O H Ο O H 

3. MEVALONATE DERIVATIVES 

Compounds derived biogenetically from mevalonic acid are considered as 
mevalonate derivatives. In the lichens these comprise diterpenes, triter-
penes, steroids, and carotinoids. 
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a. DITERPENES. The single structurally determined lichen diterpene is 
(—0-16a-hydroxykauran (93) known from different Ramalina species. 

b. TRITERPENES. Lichen triterpenes are easily crystallized, colorless 
compounds with a relatively high melting point (> 200° C). Most are neutral 
compounds readily separated and purified by chromatography on aluminum 
oxide or silica gel. Leucotylic acid, phlebic acid A and B, pyxinic acid, and 
ursolic acid are very weak acids. 

Most of the 20 odd triterpenes that have been structurally determined are 
derived from pentacyclic hopane (94). The exceptions are friedelin (95), 
epifriedelanol, taraxerene, ursolic acid, and diacetyl pyxinol. 

Zeorin (96), the most common lichen triterpene, has long been known. Its 
structure and stereochemistry were ultimately confirmed by X-ray analysis 
of 6a-bromobenzoyl zeorin. Leucotylin has structure (97) according to X-ray 
analysis of the 6-keto-16/3-/>-bromobenzoyl derivative. While the side chain 
has also (^-configuration, the Ε ring exists in a half chair form in contrast to 
zeorin with an envelop conformation. 



15. NATURE OF LICHEN SUBSTANCES 515 

Leucotylic acid (98), phlebic acid A (99), and phlebic acid Β (100) are 
hopane derivatives with a 23-carboxylic acid from Parmelia leucotylizaNyl., 
P. entotheiochroa Hue, and Peltigera aphthosa (L.) Willd. Diacetyl pyxinol 
(101), known from Pyxine endochrysina Nyl., possesses a dammaran skeleton 
from X-ray analysis of 3/3, 12/3-di-/?-bromobenzoyl pyxinol. 
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6a,7ar,22-Trihydroxyhopane, 6a-acetoxy-7ar,22-dihydroxyhopane, l a -
acetoxy-6/S,22-dihydroxyhopane, and 11/3,22-dihydroxyhopane have been 
isolated from Pseudocyphellaria mougeotiana (Del.). Wain. var. dissecta Del. 

c. STEROIDS. Ergosterol, fungisterol, and ^-sitosterol (102) occur in very 
low concentrations in some lichens. Recently ergosterol peroxide has been 
found in Peltigera aphthosa (L.) Willd. and P. dolichorrhiza (Nyl.) Nyl. 

d. CAROTINOIDS. ^-Carotin (103) has been demonstrated in several 
species of Roccella. 

C. Phenylalanine Derivatives 

The biosynthesis of phenylalanine derivatives goes through shikimic acid 
and phenylalanine in contrast to the aromatic units of the anthraquinones, 
depsides, depsidones, depsones, dibenzofuranes, and xanthones, which are 
formed on a polyacetate pathway. This justifies a separate classification for 
the phenylalanine derivatives, which include polyporic acid, thelephoric 
acid, and pulvinic acid derivatives, all deeply pigmented (yellow, orange, red, 
or violet). 

1. POLYPORIC ACID 

The red-violet pigment in the lower cortex of some Sticta and Pseudocy
phellaria species is polyporic acid (104), the structure of which has been 
proven by synthesis. 
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2. THELEPHORIC ACID 

Thelephoric acid (105) from Lobaria species can be synthesized by con
densation of 2 moles 3,4-dimethoxyphenol (106) with chloranil (107) and 
subsequent demethylation. 

ο 

ο 

(106) (107) (106) 

3. PULVINIC ACID DERIVATIVES 

Pulvinic acid derivatives now include calycin (108), epanorin (109), 
leprarinic acid, leprarinic acid methylester, pinastric acid (110), pulvinic 
acid (111), pulvinic acid amide, pulvinic acid lactone (112), and vulpinic 
acid. Taking calycin as an example, the UV maxima are at 241 (log 1 0 e = 4.20), 
253 (log 1 0 e = 4.21), and 430 nm (log 1 0 e = 4.40) (in ethanol). Pulvinic acid 
lactone may be synthesized simply by condensation of 2 moles phenylacetyl 
chloride (113) with oxalyl chloride (114). 
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OH 
I 

I 
o-

(108) 

C0 2 CH 8 

OH 

Ο 

(110) 

OCH8 

C 0 2 C H 2 

" V - N H - C - H 
H 2 C-CH(CHs) 2 

OH , , 

(109) 

CO,H 
OH 
I 

(111) 

-o 
c=c-c 

I 
ο 

COC1 
I 

CH 2 

Cl 
o=c—c=o 

I 
Cl 

CH. 
CIOC 

(112) (113) (114) (113) 

D. Vitamins 

The following vitamins have already been demonstrated in lichens: 
ascorbic acid, biotin, folic acid, folinic acid, nicotinic acid, panthotenic 
acid, riboflavin, and vitamin B. 

E. Substances Isolated from Mycobionts 

Considering the large number of lichens, very few mycobionts have been 
investigated for their ability to produce lichen substances. The following 
compounds have been isolated from lichen mycobionts: parietin from Xan
thoria parietina (L.) Fr., pulvinic acid, pulvinic-acid lactone, calycin, and 
vulpinic acid from Candelariella vitellina (Ehrh.) Mull. Arg., roccellic acid, 
eugenitol (115), eugenitin (116), and 8-chloro-5,7-dihydroxy-2,6-dimethyl 

OH ο 

(115) R = Η 
(116) R = CH S 
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chromone from Lecanora rupicola (L.) Zahlbr., (+ )-usnic acid and salazinic 
acid from Ramalina crassa (Del.) Mot., and (+ )-usnic acid from R. yasudae 
Ras. 

III. Recent Results 

Solberg (1971) has found mXanthoriaparietina(L.)Th.Fr. allantoin (117). 
The structure of roccanin, the cyclic tetrapeptide from Roccella canariensis 
Darb. has been established by synthesis as 2 a [cyclo-(R-/S-phenyl-/$-alanyl-
L-prolyl-)2] (Bohman-Lindgren, 1972; Bohman-Lindgren and Ragnarsson, 
1972). 

Aspicilin, the first macrocyclic lactone from a lichen (Aspicilia gibbosa 
Korb.) is 4,5,6-trihydroxyoctadec-2-en-1,17-olide (118) (Huneck et al ,1973). 

(in) 

A further chromone glucoside, lobodirin (119) was isolated iromLobo-
dirina cerebriformis (Mont.) Follm. (Huneck, 1973). 

OH ο 

(119) 
(R = H, CH3CO, C H 3 C O , C H 3 C O ) 

Lichexanthone (120) was synthesized in a biogenetic-type reaction by 
intramolecular condensation of methyl-7-(4-orcinyl)3,5,7-trioxoheptanoate 
(Hay and Harris, 1972). 

(120) 
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By NMR spectroscopy and by chemical degradation it has been established 
that the linkage between the two halves of ergochrome AA [ = secalonic acid 
A(121)] and ergochrome AB [= secalonic acid C(122)] is 2,2'- and not 4,4'-
as previously suggested (Hooper et al, 1971). 

OH Ο OH OH Ο OH 

OH Ο OH OH Ο OH 

Usnea bayleyi (Stirt.) Zahlbr. contains the bisxanthones eumitrin A! 
(123), A 2 , and Β (Yang et al, 1973). 

OH Ο OH 

(123) 

Retigeranic acid (124) is a novel sesterterpene from Lobaria isidiosa 
var. subisidiosa Asah. and Lobaria subretigera Inum.; its structure was 
established by X-ray analysis of the corresponding /?-bromoanilide(Kaneda 
etal, 1972). 
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Also from Lobaria species were isolated the new fernene derivatives 
retigeric acid A (125) and retigeric acid Β (Takahashi et al., 1972). 

(124) (125) 

The Shibata group reports the occurrence of a number of anthraquinones 
in the cultivated mycobionts of Xanthoria mandschurica (Zahlbr.) Asah., 
X. fallax (Hepp) Arn., and an unidentified Caloplaca species (Nakano et al., 
1972). The mycobionts of Ramalina crassa (Del.) Mot. andi?. subbreviuscula 
Asah. convert ribitol into arabitol and mannitol (Komiya and Shibata, 1971). 
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