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ABSTRACT 

The major secondary metabolites of 17 Antarctic lichen species were studied via macroextraction . The mostfrequently 
found compounds were usnic acid and atranorin . Two polysubstituted depsides were isolatedfrom Lecania brialmontii, 
brialmontins 1 and 2 .. from Catillaria corymbosa a derivative of hiascic acid was isolated, 2' -O-methylhiascic acid. 
Perox>:ergosterol, a sterol infrequent in lichens, wasfound infour species. 

Key words: Antarctic lichens , secondary metabolites, depsides, depsidones , dibenzofuran derivatives , usnic acid, 
terpenes. 

Estudios sobre líquenes chilenos. XI. 
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MARÍA LUISA ÜYARZÚN' , CINDY VINET 1, VALERIA HORMAECHEA 1 y PETER FIEDLER'. 

RESUMEN 

Se estudiaron los metabolitos secundarios mayoritarios de 17 especies de líquenes antárticos mediante macroextrac­
ción. Los compuestos más frecuentes fueron el ácido úsnico y la atranorina . De Lecania brialmontii se aislaron dos 
interesantes dépsidos polisustituidos , la brialmontina 1 y la brialmontina 2, y de Catillaria corymbosa el ácido 2' -0-
metilhiascico, un derivado del ácido hiascico. El peroxiergosterol , un esterol poco frecuente en Iíquenes,fue aislado de 
cuatro especies. 

Palabras claves: Líquenes antárticos, metabolitos secundarios, dépsidos, depsidonas , dibenzofuranos, ácido úsnico, 
terpenos. 

INTRODUCTION 

Lichens accumulate products of their secondary metabolism, most of them being specific; they 
are formed from phenolic units which have a common origin in polyketonic tricarboxylic acids 
derived from acetic acid. These constitute the structural base of depsides, depsidones , diaryl 
ethers, dibenzofurans and usnic acids, depending on whether the cyclization follows the orselli­
nic acid model or the phloroglucinol model (Vicente, 1976; Elix et al., 1984). Less frequently, 
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¡he )" also synthesize triterpenes with a hopane skeleton. xanthones. anthraquinones. and com­
pounds related to shikimic acid (Asahina and Shibata, 195-+: Culberson. 1969) . 

The lichens are known by the differentiation of chemical races with little or no change in 
morphology . According to Culberson (1970), chemical races are stablished through a change in 
¡he constituent natural products by the replacement of one substance by another or the addition 
(or deletion) of one or more accessory substances . 

Lichens are the most conspicuous macroscopic plants in Antarctica, in tenns of species, 
biomass and distribution (Lamb, 1970; Lindsay, 1978). In spite of the large number of species 
-more than 300-- only a few chemical studies have been undertaken so far (Hertel and Leuckert, 
1969; Huneck et al. , 1984). 

The purpose of this work is to appraise the chemical variability of macrolichens collected on 
Robert and King George lslands, South Shetland lslands, during January and February, 1987 . 

EXPERIMENTAL 

General procedures 

Melting points are uncorrected and were detennined on a Kofler hot plate . Optical rotation was 
measured in CHCI3 with a Schmidt-Haensch polarimeter. 'H-NMR spectra were recorded at 60 
MHz (Varian T-60) in CDCI) , CD3COCD3 and DMSO-d6 , with TMS as internal standard. MS 
were obtained on a Varian MAT (CH-7) spectrometer by direct probe insertion al 70 eV o IR 
spectra were recorded in KBr pellets (Perkin Elmer, model 683) . Thin layer chrornatography 
and column chromatography were performed on Silica gel from Merck. 

The lichen material was dried and ground , and was extraeted, sueeessively, with naphtha 
(60-80°). chloroform, and acetone. each time for a period of 24 hours, at room temperature . 

The new eompounds were identified by physical and spectroseopie methods , and the known 
ones were additionally compared with authentic samples. 

Voueher speeimens were deposited in the herbarium ofthe School of Phannaey, Universidad 
de Valparaiso. 

Bue/lia cladocarpi::a Lamb. 116 g. , collected in Copper Mine Cove, Robert Island . Atrano­
rin ( 1 ) ( l. 1-+ g; 0 .98%), identical to an authentic sample , was isolated from the chloroform and 
acetone extracts . after fraetionating on a silica gel column by elution with benzene . 

Cari/laria corymbosa (Hue) Lamb. 730 g, eollected on Robert lsland. Atranorin (1) (1.16 g; 
0 . 16% l. chloroatranorin (2) (0.22 g: 0.03%) and 2 ' -O-methylhiaseie acid (9) (1 .09 g; O. 15%), 
wae isolated from ¡he chlorofonn and acetone extracts , after fractionating on a siliea gel 
column . using toluene-ethyl acetate-fonnic acid (35 : 23: 1) as eluent. 

Comiclllaria aculeara (Schreb .) Ach .- 665 g , eollected in Ardley Cove, King George Island . 
Usnic acid li 5 ) (O.Olg: 0 .0ü29'c) and ( + )-protolichesterinic acid (19) (5 .70 g; 0 .87%) were 
isolated from the chlorofonn and acetone extracts, after fractionating on a silica gel eolumn , 
usi ng [-lenzene-ethyl acetate-forroic acid (20:2:0 .5) as eluent. 

u("¡Jnora orra ( Hud~ ) .-\ ch.- 871 g . collected on Robert Island . From the naphtha extract 
¡r3Ce~ of atranori n \\ ere obtained. Atranorin (J ) (0 . 19 g: 0 .02%), ex -collatolic acid (/ 1 ) 
10 . / 6 g: O.O:? 'k l. and alectoronic acid (12 J (0. 19 g: 0.02%), were isolated from the chloroform 
anJ al.:e!t)ne e \trJd S. after frdc tionating on a silica gel column . u~ i ng benzene-ethyl aeetate­
forrol ,' acid (.tO . ~ . I) J' eluent. 
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Lecania brialmontii Vain . - 750 g of lichen material, collected in Copper Mine Cove , Robert 
Island. Brialmontin 1 (3) (0.38 g: 0 .05%) was isolated from the naphtha, chloroform and 
acetone extracts by elution from a silica gel column with naphtha-ethyl acetate (30: 1); and 
brialmontin 2 (4) (0.15 g; 0.02~), using naphtha-ethyl acetate (30:2) as eluent. 

Ochrolechia antarctica (Müll . Arg .) Darb .- 1000 g oflichen material, collected on Robert 
Island. Usnic acid (15) (0.20 g; 0.002%) was isolated from the naphtha extract. Variolaric acid 
(14) (2.20 g; 0.22%) andlecanoric acid (7) (0.05 g; 0.005%) were obtained from the chloroform 
and acetone extracts. 

OchroLechia frigida (Sw.) Lynge .- 330 g of lichen material, collected on Robert Island. 
Usnic acid (15) (0.10 g; 0 .03%), and traces of atranorin (1) and zeorin (17) wereisolated from 
the naphtha extract. The chloroform and acetone extracts gave gyrophoric acid (10) (2 .50 g; 
0.76%). 

ParmeLia saxatilis (L.) Ach.- 730 g oflichen material , collected on Robert lsland. Usnic acid 
(15 )(0.04 g; 0.005 %) , atranorin (1) (0.51 g; 0.70%), and zeorin (17)(0.013 g; 0.002%), were 
isolated from the naphtha extracto From the chloroform and acetone extracts salazinic acid (5) 
(2 .02 g; 0.28%) was isolated. 

Pannaria hookeri (Borr. ex Sm.) Nyl.- 280 g of material collected on Robert lsland. Traces 
of atranorin (1) and ergosterol peroxide (18) (0.09 g; 0.012%) were isolated from the acetone 
extract. 

Psoroma tenue Henssen var.- tenue.- 300 g of lichen material, collected on Robert lsland, 
Copper Mine Cove. Porphyrilic acid methyl ester (16) (0.39 g; 0.13%) and atranorin (1) (0.01 g; 
0.003%) were isolated from the acetone extract after fractionating on a silica gel column by 
elution with naphtha-ethyl acetate (20: 1) . 

Psoroma hypnorum (Vahl.) Gray .- 230 g of lichen material , collected in Copper Mine Cove , 
Robert lsland . Ergosterol peroxide (18) (0 .02 g; 0.009%) was isolated from the acetone extract , 
by precipitation and recrystallization from acetone. 

Placopsis contortuplicata Lamb.- 690 g of lichen material, collected on Robert lsland . 
Gyrophoric acid (10) (4 .70 g; 0 .68%) was obtained from the acetone extract , by precipitation 
and recrystallization from acetone. Gyrophoric acid (la) was detected by thin layer chromato­
graphy of separated cephalodia, extracted with acetone. 

Ramalina terebrata Hook et Tayl.- 1275 g of material , collected in Copper Mine Cove, 
Robert Island. The naphtha extract gave usnic acid (15) (2 .20 g; 0.17%) . 

RhizopLaca aspidophora (Vain.) Redon.- 239 g of material , collected on Robert Island. 
Usnic acid (15) (2.39 g; 1.00%) and zeorin (17) (2.70 g; 1. 13%) were isolated from the naphtha 
and chloroform extracts . The acetone extract gave stictic acid (6) (0 .02 g; 0.008%). 

Sphaerophorus globosus (Huds .) Vain.- 647 g of lichen material , collected on Robert Island . 
Usnic acid (15) (0.01 g; 0.002%) was isolated from the naphtha extract. Sphaerophorin (8) (1.07 
g; 0.16%) was obtained from the chloroform and acetone extracts after fractionating on a silica 
gel column by elution with naphtha-ethyl acetate-formic acid (36:4: 1). 

Stereocaulon alpinum Laur.- 1300 g of lichen material , collected on Robert Island , and in 
Ardley Cove, King George lsland. Usnic acid (15) (0 .01 g; 0.00 1%) and atranorin (1) (0 .02 g: 
0 .002%) were isolated from the naphtha extract. From the chloroform extract atranorin (1) (4 .00 
g; 0.30%) , lobaric acid (13) (6.00 g; 0.46%) and traces of ergosterol peroxide (18) were isol ated 
by fractionation on a silica gel column , eluting with benzene . 
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Umbilicaria antarctiea Frey et Lamb.- 1300 g ofmaterial, collected on Robert Island. Usnic 
acid (15) (0.04 g; 0.03%) and atranorin (1) (0.04 g; 0.03%) were isolated from the naphtha 
extracto After fractionating the acetone extract eluting with naphtha-ethyl acetate (3: 1), gyrop­
horic acid (10) (12.00 g; 0.92%) and ergostero1 peroxide (18) (0.09 g; 0 .007%) were obtained. 

Characterization by means of physical and spectroscopic data of the compounds isolated 

Atranorin (1) (Wojciechowski et al . , 1973): mp = 194-196° (lit 195-197°). 
IR~~~ cm-1

: 2920 (OH); 1650 (C = O); 1575 (arom.); 1250 (ArCOOCH3); 1120 (C-O-C); 810 
(arom.). 

'H-NMR (CDC13) o: 2.06 (3H, s, CH3-1) ; 2.53 (3H, s, CH3-10); 2.70 (3H, s, CH3-7) ; 4 .00 
(3H, s, COOCH3) ; 6.65 (1H, s , H-2); 10.46 (lH, s, CHO); 12.03 (lH, s , OH-9); 12.60 (lH, s, 
OH-3)¡ 12.70 (1H, s, OH-5). 

Chloroatranorin (2) (Vinet, 1987) mp = 208-210°. (lit. 208-208 .5°; Culberson , 1969) . 
IR~~~ cm· l : 2910 (OH); 1655 (C = O); 1580 (arom.); 11 20 .(C-O-C); 810 (arom. ). 
IH-NMR (CDC13) o: 2.10 (3H, s, CH3-1); 2.56 (3H, s, CH3-1O) ; 2.90 (3H, s, CH3-7); 4.03 

(3H, s, COOCH3); 6.40 (lH, s, H-5); 10.46 (lH, s, CHO); 12.03 (lH, s, OH-9) ; 12.43 (lH: s, 
OH-3); 12.70 (1H , s, OH-5) . 

Msmlz: 41O(M+ + 2;6.3%);408(M +;8 .2);213(56.0); 212(19 .9) ; 196(75.5); 164(100); 
136 (50.5) . 

Brialmontin 1 (3) (Vinet, 1987): mp = 102-104°. 
IR~~~ cm·': 2900 (C-H) ; 1740 (C = O); 1615 (arom. ); 1450 (Ar-CH3) ; 1280 (C-O-C) ; 850 

(arom.). 
IH-NMR (CDCI3) o: 2.19 (9H, s, CH3-1 ,2,7) ; 2.27 (3H, s, CH3-6); 2.30 (3H , s, CHr 4) ; 

2.36 (3H, s, CH3-10); 3.70 (3H , s, OCHr 9) ; 3.8 1 (6H , s, OCH3-3 ,5); 6.63 (lH, s, H-8). 

Ms miz : 372 (M +; 3.5%); 207 (100); 193 (1.1) ; 192 (1.3); 166 (l.7); 165 (2.4); 164 (5 .8); 
149 (3.4). 

Brialmontin2 (4) (Vinet, 1987): mp = 106-109°. 
IR~~~ cm-l: 3400 (OH); 2925 (C-H); 1650 (C = O); 1630 (arom.) ; 1470 (ArCH3); 1275 (C­

O-C); 810 (arom.). 
IH-NMR (CDC13) o: 2.05 (6H, s, CH3-1 ,7) ; 2.22 (3H, s, CH3-5); 2.25 (3H , s, CH3-1O); 2.32 

(3H, s, CH3-4); 2 . ~7 (3H, s, CH3-6); 3.75 (3H, s, OCH3-9); 3.84 (3H, s, OCH3-3); 6 .66 (1H, s, 
H-8) ; 11.42 (lH; s, OH-5) . 

Ms miz: 358 (M +; 4%); 193 (lOO); 192 (3.8); 166 (9.5); 165 (2 .9); 164 (2 .9); 149 (9.5). 

a-Collatolie acid (11 )(Elix et al., 1974): mp = 122-123° (lit. 122-123°). 
IR~~; cm-I: 3350 (br OH); 1730, 1680, 1620 (C = O); 1570 (arom .); 1055 (Ar-OH); 890, 860, 

800 (arom.). 
IH-NMR (CD3COCD3) o: 0 .93 (6H, m, (CH2)4CH3); 1.20-1.80 (12 H, m, (CH2)3 ), 2.14 

(2H, m, ArCH2COCH2 ); 2.50 (2H , t, J = 8Hz, Ar'CH2COCH2 ); 3.69 (2H, brs, Ar'CH2CO); 
3.83 (3H, s, OCH3); 4.02 (2H, s, ArCH2CO); 6.80 (2H, dd, J = 8, 4Hz, ArH-2,4). 

Alectoronicacid(12)(Elixetal., 1974): mp = 185-186° (lit. 190-191°). 
I~~ cm- 1

: 3300 (brOH); 1740, 1705, 1675 (C = O); 1605 (arom.); 1090 (Ar-OH); 890, 800 
(arom.). 

IH-NMR (CD3COCD3) o: 0.67-1.10 (6H, m, (CH2)4CH3); 1.10-1.80 (12H, m, (CH2)3); 2.06 
(2H , m, ArCH2COCH2 ) ; 2.53 (2H, s, Ar.CH2COCH2 ) ; 3.20-4.00 (2H, brs , Ar'CH2CO); 4 .03 
(2H, s, ArCH2CO) 6.60-6.90 (2H, m, ArH-2 ,4); 6.60-6.90 (lH m, Ar' ~H-8) . 
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Gyrophoric acid UO) (Bryan et al .. 1976): mp = 220-225°. dec . (lit. 22.3" . dec .). 
I~ cm-' : 3300, 3000 (br OH); 1720, 1600 (e = O); 1250 (e-O-e) ; 1050 (e-OH) . 
'H-NMR (DMSO-d6 ) &: 2.40 (9H. s, N-eH3); 6.22 (2H , s, H-2 . 4); 6 .59-6.68 (4H. m, H-6, 

9, 10, 14): 9.97 (lH , bs, OH or eOOH); 10.34, 10, 40 (each lH. s, bonded OH) . 
Ms miz: 318 (O ,4%); 168 (50); 151 (50); 150 (90); 124 (lOO); 123 (54); 122 (55). 

2' -O-methy /hiascic acid (9)(Vinet, 1987): mp = 207-209°. 
IR::; cm-': 3300 (OH); 2880 (CH); 1660 (arom.); 1250 (e-o-C); 840 (arom.). 

'H-NMR (DMSO-d6) 8: 2.27 (3H, 5, Ar'CH3); 2.37 (3H, 5, Ar"CH3); 2A3 (3H, 5, ArCH.l); 
3.63 (3H, s. OCH3); 6 .38 (lH, s, Ar-H); 6 .60 (2H, dd, J = 1.5, 0.5Hz, Ar'H); 6 .70 (2H, dd , J ::::: 
1.5.0.5 Hz , Ar"H); 9.94 (2H, s, OH-2 ,3); 10.54 (1H, s, OH-5). 

Ms miz: 168 (11%); 166 (11); 165 (3); 151 (11); 150 (25); 138 (25); 124 (lOO) . 

Lecanoric acid (7) (Bryan et al., 1976): mp = 175-185° dec. (lit. 185° dec .). 
IR~~ cm-' : 3480-3400 (OH); 1730,1650 (e = O); 1250 (e-O-e); 1050 (e-OH) . 
'H-NMR (DMSO-d6) &: 2.60 (6H, s, ArCH3); 6.32 (2H, s, H-2 , 4); 6.60,6.68 (each 1H, d, 

J = 3.0 Hz, H-6, 10); 10.00 (2H, s, OH or eOOH); 11.19 (lH, s, bonded OH). 

Ms miz: 318 (M +; 16%); 317 (20); 300 (5); 273 (8); 167 (100); 150 (58) . 

Lobaric acid (13) (Huneck et al ., 1968): mp = 196-198° (lit. 196-197°; eu1berson, 1969). 
IR~cm": 3140(OH) ; 1720, 1685, 1600 (e = O); 1270 (e-O-ester); 1 100 (e-O-ether) . 

Ms miz: 456 (M +; 22%); 438 (18); 412 (lOO); 397 (72); 355 (20); 194 (lOO). 

Porphyrilic acid methyl ester ( 16) (Renner et al. , 1981): mp = 265-266°. 
IR~~: cm" : 3300 (OH); 1735, 1660 (e = O); 1600 (e = e); 1275 (e-O-ester); 1065 

(e-O-elher) . 

Ms miz: 328 (M +; 39%) 299 (15); 297 (13) ; 271 (19); 270 (100); 269 (16); 242 (16); 241 
(95) ; 213 (12); 212 (8); 185 (12); 183 (7) . 

(+) -ProtoLichesterinicacid(l9)(Boll , 1968): mp = 102-1O4°[O::]~} + 18.2°, eHel3 (lit.: 
[CX:]O'9 .S = 12. l °, eHeI3; eulberson , 1969) . 
l~ cm" : 3200 (OH); 2780 (eH); 1740 (e = O) lactone); 1720 (e = O acid). 

'H-NMR (eDel3) & 0.86 (3H, m, eH3); 1.30 (br, s (eH2),2); 3.62 (IH, m, H-2); 4.82 (lH, 
m,H-3);6 .100H,d,J = 4 .0Hz, = eH2); 6.55(1H,d,J = 4.0Hz, = eH2). 

Salazinicacid(5)(0' Donovaneta/. , 1980): mp = 260-268° (lit. 260-2800 ;eulberson, 1969). 
IR~ cm": 3500, 3240 (OH). 1760 (e = O lactone . 1730 (e = O aldehyde), 1650 (e = O 

esterl. 1250 (e-O-e) , 1070 (e-O-H). 
'H-NMR (DMSO-d6 ) &: 2.45 (3H , s, eH3-1); 4.70 (2H, s, CH20H) ; 6.80 OH, s, H-2); 6 .83 

( IH,~. H-Iactol); 10.83 OH. s. eHO). 

Sr/etú' acid (6) (Hirayama el al . . 1976; Elix el al. , 1987): mp = 270-272° dec . (lit. 268-269° 
dec.) . 

IR~ cm' : 3350. 3200 (OH); 1750, 1720, 1680 (e = O); 1100 (e-OH). 
'H-NMR CDMSO-dó ) &: 2.23 OH. s. eH3-1) : 2.48 (3H, s, eH3-8); 3 .97 (3H, s, OeH3-3); 

10.55 ( IH, s. eHO). 

( .... )-Csnic acid ( J 5) (Talvilic. 1983): mp = 201-203° (lit. 203-204°). [aJi? = 505°, eHel 3 

lIir (a)~ == .N) ·: Culber~on . 1969)_ 

IR ~!: cm ': lbS) (e = O, : 1 190 (C-o-e): 840, 820 (arom .). 
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IH-NMR (CDCI
3

) o: 1.90 (3H, s, Ar-CH3); 2.12 (3H, S, CH3-C-CO); 2.67 (6H, s, COCH3 ); 

6.00 OH, s, Ar-H). 

Variolaric acid (14) (Rana and Sargent, 1975): mp = 296-298°, dec. (lit. 294-296° dec.). 
IR~~ cm·l: 3340 (OH); 1740 (e = o lactone); 1720 (C = O ester); 1280 (COO); 1080 (C­

OH). 
IH-NMR (CDCI3-DMSO-d6) o: 2.41 (3H, s, CH3); 5.18 (2H, s, CH2) ; 6.59,6.98 (2H, s, 

ABq, J = 2.3 Hz, H-2 , 4); 6.79 (lH, s, H-8). 

Ms miz: 315 09%); 314 (M + ; 100); 201 (24); 164 (26); 151 (59); 135 (24); 134 (36); 115 
(20); 107 (20); 105 (20) . 

Sphaerophorin(8) (Culberson, 1969):mp = 137-139° (lit. 137°). 
IR~~~ cml: 3450 (OH); 1650 (e = O); 1600 (Arom.); 1240 (C-O); 1040 (C-OH); 850, 790 

(Arom.). 

Ms miz: 416 (M + ; 8%); 415 (15); 398 (3); 372 (34); 251 (15); 225 (3); 206 (52); 181 (64); 
165 (100); 137 (64); 122 (3). 

Zeorin (l7)(Yosioka etal., 1966): mp = 217-219° (lit. 221-223°). 
[aJ.:F + 54.5°, CHC13 (lit. [0:]5' = 54°; Culberson , 1969). IRKBr cm·l: 3250 (br, OH); 2920 

(CH) . 
IH-NMR (CDC13 + CD30D) o: 1.19; 1.19; 1.15; 1.06; 1.01; 0.98; 0.88; 0.77 (3H, s, 8CH3). 

Msmlz:444(M+, 16%);207(70); 191 (47); 189(00); 151 (7); 149(61). 

Ergosterol peroxide (18) (González et al. , 1973; Wojciechowski et al ., 1973): mp = 
175-178° (lit, 175-177°). 

[a]6° - 30.0°, CHCI3 (lit. [o:]i? - 27.4°). 
IR~~~: 3525 (OH); 1465 (C = C) ; 1375 (C-H); 1045 (C-OH); 970 (C-OO-C). 
IH-NMR (CDCI3) o: 6 .50, 6.24 (each lH, d, J = 8Hz, AB-system-C-CH = CH-C); 5.2 (2H, 

m, -CH = CH-); 4.0 (lH, W 1/2 = 14Hz, H-C-OH); 0.90, 0.83 (6H, S, CH, tert.); 1.0,0.92, 
0.84,0.83 (l2H, S, CH3 sec.) . 

RESULTS ANO DISCUSSION 

The analytical results corresponding to 17 macrolichen species from the vicinity ofthe Antarctic 
peninsula are collected in Table l . Usnic acid (15), a phloroglucinol derivative, and the depside 
atranorin (1) of the orcinol series, are present in the majority of the species. The concentrations 
of both metabolites are extremely variable: from traces to about 1 %. 

The presence of atranorin (1) in Buellía cladocarpiza, a species considered endemic to 
Antarctica, is in accordance with previous reports (Culberson, 1969; Culberson et al., 1977). 
Atranorin (1) is the most frequently found compound in species of Buellia, as shown in a 
phytochemical and chemotaxonomic study of 73 taxa (Huneck and Follmann, 1970). 

Atranorin (1) and a-collatolic acid (11) had already been reported for Lecanora atra (Cul­
berson et al., 1977). The Robert Island sample presents , in addition, alectoronic acid (12) . 

a-collatolic (11) and alectoronic (12) acids -depsidonés of the orcinol series- are very similar 
structurally: they only differ by the methylation of a phenol group at position 4 of the former. 

Stressful conditions prevailing in Antarctica wouldmake the hypothetical methylation diffi­
cult, which should cause the coexistence of both compounds in the plant. 

Parmelia saxatilis accumulates atranorin ( 1) , usnic acid ( 15 ), the depsidone salazinic acid (5) 
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and the triterpene zeorin (17) . Atranorin (1), chloroatranorin (2), and usn ic acid (15) had been 
identified in an Antarctic sample (Lindsay . 1973). Except for chloratronorin (2 J. the same 
metabolites had been reported for material collected in other geographic areas (Culberson, 
1969; Culberson . 1970: Culberson el al., 1977). 

Rhizoplaca aspidophora (syn . Lecanora aspidophora) accumulates stictic (6) and usnic (15) 
acids. as well as ergosterol peroxide (18). For this species zeorin (17) and usnic acid ( 15) had 
been reported previously (Culberson el al ., 1977). Two dibenzofuran derivatives, (-)­
placodiolic and (- )-pseudoplacodiolic acids. as well as (-)-usnic acid had been isolated from a 
related species, R. chrysoleuca (Connolly el al .. 1984) . 

The presence of atranorin (1), laboric acid (13) (Culberson et al., 1977), stictic acid (6) 
(Culberson, 1970). and methyl orsellinate (lngolfsdottir el al., 1986), had been reported for 
Slereocaulon alpinum . Our material gave usnic (15) and lobaric (13) acid~, atranorin (1), and 
ergosterol peroxide (18). Ergosterol peroxide. isolated for the first time from the fungus Asper­
gillus fumigalu s (Wieland and Prelog , 1947), was synthesized in 1954 (Barton and Robinson , 
1954); its presence in lichens is infrequent (González el al . . 1973); Hirayama el al., 1973; 
Wojciechowski el al . . 1973) . 

The chemistry of the genus Ramalina is well known . 80% of more than 100 taxa analyzed 
accumulate usnic acid (15) (Culberson. 1969: Culberson , 1970; Culberson el al ., 1977) . This 
compound was reisolated from the Antarctic sample in agreement with previously reported data 
(Huneck el al . . 1984). 

Sphaerophorus globosus is a species characterized by chemical variation (Culberson, 1970). 
Two chemical races have been reported for Antarctic samples: one produces thamnolic acid, and 
the other, squamatic acid (Lindsay . 1972). A third chemical race , from South Georgia, pro­
duces squamatic acid and sphaerophorin (8) (Huneck el al., 1984). According to our results, 
S. globosus from Robert Island corresponds to a new chemical race which accumulates sphaero­
phorin (8). 

Comicularia llculeala accumulates a major compound, ( + )-protolichesterinic acid (19), and 
usnic acid ( 15). A previous study of Antarctic material (Lindsay, 1973) reports the presence of 
( + )-protolichesterinic acid (19): for samples collected in other geographic areas the same 
compound ha ve been reported, as well as rangiformic acid and comicularin (Culberson, 1969) . 

Gyrophoric ( 10). lecanoric (7), and variolaric ( 14) acids are frequent in the genera Ochrole­
ehia and Placopsis. belonging to the famil)' Pertusariaceae (Culberson , 1969; Culberson , 
1970): Culberson el al . . 1977). Lecanoric acid (7) is the depside corresponding to the tridepside 
gyrophoric acid (10) which derives from three orsellinic acids units, related to orcino\. Both 
.:ompound~ 01' ten coexist: in Parmelia pulla chemosyndromes lecanoric acid (7) is not produced 
if gyrophoric acid (10) is absent (Culberson el al .. 1977). Nevertheless, a very small amount of 
lecanoriL' a,' id (7) (0.OO5Ck) was isolated from Ochroleehia anlareliea; this species gave variola­
rie acid (l .J ) as the major product. as well as usnic acid (15) ; gyrophoric acid (10) was not 
detected . The~e metabolites had been reported for samples of O. anlarctica and O. frigida 
l('ulbeNln el al . . 1977). In our O.frigida material gyrophoric acid (lO) is present, as well as 
atranorin ( 11 . u~n'l' acid ( /5) and zeorin ( 1 h Usnic 'acid ( 15) is reported here for the first time as 
J ,'\mstituent of Jn Ochrolechia species. 

Gyrophoric acid ( /0 ) \\ as iso lated from Placopsis COnlortuplicala; this is also the major 
':l1rnpound founJ in isolateo cephalodia . Gyrophoric (10) and lecanoric (7) acids had been 
rq>NteJ for lh" specie, (Culberson el al .. 1977). 

The number 01' ¡¡chen el 'rnpounds reported for taxa of lhe genus Umbilicaria is small . Most of 
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the species studied accumulate gyrophoric acid (JO) ; less frequent substances are lecanoric (7), 
umbilicaric. stictic (6) and norstictic acids (Culberson , 1969; Culberson 1970; Culberson et al ., 
1977). Gyrophoric acid (10) and triglycerides had been reported for species collected on the 
South Orkneys (Huneck et al . , 1984). ,Our material gave gyrophoric acid (10) as the major 
product. as well as small amounts of atranorin (1) and usnic acid (15). 

Catil/aria corymbosa . Lecania brialmontii and Pannaria hookeri had not been analyzed 
before . C. corymbosa yielded 2'-0-methylhiascic acid (9) , an orcinol tridepside related to 
hiascic acid reported (Vinet , 1987); atranorin (1) and chloroatranorin (2) were also isolated from 
this species. In two members of the genus CatilLaria -C. griffithii and C. reichertiana- atranorin 
(1) and usnic acid (15) had been detected (Culberson et al., 1977) . 

The chemistry of the genus Lecania is almost unknown. The only existing reference (Foll­
mann and Huneck , 1970) reports a neutral compound , mp = 163-164°, the structure of which 
was not established, isolated from L . aispopila. From L . brialmontii two compounds , brialmon­
tin 1 (3) and brialmontin 2 (4), were isolated. These belong to a small group of polysubstituted 
de psi des (Bruun, 1971; Huneck, 1984). 

Pannaria hookeri accumulates atranorin (1) and ergosterol peroxide ( 18). Pannaria, as well 
as Psoroma, belong to the family Pannariaceae , whose members characteristically synthesize 
biogenetically related chlorinated depsidones derived from ¡3-orcinol (Elix et al. , 1982; Piova­
no et al., 1985) . One of the members of this biogenetic series is pannarin which has been 
reported for P. /eucostictoides and, toghether with atranorin (1), for P. pityrea (Culberson, 
1969; Culberson, 1970) . Neither in P. hookeri nor in both the Psoroma taxa studied -P. 
hypnorum and P. tenue var-tenue- have pannarin or other chlorinated depsidones been detected. 

i From P. hypnorum only ergosterol peroxide (18) has been isolated, and in a very low concentra­
tion (0.009%); and from P. tenue , atranorin (1) and porphyrilic acid methyl ester (16), a 
dibenzofuran derivative . This last compound has been reported for P . hypnorum/palaceum 
aggr., and for P. tenue (Renner, et al . . 198 1). 

CONCLUSIONS 

The specific secondary metabolite spectrum in lichens is broad in the Antarctic species studied: 
depsides , depsidones , dibenzofurans and (+ )-usnic acid (15) are present in these species. 
Psoroma hypnorum is exceptional in that it accumulates just one extractable compound, namely 
ergosterol peroxide (18). and only in very low concentration . 

Yields . in general. are lower than those obtained from lichens of other geographic areas 
(Culberson . 1969; Culberson. 1970;Culbersonetal ., 1977) . Usnicacid(15) andzeorin(17), a 
compound not considered specific for Iichens, reach their highest concentrations in Rhizoplaca 
aspidophoru. with 19'(" and 1.139'c , respectively , of the dry weight of the lichen. The highest 
)Icld of atranorin ( J j. 0.98'k. was obtained from Buellia cladocarpiza . 

The ,(ressful conditions of Antarctica. as regards temperature and luminosity, might determi­
ne the lo\\' concentration of these compounds due to limited synthesis, or to the use of the 
metabolites a, energy ,ources it has been reported that the Iichen phenols are degraded in the 
interior of thalli so as lo be able lo enter the energy cycle when lichens are subjected to nutrient 
Slre,s (\ ' icenle el al .. 1980). 

Thi, ,(udy adds lO (he kno\~ ledge of lhe di versity oflichen metabolites , with the isolation and 
,I melure deten11lnation 01 brialmontins 1 (3) and 2 (4) which are accumulated by Lecania 
hn"lmoflrii. ami of 2'-O-melhylhlascic acid (9) from Car¡l/aria cor)'mbosa. 
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Chemical races are frequent in lichens. Even considering importance ofthe testing ofindivi­
dual thalli for the verification of bulk extractions (Imshaug and Harris, 1971), undoubtedly 
Sphaerophorus globosus from Robert Island, which only accumulates sphaerophorin (8), cor­
responds to a new chemical race ofthe species, since no other related products were isolated , or 
unrelated substances which are present in specimens from other geographic areas. 
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