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C olum n chrom atography  o f the acetone extract o f the lichen Cladina macaronesica (Se- 
phadex LH-20, silica gel and silver n itrate-im pregnated silica gel) afforded eight triterpenes 
identified by chemical and spectral means. a-A m yrenone, lupenone, taraxerol, taraxerone and 
/so-arborinol acetate were isolated for the first tim e from lichens and (-)-u sn ic  acid and five 
m ononuclear phenolic com pounds were also obtained, four for the first time as natural p ro d ­
ucts. The possible transform ation  o f perlatolic acid into these phenolic com pounds is briefly 
outlined.

Introduction

Cladina macaronesica (Ahti) Follm. & H ern.- 
Padr. (C ladoniaceae Zenker, Lecanorales N annf.)
[1] is an interesting lichen species, arboriform , ro ­
bust, greenish- to greyish-yellow in colour, which 
grows in m ore or less dense pads 6 - 8  cm high. It 
has a very ram ified stalk with predom inantly  di- 
chotom ous hollow ram ifications. The lichen is 
com m only found in the C anary  Islands in the 
undergrow th o f green m ountain-tops (evergreen 
woods) and on the banks o f the roads and tracks 
surrounding these areas and often characterizes 
the bryolichenous terricole com m unities o f these 
soils seen best in clearings and o ther exposed hill­
side sites. Cladina macaronesica is native to the 
M acaronesia and is found in the Azores, M adeira 
and the C anary  Islands o f Tenerife, G ran  C anaria, 
G om era, H ierro and Palm a.

As part o f an intensive study o f the huge variety 
o f C anarian  lichens, a chemical analysis o f this in­
teresting plant was m ade and yielded two types o f 
substances: one consisting o f a series o f triterpenes 
and a sterol obtained from  the hexane and benzene 
extracts, called hereafter H ,, H 2, H 3, H 6 and B,; 
and the o ther o f the lichenous substances H 4, H 5, 
B2, B3, Cl, and Cl2 isolated from the hexane, ben-
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zene and chloroform  extracts, respectively (see Ex­
perim ental section).

Results and Discussion

Isolation and structure determination o f  the 
triterpenes

M ost o f the triterpenes isolated from  lichens are 
pentacyclic hopane derivatives [2] such as zeorin 
known to be the com m onest lichen triterpene. Ex­
ceptionally, dam m arane-type triterpenes are also 
found, such as diacetylpyxinol, a stictane-type tri­
terpene, and the following pentacyclic triterpenes 
with oleanane, ursane and lupane skeletons: frie- 
delin, isolated from the lichens Alectoria ochroleu- 
ca, Cetraria curcullata, Stereocaulum paschale and 
Cetraria nivalis [3, 4], taraxerene, isolated from  
Cladonia deformis [5], ursolic acid isolated from  
the lichens Cladonia arbusculata, Cladonia impexa  
and Cetraria nivalis, and a-am yrin, lupeol and 
cerin obtained from the lichen Cetraria nivalis 
[6,7].

Com pound H,

This was isolated from  the Sephadex LH-20 
chrom atography o f the hexane extract as a mix­
ture of three triterpenes which were separated by 
TLC im pregnated with silver n itra te  and denom i­
nated H la, H lb and H ,c for the purposes o f  this 
study. The IR  spectrum  o f all three substances
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showed an absorp tion  band at vmax 1700 cm “1 
characteristic o f a carbonyl group. MS showed the 
m olecular ion at m /z  424, in accordance with the 
m olecular form ula C 30H 48O.

Triterpene H la

Only a small quantity  was obtained. Study o f 
the MS indicated a A12-unsaturated  pentacyclic tri­
terpene with a base peak at m /z  218 typical o f 
retro-Diels A lder fragm entation [8], The 'H  N M R  
spectrum  is very sim ilar to  th a t o f a-am yrin  (2) dif­
fering in tha t here the hydroxyl on C-3 is replaced 
by a carbonyl group as can be seen clearly in the 
IR  spectrum. Substance H la is assum ed to be 
a-am yrenone (1) [9] isolated from  the first time 
from a lichen.

Triterpene H ]b

Isolated as a solid, m .p. 2 4 0 -2 4 2  °C. This sub­
stance was identified from  its spectral da ta  (IR , 'H  
N M R  and MS) as taraxerone (3) [10]. This same 
substance was isolated by Bohlm ann et al. [11] but 
could not be dem onstrated  to be a genuine com po­
nent o f the lichen in view o f the difficulty o f sepa­
rating it from  the bark  o f Alnus glutinosa  and A. 
incana, which contain  taraxerone and taraxerol,

H 3a 2 R1= ß-OH, H; R2 = Me H3b 4 R = P-0H,H

H 6 8 R1= ß-0H,H; R2 = C00H 4aR=ß-0Ac,H

8a R1= ß-OH, H; R2 = C00Me

H 3c 6 R = ß- OH, H 7a R = OH

respectively. As our lichen m aterial was gathered 
at ground level (see Experim ental) H lb is unequi­
vocally a lichen product, isolated as such for the 
first time.

Triterpene H lc

O btained as a crystalline solid, m .p. 160 °C. The 
MS showed a m olecular ion peak at m /z  424 and a 
prom inent peak at m /z  205 characteristic o f lupane 
derivative triterpenes. The ‘H N M R  is similar to 
that o f lupeol (6) differing only in having a carbon­
yl group at C-3 instead o f a hydroxyl. C om parison 
o f the spectral data  obtained from  com pound H lc 
with data given for lupenone (5) [12] indicated that 
the two were identical. Lupenone (5) is here iso lat­
ed for the first time from  a lichen.

Substance H 2

Isolated directly as an acetate [IR (1720 and 
1250 cm -') and 'H  N M R  spectra (5 2.05, 3H , s)] 
from  the Sephadex LH-20 chrom atography o f the 
hexane extract. In low resolution M S, the m olecu­
lar ion was observed at m /z  468 which agrees with 
the m olecular form ula C32H 520 2. A lkaline hydro­
lysis gave an alcohol, 7a, with a MS (M + m /z  426, 
C 20H 50O) for a triterpene with a hydroxy group 
and a double bond. The 'H  N M R  spectral da ta  of 
7 a  clearly showed a broad doublet a t 5 5.23 corre­
sponding to a vinyl p ro ton  and a double doublet at 
8 3.21 characteristic o f a geminal p ro ton  to a 
ß-equatorial hydroxyl. In the methyl region there 
are two notable doublets at 8 0.89 and 0.83 as­
signed to the methyls o f an isopropyl radical. The 
MS has fragm ents typical o f A7, A8 or A9(11)-un- 
saturated pentacyclic triterpenes, with methyls at 
C-13 and C-14. A com parison o f the percentage of 
the fragm entations in the mass spectrum  o f this 
product with those given by N ishim oto et al. [13] 
shows that it is an exact m atch with an arborane- 
skeleton triterpene with a double bond at A9(11). 
Both the physical and spectral da ta  coincide with 
those for iso-arborinol (7 a) [14] which is here re­
ported for the first time from  a lichen. It is none­
theless surprising to find triterpenes form ed by two 
different biogenetic routes in the same lichen.

Substance H 3

Also obtained from the Sephadex LH-20 chro ­
m atography. TLC with silver nitrate-im pregnated
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silica gel gave a m ixture o f three products H 3a, H 3b 
and H 3c. H 3a had m.p. 183 °C and a M + at m /z  426 
(C30H 50O); its 'H  N M R  and MS (see Experimen­
tal) agreed with those o f a-am yrin (2) [7]. When 
treated with acetic anhydride-pyridine, the triter- 
pene m ixture yielded a com pound in needles, m.p. 
300-302  °C, MS m /z  486 [M]+ (C32H 520 2). On the 
basis o f the 'H  and MS spectral da ta  (see Experi­
m ental) this substance was identified as taraxerol 
acetate (4 a). Alkaline hydrolysis o f 4a gave tarax­
erol H 3b (4) [10], isolated here for the first time 
from  a lichen. H 3c was isolated in the form of nee­
dles, m.p. 202 -207  °C and identified as lupeol (6) 
[7] from  its 'H  N M R  and MS spectral data (see 
Experim ental).

Substance H 6

W as obtained in copious yield from  the hexane 
and chloroform  extracts (see Experim ental) and 
purified as methyl ester, m.p. 106-107 °C. Both 
the physical and spectroscopic constants were in 
agreem ent with those o f ursolic acid methyl ester. 
(8 a) [7].

Substance B, was identified as ß-sitosterol [15].

m ental) proving to be an oily substance which, 
when treated with ferric chloride, turned greenish- 
yellow. The IR  spectrum  exhibited absorption 
bands due to a chelated hydroxy group (3350 cm “ '), 
a carbonyl group (1650 cm -1) and an arom atic 
ring (1610, 1550 cm “ 1). In the MS spectrum  the 
m olecular ion at m /z  266 [M]+ agreed with a m o­
lecular form ula o f C I5H 220 4. The IR, 'H  N M R  
and MS spectra were in perfect accordance with 
those given for ethyl-2-hydroxy-4-m ethoxy-
6-pentylbenzoate (10) isolated earlier by Solberg 
et al. from  Icmadophila ericetorum  [16]. E thanol 
was used in the earlier extraction process although 
the possibility o f 10 being an extraction artifact 
was not taken into account. The product now iso­
lated, however, never came into contact with 
ethanol.

Substance H 5

This com pound was obtained in abundance 
from  the hexane and benzene extracts as a crystal­
line yellow substance, m.p. 195-197  °C. Its physi­
cal and spectroscopic properties coincided with 
those o f (-)-u sn ic  acid (9) [17],

Isolation and structural determination o f  the 
lichenous substances

Substance H 4

Like H 6 this com pound was also obtained from 
the hexane and chloroform  extracts (see Experi-

_/^5H11

Ri0 h C / R2
OH

H4 10 R, = Me, R2 = COOEt 
B211 R, = Me, R2 = H 

B3 12 R, = Me, R2 = C00H 

12a R, = Me, R2 = COOMe 

01,13 R1 = H , R2 = H 

CIjH  R1 = H , R2 = C00H

-CcH" .OH

MeO 00—( O / —C00H

OH
M u

15

Substance B2

This new substance was isolated from  the ben­
zene extract (see Experim ental) as a brow n oil which 
turned orange-brow n when drops o f sulphuric 
acid were added. The IR  spectrum  showed absorp­
tion bands due to a hydroxy group (3580 cm -1) 
and an arom atic ring (1610, 1590 cm -1). In the 
MS, the m olecular ion was at m /z  194 [M +] 
(C 12H 160 2) and characteristic fragm ents at m /z  152 
[ M -C 3H J + and 138 [ M -C 4H 8]+ indicated the 
presence o f a pentyl radical. Its 'H  N M R  spectrum  
had signals for three arom atic hydrogens at 5 6.34, 
6.29 and 6.26 which appeared as doublets with 
coupling constants typical o f m eta hydrogens 
(J=  1.3 Hz), a signal at 5 3.76 assigned to a meth- 
oxyl on an arom atic ring, and the signals for a pen­
tyl radical. F rom  the foregoing B2 could be identi­
fied as 3-m ethoxy-5-pentylphenol (11). This struc­
ture was ratified by a study o f the l3C N M R  
spectrum  (D EPT) (see Experim ental).

Substance B3

This substance was obtained in the same way as 
the above from  the benzene extract, and crystal-
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lized as needles, m .p. 123 °C, turning deep yellow 
with sulphuric acid and dark  green with ferric 
chloride. Its IR  spectrum  had absorp tion  bands at 
3480 cm “1 for a hydroxy group, a broad band be­
tween 3300 and 2400 cm -1 characteristic o f an  acid 
group and typical arom atic bands at 1610 and 
1570 c m '1. The MS o f B3 showed the m olecular 
ion at m /z  238 for a form ula o f C ,3H 180 4. Signifi­
cant fragm ents a t m /z  182 [M - C 4H 8]+ and 164 
[M -C 4H 8- H 20 ] + indicated the presence o f a pen­
tyl radical, confirm ed in the 'H  N M R  spectrum  
(see Table I). T reatm ent with C H 2H 2 gave the 
methyl ester 12a in the 'H  N M R  spectrum  o f 
which a singlet a t 5 11.74 was observed corre­
sponding to a chelated hydroxyl, a signal which 
was no t seen in the spectrum  o f the acid, plus two 
meta arom atic pro tons a t 5 6.33 and 6.29 which 
appeared as a singlet at 5 6.35 in the spectrum  o f 
B3. In view o f these findings and biogenetic con­
siderations [18], the structure o f 2-hydroxy-
4-methoxy-6-pentylbenzoic acid (12) was allotted 
to this new substance. This structure is in line with 
the 13C N M R  spectral (D EPT) data  (see Experi­
mental).

Substance Cl,

This new substance was isolated from  the chlo­
roform  extract as a reddish-brow n oil which 
turned yellow when treated with sulphuric acid. Its 
IR  spectrum  had three characteristic absorption  
bands a t vmax 3580, 3340 and 1600 c m '1 for two 
hydroxy groups and an arom atic ring, respective­
ly. MS showed the m olecular ion at m /z  180 [M]+ 
agreeing with C n H ]60 2, and also a fragm ent char­
acteristic o f the pentyl radical at m /z  124 
[M -C 4H 8]+. The arom atic protons appeared as 
two broad singlets at 5 6.26 (2H ) and 6.19 (1 H) in 
the ’H N M R  spectrum, showing that the unoccu­
pied positions on the ring were m eta to each other. 
The above data  m atch the structure o f 3-hydroxy-
5-pentylphenol (13).

Substance Cl2

This was also isolated from  the chloroform  ex­
tract, as a brown oil, C n H 180 2, turning yellow 
when treated with sulphuric acid. Its IR  spectrum  
revealed absorption bands at vmax 3300 cm -1 (hy­
droxyl), 3200-2500 (carboxyl), 1630 (carbonyl)

Table l . 'H N M R  data  o f the m ononuclear phenolic com pounds isolated from Cladina macaronesicaa.

n p o u n d s H 4b B ,b K B 3b m eth y l  ester C l ,b C l ,c

- ( C H 2)4- M e 0.89
( t , /  =  7.0)

0 .89
(t, 7 = 6 . 3 )

0.91
( t , y  =  6.9)

0 .90
( t , 7  =  6 .6)

0 .86
( t , y  =  6 .5)

0.91
( t , y ; = 6 .4)

- ( C H , ) , - ( C H , ) , - M e 1.30
(m)

1.32
(m )

1.36
(m)

1.32
(m)

1.26
(m)

1.35
(m)

- c h , - c h , - c , h 7 1.52
(m)

1.58
(m )

1.60
(m)

1.53
(m)

1.51
(m)

1.57
(m)

- c h , - c , h q 2.85
( t , y = 7 . 5 )

2.51
( t , y  =  7 .5)

2.93
(t, 7 = 7 . 4 )  ̂

to
\ 

bo

II '-J o

2 .38
( t , y  =  7.6)

2.88
( t , y = 7.5)

- H 6.28
( l H , d , /  = 2 .0)

6 .26
(1 H , d , J  = 1.3)

6 .35
( 2 H , s )

6.29
(1 H , d , y =  2.6)

6.19  
(1 H, s)

6.14
( l H , d , y  = 2.0)

6.33
( l H , d , 7  = 2.0)

6.2 9
(1 H , d , /  = 1.3)

- 6.33
(1 H , d , y  =  2.6)

6.26  
(2 H ,  s)

6.19
(1 H , d , J  = 2.0)

- 6 .3 4
(1 H , d , /  = 1.2)

— —

lers 3.80
( 3 H ,  s, A r - - O M e )

3.7 6
(3 H ,  s, A r -

3.82
O M e )  ( 3 H ,  s, A r -

3.80
O M e )  ( 3 H , s ,  A r - O M e )

—
"

1.41
( 3 H , t , y  = 7.26 ,  A r - C O O C H , - M e )

— 3.92
(3 H ,  s, A r - C O O M e )

4.40
( 2 H , q , 7  = 7.26 ,  A r - C O O C H , - M e )

—

"

11.86
(1 H ,  s, A r - - O H )

— ~ 11.74
(1 H , s ,  A r - O H )

a A bbreviations: s, singlet; d, doublet; t, triplet; q, quartet; m, m ultiplet. 
b T aken in CDC13. 
c Taken in C D jO D .
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and 1600, 1550 cm “1 (arom atic). A study o f the 
MS spectrum  (see Experim ental) showed the pen­
tyl radical observed in the com pounds described 
above and this was also visible in the 'H  N M R  
spectrum . These data  agree perfectly with the 
structure 2,4-dihydroxy-6-pentylbenzoic acid (14) 
for this new substance.

Five o f these lichenous substances are m ono­
aryl com pounds and four are reported here for the 
first time. L iterature search showed that few such 
com pounds have been isolated from  lichens in 
spite o f their apparen t interm ediary role in the b io­
synthesis o f depsides [19], Occasionally they have 
been regarded as artifacts o f the depsides found in 
the same lichens, partially hydrolyzed during the 
extraction process; and elsewhere, as natural p ro d ­
ucts. In this instance, perlatolic acid (15) could 
well be the origin o f the phenolic com pounds iso­
lated and it rem ains to be seen if they are evolved 
within the lichen as the result o f action by the hy­
drolase and decarboxylase enzymes there present, 
or during extraction. To clarify this point, the ace­
tone extract was chrom atographed directly on Se- 
phadex LH-20 and perlatolic acid (15) was ob­
tained -  this substance was not found in the pre­
vious study -  plus the m ono-aryl com pounds B3 
and B4. Perlatolic acid was refluxed with silica gel 
in benzene for 4 h and gave the m ono-aryl com ­
pounds B2, B3, Cl, and Cl2. This bore out the thesis 
th a t the products obtained in the first study could 
be the result o f chemical degradation of perlatolic 
acid due to its great lability [20, 21].

Experimental

M elting points were obtained on a Kofler appa­
ratus and are uncorrected. IR  spectra were taken 
on a Perkin-Elm er model 257 spectrophotom eter. 
'H  N M R  spectra were taken at 200 M H z and MS 
were obtained using a direct inlet system at 70 eV. 
The p lant m aterial was collected from  the ground 
in La G om era in July 1988 in the region o f Ta- 
jaque (hilltop heath) at 1200 m. Voucher speci­
mens are on file in the TFC  Lich. H erbarium  (No. 
1939) o f the D epartam ento  de Biologia Vegetal, 
Botänica of the Universidad de La Laguna.

Isolation of Compounds

The lichen m aterial once dried was ground to 
give 684 g o f a fine powder which was m acerated

with acetone. The acetone extract was concentrat­
ed at reduced pressure to give 184 g o f a syrupy liq­
uid. This was im pregnated with silica gel and ex­
tracted in a Soxhlet w ith hexane, benzene and 
chloroform  giving a hexane extract (900 mg), a 
benzene ex tract (4.3 g) and  a chloroform  extract 
(2.5 g). All the extracts were chrom atographed on 
a Sephadex LH-20 colum n using «-hexane-  
C H C l3-M e O H  (2 :1 :1 )  as eluant and yielded H, 
(85 mg); H 2 (64 mg); H 3 (33 mg); H 6 (125 mg); B, 
(70 mg); and the lichenic substances H 4 (17 mg); 
H 5 (123 mg); B2 (120 mg); B3 (200 mg); Cl, (50 mg) 
and Cl2 (63 mg).

Substance H,

Isolated as a m ixture from  Fractions 3 - 4  o f the 
Sephadex LH-20 chrom atography o f the C6H 14 ex­
tract, extracted by re-chrom atography on silica gel 
im pregnated w ith A g N 0 3 using C 6H ,4- C 6H 6 (1:1) 
as eluant to afford the triterpenes H ,a (5 mg), H ,b 
(25 mg) and H lc (10 mg).

a-A m yrenone (H la): am orphous powder; 'H  
N M R  (CDC13) 5: 0 .5 0 -1 .1 0  (24H , 8 x Me), 5.15 
(1H , t, J =  3.5 Hz, H-12); MS m /z  (rel. int.): 424 
[M]+ (21), 409 [M -M e ]+ (12), 218 (100), 205 (14), 
203(28), 189(18); 133(16).

Taraxerone (H lb): m .p. 24 0 -2 4 2  °C (EtOH); 
[a]D25 + 12.6° (c 1.03, CHC13); 'H  N M R  (CDC13) 5: 
0.83 (3H , s, Me), 0.91 (6H , s, 2 x M e), 0.95 (3H , s, 
Me), 1.06 (3 H , s, Me), 1.08 (6H , s, 2 x Me), 1.13 
(3H , s, M e), 5.55 (1H , dd, 7 = 4 .0 , 7.0 Hz, H-15); 
MS m /z  (rel. int.): 424 [M]+ (100), 409 [M -M e ]+ 
(51), 300 (97), 285 (62), 204 (90), 189 (40).

Lupenone (H ,c): m .p . 160 °C (EtOH); 
[a]D25 + 60.0° (c 0.54, CHC13); !H N M R  (CDC13) 8: 
0.70 (3 H, s, Me), 0.84 (3H , s, M e), 0.86 (3H , s, 
Me), 0.93 (3 H, s, Me), 0.98 (3H , s, M e), 1.65 (3H , 
s, M e -C = ) , 4.48 (1 H, d, .7=2.0  Hz, H-29), 4.60 
(1 H, d, J=  2.0 Hz, H-29); MS m /z  (rel. int.): 424 
[M]+ (39), 409 [M -M e ]+ (15), 381 [ M - C 3H 7]+ (4), 
218(17), 205(51), 189(22).

Iso-arborinol acetate (H 2)

Isolated from  Fractions 3 - 4  o f the Sephadex 
LH-20 chrom atography and purified by re-chro- 
m atography on silica gel using C 6H ,4- C 6H 6 (1:1) 
as eluant. M .p. 285 °C (M eO H - EtOAc); [a]D25 + 
48.0° (c 0.26, CHC13); IR  vmax (CHC13) cm “1: 1730, 
1250, 1170, 1145, 1030, 970: 'H  N M R  (CDC13) 5:
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0 .50-1 .10  (24H, 8 x Me), 2.05 (3H , s, OAc); 4.49 
(1H , dd, .7=4.0, 10.0 Hz, H-3), 5.23 (1H , de­
formed d, H -l 1).

Alkaline hydrolysis o f z'so-arborinol acetate

50 mg o f H 2 was refluxed for 24 h with a solu­
tion of 5% N aO H . A fter the usual w ork-up, iso- 
arborinol (7 a) (40 mg) was obtained: m.p. 300 C 
(M eO H -C H C lj); [a]D25 + 37.0° (c 0.27, CHC13); 
'H  N M R  (CDC13) 5: 0.75 (3 H, s. Me), 0.76 (3 H, s, 
Me), 0.80 (3 H, s, Me), 0.81 (3 H, s, Me), 0.83 (3 H, 
d, 7  = 6.0 Hz, M e.C H - ) ,  0.89 (3H , d, 7 = 6 .0  Hz, 
M e .C H -), 0.98 (3_H, s, Me), 1.03 (3 H, s, Me), 3.21 
(1H , dd, 7 = 4 .0 , 10.0 Hz, H-3), 5.23 (1H , de­
formed d, H -l 1).

Substance H 3

Isolated as a m ixture from  Fractions 5 - 8  o f the 
Sephadex LH-20 chrom atography o f the C6H I4 ex­
tract. R e-chrom atography on silica gel im pregnat­
ed with A gN O , with C6H 6-E tO A c  (9:1) as eluant 
afforded H 3a (15 mg), H 3b (26 mg) and H 3c 
(10 mg).

a-Am yrin (H 3a): m.p. 183 °C (EtO H ); 
[a]D25 + 83.0° (c 0.62, CHC13); 'H  N M R  (CDC13) 5:
0 .50-1 .10  (24H, 8 x Me), 3.22 (1H , dd, 7 = 5 .0 ,
11.0 Hz, H-3), 5.12 (1H , t, 7 = 4 .0  Hz, H-12); MS 
m/z (rel. int.): 426 [M]+ (11), 411 [M -M e ]+ (3), 218 
(100), 207 (12), 203 (23), 189 (19), 133 (16).

Taraxerol (H 3b) was purified with Ac20 - P y  giv­
ing a solid: m.p. 300 °C (M eOH); [a]D25 + 12.0° (c 
1.20, CHC13); 'H  N M R  (CDC13) 5: 0.81 (3H , s, 
Me), 0.85 (3 H, s, Me), 0.87 (3 H, s, Me), 0.90 (6H , 
s, 2 x Me), 0.95 (6H , s, 2 x Me), 1.08 (3H , s, Me),
2.06 (3 H, s, OAc), 4.45 (1 H, dd, 7 = 5 .0 , 10.0 Hz, 
H-3), 5.53 (1 H, dd, 7 =  4.0, 7.0 Hz, H-15); MS m /z  
(rel. int.): 468 [M]+ (45), 453 [M -M e ]+ (14), 393 
[M -M e -H O A c ]+ (8), 344 (18), 329 (9), 298 (37), 
284 (5), 269 (9), 218 (100), 204 (42), 189 (49).

Lupeol (H 3c): m.p. 207 °C (M eO H - EtOAc); 
[a]D25 + 22.2° (c 0.54, CHC13); 'H  N M R  (CDC13) 5:
0.76 (3H , s, Me), 0.79 (3H , s, Me), 0.83 (3H , s, 
Me), 0.94 (3 H, s, Me), 0.97 (3 H, s, Me), 1.03 (3 H, 
s, Me), 1.68 (3 H, s, M e -C  = ), 3.18 (1H , dd, 
7 = 5 .0 , 10.0Hz, H-3), 4.56 (1H , d, 7 =  2.0 Hz, 
H-29), 4.69 (1 H, d, 7 =  2.0 Hz, H-29); MS m /z  (rel. 
int.): 426 [M]+ (18), 411 [M -M e ]+ (6), 220 (6), 218
(25), 207(29), 191 (16), 189(35).

Ursolic acid (H 6)

Isolated from  Fractions 13-18  o f the Sephadex 
LH-20 chrom atography of the C6H 14 extract and 
purified by treatm ent with an ether solution of 
C H 2N 2 produced from N -nitroso-N -m ethylurea 
and N aO H : m.p. 106-107 C solidifying and 
re-melting at 170-171 °C (C6H 14-C H C 1 3);
[a]D25 + 67.0° (c 1.25, CHC13); 'H  N M R  (CDC13) 5:
0.72 (3 H, s, Me), 0.75 (3H , s, Me), 0.83 (3H , d, 
7 = 6 .4  Hz, M e -C H ); 0.89 (3H , s, Me), 0.91 (3H , 
d, 7 =  6 .4Hz, M e -C H ), 0.96 (3H , s, Me), 1.05 
(3 H, s, Me), 3.18 (1H , dd, 7 = 5 .0 , 10.0 Hz, H-3), 
3.58 (3 H, s, COOM e), 5.22 (1H , t, 7 =  3.6 Hz, 
H-12); MS m /z  (rel. int.): 470 [M]+ (5), 441 
[M -C O O M e]+ (4), 262 (100), 207 (22), 203 (68), 
189(17), 133 (35).

Ethyl-2-hydroxy-4-m ethoxy-6-pentylbenzoate
(H 4)

Isolated from Fractions 9 -1 2  o f the Sephadex 
LH-20 chrom atography o f the C6H ]4 extract; yel­
low oil; IR  vmax (CHC13) cm “1: 3350, 1650, 1610, 
1570; !H N M R  (CDC13) see Table I; MS m /z  (rel. 
int.): 266 [M]+ (34), 221 [ M - C 2H sO]+ (13), 220 
[M -C ,H 60 ] + (50), 210 [M -C 4H 8]+ (53), 196 
[ M - C 5H 10]+ (4), 192 [M -C 4H 8- H 20 ] + (30), 177 
[ M - C 4H 8- H 70 - M e ] + (21), 165 [M -C 2H 50 -  
C4H 8]+ (13), 164 [M -C 2H 60 - C 4H 8]+ (100), 135 
[ M - C 2H 60 - C 4H 8- C H 0 ] + (26).

(-)-U sn ic  acid (H 5)

Isolated from  Fractions 13-18  o f the Sephadex 
LH-20 chrom atography o f the C6H 14 extract: m.p. 
195-197 °C (M eOH); [a]D25-  495° (c 1.85, 
CHC13); 'H  N M R  (CDC13) 5: 1.59 (3H , s, Me), 
2.11 (3 H, s, M e -A r) , 2.67 (3H , s, M e - C O - ) ,  
2.68 (3 H, s, M e - C O - ) ,  5.98 (1 H, s, H -A r) , 11.05 
(1H , s, H O -A r) , 13.33 (1H , s, H O -A r) , 18.86 
(1 H, s, H O -A r); MS m /z  (rel. int.): 344 [M]+ (85), 
260(72), 233 (100), 217 (18).

3-M ethoxy-5-pentylphenol (B2)

Isolated from Fractions 16-25  o f the Sephadex 
LH-20 chrom atography o f the C6H 6 extract: 
brow n oil; IR  vmax (CHC13) cm “’: 3580, 1610, 1590; 
'H  N M R  (CDC13) see Table I; 13C N M R  
(50.32 M Hz, CDC13) 5: 160.8 (C-3), 108.2 (C-6), 
156.7 (C -l), 98.9 (C-2), 145.9 (C-5), 106.9 (C-4), 
65.3 (OMe), 36.1 (C-L), 31.6 (C-2'), 30.9 (C-3'),
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22.6 (C-4'), 14.1 (C-5'); MS m /z  (rel. int.): 194 [M]+ 
(21), 152 [ M - C 3H 6]+ (13), 138 [M -C 4H 8]+ (100).

2-Hydroxy-4-m ethoxy-6-pentylbenzoic acid (B3)

Isolated from  Fractions 16-25  of the Sephadex 
LH-20 chrom atography o f the C6H 6 extract: m.p. 
123 °C (CHClj); IR  vmax (CHC13) cm "1: 3480, 
3300-2400, 1630, 1610, 1570; >H N M R  (CDC13) 
see Table I; ,3C N M R  (50.32 M Hz, CDC13) 5: 
176.2 (CO O H ), 103.5 (C-5), 166.8 (C-4), 111.4 
(C -l), 165.2 (C-2), 99.0 (C-3), 149.9 (C-6), 55.5 
(OM e), 36.8 (C -l'), 32.1 (C-2'), 31.5 (C-3'), 22.6 
(C-4'), 14.2 (C-5'); MS m /z  (rel. int.): 238 [M]+ (26), 
220 [ M - H 20 ] + (33), 192 [M -C 2H 4- H 20 ] + (25), 
182 [ M - C 4H 8]+ (39), 177 [M -C 3H 7- H 20 ] + (5), 
164 [ M - C 4H 8- H 20 ] + (100), 137 [M -C 4H 8-  
H 20 - C H 0 ] + (28).

M ethylation o f 2-hydroxy-4-methoxy-
6-pentylbenzoic acid

20 mg o f B3 was treated with C H 2N 2 in the same 
way as H 6 yielding methyl ester 12 a (19 mg): yel­
low oil; ‘H N M R  (CDC13) see Table I; MS m /z  
(rel. int.): 252 [M]+ (41), 220 [M -M eO H ]+ (47), 
196 [ M - C 4H 8]+ (72), 192 [M -C 2H 4-M e O H ]+
(27), 177 [M -C 3H 7-M e O H ]+ (20), 164 
[M -C 4H 8-M e O H ]+ (100), 135 [M -C 4H 8-  
M e O H -C H O ]+ (22).

3-H ydroxy-5-pentylphenol (Cl,)

Isolated from  Fractions 2 3 -3 0  of the Sephadex 
LH-20 chrom atography o f the CHC13 extract: red­
dish-brow n oil; IR  vmax (CHC13) cm "1: 3580, 3340,
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1600; 'H  N M R  (CDC13) see Table I; MS m /z  (rel. 
int.): 180 [M]+ (29), 124 [ M - C 4H 8]+ (100).

2,4-Dihydroxy-6-pentylbenzoic acid (Cl2)

Isolated from  Fractions 2 3 -3 0  of the Sephadex 
LH-20 chrom atography o f the CHC13 extract: 
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(15)

A bout 24 g o f dried, ground lichen was m acerat­
ed w ith acetone (250 ml) for one m onth  and, after 
the acetone had been elim inated under reduced 
pressure, was chrom atographed  on Sephadex 
LH-20 using C 6H ,4-C H C l3-M e O H  (2 :1 :1 ) as 
eluant to  afford perlatolic acid (15) (30 mg). This 
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C6H 6 for 4 h, filtered and concentrated. A TLC as­
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and Cl2.
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