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Abstract-Eight components, depsides and orcinol derivatives which exhibit growth-inhibitory activity against lettuce 
seedlings were isolated from Usnea longissima and identified from their physicochemical data. 

Since Molisch defined the term ‘allelopathy’ in 1937 [ 11, 
many scientists have been concerned with the exploration 
and exploitation of allelopathic chemicals [2-15-J. We are 
interested in the biochemical interactions between lichen 
and other higher plants [6, 173. 

It is said that the vigorous propagation of lichens such 
as Usnea and Parmelia species on trees gives rise to 
inhibition of growth and finally to their death. 

U. longissima, which is a filamentous type of lichen, 
adheres extensively to pine trees and grows in foggy areas, 
especially Tokachi, in the eastern part of Hokkaido and 
Hidaka, central Hokkaido. Until now barbatic acid (l), 
(+) usnic acid [ 181, diffractaic acid (2). protocetraric acid 
[19], evemic acid (3) [20], atranorin (4), fumarproto- 
cetraric acid and salazinic acid [21], have been previously 
isolated from, U. longissima, but the biological activity of 
them on the growth of higher plants has not been clarified 
WI. 

This paper deals with the isolation and identification of 
compounds in CJ. longissima which exhibit growth in- 
hibitory activity against higher plants, and also the 
quantitative analysis of major components using reverse- 
phase HPLC in connection with allelopathic evaluations. 

RESULTS AND DlSCU!3!3lON 

Plant growth inhibitors 

Full details of the isolation and physicochemical pro- 
perties, ‘H NMR. 13CNMR, mass and IR spectra of 
depside, /Sorcinol and dibenzofuran type of compounds 
from U. longissima are given in the Experimental. Benzene 
was found to be the most efficient extraction solvent. 

Lichens were collected in Furano, central Hokkaido. 
and extracted with benzene. After standing yellow crys- 
tals appeared in the solution. These were identified as 
(+)usnic acid from spectral data [23.24-J, although 
growth inhibitory activity against lettuce seedlings was 
very low even at high concentration. The filtrate after 
removal of usnic acid was concentrated and fractionated 
by silica gel CC. Fractionation was monitored by growth 
inhibitory activity. Each active fraction was purified by 
further CC and reverse phase HPLC. As a result, nine 

active compounds and a related inactive compound were 
isolated. Each compound was identified by the interpret- 
ation of their physicochemical properties (see 
Experimental). 

Eight active compounds were identified as 4-O- 
methylorsellinic acid (5), barbatic acid (l), evernic acid (3), 
diffractaic acid (2), &orcinolcarboxylic acid (6), 4-0- 
demethylbarbatic acid (7) orselhnic acid (8) and lecanolic 
acid (9)(F-9). One of the related inactive compounds was 
identified as 4-0-methylorsellinic acid ethyl ester (IO). 

One unknown compound having growth inhibitory 
activity was analysed by spectroscopic methods. The field 
desorption mass spectrum of the compound showed a 
[M] + at m/z 390 (This ion was not detected in the El 
spectrum). The ’ H NM R was similar to that of diffractaic 
acid (2). except for the appearance ofa signal at 64.66 ppm 
(2H) instead of the signal at 6 2.13 ppm (3H, Me bonded to 
aromatic ring). This observation indicated that one 
proton of the methyl group bonded to the aromatic ring 
was substituted by a hetero atom, since the signal of 
methylene protons was shifted to low field at 64.66 ppm. 
The El mass spectrum showed a base peak at m/z 209 
(high resolution 209.0774 for C, , H, 3O4). This fragment 
ion (11). a characteristic fragmentation of ester 
(R-GO+), comes from the A ring. Therefore, the un- 
known compound was identified as 3-x-hydroxydiffractaic 
acid (12) a new natural product. The new compound is 
comparable to 3-a-hydroxybarbatic acid (13) which has 
been found in Xanthoparmelia mocrezumensis [25] and 
methyl 3-a-hydroxy4-0-demethylbarbatate (14) in 
Oropogon loxensis [26]. However, the oxidation type at C- 
3 (hydroxymethyl group) is unique and the biosynthesis of 
12 is very interesting. The new compound (12) may be 
formed by esterification of 15 as A ring and 6 as B ring 
followed by methylation of the hydroxy group, or/and by 
oxidation at the C-3 methyl group of diffractaic acid (2). 

Growth inhibitory activity 

The growth inhibitory-activity of some compounds 
isolated from U. longissima on lettuce seedling is shown in 
Figs l-3. Of the depsides, COdemethylbarbatic acid (7) 
exhibited the highest activity. The number of methyl 
groups bonded to the benzene rings and to the phenolic 
oxygen are important in terms of activity. 
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Fig. 1. Growth inhibitory activities ofsomc dcpsides. 0, Barbatic 
acid; 0, diffractaic acid; l , evemic acid; A, COdemethylbarbatic 

acid. 
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Fig. 2. Growth inhibitory activities of orsellinic acid derivatives. 
4 Orsellinic acid; 0, CO-methyl orsellinic acid; H , CO-methyl 

orseilinic acid ethyl ester. 

To investigate the relationship between structure and 
activity, the depsides 1, 2 and 3 were hydrolysed by con- 
centrated sulphuric acid (Fig. 4). The growth inhibitory 
activities of the hydrolysis products are shown in Figs 2 
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Fig. 3. Growth inhibitory activities of /3_orcinolcarboxylic acid 
derivatives. 4 4-0-Methyl-/?-orcinokarboxylic acid; 0, 2,4-0- 

dimethyl-&orcinokarboxylic acid; m /?-orcinolcarborylic acid. 

and 3. The structural difference is the number of hydroxy 
and methoxy groups bonded to the benzene ring The 
compounds inhibit the growth of radicle. 

/?-Orcinol type depsides showed higher activity than 
orcinol type depsides. The nature of the substituents 
(hydroxy or methoxy) at the 2- and 4positions affected 
the solubility in acetone and their biological activity. 3-a- 
Hydroxydiffractaic acid (12) exhibited 90 % radicle length 
and 60 ‘;b hypocotyl length inhibitory activity to control at 
4.0 x lo-’ M. 

To fully elucidate the relationship between structure 
and activity. we need to investigate the effect of oxidation 
on the C-l substitution unit at the 3-position and some 
other classes of hydroxy and alkylated hydroxy groups. 

Quantitative analysis and allelopathic evaluation 

The amount of depsides l-3 and 7 were determined by 
reverse phase HPLC to evaluate the possibility as allelo- 
chemics from an ecological viewpoint. Benzoic acid was 
used as an internal standard. The crude extract was 
analysed after removal of usnic acid by recrystallization. 
Usnic acid comprises 1.5% of the dry weight, but it has 
little activity on lettuce seedlings even at high concentra- 
tions. Other components could be separated on Unisil C- 
18 (Gasukuro Kogyo Ltd.) with UV detector at 274 nm 
using methanol-water-acetic acid (90 : 10 : 1). The amount 
of each component was estimated from the HPLC data 
(Table 1). Although barbatic acid (1) does not have activity 
as high as the other compounds, it occurs in U. lonyissima 
in relatively large amounts (2.0 “/, of dry wt). Thus it would 
appear that barbatic acid contributes to the biological 
activity of the crude extract and is significant as an 
allelochemical. 
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Fig. 4. Hydrolysis of d-ides. 

Table 1. The amount of lichen acid constituents in Usnea 
l0?lgiWima 

Compound 

Usnic acid 
4-O-Demethylbarbatic ecid 
Evemie acid 
Diffract& acid 
Barb&c acid 

*g&y might. 

Concentration 

(%) by HPLC 

2.4. 
0.2 
0.7 
1.4 
2.0 

It is difficult to distinguish among subspecies of V. 
longissima from their external form and it is not clear 
which one is the standard species. However, subspezies of 
U. longissima have been recently distinguished and classi- 
fied by the quantitative comparison of major components 
such as barbatic acid (I), diffractaic acid (2) and evernic 
acid (3). 

EXPERIMENTAL 

P/ant material. Usnea longisstma was collected at an altitude of 
co loo0 m in the Tokyo University Forat in Hokkaido. Furano. 
079-15, Japan. It adheres to Taxus and Picea species 

Isolation of acttDc compounds. Dry U. longissima (557 g) was 
soaked in 30 1 of GH, at room temp. for co three weeks. The 
C,H, extract (38.7 g) was evapd and then redissolved in hot CsH,. 

While standing. the crude extract gave yellow crystals. (13.7 g). 
The yellow compound was identified as usnic acid from its 
spectral data. The filtrate was coned and subjected to silica gel CC 
using gradient elution with CHCl,-EtOAc to give 14 fractions. 
According to bioassay usiog lettuce seedlings, active fractions 4 
(0.82 g), 5 (1.77 g), 6 (8.26 g). 7 (3.61 g), 8 (0.39 g) and 9 (0.32 g) 
were obtained. 

Oreinol, j-orcinol derivatives and para depsides were isolated 
by further silica gel CC and HPLC (Unisil C-18.7.6 x 30 cm). 4- 
O-Methylorsellinic acid (5) was obtained from F-4, barbatic acid 
( 1) from F4 and 5, diffractaic acid (2)and evemic acid (3) from F- 
7-9, /?-orcinolcarboxylic acid (6) and 4-0demethylbarbatic acid 
(7) from F-7, orsellinic acid (8) and lecanolic acid (9) and 3-a- 
hydroxydiffractaic acid (12) from F-9. 

General. Mp are uncorr. NMR spectra were recorded at 
270 MHz. 

Bioassay. Samples were dissolved in 125 cl (Me)xCO and 
ad~tol5mlo.35%agarsolaAftathe~soln.hadsolidifi~ 
ISseedlings wereput on theagar inadeep Petridish (60 x 60 mm 
diam.) and incubated at 22” for 7 days in 14 hr light and 10 hr 
dark. Hypocotyl and radicle lengths were measured and com- 
pared with control. 

4-O-Methylorsellinic acid; 2-hydroxy4merhoxy-6- 
merhylbenzoic acid (6) [27]. Mp 167 _ 169” (from (Me)$.ZO~ 
IRvEcm- ‘: 3600, 3Mo. 3000, 1620. FDMS m/~ 182 [M-J’ 
(100). High resolution EIMS m/r, 182.0555 (akd for &&,O., 
182.0579). EIMS m/z (%k 182 [MJ’ (43), 164 [M-H1O]+ 
(100). 138 [M-CO,]+ (ll), 136 (61). 109 (13). ‘HNMR 
(270 MHz, CDCl,, TMSk 62.57 (3H, s, 4-OMe), 6.33 (lH, d. J 
=2.54Hz,H-3),6.35(1H,d.I==2.54H&H-5),11.56(1H.s.2- 
OH). “C NMR (270 MHq CDCl,, TMSk 624.28 (q. C-9). 55.72 
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{q, C-8), 99.46 (d, C-3), 105.50 (s, C-I), I 11.43 (d, C-5), 144.46 (s, C- 
6), 165.12 (s, C-2), 167.17 (s, C-4), 174.13 (s, C-7). 

Barbatic acid; 2-hydroxy-2-methoxy-3,6-dimethylbenzoic acid 
4'-carboxy-3"-hydroxy-2',5'-rncthylphenyl ester (I) [28]. Mp 181 

183 ° (from EtOAc). gBr - ~ IR Vma x cm : 3220, 1665, 1630. FDMS 
m/z (%); 361 [ M + H ]  ÷ (27), 360 [M]  + (100). High resolution 
EIMS re~z; 360.1198 (calcd for C19H2oO7, 360.1209). ElMS m/z 
(%); 360 [M]  + (0.4), 196 (15), 182 (13), 179 (100), 178 (19), 164 
(12), 136 (31). ~ H NMR [270 MHz, (CD3hCO, TMS];6  2.05 (3H, 
s, 3-Me), 2.06 (3H, s, T-Me), 2.61 (3H, s, Y-Me), 3.95 (3H, s, 4- 
OMe), 6.62 (IH, s, H-5g 6.72 (IH, s, 6'-H), 11.46 (1H, s, T-OH). 
'3C NMR (270 MHz, (CD3)2CO, TMS); 68.5 (q, C-8), 9.9 (q, C- 
7'), 24.3 (q, C-10), 25.4 (q, C-9'), 56.7 (q, C-9), 105.8 (s, C-3), 108.1 
(d, C-5), 111.0 (s, C-l); 111.9 (s, C-2'), 117.8 (d, C-6' and s, C-4'/ 
141.7 [s, C-6), 142.4 (s, C-5'), 154.2 (s, C-2), 163.8 (s, C-i'), 164.0 (s, 
C-3'), 164.7 (s, C-J,). 171.4 (s, C-7). 174.8 (s, C-8'). 

Evernic acid; 2-hydroxy-4-methoxy-6-methylbenzoie acid 4'- 
carboxy-3'-hydroxy-5"-methylphenyl ester (3) [29, 30 I. Mp 169 
171 ° (from MeOH). 1R KBr -I .  _..Vma ~ cm . 3450, 3050, 1660, 1610, 
FDMS m/z (%); 333 [ M + H ]  + (24), 332 [M]  + (100). High 
resolution ElMS re~z; 332.0871 (calcd for C ~ H t s O v ,  334.1052). 
ElMS m/z (%); 332 [M]  + (0.4), 168 (34), 165 (75), 164 (86), 136 
(44). :H NMR [270 MHz, (CDshCO, TMS];62.64 (3H,s,6-Me), 
2.65 OH, s, 5'-Me), 3.87 (3H, s,4-OMe), 6.41 (IH, d,J = 2.47 Hz, 
5-H), 6.47 (1 H, d, J = 2.44 Hz, 3-H), 6.74 (1 H, d, J = 2.47 Hz, 2'- 
H), 6.82 {IH, d, J = 2.47 Hz, 6'-H), 11.17 (IH, s, 3'-COOH). 
~SCNMR [270 MHz, (CD~hCO, TMS]; 624.4 (q, C-9), 24.8 (q, 
C-8'), 56.4 (q, C-8); 100.3 (d, C-3). 106.2 Is, C-1), i 10.0 (d, C-2'~ 
I 11.8 (s, C-4'), 112.6 (d, C-5), ! 17.8 (d, C-6'), 144.8 is, C-6), 145.2 (s, 
C-5'), 155.7 (s, C-Y), 166.0 and 166.3 (each s, C-2 and C-I'), 167.3 
{s, C-4), 170.7 (s, C-7), 174.0 (s, C-7'). 

Diffractaic acid: 2,4-dihydroxy-3,6-dimethylbenzoic acid 4'- 
carboxy-Y-hydroxy-2',5'-dimethylphenyl ester (2) [28]. Mp 190 

194 ° [from (MehCO].  IR Kar - t .  ~ vrr m cm .3450, 3050, 1740, 1640, 
FDMS m/z (%); 375 [ M + H ]  + (25), 374 [M]  + (100). High 
resolution ElMS m/z; 374.1368 (calc, d for C20H2207, 374.13656). 
EIMS m/z (%); 374 [M]  + (0.4), 210 (0.5), 194 (100), 193 (3), 182 
(4), 178 (15), 165 (5), 164 (4), 136 (2). ~HNMR [270MHz,  
(CD3),CO, TMS]; 62.13 (3H, s, 3-Me), 2.14 (3H, s, T-Me), 2.45 
(3H, s, 6-Me), 2.62 (3H, s, Y-Me), 3.84 (3H, s, 4-OMe), 6.68 ( 1 H, s, 
5-H), 6.76 (IH, s, 6'-H). 11.69 (IH, s, T-OH). 

fl-Orcinolcarboxylic acid; 2,4-dihydroxy-3,6-dimethylbenzoic 
acid (6) [31]. KBr - 1  IR Vm~ em : 3400,1635, FDMSm/z(%);183(M 
+ H I  + (22), 182 [M]  + (100). High resolution ElMS re~z; 
182.0576 (calcd for C9H~004, 182.0579). ElMS m/z ('~o); 182 
[M]  ÷ (17), 164 [ M - H ~ O ]  + (30); 138 [ M - C O ~ ]  + (100), 136 
[ M - C O 2 - H a O ]  + (43), 123 (41)` 109 (14). ~HNMR 
[270 MHz, (CDshCO, TMS]; 62.03 (3H, s, 3-Me), 2.49 (3H, s, 6- 
Me), 6.34 (IH, s, 5-H). 

4-O-Demethylbarbatic acid; 2,4-dihydroxy-3,6-dimethylbenzoic 
acid 4'-carboxyl-3'-hydroxy-2',5"-dimethylphenyl ester (7) 
[32]. Mp 174 175 ~ (from gBr - ~ M%CO), IR Vmu cm : 3400, 3050, 
1655, 1635. FDMS m/z ( %); 347 [M + H] + (33), 346 [M l + (100). 
High resolution EIMS re~z; 346.1074 (caicd lot CtaH~sOT, 
346.10524). ElMS m/z ( %); 346 [M l + (0.2), 182 (39), 165 (68), 164 
(72), 138 (19); 37 (20), 36 (100), ~H NMR [270 MHz, (CDa hCO,  
TMS]; 62.07 (3H, s 3-Me), 2.09 (3H, s, T-Me), 2.60 (3H, s, 6-Me), 
2.61 (3H, s, 5'Me), 6.46 (IH, s, 5-H), 6.69 (IH, s, 6'-H). 

Orsellinic acid; 2,4-dihydroxy-6-methylbenzoic acid (8) 
[331. _.. Vmax _ . . . I R  KSr ¢"m-I.. 3530, 3440, 1605. FDMS ra/z ('7o); 169 [M 
+ H I  + (24), 168 [M]  + 1100). High resolution ElMS m/z: 
168.0414 [caicd for CsHsO4, 168.04224). EIMS m/z ('~o); 168 
[M]  + (52), 151 [M - O H ] *  {100), 1 2 4 [ M - C O ~ ]  + 179), 122[M 
- H z O - C O ]  + (56). ~HNMR [270 MHz, (CD~hCO, TMS]; 
62.52 (3H, s, 6-Me), 6.23 [ 1 H, d J = 2.56 Hz, 3-H), 6.29 ( 1 H, d, J 
= 2.56 Hz, 5-H). 

Lecanolic acid; 2,4-dih ydro x y-6-meth ylbenzoic acid 4'-carboxy- 
3"-hydroxy-5'-methylphenyl ester (9) [29 I. Mp 174 ~ 175 ° (from 
M%CO); IR VKmu ~ cm - m: 3550, 3450, 3110, 1665, 1650, FDMS m/z 
(%); 319 [ M + H ]  + (23), 318 [M]  + (100). EIMS m/z (%); 167 
(20), 149 (100). ' H  NMR [270 MHz, (CD3hCO, TMS]; 62.51 
(3H, s, 6-Me), 2.65 (3H, s, Y-Me), 6.31 (IH, d, J = 2.45 Hz, 3-H), 
6.40 (IH, d, J = 2.44 Hz, 2'-H), 6.72 (IH, d, J = 2.45 Hz, 5-H), 
6.76 (IH, d, J = 2.44 Hz, 6'-H). 

3-a-Hydroxydiffractaic acid; 3-hydroxymethyl-2,4-dimethoxy- 
6-methylbenzoic acid 4"-carboxy-3'-hydroxy-2',5"-dimethylphenyl 
ester (12). Mp 156 ~ 158 ~ (from EtOH). KSr - i  IRvr, m e r e  : 3450, 
1735, 1655. FDMS ra/z (%); 391 [M + a ]  + (41), 390 [M l ÷ (100). 
High resolution ElMS re~z: 209.0774 (calcd for C I j H , s O , ,  
209.08130). ElMS m/z (%); 209 (100). t H N M R  (270MHz, 
(CDahCO, TMS); 62.13 (3H, s, T-Me), 2.47 (3H, s, Y-Me), 2.63 
(3H, s, 6-Me), 3.91 (3H, s, 2-OMe), 3.97 (3H, s, 4-OMe), 4.66 (2H, 
,s, 3-CH2OH), 6.65 (1H, s, 5-H), 6.82 (1H, s, 6'-H). 

4-O-Methylorsellinic acid ethyl ester; ethyl 2-hydroxy-4- 
raethoxy-6-methylbenzoate(lO). IR" Kat ~ -  t: 3400, 1640, FIMS 
re~z; 211 [ M + H ]  ÷, 210 [M]  +. High resolution EIMS re~z; 
210.0908 (calcd for C t1H, ,O , ,  210.08922). EIMS m/z (%); 210 
[M l + (22), 165 [M - EtO l + (28), 164 [M - EtOH] ÷ (100), 136 
[M - EtOH - CO l + (36). tH NMR (270 MHz, CDCls, TMS); 
61.41 (3H, t, J = 7.32 Hz, T-Me), 2.51 (3H, s, 6-Mc); 3.80 (3H, s, 
4-OMe), 4.39 (2H, q, J = 7.32 Hz, I'-CH2), 6.28 (IH, d, J 
= 2.44 Hz, 3-H); 6.32 (1H, d, J = 2.44 Hz., 5-H), 11.85 (1H, s, 2- 
OH). 

Hydrolysis [34]. Depsides (0.1 mmol) were dissolved in 1 ml 
conc H2SO4 at 0 ° and allowed to stand for 10 min. The soln 
changed to yellow in colour. Ice H 2 0  (5 ml) was poured into the 
soln and the white amorphous ppt. extd x 3 with 10 ml Et20. 
The E h O  layer was washed with brine and dried (MgSO4). The 
mixt. of hydrolysis products from the A and B rings of the 
depsides were sepd by prep. TLC using hexane-iso P rOH-HOAc  
(8 : 1 : 0.9). 

4-O-Methyl-fl-orcinolcarboxylic acid as A rino of I; 2-hydroxy- 
4-methoxy-3,6-dimethylbenzoic acid (16). IR " K a r ~ - L  Vma x ~,ut . 3400, 
3050, 1620, FDMS m/z ( %); 197 [M + H l ÷ {25), 196 [M]  + (100). 
High resolution EIMS re~z; 196.0757 (calod for CtoHt~O4, 
196.07356g EIMS m/z ( %); 196 [M l + (8), 178 [M - H 2 0 ]  + (10), 
152 [ M - C O 2 0 3  + (19), 150 [ M -  H , O - C O ]  + (15), 138 (27). 
~HNMR (270 MHz, CDCIa, TMS); 62.00 (3H, s, 3-Me), 2.59 
(3H, s, 6-Me), 3.89 (3H, s, 4-OMe), 6.48 (1H, s, 5-H). 

2,4-O-Dimethyl-~-orcinolcarboxylic acid as A ring of 24 2,4- 
dimethoxy-3,6-dimethylbenzoic acid (17). IR gBr - t  Vma acre : 3050, 
1690. FDMS m/z ( "/o); 211 [M + H] + (16), 210 [M] + (100). High 
resolution El MS re~z; 210.0856 (calcd for Cj~Ht404, 210.0892). 
EIMS m/z (~o); 210 [M] + (71), 193 [M - H20] + (49), 177 (30), 
163 (29), 150 (I I), 149 (42). ~ H NMR (270 MHz, CDCIa, TMS); 
62.14 (3H, s, 2-OMe), 2.59 (3H, s, 6- Me), 3.84 (3H, s, 4-OMe), 3.87 
(3H, s, 2-OMe), 6.58 (IH, s, 5-H). 
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