
GRACILIFORMIN AND ITS ACETATES IN 
CLADONIA GRACILIFORMIS 

HIROKO EJIRI,* USHIO SANKAWA and SHOJI SHIBATA 

Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo. Bunkyo-ku, Tokyo. Japan 

(Recrived 23 May 1974) 

Key Word Index-Chionia graciliformis; Cladonia bellidijlora; lichen; lichen mycobiont; graciliformin; bellidi- 
florin; modified bianthraquinones; iron complex; structure determination. 

Abstract--From the lichen Cladonia gracil$mnis, three new pigments A, B and C were isolated along with belli- 
diflorin. Pigment A was an epimer of (+ )-rugulosin diacetate and pigment B and C its corresponding deacetylated 
derivatives. Bellidiflorin is probably an iron complex compound of A. The chemical constituents of the myco- 
bionts of CI. gracilffoformis and CI. hellid$ora were also studied. 

Cladonia graciliformis is a fruticose lichen grow- 
ing occasionally on the ground near sulphur con- 
taining hot springs in Japanese volcanoes. Asa- 
hina [l] reported that it contains usnic acid, squa- 
matic acid and a dark brown coloured pigment, 
bellidiflorin. Bellidiflorin was first isolated by 
Zopf [2] in 1907 from Cladonia bellid$ora (Ach.) 
var. coccocephala (Ach.), but its chemistry is still 
obscure. This paper describes an investigation of 
the metabolites of the lichen Cl. graciliformis and 
a comparison with those of the mycobionts of Cl. 
graciliformis and Cl. bellid$ora. 

RESULTS AND DISCUSSION 

The acetone extracts of the lichen and the cul- 
tured mycobiont colonies were first examined by 
TLC on silica gel impregnated with 0.5 N oxalic 
acid. As bellidiflorin was firmly adsorbed on silica 
gel, the extracts were chromatographed on 
Sephadex LH-20 and then on silica gel treated with 
oxalic acid to obtain usnic acid, squamatic acid, 
skyrin [3] (newly isolated by the present experi- 
ment), bellidiflorin and three yellow pigments A, B 
and C. 

Pigment A, which is the major yellow pigment, 
has two alcoholic acetyls as shown in its IR spec- 
trum (1745, 1221 cm-‘) and MS (Mf-60, M’-60- 
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60). The UV and ORD curves indicated that A was 
a rugulosin-like compound, since (+ )-rugulosin 
diacetate prepared from (+ )-rugulosin [4] using 
acetyl chloride in HOAc gave almost the same IR, 
UV, ORD and MS spectral data as A, but some 
differences in the NMR spectra were observed. In 
the NMR spectrum of (+ )-rugulosin diacetate, the 
proton signal at 3,3’ (6 3.23) is coupled with that 
of the proton at 2,2’ (6 5.39) having a coupling con- 
stant J 5.5 Hz, while in Pigment A, the signals from 
both protons at 3,3’ (6 3.16) and 2,2’ (6 4.90) are 
singlets. If A is an epimer at C-2 and C-2’ of (+)- 
rugulosin diacetate, the dihedral angles of H,(,.,- 
H,(,,and H,,T,-H,(Y, should be 78” and 85” respect- 
ively according to Dreiding models, and hence the 
signals from H-3(3’) and H-2(2’) should be singlets. 
Structure (1) is therefore proposed for Pigment A. 

The MS and NMR spectra of Pigment B showed 
the presence of one alcoholic acetyl, and its NMR 
spectrum indicated that it is an unsymmetrical 
dimer. By decoupling experiments and comparison 
with (+)-rugulosin monoacetate, the structure of 
Pigment B has been formulated as (2). Mild acety- 
lation of B gave a product which was identical to 
A. 

The minor component, Pigment C, was isolated 
after repeating column chromatography and pre- 
parative TLC on silica gel impregnated with 05 N 
oxalic acid. The TLC R,r value, IR and MS 
spectra of C revealed that it is identical with the 
product prepared from A on treating with NaOH. 
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Pigment C has no acetyl group, and its IR, UV and 
MS spectra resemble those of (+)-rugulosin. The 
NMR spectrum showed that Pigment C is a sym- 
metrical dimer and an epimer of (+)-rugulosin 
which has been formulated as (3). The Pigment C 
is now named graciliformin. Accordingly the Pig- 
ments A and B are diacetylgraciliformin and 
monoacetylgraciliformin, respectively. 
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Bellidiflorin, m.p. > 270., [alu -380’ (dioxane), 
a dark brown colouring matter, was shown by X- 
ray fluorescence analysis to contain iron. It dis- 
solved in 0.6 N NaOH to give an orange solution 
which turned yellow and liberated iron on acidifi- 
cation with 2 N HCl to afford graciliformin as the 
main product. The UV spectrum of bellidiflorin 
resembled that of graciliformin (i.:,“,“““‘; 253. 
387 nm) but exhibited an additional shoulder at 
465 nm, while its ORD and CD curves were also 
very similar to those of graciliformin in the lower 
wavelength region. but different in the higher 
wavelength region showing three additional Cot- 
ton effects. The presence of acetyl groups in belli- 
diflorin was indicated by the IR absorptions at 
1745 and 1226 cm-- ‘. As the NMR spectral 
measurement of bellidiflorin was unsuccessful 
because of the presence of iron in the molecule, the 
conclusive evidence for the structure of bellidi- 
forin has not been obtained. but it is quite prob- 
able that bellidiflorin is an iron complex of gracili- 
formin acetate. 

From the extracts of the mycobiont colonies of 
Cl. yurciljfbrmis and Cl. hellid$ora cultured on 
shaking in Lilly and Barnett’s medium [.5]. bellidif- 
lorin. skyrin and graciliformin and its acetates 
were isolated, whereas usnic acid and squamatic 
acid were not found. This is the first example of the 
isolation of rugulosin-like compounds from a cul- 
tured mycobiont. although (+)-rugulosin has 
already been found in the lichen, il~~~~sc~yl2~r.s 
sp/?L/rl~opho,~oid~~,s [6]. 

Addition of excess iron salt to the medium used 
in the shake culture of Cl. hellid$ora produced a 
darker colour than the normal culture indicating 
an increased formation of bellidiflorin. 

EXPERIMESTAL 

C/udo~~iu ywcilifi,mis Zahlbr was collected in 1972 at Hon- 
zawa spa in Mt. Yatsugatake. Nagano Pref. Cl. hellidifloru was 
collected in 1970at Revelstoke in the Rocky mountains. BI-itish 
C‘olumbia. The mycohionts were isolated by the test tube 
method and cultivated on Hamada’s No. I17 medium or a 
malt- yeast extract medium for several months. The colonies 
were then homogenized in a blender and cultivated b) shaking 
for 3 months on the modified Lilly and Barnctt’s medium (glu- 
cose 10 g. ammonium tartratc 2 g or 5 mmo:l. of I.-alanme. 
KH,PO, 1 g. M&SO,. 7H?O 0.5 g. Fe(NO,), YH,O 0.2 mg. 
ZnSOq. 7H,O 0.2 mg. MnSO, JHzO WI mg, CaC12 0.7 g. 
thiamine 100 keg. biotin 5 ~cg. dist. H,O I liter. pH 5.5). 

Isohrim urd purjficutiou. Lichen thalli wcrc extracted succes- 
sively with rl-hexane. C,H, and Me2C0. Mycelia of the myco- 
bionts were filtered. an dr-icd and extracted with hot Me,CO. 
TLC of the Me,CO extracts of lichen and mycobients on silica 
gel impregnated with 0.5 N oxahc acid in C‘,,H,,- MelCO (10: I) 
gave the following R, values: usntc acid 0.X3. pigment A 0.69. 
pigment B 0.49, skyrin 031. bellidiflorin 0.26, squamatic acid 
0.16 and Pigment C 0.1 1. The culture tiltrate H;~S also extracted 
with EtOAc and added to the previous extracts. The C,H,, 
extract of lichen and the MezCO cytract of mjcobiont were 
chromatographed on Sephadex Ll-1.20 and eluted with 
MelCO. The brown ppts separated from the first portion ofolu- 
tion were recrystallired from C,H, or Me2C0 to obtain bclli- 
difiorin. All other fractions were combined. mixed with 
CaHPO, pouder and placed on the top of a silica gel column 
Impregnated with 0.5 N oxalic acd. Fluting with a !I-hexane- 
C,,H,,-Me,CO system, some fattv acids. usnic acid. Pigment A. 
Pigment B, skyin and Pigment C were obtained suc&ssivelv 
Preparative-TLCwasalso used for the purification of Pirrmcnt ?. 

I&,?f$c,clrio,j t~j ~~r&olirra. Lsnic acid. skyrin andsquamn- 
tic acid were identified bq comparing with the authentic sam- 
ples using TLC. IR :md MS. Diacetylgraciliformin (Pigment A): 
m.p. > ‘770 (recryst. from Mc,C’O- EtOHI. [z],, + 3Y2 (diox- 
ant) (Found: c’. 649.3: H. 4.1 I. C,,H21,0,2 requires: C‘. 65.17; 
H, 4. I X”;,): U V I.;;;;:“” nm (log t): 33 (4.44). 178 (inf.) (4.29). 
3X6.5 (441): IR II::: cm- ” 1745. 1703, 1608. 1221: ORD (in 
dioxane) nm (4): 37 ( + 6 I 2 x IO”). 757 ( + 4.54 * IO’). 16X ( + 
7.Y4 x 10”). 280 (0). 787 ( - 4.76 x 1oy. 300 (0). 315 I + 17.17 x 
IO”). 343 (0). 37X (-3.90 x IO”). 403 (0). 416 (+I.09 x I@); 

MS: 626(M’), 566. 506. 754 (base peak). Monoacctylgracilifor- 
min (Pigment B); m.p. >270 (recryst. from MelCO-EtOH). 
UV ;.::,‘:~“I’ nm (log t): 251.5 (4.3X). 278 (inf.) (4.26). 3X6.5 (4.35): 
IR I,::{ cm- ’ : 174X. 1704, Ihll. 1226; MS: 584(M’). 574, 754 
(base peak). Graciliformin (Pigment C): m.p. ,770 (rccryst. 
from Me2COpEtOH), UV J.$;‘“” nm (log E): 251 (4.23). 775 
(inf.) (4.07), 3X7.5 (4.19); IR uiff cm ~I: 1703. 1618; MS: 541 
(M ‘). 270, 254 (base peak). Bellidiflorin: m.p. >270 (recryst. 
from C,H,, or Me2CO). [r],, -3X0 (dioxane) (Found: C. 
62.71 : H. 3.92. Ash was found. LIV;z:;;y81’ nm: 253. 7X7. 465 (S/I); 
IR I&!;:‘~ cm ‘. 1735 1702, 1615. 11176: ORD (in dioxane) nm 
(7): 253 (+7.64.x lo;), 267 (+.+37 x i(F). 271 (+568 x i(F). 
2x I (0). 288 ( -56X x I@). 7% (O), 306 ( + 4.59 x 101). 3 1 X ( + 
3.Y3 x IO’). ?33( +500 x 103). 357(O). 3737-7~~l x IO”), 384 
(0). 407 ( + 1 .OY x I 04). 429 (S/l) ( + 3.Y.3 x IO3 ). 444 (0). 474 ( - 
410 x IO”). 519 (0). 545 i+ 7% x IO’). 5X0 (0). 628 (-- I.07 x 
IO). 
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