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ON arm basis of microchemical investigation, Asahinal proposed to classify the lichens of 
Cladonia chlorophuea group into four species according to their special chemical constituents: 

Cl. chkwophaea (Flk.) Spreng. Fumarprotocetraric acid. 
CL grayi Merrill Fumarprotoc&aric acid;* grayanic acid. 
Cl. cryptochlorophaea Asahina Fumarprotocetraric acid;* cryptochlorophaeic acid. 
Cl. merochlorophaea Adina Fumarproto&raric acid;* merochlorophaeic acid. 

Mackenzie Lamb,2 on the other hand, suggested that these differences were better ex- 
plained as being due to chemical strains of Cl. chlorophaea, and denoted them strains I, II, 
HI and IV. 

The present study is concerned with the chemical structures of cryptochlorophaeic and 
merochlorophaeic acicis, and with the chemotaxonomical aspect of this series of lichens. 

Cryptochlorophaeic Acid 

Cryptochlorophaeic acid (Ca5H32Os) gives a violet ferric reaction, and dissolves in 
bicarbonate solution showing it is a phenolic carboxylic acid. Its i.r. spectrum showed 
the presence of a chelated carboxyl(l650 cm-i (Nujol and tetrahydrofuran)), and a depside 
linkage (1735 cm-i (Nujol), 1765 cm-l (tetrahydrofnran)). The homofluorescein reaction 
is negative, but cryptochlorophaeic acid shows a positive (purple to red) bleaching powder 
reaction, and dissolves in 10 % KOH to give iirst a colourless and then a wine-red solution. 
All this evidence suggested that cryptochlorophaeic acid is a depside, though the U.V. 
absorption curve (Fig. 1) does not agree with either a typical type of orcinol- or that of 
@u-cinol depsides.3 

The presence of a non-chelated lactonic carbonyl in cryptochlorophaeic acid suggested 
that a methoxyl is present in the ortho position to the depside linkage in the s-ring (see (I)). 
Such a structure may give an abnormal U.V. curve. Two mefa-oriemtated phenolic hydroxyls 
in the A-ring of cryptochlorophaeic acid were revealed by the positive bleaching powder 

l Oaanrene of hmarprotocetraric acid in these lichcm is variable. 

1 Y. Ammu, Jupm. J. Botuny 16,719 (1940). 
2 I. &mzrs L,wr, Con. J. Botany 29.522 (1951); Nafure 168,38 (1951). 
3 M. E. I&r& Sc&nce 123,671(1956). 
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reaction. 4 Although ramalinolic acid was described by earlier workers s as giving no bleaching 
powder reaction. a renewed examination has showed that it also exhibits a positive red 
coloration. Such a structure cannot be ruled out for this type of lichen depside. 

On hydrolytic degradation of the depside linkage with concentrated sulphuric acid, 
cryptochlorophaeic acid afforded olivetol carboxylic acid 2-methyl ether (III) which was 
identified by a mixed melting point with the synthetic sample. The A-portion was not 
obtained in a crystalline form by this reaction. and the proof for the structure of the A-portion 
was obtained when fully methylated cryptochlorophaeic acid (11) was cleaved to afford 
olivetol carboxylic acid dimcthyl ether and a methyl ester, m.p. 73-75’. 

(I) R = H 

(II) R = CH, 

_’ 

(III) R = H (V) [\‘I) 

(IV) R = CH, R CHI 

The NMR spectrum of the methyl ester (in CDCIJ) showed a terminal methyl signal at 
r:9*12. a broad-(CH&-signal at T: 8.63. and a signal of CH? attached to aromatic ring 
at 7:7*55. The signals of 1 methyl ester and 2 methoxyls appeared overlapping at ~:6*12. 
and a phenolic hydroxyl and a benzene ring proton gave the signals at r:4-55 and 3.52. 
respectively. The chemical shifts and the magnitudes of these signals agreed alternative 
structures (V) and (VI) as the ester. Finally it was established that the methyl ester is identical 
with methyl 6-amyl-pyrogallol-I-carboxylatc 2.4dimethyl ether (VI by mixed melting 
point and comparison of the i.r. spectra. 

Thus cryptochlorophaeic acid has been represented by the formula (I). which belongs 
to the sekikaic acid-type of lichen depsidcs. 

Merochlorophaeic Acid 

Merochlorophaeic acid analyses for C2jHJ00s gave the similar colour reactions and an 
U.V. absorption curve almost superimposable with that given by cryptochlorophaeic acid. 
This suggested that merochlorophaeic and cryptochlorophaeic acids possessed the same 
basic chemical structure. 

The i.r. spectrum of merochlorophaeic acid showed the presence of chelated carboxyl 
(1650 cm-’ in KBr and tetrahydrofuran) and non-bonded depside linkage (1750 cm -I in 

’ Y. ASAHINA and S. SHIBATA. C’henrbfr~ of Lichen Stbsrartces, p. 54. Japan Society for the Promotion of 
Science, Tokyo (1954). 

5 Y. ASAHIK~ and T. KUSAKA, Ber. Dtsch. Chew. Grs. 69.450. 1896 (19.16). 
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KRr; 1765 cm-’ in tetrahydrofirran). The presence of 2 methoxyls was proved by the 
NMR spectrum giving the signals at 7: 5.95 and 646. 

The structure proposed for merochlorophaeic acid is fundamentally the same as that of 
cryptochlorophaeic acid where the alkyl groups in the S- and A-rings could be one of the 
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fv 

Fro. 1. THE U.V. fiPlKTM OF CRypTnaImROPIiAEIC AaD (-) AND MER oczHLcmo~cAQD (------). 

following combinations: (a) CJH, and C& or (b) CH3 and C7HIS. The absence of the 
singlet of methyl in the NMR spectrum of merochlorophaeic acid, however, excludes 
the last possibility. 

The two fragments obtained by the acid cleavage of merochlorophaeic acid were 
identified by thin-layer chromatography as being identical with the A-portion of crypto- 
chlorophaeic acid and divaric acid dimethyl ether, respectively. Methylation with 

(VII) R - H 

(VIII) R - CHa 

OR 

HO 

RO 

(X)R -H 
(V) R - CH3 
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diazomethane yielded (VIII), the NMR spectrum of which showed 18 protons of the al&l 
side-chains, 5 methoxyls and 3 protons of the benzene rings. 

The ester fragment obtained by the hydrolytic degradation of fvIII) was proved to be 
identical with the ester fragment (V) of cryptochlorophaeic acid permethylate, white the 
acid fragment was identified with divaric acid dimethyl ether (IX) which was also obtained 
directly from merochlorophaeic acid by hydrolysis. 

Fully methylated merochlorophaeic acid (VIII), m.p. 76-78’. has been proved to be 
identical with methyl boninate methyl ether, m.p. 76-78”, by a mixed melting point and 
comparison 0fi.r. spectrum. Thus the structure (VII) has finally been established to represent 
merochlorophaeic acid. 

~iuge~et~cu~ ~o~i~erut~o~l on the Priorities of Cladonia chlorophaea Grmp 

Cryptochlorophaeic (I) and merochlorophaeic acids (VII) have now been proved to 
belong to the sekikaic acid-type of lichen depside. Previously we have established the 
structure of grayanic acid isolated from Cf. gt@ as being (XV).6 

A postulated biogenetical scheme of these depsides and depkidone of 0. chlorophaea 
group lichens is illustrated in Fig. 2. 

In the biogenetical pathway forming cryptochlorophaeic and merochlorophaeic acids, 
hydroxylation of olivetol carboxylic acid would occur prior to the depside linkage formation. 
In Cl. grayi the hydroxylation of sphaerophorol carboxylic acid does not occur and the 
intermediate depside (XIV) is subjected to the int~mol~ular oxidatise coupling at the 
paru position of free hydroxyl in the A-ring to form a deptidone linkqe by the scheme as 
suggested by Barton et aL7 and Erdtman et da 

It is suggested that cryptochlorophaeic and merochlorophaeic acids are formed via a 
mutual biogenetical scheme, though they differ in the length of alkyl side-chains ofthe S-ring. 
It is, therefore, interesting that 0. cr~~to~h~~r~p~ueff and CI. l~ler~~,~ll~r~p~~~ea are scarcely 
distinguished morphologically. An entirely different biogenetical scheme is suggested to 
occur in CL grqi to form grayanic acid. and a slight morphological difference between this 
and the former lichens can be observed. In regard to the biogenetical standpoint. it therefore 
seems reasonable to accept Asahina’s classification of the Cl. chlotqmuca group of lichens as 
consisting of four independent species. 

EXPFRIMENTAL 

Cladoniu qptochlorophaea Asahina and Cl. cryptochlorophuea Asahino f, inactiva 
Asahina (25 g) collected at Nodayama, Kanazawa and Senjogahnra, Nagano pref.. Japan. 
were extracted with ether, ;rnd the extracted material recrystallized from benzcnc to obtain 
cryptochlorophaeic ncid--colourless needles, m.p. 182-184’; the yield was 32 mg (0.16 
per cent of dried material). It gave a single spot on the thin-layer chromatogram developed 
with hcxane:cther:formic acid (5:4: I), Found: C, 65.37: H, 6-72. Calc. for C:&12?Ox: 
C. 6520 : H, 7.00 T;.) 

Cryptochlorophaeic acid gave a violet coloration with 1:‘; FeCIJ in alcohol, and a yellow 
coIour with diatotized suIphanilic acid while it showed a bluish fluorescence under U.V. iight. 

6 S. SHIBATA and Hs~~cH-CHING CHIANG. Cizem. Pharni. Bull., Tidy 11,926 (1963). 
? D. H. R. Bwrw and T. COHEN, FestschQ(/k p. 1.30, Prof. Dr. A. 52011, BirIchHuser. Base1 (1957) 
8 H. ERDNAN and C. A. WACHTMEBTZR. Frrtschift, p. 160. Prof. Dr. A. StoII. Birkhauser, Base1 (1957). 
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FIG. 2 sum BXooENEn~ t?cfamo~ DEPSCDESANDDEPSIWNBSIN Cl.ch&mphaea. 

With bleaching powder, it exhibited fkst a purple colour which turned immediately into 
red which became colourless on standing. It dissolves in 5 % NaHCOs, and 10% KOH to 
form a colourless solution which turns yellow and then to wine red. It gives no positive 
homofluorescein reaction with KOH and chloroform. It dissolves readily in ether, acetone, 
alcohol, tetrahydrofuran, and ethyl acetate, and sparingly soluble in chloroform, carbon 
tetrachloride, and insoluble in petroleum ether and benzene. 1.r “25’ Y (cm-‘) : 3400 (bonded 
OH), 1735 (depside C:O), 1650 (bonded COOI-I), 1620,158O @enzenoid). 

Hydrolytic Cleavage of Cryptochlorophaeic Acid 

Cryptochlorophaeic acid (10 mg) was dissolved in cont. H2SOI (0.5 ml) with icexooling. 
After 10 min the reaction mixture was poured into ice water, and extra&xl with ether which 
on evaporation gave an oily residue, this was chromatographed on a silica-gel cohmm using 
a mixture of acetone : hexane : benzene (1: 1: 2) as the solvent to separate the two fluorescent 
bands. From the lower band a brownish amorphous substance was obtained, which could 
not be purified, and from the upper band olivetol carboxylic acid 2-methyl ether (2 mg), 
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m.p. 105_1fW, was isolated which was identified by a mixed fusion and a comparison of i.r. 
spectra with a sample prepared by an unambiguous way from anziaic or perlatohc acids. 

Oli,.etol-Curho_u)liic Acid 2-Methyl Ether 

Methyl perlatolate dimethyl ether (70 mg). m.p. 57‘. was prepared by methy~ation of 
anziaic or perlatohc acids with diazomethane, then hydrolysed with CO~C. H$SOa (1 ml) 
under ice-cooling for 30 min. 

The ethereal reaction mixture was shaken with aq. NaHC03 soIutron to separate olivetoi 

carboxylic acid dimethyl ether (25 mg), The ethereal layer was evaporated. and the oily 
residue was refluxed with lo;,, KOH (3 ml) for I.5 hr, and an acidic product was separated 
by the usual method and rec~staIlized from benzene to form dour-less needles. m.p. 
105-106”, the yield was 15 mg. 

Hydrolysis of Fttl~s Methyfuted Cryptochlorophaeic Acid 

Cryptochlorophaeic acid (60 mg) was methylated with an excess of diazomethnne in 
ether. After standing for 1 week, occasionally adding a few drops of methanol to complete 
the reaction, evaporation of the solvent produced oily, fully methylated cryptochlorophaeic 
acid, 2ap,p,: Y (cm- I): 1760 (depsidc C:O); 1735 (ester C : 0). which was subjected to hydrolysis 
with cont. H2S0., (2 ml) nithout further purification. After 30 min. the reaction mixture was 
treated as mentioned above. By thin-layer chromatograpl~y. using the two solvent systems. 
benzene:ethyl acetate:formic acid (5:4: I), and hexane:ether:formic acid (5:3:1). two 
components were shown to be present in the bicarbonate-soluble portion. one of which was 
identified as olivetoi carboxylic acid dimethyl ether (IV) and the other Aeemed to be GamyI- 
pyrogallol-1-carboxylic acid Lrldimethyl ether. On silica-gel column chromatography, 
using chloroform as the solvent. olivetol carboxylic acid dimethyl rthcr was eluted first, and 
recrystallized from petroleum ether to give colourless needles, m.p. 52 _ H hich were identified 
by mixed fusion with the authentic specimen. The second product elutcd from the upper 
layer was identified by thin-layer chromatography with the hydrolysis product obtained 
from methyl 6-amyl-pyrogaliol- I-carboxylate Wdimethyl ether. I Solvent system : 
Hexane:ether:formicacid; 5:4:1) i.r. 222 L* (cm-‘): 1705. I750 (free COOH) 3600 (fret OH). 

From the bicarbonate-insoluble portion. an oily substance was obtained on evaporation 
of the solvent, which was ~hromatographed on silica gel using chloroform as the solvent to 
obtain colourless oil. The product was recrystallized from Iigroin to give colourless needles, 
m.p_ 72-73”. which showed a light yellow diazonium reaction and negative ferric reaction 
(yield, 8 mg). It was identified by a mixed melting point and a comparison of i.r. spectra as 
being methyl 6-amyl-pyrogallol-I-carboxylate ZCdimethyl ether. NMR spcrtrum (in 
CDCIs): 9.12 (terminal methyl of CsHii); 8.63 (intermediate CHJ of CsHii): 7.55 (end 
CH2 of CsHii attached directly to the benzene ring); 6-12 (lCOOCH2 and 20CH,): J-55 
(phenolic OH); 3.52 (benzene ring proton): i.r. mJk. CC4(cm-1): 36OOifreeOH): 1WOiesterC:O): 
a 870 (five. substituted benzene). 

Isolation of Merochlorophaeic Acid 

Clodonia ~leroch~oro~~ea Asahina and CL ~~ero~htorophaea Asahina f. inactiva Asahina 
(45 g) collected in Hoppo. Shiga Kogen and Senjogahara. Nagano Pref.. Japan, was extracted 
with ether, and the extracts were recrystallized from a mixture of benzene and hexane, and 
then from aq. methanol to obtain merochlorophaeic acid, cotourless plates, m.p. 164-166” 
(yield: 120 mg, O-28 per cent of the dried material). It gave a single spot on the thin-layer 
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chromatogram. (Found: C, 64-78; H, 664. Calc. for CsdH3s0s: C, 6456; H, 6077x.) 
All the chemical and physical properties, including a negative homofluorescein reaction, are 
very similar with those of cryptochlorophaeic acid; i.r. &F. Y (cm-r): 3400 (bonded OH); 

1750 (depside C:O); 1650 (bonded COOH), 1620, 1600 (benrenoid). NMR (in CDCls): 
T: 8.97 (terminal CHs of a&y1 side-chains); 853 (intermediate CHs of alkyl side-&&s); 
7.03 (end CHs of a&y1 side-chain attached directly to the benzene ring); 5*95,6G (2OCHs); 
3.35 (benzene ring proton). 

Hydrolytic Cleavage of Merochlorophaeic Acid (VZZ) 
On treatment with cont. HsSO, for 10 min under ice-cooling, merochIorophaeic acid 

was cleaved into two components which were shown on thin-layer chromatogram developed 
with the solvent systems, hexane:ether: formic acid (5:4: l), and chloroform: acetone: 
formic acid (5:4:1). 

One of the spots which gave a positive diazonium reaction was identified with the A-ring 
of cryptochlorophaeic acid, and the other one which showed no coloration with diazonium 
reagent was identi&d with an authentic specimen of divaric acid dimethyl ether. 

Methyl Merochlorophaeate Dimethyl Ether (VIII) 
Merochlorophaeic acid (25 mg) was treated with an excess of diazomethane in ether 

for 5 days, and a few drops of methanol were added on the last day to complete the reaction. 
The solvent was removed, and the residue was recrystallized from aq. methanol to obtain 
colourless plates, m.p. 76-78” (yield, 15 mg), which were identified with methyl boninate 
methyl ether by a mixed fusion and the comparison of i.r. spectra, (Found: C, 66.37; H, 7.43. 
Calc. for C2,HJ60s : C, 66.23; H, 7.32 o/a), i.r. zz! v (cm-‘): 1750 (depside C:O); 1735 (ester 
C:O); NMR (in CDCls): ~8.98 (terminal CHs of alkyl side-chains (6 protons)); 8.44 
(intermediate CH2 of alkyl side-chains (8 protons)); 7.25 (end CH2 of alkyl side-chain attached 
directly to the benxene ring (4 protons)); 6.12 (1COOCHs and 4OCH3; 3.6 (aromatic ring 
proton (2 protons); 394 (aromatic ring proton (1 proton)). 

Hydrolytic Cleavage of Methyl Merochlorophaeate Dimethyl Ether (VZZZ’) 
On treatment with cont. H2S04 (0.3 ml) under icecooling for 30 min, methyl mero- 

chlorophaeate dimethyl ether (10 mg) afforded oily products which were chromatographed 
over silica gel, using chloroform as the solvent to separate an ester portion and a carboxylic 
acid fragment. The ester portion was recrystallixed from ligroin to give crystals, m.p. 
72-73’ (yield, 2 mg); i-r. z,$ Y (cm-‘): 36OO(free OH); 174O(esterC:O); ~87O(five,substitut~ 
benzene). 

The i.r. spectra of the ester portion was completely superimposable on that given by the 
ester portion of the hydrolysate of fully methylated cryptochlorophaeic acid and the sample 
of methyl 6-amyl-pyrogallol-l-carboxylate 2&dimethyl ether. The identity of both samples 
was also proved by a mixed melting point and the Rf value of thin-layer chromatograms 
developed by the solvent systems: pure chloroform; chloroform: ether (2:l); chloroform: ace- 
tone (5 : 1); benzene : acetone (5 : 1). 

The acid portion was recrystallized from petroleum ether to give crystals (l-2 mg) which 
identified with divaric acid dimethyl ether by thin-layer chromatography developed with 
solvent systems: benxene:ethyl acetate:formic acid (5:4:1); benxene:ethyl acetate (l:l), 
and a mixed fusion. 
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