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Chemical Studies on Lichens

4.* Thin Layer Chromatography of Lichen Substances

JOHAN SANTESSON

The Institute of Chemistry, Ur;iversity of Uppsala, Uppsala, Sweden

The thin layer chromatography on precoated plates of more than
eighty lichen substances is described.

Several authors have studied the thin layer chromatography of lichen
substances. Ramaut separated depsides?! and f-orcinol depsidones,? as did
Bachmann.? Pulvic acid derivatives were chromatographed by Bendz et al.
and Harper and Letcher.® The aldehydic depsides and B-orcinol depsidones
were studied by Santesson ¢ and the aliphatic lichen acids by Bendz et al.?
In all these cases hand-coated silica gel plates were used for the separations.

Since precoated plates offer a quicker and more convenient way of chro-
matographically identifying organic compounds, the separation of lichen
substances has been studied, using such plates. The results of this investiga-
tion are presented in this paper.

Lichen substances can be grouped according to either their biosynthesis,?
their main structural features,® or the colour reactions obtained by certain
widely used reagents.!® For chromatographical purposes, a combination of the
two latter techniques seems to be most useful. Consequently, in this paper,
the lichen substances discussed are grouped as follows:

1. Aldehydic, aromatic compounds, giving a positive colour reaction with
p-phenylenediamine ! or o-dianisidine 8,12 (Table 1).

2. Depsides and chromenones with two free hydroxyl groups in the meta
position, giving a red colour reaction with calcium hypochlorite.’® Diplo-
schistesic acid is also included in this group, although it produces a bluish
violet colour instead of a red one (Table 2, “C + red, PD—"" compounds).

3. Depsides, giving a red colour with potassium hydroxide, but no colour
as in 1 or 2 (Table 3, “K + red, PD—, C—"’ compounds).

4. Depsides, depsidones, and depsones, not belonging to any of the preced-
ing groups, giving a positive reaction (red colour) with calcium hypochlorite

* Part 3: Phytochemistry 6 (1967) 685.
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after previous treatment with potassium hydroxide (Table 4, “KC 4, PD—,
C—, K—" compounds).

5. Dibenzofuranes, giving a green-blue colour reaction with calcium hypo-
chlorite (with one exception) (Table 5, “C+ green-blue, PD—, K—" com-
pounds).

6. Quinones (yellow-violet coloured pigments), giving a red-violet black
colour with potassium hydroxide (Table 6, “K+” pigments).

7. Pulvic acid, its derivatives, and usnic acid, — yellow pigments, which,
with the exception of usnic acid, do not give any characteristic colour reac-
tions (Table 7).

8. Xanthones and chromones (cream-coloured — yellow compounds) which
often give a deep yellow colour with calcium hypochlorite (Table 8).

9. Various depsides and depsidones, not belonging to any of the preceding
groups, which react with bis-diazotized benzidine (Table 9, “PD—, C—, K—,
KC—"" compounds).

10. Aliphatic lichen acids, which do not give any characteristic colour
reactions (Table 10).

Two main groups of lichen substances, sugar alcohols, and terpenes, and
two small groups, sulphur-containing compounds and diketo-piperazine
derivatives, are not treated in this paper.

The presence or absence of compounds, belonging to the groups 1—6, in a
lichen specimen is usually ascertained by carrying out the respective colour
reactions directly upon the lichen thallus. In many cases, the changes are
difficult to observe. A more sensitive method, described in the experimental
part, is ‘“the filter paper method”, in which an extraction of a small lichen
fragment is carried out upon a filter paper.

The results of the present investigation are summarized in Tables 1—10.
Some lichen substances, which frequently occur together with compounds
belonging to other groups, will be found not only in the appropriate tables,
but also in the tables in which the accessory compounds appear. A few com-
pounds, whose structures have not yet been published, are also included in
the tables. These are denoted by an asterisk within parentheses (*) and the
names of the compounds must be regarded as tentative. Emodin, included
in Table 6, has not yet been found in lichens, but in view of the occurrence of
parietin, 6-O-methyl-emodin, in numerous lichens, it was considered desirable
to include it.

The R, values may vary somewhat from one plate to another, but the
sequence of the substances is always the same. It must be stressed, however,
that no compound should be identified by the R, value alone. Co-chromato-
graphy in more than one solvent system should always be carried out, if
identification is sought.

EXPERIMENTAL

Chromatography. The thin layer chromatography was carried out on Eastman “Chro-
magram’’ sheets, type K 301 R 2, cut down to a height of 6.7 em. The plates were activated
at 105°C for 15 min and stored over silica gel. The spots were applied 1.0 em above the
lower edge and the solvent was allowed to travel to a line 0.7 cm from the upper edge.
Care was taken, not to let the applied spots exceed 0.1 cm in diameter. The plates were
dried before spraying with the appropriate reagent.

Acta Chem. Scand. 21 (1967) No. 5
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The solvents used were of puriss. or purum quality. In the latter case, they were
puar(ilﬁe(Ii by distillation andjor passing through a column of neutral alumina, activity
grade I.

Detection of the spots. The spots were made visible by the following methods. Com-
pounds listed in Table 1 (aromatic aldehydes) gave yellow-red Schiff bases when sprayed
with an 0.1 9, ethanolic solution of o-dianisidine.* The depsides and the chromenones
of Table 2 (“C+ red” compounds) and Table 3 (“K+4 red, PD—, C—"" compounds)
gave yellowish-brown colours if sprayed first with an 0.1 % aqueous solution of Echt-
blausalz B, then with a 1.0 9%, potassium hydroxide solution and finally heated to 100°C
for 30—45 sec.™*

By means of bis-diazotized benzidine as described by Lindstedt ** (cf. Refs. 14,16), the
compounds listed in Table 4 (“KC+, PD—, C—, K—" compounds) and Table 9 (“PD—,
C—, K—, KC—" compounds) were easily made visible. In the case of picrolichenic acid
(Table 4) the plates were exposed to ammonia vapour for 1 min (in order to hydrolyse
the depsone ') prior to spraying. The dibenzofuranes (Table 5) could be detected either
by their intense bluish white fluorescence in UV light (365 my) after exposure (1 min)
to ammonia vapour or by the green-blue colour produced by spraying the plates with a
dilute (0.5 %) solution of calcium hypochlorite. Efx the latter case, schizopeltic acid does
not react.

The quinones (Table 6, “K4-' pigments) were easily seen without the use of any
reagent. Pulvic acid, its derivatives, and usnic acid (Table 7) were best detected in UV
light (365 mu) without previous treatment of the plates. Xanthones and chromones
(Table 8) were detected in the same way, but after exposure to ammonia vapour. The
aliphatic acids (Table 10) were made visible by spraying the plates with a solution of
40 mg bromocresol green in 100 ml 0.01 N sodium hydroxide.’

Reference compounds. Most reference compounds were isolated and purified according
to Asahina and Shibata *® from the respective lichens mentioned in the tables. Some
compounds were obtained as gifts from Dr. Chicita Culberson, (quoted as C.C. in the
tables), Dr. Siegfried Huneck (S.H.), fil. kand. Leif Tibell (L.T.) and Dr. Carl Axel Wacht-
meister (C.A.W.). Methyl 3,5-dichlorolecanorate was isolated according to Bendz et al.,'®
siphulin as described by Bruun,” fragilin according to Bruun et al.,! whereas emodin
was commercially available. Parietinic acid was synthetized from parietin according to
Eder and Hauser.?? Pulvic acid, pulvic dilactone, and vulpinic acid were synthetised by
the method of Volhard,? epanorin by the method of Frank et al.,* hy?oprotocetmric
acid by reduction of fumarprotocetraric acid as described by Culberson,? and lichexan-
thone by the method of Grover et al.?®

In the case of substance with unpublished structures, the isolation methods will be
reported upon: schizopeltic acid,*>*® mysaquinone,? lauropurpone,® deschlorothiophanic
acid,?»®® rupicolin,* flavicanone,* acaranoic acid and acarenoic acid.®®

4-0-Methylphysodic acid ** was not isolated, but an unpurified extract of Parmelia
livida was used.

“The filter paper method. For a preliminary examination of lichen specimens to be
investigated by thin layer chromatography, the following method was found convenient.
A small piece of the lichen specimen is pressed down in the middle of a filter paper. By
dropwise treatment with acetone (10—20 drops) the lichen substances present are ex-
tracted. Each drop of acetone is allowed to evaporate, leaving the extracted substances
in a ring around the lichen fragment. This fragment is removed and tests with the appro-
priate colour reagents are carried out upon the “extract ring”’. Any colour reactions are
far more easily observed than if the same tests were made upon the lichen thallus.
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