JOURNAL ‘OF. CHROMATOGRAPHY - : . ‘85
CHROM. 4471

A QTANDARDIZED METHOD I‘OR THE IDENTIFICATION OF LICHEN
PRODUCTS ’

CHICITA F. CULBERSO\T AND HOR-DUR KRIS rlNSSON
Duke Umverczty, Disvham; N.C, 27706 (U.S.A. ) :

(Recelved September 3oth. 1969)

SUMMARY .

A procedure for the routme 1dent1ﬁcat10n of the products of llchen-forrmng
fungl by thin-layer. chromatography is described. Mlcroextracts of plant.fragments
are chromatographed. in three solvent systems.. The.spots of unknowns are.assigned
to Rp.classes. defined by the Rp values of marker controls of two lichen substances
(atranorin and norstictic acid) chromatographed on.every plate. The unknowns are
tentatively identified by sorting (by Rp.classes). punched cards-summarizing micro-
chemical data. for, all. compounds: previously studied. The prehmmary identification
is then confirmed by: additional: microchemical tests. The open-ended system can
incorporate new and unknown compounds as well as information from other chromato-
graphic systems: Data obtamed by the standardlzed procedure are . glven for 104
products. . : : - : : C

INTRODUCTION

The natural products of the lichen-forming fungi have become intimately
involved in systematics and classification!l. Some 300 specific-substances have been
reported from about 2,000 of the 18,000 described species of lichens®, Approximately
100 of these compounds are aromatic products that have been frequently mentloned
in the taxonomic literature.

‘Today the lichen systematist faces the problem of learning to 1dent1fy these
natural products without a set procedure to guide him. An important paper: by SAN-
TESSON? records. Ry values for spots of'some 8o compotinds on thin-layer chromato-
grams run in a:'variety of solvent systems. The compounds are grouped by chemical
type and by certain color reactions-and, Ry data are presented for chromatograms run
in solvent systems best suited to each group.-Several other papers devoted to.the thin-
layer chromatography (TLC) of lichen substances also treat specific groups of com-
pounds such as the aliphatic acids® and aromatic. amldehydesls ‘Several chromatographic
solvents have been:suggested in chemotaxonomic studies where ‘a particular. system:
was found to be convenient for dxstlngulshmg a limited number of specific compounds.
While -all of ‘this information is extremely valuable for confirmatory identifications,
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the WOrker Surveymg previously -unstudied lichens requires Ry data for:all lichen
compounds in the same solvent'systems. For example, if the lichen thallus produces

coloration: with p-phenylenediamine:(PD); one may-choose.a solvent system recom-
mended  for PD-posxtwe substances only to. find ‘that there are also PD-negative
constituents present in the same plant and for which there are no Ry data for that
solvent. It is then necessary to select other solvent systems, hoping by trial and error
to find a suitable one. In spite of the intensive interest in lichen chemistry, no standard-
ized system has been presented. The method described in this report: attempts to
overcome (1) the hit-and-miss aspects of mitrochemical identifications,. (2)-the, diffi-.
culties due to varying Rp values, and (3) the problem of incorporating and retnevmg
microchemical information. The system described was developed for use by:the
lichenologists at.:Duke University. While the specific solvent systems and TLC plates
used have been most successful in our laboratory, the general plan of the method can
be modlﬁed and applied to any solvents used with any media. .

-In essence the system involves the following. Chromatographic data from three
standard solvent systems for all compounds previously studied are stored on punched
cards.'The'cards are’ keyed not ‘to:specific 'Ry values'in the three'solutions but rather
to Rr classes the hmlts ‘of which: are determined by the Ry values of a’ control mixture’
con51stent1y used ‘as ‘a‘marker ‘on every chromatogram Unknowns are identified by
determining’ ‘their - Ry classes in-the three solvent systems’ and ‘then by sortmg the
punched cards for the known compounds belonging:to all the same Ry classes. -

:+14These ‘possibilities are' then narrowed down by caréful comparison of (a) actual

Ry values' ‘with respect'to the' Rp values of the control marker spots, (b) color reactlons,
(¢) appearance of the spot in short:: and-longwave UV:light; ((d) solubility; and any
other'pertinent data available: ‘The final identification of the compound is achieved by
appropriate’ conﬁrmatory tests. "Punched’cards ‘'made for compounds that cannot be
identified are added to the deck to perrmt the recogmtlon of the same substances in
spec1es studled in the future

‘MATERIALS AND -METHODS -

Sources ojhchengbroducts RO O A A N SR C Lowrs i

""" i Standards: consisted: ‘of - pure substances When these were | avallable and of
mlcroextracts of herbanum specunens elsewhere
‘Chromatogmphw matenals ami solvent systems SRR P SRR

t:Chromatograms were :developed in' Brinkman- tanks to a helght of I0 cm on

Merck Silica;Gel'Fy54 thin-layer plates-that had been stored in a desiccator over CaCl,~
NaOH but not activated.' The:solvent systems are; solvent: A: benzene-dioxane-
acetic acid: (go:25:4, 238 ml); solvent B: hexa.ne-ethyl ether—formlc ac1d (5 4 I,
200 ml) .solvent C: toluene-acetic acid (85:15, 240 ml).it .

: The benzene, hexane, and toluene were dried (CaClz), redlstllled and stored over
sodlum - The' dioxane and anhydrous ethyl :ether were ‘passed: through: columns: of
alumina:to- remove-peroxides. The ether. was stored over sodium. The saime solvent
systems prepared without'these- ‘purifications: gave results sufficiently similarito those
reported ‘here to indicate:that these precautrons ‘are not required. for routine analyses.

¢ Thelevelof the solutions in'the'tanks was malntamed constant; and the solutions
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were replaced when the Rp values of the controls deviated significantly from their
usual values. Atranorin and norstictic acid were selected for marker controls because
of their ready availability and because of their behavior in the particular solvent
systems used. A mixture of these two compounds is available in a single extract of
many common species, for example Parmelia perforata (Jacq.) Ach. in North America
and P. acetabulum (Neck.) Duby in Europe. S T .

- . Eighteen spots were applied to the plates 2 cm from the bottom and g mm apart.
On every plate the first, ninth, and eighteenth positions were used for controls. The
_controls on a plate were spotted from the same solution to eliminate Ry variation due
to concentration.” ~ - SR T 3

Determination of Ry classes :

The developed plates were air-dried, examined under UV light (254 nm and
366 nm), sprayed with 10%, H,SO,, and heated at about 110° until colors developed.
The colors of the spots were recorded as soon as the plates were taken from the oven.
. Inorder to identify Ry classes, first the centers of the atranorin spots at positions
.1 and g and at positions g and 18 are connected by a ruled line in pencil. The same is
‘done for the norstictic acid spots. (Usually spots are slightly lower towards the center
of the plate, the effect being more pronounced at lower Ry values, but sometimes the

direction of variation is reversed.) o S
" The distance between the origin and the solvent front was divided arbitrarily
into eight regions measured with respect to'the Ry values of the controls. The limits
“of the eight Ry classes are shown in Fig. 1. All R ‘values for spots were recorded and

Description of R; Classes . . = =

Lsolvent front
o BR=X>RA (A‘.-.atranorjn)‘
Ga 7 -Or—7—6O7 G L Z R XERA
06 | BREXSAEN + alReA -RN)
Os5-6 056, 058 os-e O KRN VIR
05 (s 05 (s ,...land fexzmn__ .|
ON——Sa— —GN- ‘ \F— N4 FXER-N_IN"norsticticl
Ve 03 ' LTS REX <SRN and
~0303 - : o el TEEXSVaRN '
oevan 012 02 - Te 02 012 | | S TR -

123 456 7 8 9°101 121314 15 16 17 18

Fig. 1. A copy of a plate run in solvent C showing the controls of atranorin and norstictic acid.
at positions 1, 9, and 18, the horizontal penciled lines connecting the control spots, and the Rp
classes of the spots of the principal compounds chromatographed. The number (or numbers)
associated with each spot indicate its Rp class and the diagram to the right of the plate sum-
marizes the Ry classes, The identities of the principal spots at each position on the plate are
(1) atranorin (A), norstictic acid (N), and an unknown substance, an acetone extract of Parmelia
perforata; (2) acetylportentol; /3) alectorialic acid (class 4) and barbatolic apxd (glass 3): (4) alec-
toronic acid; (5) anziaic acid (classes 4-5); (6) atranorin; (7) bacomycesic acid (class 5) and
squamatic acid (class 3); (8) barbatic acid (classes 5-6); (9).atra310r1n (A) and norstictic acid (N),
the control; (10) fumarprotocetraric acid and protocetraric acid (running together as a single
spot); (11) chloroatranorin; (12) confluentic acid; (132 atranorin (class 7) and a-collatolic agzcl:
(class 8); (t4) constictic acid; (15) cryptochloropl'{ae}c agxd i (16) 4-.O-dem(‘athy.lbarbatxc acid;
{17).didymic acid; and (18) -atranorin (A) and norstictic acid (N), the control. : :
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IDENTIFICATION OF LICHEN PRODUCTS BY TLC ot
followed: by the values measured to the norstictic acid and atranorin lmes at the same
honzontal posmon (see Table I). S T AP

Recording information on punched cards ’ . e

A punched card, prepared for every compound is keyed for the Rp classes in
the three solvent systems and for an alphabetic sequence to the common chemical
names. Additional data and specific: Ry values, always expressed ‘with the corre+
sponding values of the norstictic acid and atranorin controls, are recorded dlrectly
on the cards As an example, Flg 2 shows the punched card for lobarlc ac1d -

Con e i Rgclasses in .. Reclassesin. - '+ .. m classesin - oLy
name 01 compound Solvent A .solvent B8 . ' éolv._.m [o}
and color reaction\ i . U R .

5
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S I o- - L N v 0 B N T ® i
" lobdric O n:
. LAl B8 . . cB (ko .aff,:f;fe"ﬁfg,',,'
: Os|r KC+' - B R ' L m
L f =1 C- - i longwave uv
 alphabet / { - g:: o . Quench . . ...quench . .. ., -quench 2 ‘shortwave uv:
_dinder key \ . ol ° N S T ety = olor tidn with . ... .
’ : : - K=" - pole green " greenish groy- very pate yel]ow o g f H,SO, spray’;
msH o Eme SoTmnme . TAET30 6 @aar [IFO| . exampie:np. datao ..+
_ : 27/41 71(635) 37/26,87(637) | t '— TLC ‘piate _no.
o . G EEE IR (Y B ~: Rg lof the A line. <" .;
ot ::  Re.of the Nline .
o o Rp of compound' o
O~f7] 3=0l. ;- Sl e
a suggested . g:%— ' 20 » . ‘
control species —=r Barmmeli emnhqlg_d.es wlth sulczlnlc acid, :1: -%'g R
solubility .in | aulr]ebenzene: soluble - e . = B
3 ¥ors CARLS” O swa YD swmaseies sememtriue + 1o0s semmay . o b ebier " om0 1 v.0.05 N I~ A -
b‘enzen;e(rrn. T) O-=[t slols jolnlelsls "'L‘:J'l" " -:I:I- nl:l:l: wle -[c: slalelelowlo G e
aooooolooooooooéoooooooééooéééééo o e
. . EE : s - IR certi e (,' H

Fig. 2. An example of a punched card for-a. known compound showing the mformatxon stored. !

P
' i)

Identification of compounds in cyude'-extm'cts of- lic’ke;is for ‘chem'otaxonomz’c su'rveys- i
~' i Chemotaxonomic studies onlichens are usually based upon chemical analysis
of fragments of herbarium specimens. In our laboratory, the following procedure:is
used : cleaned plant material (x cm? or less) is placed in a shell vial (Mercer Glass Works,
Inc., N.Y.; shell vials, short style, 1/z dr, 35 X I2 mm) numbered in India ink. The
fragment is extracted three times by 5—10-min soakings in benzene at room temper-
ature. The extracts are evaporated at about 50° on a microscope slide. The processes
are repeated using acetone to extract the sample‘at’ elevated temperature (50°) ‘and
the ‘acetone extracts are evaporated on a 'second slide. Usually many specimens’ are
analyzed simultaneously, and the benzene 'and-acetone extracts of ‘each sample are
chromatographed-side-by-side on' the thin-layer plate. As usual,’ at posmons I, 9,
and 18, the controls of atranorin and norstictic acid are included.’ AL

To spot the chromatograms, a drop or two of acetoneis ﬂowed over the re51due
on the 'slide and ‘collected in‘a’ mxcroplpette. ‘Three ‘plates may: be  spotted .simul-
taneously. The' Rr values:of the: spots are recorded -and the Ry classes determined.
The punched cards make possible the identification of all’ previously studied’ ‘com=
pounds with the same R classes. Of the 104 compounds listedin Table I the maximum
number of compounds with the same Rp classes is six. The additional information on
the cards (Fig. 2) reduces the number of possibilities still further and suggests the best
solution or solutions in which to rechromatograph the unknown with appropriate
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standards. If the compound is not. 1dent1ﬁab1e, a punched card for it is prepared and
addedtothedeck R T R A
RESULTS AND DISCUSSION

Table I summanzes the data obtamed for the most common. aromatrc and
tnterpenmd products of lichens.. The compounds are. arranged accordmg» to increasing
Rp classes so that those:with the most:similar Rz values in:the thrge solvent systems
are grouped. together It is. unhkely that these Rp values could be reproduced exactly
in another laboratory, since over-a period of some months the Ry values of the controls
of atranorin and norstictic-acid change slightly. But it is expected that the Ry classes
Wthh depend only on the relative order of spots will be much more constant.. :

In the 1dent1ﬁcat10n of . unknowns from crude’ extracts of hchens containing
several compounds it may be difficult to dlstmgulsh which spots on the: chromatograms
run in ‘different solutions are due to the same compounds. Sometimes; one or more
spots: will -be: concealed by other spots in-some solvents:; Colorations with different
spray.reagernts can ‘Sometimes help. Elution of a band run in one solvent and rechro-
matography of: the eluted materlal in the three standard solvents usually solve the
most. difficult: pro ¢ms. And ﬁnally, the double extract1on of the sample, first with
‘benzene and then with acetone; often allows the 1dent1ﬁcatron of compounds that
'j wou]d be obscured:in;a simple acetone extract.

; "The’ system punched cards. described. in this report can be vaned in many
: ways and it can'be. expanded by addmg new. solvent systems: and by the continual
‘addition of cards for new: compounds and’ unknowns encountered in surveys. Using
‘this'method, new students of llchenology in our labcratory have been able to identify
;manyof: the:common: aromatic :lichen substances: from: their first:chromatographic
iplates The. method gives meaning to the designation “unidentified substance’’ and
‘assures that: any partrcular unidentified substance. will be recognized again.if. it s
encountered: in -other ;species, allowmg all such records:to be: cleared up when the
substance is ﬁnally charactenzed Sl e - ,

i K AGORAMURTHY tor a sample of a hchen contammg v1ren51c
~acrd,‘Dr M B! HALE, JR. for samples of lichens containing rhodophysin and .echino-
carpic acid; Dr..S: H.'HARPER for.a. sample. of haemathamnolic.acid; Dr: S. HuNECK
for samples .of; acetylportentol.and planaic acid; Dr. W..S. G. MAASs: for- samples of
several pulvinic acid derivatives; and Dr..C. A WACHTMEISTI:R for samples of pxcro-
lichenic -and: thiophanic acids.:. S

ini:This investigation was 'supported by a grant (GM-08345) from the D1v1swn of
General Medical: Sciences,: Natlonal Instltutes of Health, and one. (GB 6041X) from
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