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A standardized thin-layer chromatographic (TLC) method’-8 for the identifica- 
tion of lichen products uses three solvent systems, and spots are initially sorted by R, 
classes defined on each chromatogram by internal control substances (atranorin and 
norstictic acid)_ One of the three solvent systems (solvent B) contains hesane, diethyl 
ether and formic acid. Lichenologists surveying large numbers of specimens in chemo- 
systematic studies have found this solvent difficult to use because the diethyl ether 
component of the solution rapidly evaporates_ In addition, recent concern over the 
hazard in the use and storage of diethyl ether has led some workers to discontinue the 
use of solvent B and to rely upon only solvents A and C_ Solvents A and C, however, 
are much less useful than solvent B for the separation of closely related compounds dif- 

fering primarily by hydrophobicity. A higher-boiling ether, methyl rert.-butyl ether 
(MTBE), has been shown9 to be a good substitute for diethyl ether in ether-hexane sol- 
vent systems for TLC and normal phase high-performance liquid chromatographic 
(HPLC) separations of salicylic acid and a variety of monoaromatic phenols that are 
somewhat similar to the phenolic acid precursors of several categories of di- and 
triaromatic lichen products_ The present note reports a solvent system that contains 
MTBE instead of diethyl ether and that has chromatographic properties nearly iden- 
tical to those of solvent B of the standardized method for lichen products. 

EXPERIMENTAL 

Chromatograms were prepared as described elsewhere’-3*6 on Merck silica gel 
60 F1s+ (0.25-mm layer; No. 5765) plates shortened to 12.5 cm and run to a height of 
10 cm from the origin (2 cm from the bottom of the plate)_ Controls of atranorin and 
norstictic acid were included at three positions on every plate. Spotted plates were 
pre-equilibrated 5 min over 60% formic acid 3_ MTBE was HPLC grade (E-127; 
Fisher Scientific, Pit&burg= PA, USA_) but the product classified as Purified (E-129) 
gave very similar chromatographic results. A hexane-LMTBE-formic acid (140:72: 1 S) 
solvent gave chromatograms most similar to those obtained with solvent B (hexane- 
diethyl ether-formic acid; 120:90:20)_ Chromatograms were air-dried (hood), viewed 
under short- and longwave UV light and visualized with a spray of 10 y0 sulfuric acid 
and heat (15-30 min at 1 lO‘%). RF x 100 values were 1 O-1 5 oA higher than normal on 
the first one or two chromatograms and then decreased only very slowly on sub- 
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sequent plates. The level of solution in the tank was maintained near 230 ml with 
additions of fresh solvent. The RF x 100 value cf norstictic acid was near 30, but 
values in the range of 26-38 still permitted accurate determinations of RF classes. 

MTBE was compared to diethyl ether as the solvent used for the extraction 
step in the hjrdrolysis of depsides’ using perIatolic acid and barbatic acid to test the 
procedure. Although the hydrolysis products appeared to dissolve less rapidly in 
MTBE. this solvent gave satisfactory results in both cases. 

RESL;Ll-S XND DISCUSSION 

Standardized RF data for solvent B (MTBE) (Table I) determined for examples 
of all major categories of lichen products (e.g., orcinol and &orcinol depsides and 
depsidones. dibenzofurans, xanthones, anthraquinones, pulvinic acids, fatty acids and 
triter-penes) corresponded closely to the values recently found in our laboratory for 
solvent B. The useful lifetime of either solvent depends upon the number of chroma- 
togams developed and the time that the solvent is stored in the developing tank. 
Compared to solvent B. the new solvent system gives satisfactory results for more 
successive chromatograms and can be left in a closed chromatographic tank (pre- 
ferably the typ with a flanged edge and lid) for a ionger time before the RF values of 
the atranoxin and norstictic acid controls drop below acceptable limits. 

The higher boiling and flash points of MTBE (55.2 and -28”C, respectively) 
compared to diethyl ether (34.5 and -45°C) and the lower tendency to form per- 
oxides greatly reduce fire and explosion hazard. If MTBE is substituted for diethyl 
ether in solvent B and also used as the extraction solvent in the procedure for the 
hydrolysis of lichen depsides, there is no need to stock diethyl ether for routine 
analyses of lichens. This is a special advantage to lichenologists, many of whom work 
in museums and herbaria that are not equipped to store hazardous materials. We 
recommend the substitution of MTBE for diethyl ether in solvent B and as the 
extraction solvent for hydrolysis experiments in chemosystematic studies of lichen- 
forming fungi_ 

TABLE I 

RF x 120 VALtlES STANDARDIZED AGXINST NORSTICTIC ACID AND ATRANORIN FOR 
! 15 LICHEN PRODUCTS IN SOLVENT B (MTBE) 

- 

Coqwznd RF R,jR,N, RFA= 
Class iall value3 x 100) 

corlsahzitic 1 11’33.77 
consriclic 1 x.5/32, 74 
Eryths 2 4/33, 74 
Salxzini~ 2 7/32, 73 
WC 2 7/32,77 
stictic 2 9/32,73 
Ciyptostictic 2 lOi’32, 73 
Lzqxxri& 2 1 I/33, 74 
CONOi-StiCtiC 2 1 l/32, 73 
Variolari~ 2 1 l/33,77 
- 
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Compound RF RF/R& R,A’ 
class (all vahes x 100) 

Porphyrilic 
!ie&onic Ab-& 

Menegzzi2icb 
Aspidlinb 

Gdbinicb 
Decarbosytbamnolicb 
SuccinprotooetraAc 
Protocetraric 

unknowtl sv- Id.’ 
Tbamnolicb 
StlXpsilin 
SqU3IIEitiC 

sChizopelticb 

Hyposalazinic 
Fumarprotocetraric 
Convirensic’ 
Ecbinocat@cb 
Endocrocin 
.Alectoronic 
Capxatic 
HrpostiCtiC 

4’-0-Methylpaludosic 
Physodal? 
4-O-Demetbylnotatic 
z-Coilatolic 
Cohtluentic 
Skyrin 
Norrangiformic 
Diploscbistesic 
Lividic 
Norlobaridone 
2’-0-Demetbylpsoromic 
Z-l-Di-O-mrthylgrophoric 
Physodic 
Gaq&eoidinb 
Unknown E-l’ 
Olivetoric 
Gyrophoric 
Rangiformic 
Hypoprotocetraric 
2-O-Metbylsekikaic 
Plamiic 
Paludosic 
Baeomycesic 
Microphyllinic 
Rhizocvpic 
Lecanoric 
.Methyi gyrophorate 
Cryptochlorophaeic 
( - tallo_Protolichesterinic 

2 
l-2 
2-3 
2-3 
2-3 
2-3 
3 
3 

2-3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4. 5 
3 
3 
5 
5 
5 
5 
3 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

12j33, 77 
13j31,74 
15132, 73 
17133, 73 
17132, 73 
1aj33, 75 
lS/31, 73 
19/3i. 73 

2Oj33, 73 
21/33, 75 
22/29, 73 
25j33. 74 
z/32 74 
26132, 77 
?66/31, 93 
x/33. 74 
31.5/33,X 
31_5j32 74 
3lj31. 72 
32j32, 72 
32j32. so 
34132, 71 
33131 7’ . .J 
33129. 73 
35/3l, 72 
36f32, 72 
36132. 74 
36132, 73 
37/U, 74 
37132, 73 

36j30, 72 
39133. 74 
35j2%. 72 
35/28, 72 
38j30, 72 
40/33, 75 
41j33, 73 
42133, 73 
41 j32, 73 
37/29, 13 
4Oj32, 71 
4Oj32,73 
42j32, 71 
41j33, 74 
42133, 74 
42/3I, 73 
44133, 73 
39/28, 72 
45j32. 71 
43132 76 I * 

(Conrinued on p_ 486) 
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EkJninic 5 
Picrolichenic i 
Noratic 5 
Psoromic i 
J-O-?rfethylphysodic i 
Zexx-in 5 
Orsellinic i 
Lobaric 5 
4.4’-Di-0-methylcryptochIorophaeic i 
hfethvl leunor2:e 
IJnknAn Pmc-lh’ 

5 
i 

Epanorin 5 
r‘-0-Methylnorhomosekikaic 3 
Sorobtusatic 5 
Protoiichesterinic 5 
4-O-Methylgyrophoric i 
L~rsolic i 
Akctorialic 5 
X’krochlorophneiP 5-5 

Unknown CS-1 j i-6 
-I-0-Demethylbarbatic *s6 
Thiopb2nic S-6 
CO-Xfethylhypoprotocetraric i-6 
!krobiculin 5.5 
TLzuiorin i-6 
Axxiaic 5-6 
Diffractaic *s6 
Ewxxxic -56 
Lkhesterinic 5 
VkensiP 6 
GO-Methylcryptochlorophaeic! 6 
Unknown Lgn-IL 6 
Emodiil 6 
SekkIich 6 
Gl-2KXnicb- 
V&inic 

6 
6 

Obtuutic 5 
Bourgni? 6 
Homosekikich 6 
PXlllaIiIl 6 
Diploicin 6 
Licheuntbone 6 
B2rb2tic 6 
USniCd 6 
Di~aricatic 6 
Colenxoinic 6 
PMetin 6 
Vic2nicin 6 
Did ymi? 6-7 
Imbricaric 6-7 
Stenosporic 5-7 
Sphaerophorin 7 

4+3z 71 

45,!33. 73 
$6133. 74 
46j33.74 
45.l31.73 
47.!33. 73 
47!33. 72 
4iJ32.73 

47133. 71 
4sj33. 72 
48/33. 74 
G/31, 73 
45!37. 71 
4S/31, 71 
46/31. 77 
iO;31. 73 
451’23, 71 
%Ij’3I?. 73 
52.:j_, . -71 
52j32. 71 
iZj31, 74 
sr,i;r, 73 
s3;33. 74 
55,43?, i-1 
55;33, 72 
55/33, i3 
55./31, 74 
53fYQ i_' :-, ' 
55/32, 77 
56/33, 71 
5613-r. il 
56.!30. it 
s&/32. 74 
57/3’32, 71 
59!‘33, 74 
61i31, 73 
63j;I, 74 

61,‘32. 72 
62/32. 71 
64j33. 74 
6si30, 73 
55j31.73 
6ii31,74 

65//32. 71 
6q3z, i3 
6gi3L 73 

69j32. 74 
58/M, 72 
68/x& 72 
69130, 72 
7oi30, 72 
71/30,72 
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Compound RF RF~R,N, &A= 

class (all I-alues x 100) 

Perlatolic 7 73/30, 72 
Methyl barbatate 7 75/32, 74 
Calycin 7-S 79132. 76 

a The tw0 numbed following the oblique Q) are measurements in millimeters to the norstictic acid 
line (R,N) 2nd the atranorin line (R,A)‘. 

b 2, relative to standards somewhat lower than with solvent 8. 
c In Xanzhoparnzelia quzizrariu (Hale) Hale. 
d A trailing spot diiBcult to measure 
c A common accessory pigment in lichens. 
f In Sufcaria virens (Tayl.) Bystr. e_x Brodo & Hawksw.; colors yellow with 10 % sulfuric acid visual- 

ization_ 
s An unknown substance in species with echinocarpic acid_ 
h RF relative to standards somewhat higher than with soivent B. 
i An unknown substance in many species with virensic acid (e.g., S&aria t-irezzs) and/or protocetraric 

acid [e-g__ Purmorrema michauxfanunr (Zahlbr.) Hale]: co!ors gray with 10 7: sulfuric acid visualization. 
j An ahphatic unknown in Clodonia sukariosa Nyl. 
’ With _gar@eoidin in Lecanara gangakoides Nyl.; not the unknown with gangaleoidin in t. cai- 

ifomica Tuck. and L. nzeridionalis ,Ma_en. 
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