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Ab&ract--The presence of free fatty acids in Cetrarin nit&s and Cladonia gone& has been demonstrated. Saturated 
wax esters occur in Cetraria cucullata and C. nivalis, whilst free alkanols were found in C. cucullata. Triglycerides 
in C. nivdis were detected by their MS fragmentation patterns. Hexa(a-hydroxyisovalerate) is present in C. nivalis 
and CI. gone&, and the presence of ribitol in C. nivalis was demonstrated by identification of its acetonide in 
an acetone extract. 

INTRODUCTION 

Work on lichen compounds has indicated that com- 
pounds which are extracted with ether and acetone con- 
stitute a complex mixture of difficultly separable sub- 
stances, and that these substances form a major part of 
the extracts. It has not been possible to disentangle this 
problem, but the present work indicates that aliphatic 
compounds account for a major part of the extracts. 

Culberson [l] states that long-chain aliphatic com- 
pounds have not been adequately characterised from 
lichens. The only works she quotes, are those, of 
Klima [2] dealing with Alectoria ochroleuca Ehrh. 
(= Alectoriu ochroleuca (HotIm.) Mass.), and of Wagner 
and Friedrich [3], dealing with the lichens Parmelia phy- 
so&s, Usnea barbata and Cetraria islandica. Klima iso- 
lated di- and tetrahydroxystearic acids after alkaline hy- 
drolysis and oxidation and concluded that oleic and lino- 
leic acids had been present in his unsaponified material 
Wagner and Friedrich (1965) used a TLC method and 
their results suggest that C,, acids with 1 and 3 double 
bonds and Crs with 1, 2 and 4 double bonds were the 
major unsaturated acids with traces of unsaturated C,, 
and C22 acids. Neither work reports saturated fatty 
acids. 

RESULTS AND DiSCUSStON 

Cetraria cucullata. The MS of the material melting at 
67-70” (see Experimental) indicated a mixture of esters 
Table 1 gives the observed M+ with relative intensities 
and measured compositions together with the observed, 
related fragment acids (observed as C.H2.+ ,Oi but 
tabulated as C,H,,O). 

GLC and MS of the saponified mixture confirmed the 
presence of the acids as found by MS of the mixture 
of esters and indicated that the even-numbered 
n-alkanols C, 6-C2s were present. From the data in Table 
1 it was concluded that the acids and allcanols are ran- 
domly combined to give the saturated wax esters. This 
idea obtained some support from metastable scanning, 
when it was found that all fragment acids in the wax 
ester mixture originated from all observed M +. 

Table I. Observed composition of wax esters and related frag- 
ment acids (as C.H,02) with their relative intensities in the 

MS of material (mp 67-709 from Cetraria cuculluta 

Esters Acids 
Ref. intensity Rel. intensity 

0.2 CsoH,ooOz C2aH5202 

0.5 C4&9@2 : C24H4802 

1 C46H9202 9 C22H4402 

j: 

c44&,02 9 C20H4002 

C42H8402 4 C1dW32 

0.5 GJ-bo02 
* 

‘&J-b202 

* Complex peak with the proton&d acid as the most vola- 
tile constituent; true intensity therefore cannot be given. 

MS and GLC of the material melting at 75-78” (see 
Experimental) indicated the presence of the even-num- 
bered allcanols C,,-C,s, again with a ca random distri- 
bution. 

Cladonia gone&a. GLC of the distillates from the 
alkaline extracts (see Experimental) indicated the pres- 
ence of the Me esters of pahnitic, oleic and stearic acids 
as the major constituents. 

The combined information from the PMR, MS and 
IR of the gum isolated from the Na2C03 extract (see 
Experimental) indicated that the isolated gum was Me 
hexa(a-hydroxyisovalerate) (1). 

I: 
H3C H H&-&Me 

HsG-r#-(~-)S-_COOMe 

#IAH iI 
1 

Cetraria nivalis. The C,H, eluates of the extracts 
obtained with alkali (see Experimental) by GLC and MS 
were shown to contain palmitic, oleic, stearic, nonade 
canoic, and eicosanoic acids in the approximate propor- 
tions (11: 4: 4: 4: 1). This lichen contained trace amounts 
of hexa(a-hydroxyisovalerate). 
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Table 2. Observed composition of wax esters and fragment 
acids (as C,,H&) with relative intensities in the MS of crys- 

talline material (mp 75-85”) From Cetruriu nivalis 

Esters Esters Acids 
Rel. intensity Rel. intensity Rel. intensity 

2 CS2HXC4~2 21 CJbO2 10 C24K4eO* 

3 C&,&Z 16 C&,&z 19 ‘&H&z 
6CH0 48 9h 2 8 C&W@, 23 C20B4002 

12 C4,H.+20t 1 C38%602 15 G&3+02 

2CH0 45 40 2 42 C&3*02 

MS of the material melting at 75-85” (see Experimen- 
tal) indicated a mixture of esters. Table 2 lists the 
measured M+ and the fragment acids with their abun- 
dances. The MS contained peaks also at higher m/e 
I * 1 G- ~1 _ > \ 744) but of intensities less than 1%. Again 
ri mrril..\n~ &tribution and combination of alkanols and 
alkanoic acids are indicated. GLC of the saponified 
material confirmed the presence of the acids and indi- 
cated the presence of the even-numbered alkanols 
C22-C28. 

MS of the first yellow zone obtained by column chro- 
matography of the neutral part of the Me,CO extract 
(see Experimental) contained M+ and important frag- 
ments as given in Table 3. Saponification of the material 
furnished a small neutral fraction, a large acid fraction 
and some glycerol. By GLC the neutral fraction was 
shown to contain Cz2, Cz3, Gas, C,, n-alkanols. The 
acid fraction was shown to contain pafmitic, oleic. linolic 
and stearic acids in the ratio of CQ (2.5:64: 16: I). 

The composi~on of the peaks at m/e 882 and 880 indi- 
cated the presence of triglycerides containing stearic, 
oleic and linolic acids in appropriate combinations, 
whilst the composition of the peaks at m/e 856 and 854 
likewise indicated triglycerides composed of pahnitic, 
oleic and linoleic acids. The peaks m/e 603. 577, 399 and 
262 are the strongest ones in the clusters of peaks with 
differences of one a.m.u. between the peaks of each cius- 
ter. In support of this contention MS were determined 
of the triglycerides trimyristin, triolein, trilinolein and tri- 
linolenin, which all showed the same fm~en~tion pat- 
tern as above with cIusters of peaks with one a.m.u. dif- 
ference between the peaks in the regions of major frag- 
ments. 

The fragmentation patterns are in agreement with 
those reported by Lauer et al. [4] for saturated triglycer- 
ides, except that the fragments [M+-H,C-G-OC-R] 

Table 3. M + and important fragments with relative intensities 
in the MS of the first yellow zone of the neutral part of the 

acetone extract of Cetraria nivalis 

Rel. 
m/e intensity Composition Found Calculated 

884 4 not measured 
882 7 GYH,,,~, 882.7659 882.7676 
880 6 G7H10006 880.7494 880.7520 
856 I GsH1oo0, 856.7504 856.7520 
854 1 G&s06 854.7370 854.7363 
603 45 G&r04 603.5340 603.5352 
577 16 %H&& 577.5183 577.5196 
339 20 CZ,HWO> 339.2901 339.2899 
262 59 G&L@ 2622298 262.2297 
255 1 not measured 

and [R-CO + ilS] appear to be of lower abundance 
(1% or less) than reported by these authors. These 
authors also noted that the fragment [R-CO + 741 gave 
a prominent peak in the MS. In the present work it 
was found that the abundance of this peak decreased 
as the unsaturation increased: Trimyristin, 420/,--trio- 
lein, 24x--trilinolein, I)%--trilinolenin, 2%. 

The distillate from the fraction eluted with C,H, 
Et,0 (1: 1) (see Ex~~mental) on 5% Carbowax 2OM at 
185” showed one peak with traces of another, whilst the 
distillate from the fraction eluted with Et,0 showed two 
peaks with R,‘s of ca 4 and 4.5 min. On co-injection 
the single peak was indistinguishable from the faster of 
the two peaks. IR showed no C--O group, and PMR 
signals only in the C-CH, and O-Me regions, but a 
2,4_dinitrophenylhydrazone was obtained from the 
material. These facts together with MS data suggested 
an acetonide of a pentitol of which ribitol and D-arabitol 
are common in lichens [l, p. 73-74J. Acetonides of the 
two pentitols were prepared as described by Nakagawa 
et al. [SJ By GLC they could not be distinguished on 
5% Carbowax 20M or on a mixture of 1.5% XE 60 and 
1.5% ethylene glycol succinate, but after acetylation they 
were readily separated on the latter column. In both 
cases two or more peaks were visible. The main corn* 
ponent of the distillate from the material eluted with 
C,H,-Et,0 (1: 1) after acetylation was indistinguishable 
from the faster, main peak of the acetylated acetonide 
of ribitol. It seems likely that this compound has been 
formed during extraction of the lichen by catalysis of 
free acids. Nevertheless, it does demonstrate the occur- 
rence of ribitol in C. niwlis, which has not been pre- 
viously reported. 

The distillates of the Me esters from the acidic frac- 
tions from the Me&O extract contained palmitic, oleic, 
linoleic and stearic acids in the ratio of ca (2.5:7:33:1) 
whilst the larger residue contained the saturated acids 

and Cz2-C,,, inclusive, in the ratios of ca 
;%2.5:5:5:2:2). 

EXPERIMENTAL 

GLC analyses fFII& Nt, 20 ml per minf of alkanols and 
Me alkanoates were performed with the ~~t~~nar~ phases 5% 
SE 30 and 5% Silar 5 rep at 190” and 25W, or at 170” and 
220”, respectively. Extractions were done in a glass Soxhlet 
apparatus for 24 hr with Et,0 and 96 hr with Me,CO. Identi- 
fication of alkanols and acids (as Me esters) were obtained 
by co-injection with authentic substances and analysis of the 
MS of the mixtures, including accurate mass determinations. 
Coating of Si gel with oxalic acid was done by mixing 450 
g of Si gel with 1 1. of 0.5 N oxalic acid and drying the mixture 
at 100”. Petrol refers to a Fraction of bp 45-65”. 

Cetraria cucullata (Bell.) Ach. The lichen (2.5 kg, air dried) 
was collected at Falksnydden, Driva, Oppdai, some 140 km 
south of Trondheim. The neutral mate&i (12.6 gf was chro- 
matographed on Also,. An intermediate fraction (100 ml) 
between the petrol and C&I, efuates contained 570 mg, which 
afforded 30 mg of crystalline material mp 67-70” (CHCI,- 
MeOH). IR v,, cncrJ (cm-i) 1733, PMR suggested saturated, ah- 
phatic material. C&H,-Et20 (1: 1) eluted 700 mg, which also 
Furnished a crystalline material horn CHCl,-MeOH, mp 
75-78”; PMR suggested aliphatic material, IR 3300 cm- i. The 
material which melted at 67-70” (10.5 mg) was saponified and 
separated into acid and neutral fractions. 

Cladonia gonecha (A&) Asuh. The lichen (I kg, air dried) 
was collected in a peat bog along the railway line between 
Agle and Lurudal, 200 km north of Trondheim. The Et,0 
extract was treated successively with a 5% soln of NaHC03, 
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a M soln of Na,CO, and a OS M soln of NaOH until no 
further colouration of the extracts could be seen, to give 3.35, 
2.14 and 0.36 g, respectively, with 6.2 g remaining as neutral 
matter. The sample was then extracted with Me&O. The 
Me,CO soln was concentrated, poured into H,O and 
extracted ‘with Et,O. The Et,0 extract on extraction with 0.5 
N NaOH gave 5.3 R acids and 7.4 p: neutral material. The 
acids from- the Me$O extract co&ined much unstable 
material, which may have been phenolic since solns of the 
extract on standing deposited large amounts of a brown, 
amorphous ppt. The soluble portion of this extract was 
cbro~to~aph~ on Si gel. Materials eluted with CsH6 and 
with CHCl, were combined (1.27 g) and chromatonraphed 
on Si gel-oxalic acid. After 220 r&l of C,H, had-passed 
through the column, 839 ma were eluted with 2230 ml of 
C&H, Conversion to Me esters and rechromatography on Si 
gel furnished 493 mg eluted with 75 ml C,H, and 97 mg 
eluted with the next 60 ml. At llO_135”/0.2 T they furnished 
422 and 91 mg of distillate, respectively. 

N&CO3 extract. The acids were chromatographed on Si 
gel/oxalic acid. CHCls-MeOH (1 :I) eluted 1.38 (after oxalic 
acid had been removed). It was treated with CH,N, and 
separated into acidic and neutral fractions. The neuirai frac- 
tion afForded a distillate (110 mg) at a temp. up to i70”/ 
0.05 T. 

N&O3 extruct. As above C,H,-CHCI, (1:l) eluted 498 
mg, and CHCl,-MeOH (1: I) eluted material, which after 
treatment with CH,N2 was separated into acid (260 mg) and 
neutral (39 mg) fractions. The neutral fraction gave a distillate 
(30 mg) at 125-150”/0.05 T. The material eluted with 
ChH,-CHC13 was treated with CHIN, and repeatedly chro- 
matographed on Si gel and finally by TLC PFas~+ash/oxaJic 
acid. The plates were develowd twice with C,HrCHCl, cl: II 
From thk ‘empty” space &tween start aid ‘ihe firs; ione 
visible under the UV 47 mg of Me hexa(a-hyd~xyiso~I~ate) 
were isolated as a slightly coloured gum, [%I,, + 44” (c, 1.39, 
CHQ,); PMR (60 MHz, CDCl,) 1.08 (36H, d, J 6 Hz), 2.34 
(6H, very broad m) (iso_Pr groups), 3.73 (3H, s (-COOMe), 
4.13 (IH, d, J 4 Hz) (&-&OH), 5.01 (SH, overlapping d) 
(H-$;OOCR); MS showed M* at m/e 632 (1) (C,,HS20,,), 
M+-42 (7) (C2sH4,,01& M+-116 (12) (Cz6H440,0), M+-31 
(3) (CsOH490L2) and subsequent losses of 100 (C,H,O,) tere 
minating at m/e 201 (100). Metastable peaks were present car- 
responding to all losses of 100. In the MS m/e 73 (C&O) 
was also base peak. 

Cetraria niv&s (L.) A&. Lichen (I kg, air dried) was col- 
lected at ~lrn~~rget, Oppdal, and extracted with Et,0 and 
Me&O as described for Cf. ~one&a. The Et,0 extract gave 
1.0&i 0.68 and 0.53 g after extiaction with Nai%Os, Na&Os 
and NaOH, respectively, with 2.71 g remaining as neutral 
material. The acid fractions were treated with CH,N2 and 
separated into acid (discarded) and neutral fractions, 332, 402 
and 5.58 mg, respectively. The neutral esters were separated 
on Si gel to give 8. 31 and 71 mg. respectively, eluted with 
C6H,. Subsequent elutlon with Et,0 furnished 335 mg from 
the Na&O, extract. MS of this fraction indicated the presence 
of Me hexa(a-hydroxyisovalerate). Purification on Si gel and 
oxalic acid and development with C6H,-CHC13 (1:l) finally 
afforded 59 mg of slightly coloured gum, [alo + 41” (c, 2.20); 
PMR, IR(CHCl,) and MS appeared identical with those of 
the ~rn~und i&la&d from ‘& gongs (above). 

Me,CO extract. After sparingly soluble materials had been 
removed by filtration. the cone Me&O soln was poured into 

H20, extracted with l&O, and the Et20 extract treated with 
0.5 N NaOH soln to give 4,5 g of acids and 5.2 g of neutral 
material. Neutral material was chromatographed on Al,OJ. 
The CnHn eluate was separated into a first (1.7 g) and a second 
(138 mg) yellow zone. Only the MS of the first yellow zone 
contained peaks with an even number of hydrogen atoms, 
indicating that they might be M+. C,H,-Et,0 (1: 1) and Et20 
eluted 1.1 and 0.9 g, respectively, which furnished distillates 
at 90”/0.1 T. The identity of this material as the acetonide 
of ribitol is discussed above. A sample (109 mg) of the first 
yellow zone was hvdrolvs~ with KOH in C,.H,-MeOH 
il: 10). The reaction -mix&e was evaporated to &$ess and 
the residue was treated with H,O and Et,O. The aq layer 
was acidified with H,SO, and again treated with Et,O. The 
separated acid and neutral fractions contained 89 and 6 mg, 
respectively. The aq soln was neutralised with KOH and eva- 
porated to dryness. Residue was treated with EtOH, filtered 
and the filtrate evaporated to ca 1 ml, and weighed amounts 
of hexadecanol and octadecanol were added. After conversion 
to the acetates, cf. ref. [6], the reaction mixture was evaporated 
to dryness and subjected to GLC on 5% DEGS at 170“ or 
150”. The presence of triacetin was demonstmt~ by co-injec- 
tion with the authentic substance, and the amount of glycerol 
in the original sample was found as 8.3 and 8.5 mg, based 
on hexadecanol and octadecanol, respectively. The acidic sub- 
stances (4.5 g, above) were treated with MeOH. Some (1.9 
g) did not dissolve and was removed by filtration. The 
remainder was treated with CH2N2 and chromatographed on 
Si gel. The first 400 ml of C&H, eluted 127 mg, which afforded 
a distillate (98 mg) at 105-135”/0.2 T as a colourless oil, and 
a resic)ue (18 mg) as a faintly yellow paste. The next 450 ml 
of C,H, eluted 20 mg which furnished a distillate at 
9O-142”/0.2 T. The neutral material from the Et,0 extract 
(2.71 g) was ~hro~to~aphed on Si gel. Petrol-&H6 (1:l) 
duted 144 mg, which from CHCls-MeOH gave 50 mg of crys- 
talline material mp 75-85”. ~~n~~tion ,of thii material (10 
mg) afforded an acid (4.4 mg) and a neutral (6.9 mg) fraction. 
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