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Using gas chromatography the composition of two important groups of lipidic substances, i.e. 
n-alkanes and cerides, from five liverworts (Hepaticae) has been establishe·d. The range of the 
homologous series of n-alkanes is CIS - C 3 5 for the majority of the investigated samples. In Ca/y
pogeia meylanii, Jungermania sphaerocarpa, and Pellia fabbronialla n-C27 predominantes, while 
n-C31 is dominant in Gymnoco/ea inf/ata and Mylia taylorii which contain in addition the same 
amount ofn-C25 . The homologous series of esters range from C34 to C54 but the prevalence of the 
dominant homologues is less distinct than in n-alkanes. C48 represents the main homologue 
in JUllgermania sphaerocarpa, Mylia tay/orii and Pe/lia fabbrolliana, while in Ca/ypogeia mey/anii 
and Gyml1ocolea inf/ata the homologue C44 predominantes. 

In connection with the study of the components of lower plants we also investigated 
liverworts (Hepaticae), which belong to plants from an separate class of Bryophytae. 
Investigations in this field take two directions. The first one concentrates on the major 
components of neutral character with the aim of solving their new structures 1-4, 

while the second direction leads to the identification of other components present 
in liverworts as minor components. As many of these substances are common not 
only to various liverwort species, but may also be found in liverworts belonging to 
various genera and even families, their study is of chemotaxonomic importance. 
In the present paper we describe the composition of two distinct groups of substances, 
i.e. higher saturated aliphatic hydrocarbons and aliphatic esters (cerides) in the follow
ing liverworts: Calypogeia meylanii (BUCH.), Jungermania sphaerocarpa HOOK. 
(syn. Solenostol1lu sphaerocarpa (HOOK.) STEPH.), Gymnocolea injlata (HUDS.) 
DUM., Pel/ia fabbroniana RADDI, and Mylia taylorii (HOOK.) GRAY. 

The analyses of higher non-isoprenic saturated hydrocarbons have already been carried out 
for some time in plant materialS -7; the composition and the ratio of higher n-alkanes was even 
proposed as a possible chemotaxonomic character for the classification of the plants6 •7 , which, 
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however, was la ter demonstrated as unsufficiently specific8 , 9. The analytical methods for higher 
n-alkanes and their simply branched isomers, especially their gas chromatographic analysis, are 
already well e1aborated7 , l 0 - 13. A different situation existed unti l recently in the analysis of wax 
esters (cerides) which could not be analysed by routine gas chromatography because of thei r rela
tively low volati lity (C30 - C60). Usually the ester fraction was first hydrolysed or trans-esterified, 
and then acid and neutral components were analysed separately. Recently we described a high 
temperature gas chromatography of cerides14 which enabled the obtainnig of direct information 
on the composition of the esters in the ester fraction isolated most ly by column chromatography. 
We also made use of this method in this study. 

EXPERIMENTAL 

Preparation of the material. * Carefully selected and purifie d (from mechanical impurities) 
liverwort (80 g) was dried at room temperature, ground in a ball-mill, and eventually extracted 
exhaustively with light petroleum (b.p. 40 - 60°C) at room temperature. The combined light 
petroleum extracts were concentrated on a rotatory vacuum evaporator and the resid ue (0'5 to 
2·3 g, depending on the liverwort used) was adsorbed on a small amount of deactivated (10% 
of water) si lica gel and put on the top of a col umn of the same adsorbent (100 g). 

TABLE I 

Composition of n-AlkanesD of the Liverworts Invest igated (%) 

No 
Junb No 

Junh 

ofC-at Ca l Gym Myl Pel of C-at Cal Gym Myl Pel 

15 tr 1·2 tr 27d tr 
16 0·6 tr tr 1·2 tr 28 H 1·8 4·6 1·8 2·8 
17 1·3 J ·8 0·3 \ ·8 2'5 28d 0·6 
18 0·6 0·3 0·7 1·8 J '2 29 15·3 12·3 IH 5'3 22-2 
18c 16·6 29d 0·4 
19 1·3 1·0 2·1 2· 1 1·4 30 2·1 1·8 3'0 2'1 1·4 

20 0·6 1·9 3· 7 ) ·9 1·4 30d 0·6 
21 I-8 2'9 H H 1-4 31 9·5 25-6 9·5 17·0 4·0 

22 1·4 3·9 3·2 1·8 1·2 31 d 17·2 

23 H 4·2 6'1 6·6 2·8 32 ],4 1·2 1·3 2-4 1·0 
24 2-4 1·9 3-3 2·\ ],4 32d 2·1 

25 7·6 4·9 9·8 17·0 16·0 33 2·5 3·6 2·2 9·0 1·2 

26 3·5 1·8 4·6 3·0 2-4 34 tr tr tr 
26d tr 35 tr 0·9 0·3 4·2 0·5 
27 19·0 5·9 21 ·5 11·2 33·2 

a The amount of branched a lkanes was usually 2'0 - 2'5%; in My/ia fay lorii 4:0%. b "Chromato
graphic background". c Isoprenic hydrocarbon. d Homologous series of iso(anteiso)-alkanes. 

In the present work the extracts were prepared from botanically absolutely uniform liver
wort samples. 
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Chromatographic separation. For column chromatography silica gel15 of particle size 30- 60 J.I 

was used, which was partly deactivated by the addition of 10 - 13% of water. n-Alkanes were 
eluted from the column with light petroleum in the first fractions, while esters could be eluted 
with light petroleum containing 2- 30% of benzene. Thin layer chromatography used for the 
control of the separation procedure on columns was carried out on silica gel G, Merck. 

Gas chromatographic analyses were carried out on a PYE Series 104 Chromatograph, Model 24, 
provided with a dual column and detector (FI) system and the possibility of programmed heating. 
Columns of OA X 150 em :;ize were filled with 2,5 - 3% of SE-30 G.c. Grade on Gas Chrom P 
(100 - 120 mesh). Chromatographic peaks were identified by means of standards with the utilisation 
of the linear relationship between the logarithm of the retention time and the number of carbon 
2toms, valid for homologous series. Quantitative evaluation of gas chromatograms was carried 
out without correction factors , on the basis of peak integrals; in the case of esters, where a suffi
ciently smooth zero line could not be achieved at higher temperatures, the height of single peaks 
was used as a quantitative parameter. 

Transesteri/ications 0/ esters were carried out with methanol and gaseoqs hydrogen chloride 
in sealed ampules in tetrachloromethane l6

. The homologous series of methyl esters of mono
carboxylic acids and free alcohols were identified together by gas chromatography. Pairs of peaks 
were formed in which the first eluted peak belonged to the free alcohol and the second to the 
methyl ester of an acid having the same number of carbon atoms as its alcohol. 

IR spectrophotometry and mass spectrometry served for preliminary determination of the limits 
of single groups of substances coming out of the chromatographic column. The IR spectra were 
measured on a Zeiss UR 10 spectrophotometer in tetrachloromethane, the mass spectra on 
a MS 902 AEI apparatus. 

RESULTS AND DISCUSSION 

n-Alkanes 

In all five samples the homologous series had approximately the same range, C 1 7 - C33 

(Table I). The hypothesis was emitted7
,8 that the predominance of odd n-alkanes 

over even ones is common in higher plants, while in lower plants (including Pellia 

epiphylla and Fegatella conica liverworts) the ratio of odd and even homologues 
seems to be almost equal. From this point of view the ratio of odd and even homolo
gues in the CIS - C2 2 range seem in the case of all the liverworts studied by us rather 
even, while in the case of higher homologues odd n-alkanes distinctly prevail. Caly

pogeia meylanii contains in addition to n-alkanes a relatively richer series of bran
ched (iso- and anteiso-) isomers (C26 - C32) (Table I). The mentioned paraffins, 
tog~ther with other alkanes monomethylated in the central part of the chain17

, lS, 

often accompany normal alkanes, but in this case their frequent occurrence is ex
c<!ptional. In the case of Jungermania sphaerocarpa the presence of another as 
yet unidentified mixture of hydrocarbons is evident; they form an asymmetric flat 
diffuse wave b~tw.::en n-C ls and n-C30, as a "chromatographic background". This 
effect has b~en described several times for various plant extracts of lipidic character l7

. 

The fraction of n-alkanes from Gymnocolea inflata 19 contains a distinct amount 
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of an evidently isoprenic hydrocarbon with a retention time close to n-C 1s . On the 
chromatogram of Mylia taylorii homologous series of branched alkanes are also 
well discernible, of which mention was made already in the case of Calypogeia 
mey lanii. In the case of three of the five 
samples (Calypogeia meylanii, Junger-

mania sphaerocarpa, and Mylia taylorii) 
in the hydrocarbon fraction from chro-
matography isoprenoid sesquiterpenic ole-
fins 'were also found, the composition of 
which will be described elsewhere. 

FIG. 1 

Chromatogram of the Products of Transesteri
fication ofCerides from Jungermania sphaerocarpa 

Black waves belong to alcohols, unaccentuated 
waves to methyl esters. 3% SE-30, 150- 260°C 
(20C/min -I). 

Aliphatic wax esters (cerides) 

They occur in all five samples to an approximately equal extent, C 36 - C S2 ' with even 
homologues 10 distinctly prevailing (Table II). However, the difference in their quantita-

TABLE II 

Composition of Ceridesa of the Investigated Liverworts (%) 

No 
ofC-at 

Cal Gym Jun Myl Pel No Cal Gym Jun Myl Pel 
of Coat 

- ---._------- --,--------- - --- - - --

34 1·2 0·2 0·6 46 21·2 20·5 17·6 16·5 16·9 
36 tr 2·5 1·0 2·1 tr 48 17·6 14·6 23·3 19·6 17'5 
38 1·0 4·9 2·6 5·7 1·3 50 5·3 4·2 13 ·6 5·6 15·8 
40 3·6 6·2 4·8 11·5 3'4 52 1'5 13-0 4'1 10·9 
42 13·2 18 '5 5·0 14·8 10·6 54 2·1 tr 4·3 
44 33 ·3 22·6 13·3 17·1 16·2 

a Sum of odd homologues: Calypogeia meylanii 4%; Gymllocolea inflata 3%; Jungermania sphaero
carpa 3%; Mylia lay /orii 2%; Pellia fabbroniana 3%. 
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tive ratio in the mentioned plants is not as great as in the case ofn-alkanes. The amount 
of single homologous · esters increases gradually until the maximum is reached in the 
C44 - Cso range; then it drops slowly. In the IR spectrum the esters display typical 
absorption peaks at 1175 and 1735 cm -1. In the case of esters of CaJypogeia meylanii 
and Jungermania sphaerocarpa we carried out their transesterification and thus always 
obtai ned two homologous series in the reaction mixture: the methyl ester of monocarbo
xylic acids and free alcohols (Fig. 1). According to the results obtained earlier we suppo
se 14

, 16 that single chromatographic peaks of natural esters do not represent individual 
esters but that they contain a mixture of isomeric esters; for example the peak 'C40 

would represent a mixture of esters C 1SCO.OC24, C17CO.OC22 , C 19CO.OC20, etc. 
Higher monocarboxylic acids were also present in the extracts in the form of acyls 
bound to plant sterols; the esters of this type were isolated from further fractions 
by column chromatography. The composition of these substances will be described 
later. -. 

For the measurement of the mass spectra and for their interpretation we thank Dr L. Dolejs and 
for the IR spectra Dr J. Smolikovd, both from our Institute. Ollr thanks are due to Miss K. Veresova 
for technical assistance. We are also grateful to Prof V. Herollt and to Academian F. Sormfor their 
continuolls illlerest in this work. 
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