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Abstract—Eight liverworts, Chiloscyphus polyanthos and Clasmatocolea vermicularis (Lophocoleaceae), Frullania
apiculata, F. clavata, F. folciloba, F. gaudichaudii, F. serrata and F. ternatensis (Frullaniaceae) were chemically
investigated. ent-7,8-Eudesmanolides are important chemical markers of C. polyanthos and C. vermicularis. The latter
species also produces 6,7-eudesmanolides which are the chemical markers of Frullania species. C. polyanthos and C.
vermicularis are chemically quite close to some Diplophyllum species belonging to Scapaniaceae. The structure of 55-
hydroxydiplophyllolide previously isolated from C. polyanthos was revised to ent-7a-hydroxydiplophyllolide by
analysis of its 'H NMR spectrum. From the chemical constituents, the six Frullania species are classified to three

chemotypes.

INTRODUCTION

Most liverworts contain terpenoids and/or aromatic
compounds which are generally obtained as major com-
ponents. These substances are important endogenous
characteristics of species and can be used as chemosystem-
atic markers [1-8). Some Chiloscyphus and Frullania
species contain large amounts of sesquiterpene lac-
tones {2,9, 10] which show intense cytotoxic, allergy
inducing and plant growth regulatory activities [ 10-12].

In previous papers [2, 9], we reported the isolation and
the structures of ent-7,8-eudesmanolides of French
C. polyanthos and the distribution of sesquiterpene lac-
tones amongst 25 species of Frullania. In the present
communication, we report on the distribution of ses-
quiterpenoids in English C. polyanthos (L.) Corda and
Colombian Clasmatocolea vermicularis (Lehm.) Grolle
which belong to the Lophocoleaceae and six Asiatic
Frullania species, F. apiculata (Nees) Dum., F. clavata
(Hook. and Tayl) Tayl., F. folciloba (Hook. and Tayl)
Lebhm., F. gaudichaudii Nees and Mont., F. serrata Gott.
and F. ternatensis Gott. var. non-appendiculata Hatt.
belonging to the Frullaniaceae and the revised structure of
58-hydroxydiplophyllolide previously isolated from
French C. polyanthos [9]. We also discuss some aspects of
the chemosystematics of Lophocoleaceae and
Frullaniaceae.

RESULTS AND DISCUSSION

Each ground liverwort, after being air-dried, was
extracted with ether and the crude extracts directly

*Part 14 in the series “Chemosystematics of Bryophytes”. For
Part 13 see Asakawa, Y. and Campbell, E. O. (1982) Phyto-
chemistry 21, 2663.
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analysed by TLC, GC and computerized GC/MS. The
mass spectra were identified by direct comparison with
those of authentic samples. The main components were
further isolated by prep. TLC or GC and their chemical
structures were confirmed by spectral evidence. Table 1
summarizes the distribution of sesquiterpenoids in each
species.

Previously, we reported that Chiloscyphus polyanthos
produced the intensely pungent ent-7,8-eudesmanolides,
diplophyllolide (1) and 5f-hydroxydiplophyllolide (3b),
together with diplophyllin (2) and 3-oxodiplophyllin
(4) [9]. From the spectral similarity between 1 and 3b and
biogenetic considerations we proposed structure 3b for
the pungent hydroxydiplophyllolide. However, structure
3b must now be revised to ent-7a-hydroxydiplophyllolide
(3a) on the basis of the following 'H NMR spectral
evidence. Thus the spectrum of 3a showed the presence of
a-methylene protons (6 5.85 and 6.21), which appeared as
very sharp singlets, indicating the absence of an allylic
coupling between the a-methylene protons and H-7. Shift
reagent experiments indicated that one of the a-methylene
protons and H-8 largely shifted to downfield, showing the
presence of a hydroxyl group at C-7. The occurrence of
sesquiterpene lactones with a hydroxyl group at C-7 in
plants is quite rare [13].

C. polyanthos collected in England had a hot taste. The
major components are ent-diplophyllolide (1) and ent-7a-
hydroxydiplophyllolide (3a). TLC and GC/MS showed
that there is no remarkable degree of intraspecific quali-
tative and quantitative variation between French and
English C. polyanthos except for the presence or absence
of minor components. The major components of
C. vermicularis are diplophyllin (2) and oxyfrullanolide
(7). ent-7,8-Eudesmanolides found in C. polyanthos and
C. vermicularis have also been isolated from Diplophylium
albicans (L) Dum. and D. taxifolium (Wahl) Dum.
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Liverwort sesquiterpenoids
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belonging to the Scapaniaceae [11,14] and these ses-
quiterpene lactones have not been detected in the other
species of the Lophocoleaceae, e.g. Lophocolea and
Heteroscyphus species [5]. Thus, Chiloscyphus polyanthos
is chemically similar to Clasmatocolea vermicularis and
these two species also resemble Diplophyllum species. 6,7-
Eudesmanolides (7, 8) found in C. vermicularis are im-
portant chemical markers of Frullaniaceae (see below).
Thus, C. vermicularis is also chemically similar to some
Frullania species.

Frullania species are classified into five chemotypes:
sesquiterpene lactone-bibenzyl type (type I), sesquiter-
pene lactone type (typeIl), bibenzyl type (type III),
monoterpene type (typelV) and cyclocolorenone type
(type V) [2]. F. apiculata, F.serrata and F. ternatensis
belong to type I, since they produce frullanolide (5) as the
major component. F. clavata contains an unidentified
bibenzyl derivative (M* 330, base 121) and it belongs to
type I1L. F. foiciloba and F. gaudichaudii belong to type V,
since they elaborate cyclocolorenone (9).

All of the sesquiterpene lactones isolated so far from
liverworts show piscicidal activity. Oryzia latipes was
killed within 2hr by a 6.7ppm solution of ent-
diplophyllin (2) and within 4 hr by 0.4 ppm frullanolide
(5) isolated from Frullania dilatata (L) Dum. [10]. The
detailed piscicidal activity of the other sesquiterpene
lactones, and sesqui- and di-terpene dialdehydes will be
reported elsewhere.

EXPERIMENTAL

GC/MS, TLC, prep. TLC and GC were carried out as
indicated earlier [1]. All species identified by Drs. S. Hattori, S.
R. Gradstein, C. Suire and J. G. Duckett were deposited in the

OH A
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Herbaria of the Hattori Botanical Laboratory, Miyazaki,
Japan and the Institute of Pharmacognosy, Tokushima Bunri
University.

Bioassay. Piscicidal
method [15].

Extraction and isolation of terpenoids. Each liverwort
(0.120-1.0) after being air-dried was ground and then extracted
with Et,O for 2 weeks. The green extracts were filtered througha
short column packed with Si gel (30-70 mesh). Each extract was
directly analysed by TLC, GC and computerized GC/MS. The
components obtained by GC/MS were identified by direct
comparison of the MS with those of authentic samples. The
remaining materials of C. polyanthos (35 g)and F. folciloba (48 g)
were extracted with Et,O for 2 weeks. The intense pungent oil
(2.02 g) of C. polyanthos was chromatographed on Si gel using a
n-hexane-EtOAc gradient and each fraction was purified by prep.
TLC to give ent-diplophyllolide (1) (290 mg), ent-diplophyllin (2)
(17 mg), ent-Ta hydroxydiplophyllolide (3a) (210 mg) and 3-
oxodiplophyllin (4) (3 mg), together with phytosterols (45 mg)
and fatty acids (22 mg). The green extract (2.60 g) of F. folciloba
was also chromatographed on Sephadex LH-20 using
CHCI1;-MeOH (1:1) and each fraction was purified by prep.
TLC or GC to give ( —)-bicyclogermacrene (11) (16 mg) and two
very labile sesquiterpenes (M™* 218, base 164) (50 mg) and
(M* 218, base 95) (78 mg), together with phytosterols (38 mg),
triglycerides (33 mg) and fatty acids (22 mg).

activity was tested by Kawazu’s

Acknowledgements—We thank Dt. S. Hattori, The Hattori
Botanical Laboratory, Miyazaki, Japan, Dr.S. R. Gradstein,
University of Utrecht, Dr. C. Suire, Universite de Bordeaux 1 and
Dr. J. G. Duckett, University College of North Wales, for their
collection and identification of the liverworts and useful
suggestions.



964

Y. ASAKAWA et al.

REFERENCES

. Asakawa, Y., Inoue, H., Toyota, M. and Takemoto, T. (1980)

Phytochemistry 19, 2623.

. Asakawa, Y., Matsuda, R, Toyota, M., Hattori, S. and

Qurisson, G. (1981) Phytochemistry 20, 2187.

. Asakawa, Y., Toyota, M., Takemoto, T. and Mues, R. (1981)

Phytochemistry 20, 2695.

. Asakawa, Y., Matsuda, R., Takemoto. T., Hattori, S,

Mizutani, M., Inoue, H., Suire, C. and Huneck, S. (1981) J.
Hattori. Bot. Lab. 50, 107.

. Asakawa, Y., Matsuda, R, Toyota, M., Suire, C., Takemoto,

T., Inoue, H., Hattorl, 8. and Mizutani, M. (1981) J. Hattori
Bot. Lab. 50, 165.

. Asakawa, Y. (1982) J. Hattori Bot. Lab. 53, 283.
. Suire, C. and Asakawa, Y. (1979) in Bryophyte Systematics

(Clarke, G. C. S. and Duckett. J. G., eds.) pp. 447-477.
Academic Press, London.

. Suire, C. and Asakawa. Y. (1981} in Advances in Bryology

9.

. Kawazu., K.

(Schultze-Motel, W., ed.} Vol. 1, pp. 167
Vaduz.

Asakawa, Y., Toyota, M., Takemoto, T. and Suire, C. {1979)
Phytochemistry 18, 1007.

231. J. Cramer,

. Asakawa, Y., Muller, J.-C., OQurisson, G.. Foussereau, J. and

Ducombs, G. (1976) Bull. Soc. Chim. Fr. 1465.

. Ohta, Y., Andersen. N, H. and Liu. C.-B. (1977} Tetrahedron

33,617,

12. Asakawa, Y. (1981) J. Hattori Bot. Lab. 50, 123.
13. Fischer, N. H., Olivier, E. O. and Fischer, H. D. (1979) in

Progress in the Chemistry of Organic Natural Products (Herz,
W., Grisebach, H. and Kirby. G. W eds.} pp. 47-388.
Springer, Wien.

. BeneSova, V.. Samek, Z. and Vasickova. S. (1975) Collect.

Czech. Chem. Commun. 40. 1966.

(1977) in Adcvances in Natural Products
Chemistry—Extraction and Isolation of Biologically Active
Compounds (Natori, S., Tkekawa, N. and Suzuki, M., eds.) pp.
249-260. Kodansha, Tokyo.



