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Abstract-Four liverworts, Marchantia berteroana, M. foliacea, Plagiochila stephensoniana and Porella 
eiegantula collected in New Zealand were chemically investigated. M. berteroana contains cuparene and 
(-)-2-hydroxycuparene as the major components. y-Cadinene is the major component of M. foliacea. 
4-Hydroxy-3’-methoxybibenzyl is a chemical marker for P. stephensoniana which belongs to the non-pungent 
type of Piagiochila species. P. elegantula synthesizes perrottetianal and belongs to the non-pungent type of 
Porella species. 

INTRODUCTION RESULTS AND DISCUSSION 

Most liverworts contain terpenoids and/or lipophilic 
aromatic compounds as the major components. In 
previous papers [l-15] we reported that terpenoids and 
aromatic compounds are important endogeneous 
characteristics of species and can be used as chemo- 
systematic indicators. In this communication, we wish 
to report the distribution of terpenoids and bibenzyl 
derivatives in the previously unreported four liver- 
worts, Marchantia berteroana, M. foliacea, Plagiochila 
stephensoniana and Porella elegantula collected in 
New Zealand. 

Air-dried and ground materials of each species 
were extracted with diethyl ether. The crude extracts 
were examined by TLC and GLC, and then analysed 
by GC/MS. The major components were isolated by 
prep. TLC and their structures confirmed by spectral 
evidence or synthesis. The mono- and sesquiterpene 
hydrocarbons and the other minor components were 
identified by GC-coinjection of standard compounds 
and direct comparison of mass spectra with those of 
the authentic samples. Table 1 summarizes the chem- 
ical components detected in each species. The major 
components of M. berteroana belonging to the Mar- 
chantiales are cuparene (3) and (-)-2-hydroxy- 
cuparene (= 6-cuparenol) (4) which have been 
isolated from M. polymorpha L. as the major sesquiter- 
penoids [l, 7, 161. Lunularin (9) which has also 

*Part 13 in the series “Chemosystematics of Bryophytes”. 
For Part 12, see ref. [12]. 
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Table I. Terpenoids and aromatic compounds detected in Morchctnritr berferotm and M. 
foliucecl 

~~ 
M. herterouncl Content’ M. foiiucetr Content” 

___~---__-__.._ 

/3-Rarbatene (1) + a-Cubebene 
Bicycloelemene (2) t tr-Copaene 
fl-Caryophyllene t y-Muurolene I 

Cuparene (3) t’+ttrt Germacrene-D (5) + 

M: ? (69,:) 1~ + M’ 204 (161) t 
(--)-?-Hydroxy- t- + L + + i- -t y-Cadinene (6) tt *+* 

cuparene (4) M 204 ( 16.5) -1 + + _ + 
M 272 (191) + Calamenene c 

M 272 (191) -t M’ 222 (33) + 
M’ 272 (191) + Phytol t+t+- 

M’ 272 (95) ‘+ Mu 30x (26.5) +A 

Iuwlarin (9) t+ M’ 310 (55) Al+ 

M 290 1209) -rt 1 M’ 31x iI 10) I++ t++ - 
M* 310 (43) i- 

M’ 362 (20.5) 
M ’ ? (205) 
M’ 396 (363) 

Campesterol ++ Campeaterol - + i + + 

Stigmasterol i- + Stigmavterol +- -1 ,- c -t 

Sitosteral -* Sitosterol -.- 
-- - 

“The symbols +. -t t, + + t- etc. are relative concentrationc estimated hv GC. 
:‘Ra\e peak of mass spectrum. 

been isolated from M. polymorpha [16, 171 was 
detected in M. herterounu as a minor component. M. 
foliuceu produces y-cadinene (6), phytol and two 
unidentified compounds (M’ 204 and M’ 318) as main 
component\. Except for the presence of phytosterols, 
there is no chemical affinity between M. berteroana 
and M. foliaceu. and the former specie\ is chemically 
similar to M. polymorphu. Recently, we reported that 
M. berteroana was closely related to M. polymorphu, 
but not to M. foliuce(I, by comparative Ravonoid 
chemistry [18]. The present results further support 
the chemosystematics of the above three Morchunticr 
species. 

Pluginchilu and Porella species belonging to the 
Jungermanniaies synthesize various sesquiterpenoids. 
PkgiochilN species can be divided into two types: 
those containing pungent or non-pungent 2,3- 
secoaromadendrane-type sesquiterpenoids (Type A) 
and those containing no secoaromadendrane-type 
sesquiterpenoids (Type B) [6]. The CC of the crude 
extract of P. stephen.sonianu was quite simple. The 
major component is a new bibenzyl (ll), CICHlhOZ 
(M’ 228. I 1 I ; talc. 228. I 150). The IR and UV spectra 
showed the presence of a hydroxyl group (3400 cm ‘) 
and an aromatic ring (1600. 15lOcm ‘; A,,‘,, 274.5, 
280.5 nm). The ‘H NMR spectrum (see Experimental) 
contained the signals of a methoxyl group, two ben- 
zylic methylenes, four protons on a p-substituted 
benzene ring and four protons on a m-substituted 
benzene ring. Methylation of 11 gave a dimethyl ether 
(101, Cl<>H,a02 (M’ 242) whose mass spectrum and 
chromatographic behavior were identical to the 
natural bibenzyl detected in P. stephensoniunu us ;I 

minor component. The above chemical and spectral 
evidence coupled with the molecular formula and the 
intense fragment ions at ml: 121 (62%) and m/z I07 

(85%) showed that the new bibenzyl might be 4- 
hydroxy-3’-methoxybibenzyl (11) or 3-hydroxy-4’- 
methoxybibenzyl (12). The structures 12 and 10 for 
the natural bibenzyls were confirmed by the synthesis 
of 10-12. Wittig condensation of m-methoxybenzyl- 
triphenylphosphonium bromide (14) with p-ben- 
zyloxybenzaldehyde (15) prepared from p-hydroxy- 
benzaldehyde gave stilbene mixtures (16) which were 
hydrogenated in the presence of Pd-C to afford a 
dihydrostilbene whose spectral data and chromato- 
graphic behavior were identical to those of the 
natural bibenzyl (11). The alternative bibenzyl (12) 
Was dso synthesized by Wittig reaction of p- 
methoxybenzyltriphenylphosphonium bromide (17) 
with rn-benzyloxybenzaldehyde (18). followed by 
hydrogenation. The spectral data and chromato- 
graphic behavior of 12 were not identical to those of 
the major bibenzyl isolated from f? slephensonitrncl, 
Methylation of 11 and 12 gave the same dimethyl 
ether (10). identical to the natural bibenzyl (10) in all 
respects. The bibenzyl (10) W‘IS also synthesized by 
Wittig reaction of p-methoxybenzyltriphenyl- 
phosphonium bromide (17) with m-methoxybenz- 
aldehyde (20), followed by hydrogenation, as shown 
in Fig. I. Secoaromadendrane-type sesquiterpenoids 
have not been detected in P. stephensoniclncl even by 
CC/MS analysic. indicating Ihilt P. .c~ephensoniunr~ 
belongs to the species of Type B. P. .\trphensoniclncl 
is chemically similar to Japanese P. clrbusculm (Bird.) 
Lehm. et Lindenb. since the latter species elaborates 
11 as the major component [Asakawa, Y., Toyota, M. 
and Takemoto. T.. unpublished results]. Although the 
bibenzyl (11) is a chemical marker for some Plagio- 
chila species. it has also been found in some Frul- 
iunicr species [2. 91. 

Porella species are divided into two types: those 
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Fig. 1. Synthesis of bibenzyls 10-12 

Table 2. Terpenoids and aromatic compounds detected in Plagiochila stephensoniana and Porella 
elegantula 

P. stephensoniana 

a-Pinene 
P-Pinene 
Allomadendrene 
Bicyclogermacrene (7) 
3,4’-Dimethoxybibenzyl (10) 
4-Hydroxy-3’-methoxybibenzyl (11) 
Bibenzyl (M’ 228, 107) 
Bibenzyl (M’ ? 107) 
M’ 288 (107) 

*See Table I. 

Content* P. elegantula Content* 

+ 
+ 
+ 
+ Bicyclogermacrene (7) ++ 
+ M’ 218 (107) + 

+++++ M’ 218 (41) + 
+++ M’ ? (69) + 

+ Phytol t 
+ Perrottetianal A (8) +++++++ 

M’ 312 (69) + 
M’ ? (73) 4 
Paraffin (M’ ? 57) + 
Paraffin (M’ ? 57) + 
Campesterol + 
Stigmasterol + 
Sitosterol + 

- 

containing the intense pungent sesquiterpene dialde- 
hyde, polygodial and its related drimane-type sesqui- 
terpenoids (Type A) and those containing sac- 
culatane-type diterpenoids (Type B) [.5]. The crude 
extract of P. elegant& showed a simple GC with one 
large peak and 12 small ones. The major component 
is perrottetianal (8), a unique diterpene dialdehyde 
[19]. Thus, P. elegantula belongs to the species of 
Type B. Among the Porella species examined so far, 
P. elegantula is chemically quite similar to Japanese 
P. perrottetiana (Mont.) Trev. [19]. 

EXPERIMENTAL 

The solvents used for spectral determinations were TMS- 
CDCh [‘H NMR (60 and 90 MHz)]: EtOH (UV); CHCI, (IR 
and [o]n) unless otherwise stated. TLC and prep. TLC: 
precoated SI gel (0.25 mm) F2r4, n-hexane-EtOAc (4: 1) and 
C,H,-EtOAc (4: 1 or I : I) as solvents. Spots were visualized 
in UV (254 and 360 nm) by spraying with 30% H$O,+. GC: I 
or 5% SE-30, 3 m x 2 mm glass column, temp. programme 
50-270” at 5” min, injection temp. 270”, Nz 30 ml/min. 
GC/MS: 70 eV, 1% SE-30, 3 m x 2 mm glass column, temp. 
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