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Abstract-The distribution of ent-2,3+ecoaromadendrane-, ent-aromadendrane-, ent-bicyclogermacrane- and enr- 
maaliane-type sesquiterpenoids in fourteen Plagiochila species is described. These sesquiterpenes are the significant 
chemosystematic markers of Plogiochila. The intense pungent substance ofsome Plagiochila species is due to an enr-2,3- 
secoaromadendrane-type sesquiterpene hemiacetal, plagiochiline A. 

INTRODUCTION 

As a part of our programme of chemosystematic 
investigation of bryophytes, we are continuing to study 
their chemical constituents. In the previous papers [l--S], 
we reported the distribution of mono-, sesqui- and 
diterpenoids, and lipophilic aromatic compounds from 91 
species of Japanese and European liverworts We also 
indicated that each liverwort produces some characteristic 
terpenoids and aromatic compounds which are very 
important chemosystematic markers in each genus. 

The Plagiochilaceae belongs to Jungermanniales and 
morethan 15OOspeciesare knownin theworld:from Japan 
20 species have been reported. Plagiochila species are very 
interesting from the view-point of agricultural chemistry, 
since they are a rich source ofent-2,3+ecoaromadendrane- 
type sesquiterpenoids, which show plant-growth 
inhibition and very intense insect antifeedant effects [ 1,2, 
6-121. In the present communication, we wish to report the 
distribution of ent-2,3+ecoaromadendrane-, ent- 
aromadendrane-, en?-bicyclogermacrane- and ent- 
maaliane-type sesquiterpenoids in fourteen PIagiocbila 
species. 

RESULTS AND DISCUSSION 

Each Plagiochila species after being air-dried and 
ground was extracted with ether. The crude extracts were 
directly analysed by CC-MS. The mass spectra obtained 
by CC-MS equipped with a computer were identified by 
direct comparison with those of authentic specimens 
and/or published information. The major components 

* Partofthepresent work hasbeenreportedatthe21stand23rd 
SymposiaofChemistry ofTerpenes. Essential Oilsand Aromatics. 
Tokushima (1977) and Tottori (1979). Symposium papers pp. 225 
and 21 I, respectively and International Congress of Bryology. 
Bordeaux. France (1977) [6]. 

+ Part 6 in the series “Chemosystematics of Bryophytes”. For 
Part 5. see (1980) J. Harrorr Ear. Lab. 48, 285. 

were further isolated by preparative TLC and GLC and 
their stereostructures were confirmed by spectral evidence 
described in theprecedingpapers [6, g-121. Table 1 shows 
species, sampling months and locations, and compounds 
detected in each species. 

It is known that there are two chemical types of 
Plagiochila species, one with the characteristic sharp 
pungent substance, plagiochihne A (4), and the other 
without this pungent substance. P. asplenioides. 
P. hartoriana. P. .fruticosa, P. oualifolia, P. porelloides, 
P. pulcherrima, P. semidecurrens, P. magna and 
P. yokogurensis belong to the former type (type A); 
P. acanthophyllo subsp. japonica, P. arbuscula, 
P. dendroides and P. trabeculaca belong to the latter type 
(type B). As shown in Table 1, em-bicyclogermacrene (1) 
[13, 141. which might be one of the precursors of ent-2,3- 
secoaromadendrane-type sesquiterpenoids (3-18) and 
their related compounds (19-M) found in Plagiochila 
species, was identified in every specimen of type A and type 
B examined in the present study. Among type A, 
P. fruticosa, P. hattoriana, P. pulcherrima and 
P. yokogurensis display remarkably sharp pungent taste. 
This is the result of the difference in plagiochiline A content 
(4). These four species elaborate a large amount of 
plagiochiline A (4). In addition to plagiochiline A, the 
species .belonging to type A contain various ent-2,3- 
secoaromadendrane- (3, S-18) ent-aromadendrane- 
(19-U) and ent-maaliane-type sesquiterpenoids (2426). 
Among the species listed in type A, P.magna 
morphologically resembles P. semidecurrens and the 
chromatograms (TLC and CC) of P.magna were very 
similar to those of P. semidecurrens; in fact, almost all 
components found in P. magna could be detected in 
P. semidecurrens. P. fruticosa and P. yokogurensis are rich 
sources of a sesquiterpene lactone, plagiochilide (3), which 
has not been detected in any species except for European 
P. osplenioides collected in Alsace and in Switzerland [ 151. 
However, P. asplenioides collected in south-west France 
did not contain plagiochilide (3). It is necessary to compare 
the chemical constituents of P. asplenioides collected in 
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Table 1. Ent-2.3~secoaromadendrane-. enr-aromadendrane-, enr-bicycle 

Apr 1978. Kochi Japan 

Nov. 1978. Tokushlma. Japan 

NW 1978. Yabnke!. Kyushu. Japan 

Ott 1979. Yaku Island. Japan 

Apr. 1978. Puymarlm. Dordognc. France 

Sept. 1979. Alfcld. Haul Rhm. Frana 

Aug 1979. Crew. de I’Anvcr~ Jula. France 

Aug. 1977. Rr~mz Bcmesc. Alps. Swrrcrland 

Oct. 1979. Yaku Island. Japan 

[I. 2. II. 12; Sept. 1977. Tokushtma. Japan 

Dee 1979. Mlyazaki. Japan 

:I. 2. 9: Jan. 1977. Tokushima. Japan 

:ll: Apr 1978. Tokushima. Japan 

Apr 1978. Kochl. Japan 

Ott 1979. Yaku Island. Japan 

[I. 2. II. 12: Apr 19711. KochL Japan 

‘I. 2. I I, 12; \iot 1‘478. Tokushima. Japn 

Nor 1979. Tokushima. Japan 

:17.18.20.21 :Nov 1979. KUJU. Kyushu. Japan 

Ott 1979. Yaku Island. Japan 

Aug 1979. Valcc dc Pant Vun~. Swuerland 

Ott IY79. Yaku Island. Japan 

!I. 2. lo: Apr 1977. Tokurhlma. Japan 

Aug 197% KochI. Japan 

Ckt 1979. Yaku Island. Japan 

:l7. 19. 201 Nov 1977. Japan 

Ckt 1979. Yaku Island. Japan 

;I. 2.6 I I ; Apr. 1976. Tokushlma. Japan 

:I21 May 197% Tokushuma. Japan 

Apr 1979. Tokushtma. Japan 
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l The symbols, t. + +. + A +. etc. are the relative concentrations estimated by GC-MS. 

I R=H 

2 R =OAc 

9 d, = OAc, R, = H 

IO R, =R1 =H 

I1 R, =RL=OAc 

OAc 

4 R, = OAc. R, = R, = H 

5 R, = R, = OAc. R, = H 

6 R, = R1 = R, = OAc 

7 R,=R,=OAc.R,=OH 

8 R, = OH. R, = R, = H 



Sesquiterpenoids of Plagiodda sp. 2625 

germacrane- and ent-maaliane-type sesquiterpenes of Phgiochila 

v IO II 12 13 14 15 16 17 IS I9 20 21 22 23 24 25 26 27 

+ + + + 
++++ + + + + 
++++ + + + + 

+ + 
+ + 

+ + 
+A+ 

+++ 

+++ 

+ 

+++ + 

A+++ + 

+ f 

++ + 

++ + 

++ + 

+ 

+ 

+ ++ 

+ + 

+ + 

+ 
+ 

+ 
+ 
+ 

+ + 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+- + +- + 
+- +++ 
+ + 

+ 

+ + 
+ + 

f 
+ 
+ 

+ + + 
+ + + 
+ + + 

+ 
+ 

+ + 
f 
+ 
L 

+ + + + ++ 
f + 4 + ++ 

+ * + + ++ 

++ 
f+ 
+ 4 

A 

CHO 

14 R = H, 
IS R=O 

OHC 

OH 

25 26 27 

CHO 

OH:& OH yQ 
16 17 

19 20 R=Hz 
21 R=O 



2626 Y. ASAKAWA PI al. 

different locations and seasons in order to determine 
whether the presence or absence of pla~~hilide is d!e to 
the geographical difference or a seasonal one. Except for 
the sesquiterpene lactone 3. P. uspfe~~ojdes elaborates 
three unique ent-2,3-secoaromadendrane-type sesquiter- 
pene hemiacetals, plagiochilines D (6). E (12) and F (13) 
which have not been found in Japanese Pfu~joch~fu species 
so far examined. European P. poreiioides is morpholo- 
picallysimilartoP.u~~lifi~iu.Thesetwospecieselaborarea 
largeamount ofplagiochilineC(9), however, theGLCand 
TLC patterns of P. poreffoide.~ are considerably different 
from those of P: o~~f$ofia. The former species produces six 
additional unidentified sesquiterpene acetates as minor 
components. P. pffrelf~~~de~ 1s afso very similar to 
P. asplenioides morphologically. but the chemical 
compounds of both species are clearly different. The most 
important difference is that P. pureiioidesdoes not contain 
plagiochilide (3), P. fr~~ec~~u~u belonging to type B also 
elaborates mr-2.3”secoaromadendrane-type sesquiter- 
penes, an ent-aromadendrane and ent-bicyclo- 
germacrenes. Thus, P. ?r~6ec~futu ismoreclosely related to 
type A. Among type B, P. ~cunt~uphyiiu subsp. japonicu is a 
unique species since it elaborates eat-cyclocolorenone (21) 
and em-maalioxide (26) as the major components [ 161. 
The former com~und has been found in a few species of 
type A as a minor component. Chemically speaking. 
P. urhrrs~olcc and I’. derrdroide~ are t he most isolated species 
among &he types A and B, since they elaborate neither 
tttt-2.3-secoaromadendrane-, emit-aromadendrane-type 
~squiter~noids nor enr-maaliane-type se~uiter~Roids. 
Samples of P. aspfenioides, P.fruticosa. P. huftoriunu, 
P. o~uf~ufia~ P. .~e~~dec~rrens and P. yoko~ure~sjs (type A) 
and P. ucanthnphylla subsp. juponica were collected at 
more thanonelocation. Theresultsfor thesespeciesshowa 
considerable degree of intraspecific qualitative and 
quantitative similarity. except for the specimen of 
P. uspfe~jojdes collected in south-west France described 
above. 

Since the isolation and structural dete~iuatioR of 
various ent-2,3-secoaromadendrane-type sesquiter- 
pcnoids from Japanese and European Pfugiochifa species 
[l. 2. 6. 8 12:. Matsuo et ul. [17. 211 have recently 
confirmed the presetice of the above unique atf-2,3- 
secoaromadendrane- and ent-maalian-type sesquiter- 
penes in P. o~ffl~ofj~ and P. se~idec~rrens. &f-2.3- 
secoaromadendrane-ty~ sesquiterpenoids (I -18) have 
not been found in the other liverworts so far examined nor 
in higher plants. It seems quite clear that the present enr- 
secoaromadendrane-type sesquiterpenoids and their 
related ent-sesquiterpenoids are one of the significant 
chemosystematic markers in the Plagiochilaceae, and 
biochem~~l ~nv~tigation of theme~bolites of Pf~~joch~fu 
speciesmay yield important information that will lead to a 
better understanding of the complex taxonomy of the 
Plagiochilaceae. 

EXPERIMENTAL 

GC -MSspectra wercobtained under thefollowingconditions: 
eiec.energy2Oand7OeV: rrapcurrent6OpA: temp.80-250’:GLC 
column: I “,, SE-30.3 m x 2 mm glass column: temp. 50-270” at 
S’/min. inJect. temp. 260”. He 30ml/min. Analytical and prep. 
GLC: l”;;SE-30.3m x 2 mmand 5”,; DEGSglasscolumn, temp. 
programme 50-270” at S”/min, inject. temp. 260’. N, 3Oml~min. 
TLC and prep. TLC: premated SI gel (0.25mesh) F,?,. II- 
hexanc-EtOAc(4: l)andC,H,--EtOAc(4: 1 and I : 1 )assolvents. 
Spots were detected by 30”,, HISO, and UV light (254nm). 

Plant material. All Plagiochila species identified by H.I. are 
deposited in the Herbarium. National Science Museum ofTokyo 
(TNS). 

Exrraction und ts~iurjut~ qf ses~ui~er~~noids from Pla8jochila 
speci~.~ Each Pkr~irwhiltr species (I.5 2253 g) after being air-dried 
was ground. Each ground material (1 g) was extracted with Et,0 
(30ml)forSdaysandthegreenextractwasfilteredthroughashort 
column packed with Si gel (70-270 mesh) and the solvent was 
evapd in racuu. Thegreen oil was diluted with Et,0 ma suitable 
concn and then analysed by a GC MS apparatus equipped with 
computer. The remaimng ground materials were also extracted 
with Et,0 in order to isolate sesquiterpcnoids by prep. TLC and 
prep. CLC. after beingchromatographcd on SI gel (70-270mesh) 
usrng an rr-hexane EtOAc or a CbN,-EtOAc gradient [6 121. 

~~~~o~~~~~~~~~z~.s -We are indebted to Dr. C. Suire (Universitt 
de Bordeaux 1) for his collection and identification of European 
P~u~j~~~j~~~ species 
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