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A biflavone was isolated from a liverwort (Chandonanthus hirtellus ssp. giganteus) for the 
first time. Its structure was determ ined as dicranolom in. M oreover luteolin and the new 
com pound vanillic acid-4-O -neohesperidoside were identified from this Chandonanthus spe­
cies. From Plagiochila asplenioides we isolated the new sesquiterpenoid (-)-gymnomitr-8(12)- 
en-9/3-ol with chair conform ation of the cyclohexane ring together with plagiochiline P and 
the d iterpenoid anadensin, both new to this liverwort.

Introduction

The leafy liverwort genus Chandonanthus be­
longs to the family Lophoziaceae. A fter the sepa­
ration of Tetralophozia (Schust.) Schljakov the ge­
nus is com posed of less than 10 species (Schuster, 
1983), according to Schuster (1969) “chiefly antip­
odal in range” . A lthough the chemistry of L opho­
ziaceae is com paratively well known (Asakawa, 
1995), secondary products have so far been iso­
lated from only one Chandonanthus-species, C. 
hirtellus ssp. hirtellus, widely distributed in paleo- 
tropic regions (Väna, 1993). This species produces 
various «-alkanes, sesquiterpenes and the cem- 
brane-type diterpene chandonanthone (Asakawa, 
1995; Asakawa et al., 1991; M atsuo et al., 1986). 
Chandonanthus hirtellus ssp. giganteus only occurs 
in central African m ountains (Vanden Berghen, 
1965; Väna, 1993). 2D-TLC-surveys of its metha- 
nolic extract prom pted us to undertake a detailed 
phytochem ical investigation for chem otaxonom ic 
reasons.

In contrast, the liverwort Plagiochila aspleni­
oides was the object of several phytochem ical 
studies since m ore than 2 0  years yielding a wide
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array of secondary products (A sakaw a, 1995). In 
the course of a further investigation in our labora­
tory we isolated three minor com pounds, so far 
not reported from this species.

Results and Discussion

Chandonanthus hirtellus ssp. giganteus

Chrom atographic separation of the 80% aq. 
M eO H  extract yielded three phenolic com pounds 
in sufficient am ounts to allow structure elucida­
tion. A part from luteolin (1) we found another fla- 
vonoid compound (2). The analysis of its spectro­
scopic data (see Experimental) confirm ed that 2 
was identical with dicranolomin (2 ’,6 ”-biluteolin), 
a biflavone first isolated from the moss Dicrano- 
loma robustum  and so far being unique for mosses 
(M arkham  et al., 1988; Geiger et al., 1997). This is 
the first report of a biflavone from a liverwort and 
quite surprising because among bryophytes bifla- 
vonoids have so far been considered to be chem o­
taxonomic m arkers for mosses only. A n account 
on the occurrence of moss biflavonoids was re ­
cently published (G eiger et al., 1997).

The more polar compound 3 afforded NM R- 
spectroscopic data (Table I) typical for a glycosy­
lated phenolic acid with a 1,3,4-trisubstitution of 
the aromatic ring according to the shift and cou­
pling pattern of H-2, H-5, and H - 6  respectively. In 
addition, a methoxyl group was visible at 
3.75 ppm. A carboxylic function could be derived 
from the signal at 168.9 ppm in the 13C NM R
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Table I. ‘H (400 M Hz) and 13C (100 MHz) NM R data 
of 3 (DM SO-rf6).

H 3 C 3

_ 1 130.0
2 7.47 brs 2 112.6
- 3 148.1
- 4 147.9
5 7.01 d (8.4) 5 113.8
6 7.41 brd (8.2) 6 121.7
_ 7 168.9
OM e-3 3.75 5 OMe-3 55.3

1’ 5.07 d (7.3) 1’ 97.8
T 3.54 m 2’ 75.5
3’ 3.50 m 3’ 77.8
4’ 3.22 m 4’ 69.9
5’ 3.35 m 5’ 76.8
6 ’a 3.65 m 6’ 60.5
6 ’b 3.45 m
1” 5.25 brs 1” 99.8
2” 3.68 m 2” 70.6
3” 3.35 m 3” 70.4
4” 3.18 m 4” 71.9
5” 3.90 m 5” 68.2
M e-6” 1.11 d (6 .0 ) 6 ” 18.0

spectrum. Further analysis of the 'H  and 13C NM R 
data resulted in the identification of a ß-D-glucose 
and a a-L-rhamnose moiety. They were linked via 
1 - 2  interglycosyl linkage betw een rham nose and 
glucose (i.e. neohesperidoside) because of the 
downfield shift (> 2 ppm ) of C-2 of the glucosyl 
part com pared to a m onoglucoside (M arkham  and 
Chari, 1982). M oreover a heteronuclear long- 
range correlation existed betw een H -l of the 
rham nose (5.25 ppm ) and C-2 of the glucose 
(75.5 ppm). Glucose-H-1 (5.07 ppm ) exhibited a 
long-range coupling to the carbon at 147.9 ppm, 
which was assigned to C-4 of the arom atic ring. 
With the help of the 2D N M R spectra (F[-H, C-H, 
long-range C-H COSY, N O ESY ) it was possible to 
assign all signals and to identify 3 as vanillic acid-
4-O-neohesperidoside, apparently a new natural 
product. The FAB-MS with [M]~ at m /z  476 
(C 2oH2 8 0 13) also coincided with the structure. 
Several o ther benzoic acid-derivatives have al­
ready been reported  for bryophytes (Asakawa, 
1995).

Plagiochila asplenioides

COOH

The lipophilic extract yielded, apart from known 
com pounds (Asakawa, 1995), the seco-arom aden- 
drane-type sesquiterpenoid plagiochiline P (4) 
(Valcic et al., 1997) and the d iterpenoid anadensin
(5) (H uneck et al., 1983). Their spectroscopical 
data were in agreem ent with published ones. 
These two terpenoids are new to P. asplenioides.

In addition we found another sesquiterpenoid
(6 ) with [M +H]+ at m /z  221 (C I5 H 2 4 0 ) .  Together 
with the N M R spectra we assum ed a tricyclic 
molecule with an exom ethylene (6 H 4.98 and 
4.77 ppm; 6 C 107 ppm ), a hydroxyl ( 6 H 4.53 ppm; 
6 C 68.3 ppm ) and three methyl groups (6 H 102, 
0.88 and 0.86 ppm; 6 C 27.7, 24.1 and 23.2 ppm). 
The analysis of the H -H  COSY spectrum  revealed 
two sets of sequences. The first sequence com ­
prised the protons of the exom ethylene group (H 2- 
12), the oxygenated m ethine protone (H-9; allylic 
coupling to H 2-12 not visible in the 'H  NM R 
spectrum ), a m ethylene group (H 2 -10, vicinal to 
H-9), another m ethylene group (H 2 - l l ;  not vicinal 
to H 2 -10; only 4J  coupling betw een H -l l a  and H- 
10a), and finally an allylic ( 6  2.32 ppm ) m ethine 
proton (H-7) which was vicinal to H 2- l l  
(Scheme 1; for coupling constants see Table II).
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H-12 -----------  H-12' H-7
(4.98) (4.77) (2.31)

\  /  I
H-9 H -lla

H -lO ß----------- H-lOa H-l 1 ß
(1.22) (2.22) (1.37)

Scheme 1. 'H - 'H  correlations of 6 detected by COSY 
(chemical shifts in parentheses).

Table II. 'H  (400 M Hz) and 13C (100 M Hz) NM R data 
of 6  (CDCI3 ).

H 6 C 6

— _ 1 54.6
- - 2 45.4
3a 1.85 m 3 35.9
3ß 1.15 m
4a 1.82 m 4 27.3
4ß 1.75 m
5a 1.70 m 5 37.4
5ß 1.19 m

- - 6 55.7
7 2.31 d (4.7) 7 56.5

- - 8 154.4
9 4.53 dd (8.0/10.0) 9 68.3

10a 2.22 ddd (3.0/7.8/13.4) 10 49.8
10/3 1.22 m
11a 2.05 ddd (3.1/4.9/11.5) 11 47.0
\ \ ß 1.37 d (11.5)
12 4.98 brs 12 107.0
IT 4.77 brs
M e-13 0.86 s 13 24.1
Me-14 0.88 ^ 14 23.2
Me-15 1.02 5 15 27.7

The second sequence only consisted of the rem ain­
ing m ethylenes (H 2 -3, H 2 -4. H 2 -5) which were cou­
pled only among themselves. Using further 2D 
NM R spectra (C-H and long-range C-H COSY)

we were able to assign all signals (Table II) and to 
identify 6  as gymnomitr-8(12)-en-9-ol. The gym- 
nom itrane skeleton is unique for liverworts. So far 
(+)-gymnomitr-8(12)-9a-ol (7) was reported  from 
the liverwort Reboulia hemisphaerica (M orais etal., 
1988; Morais, 1990). However, 6  exhibited quite 
different NM R data than 7. Additionally 6  was 
characterized by a negative optical ro tation  value. 
Thus 6  and 7 should be different in their s te reo ­
chemistry. Irradiation experim ents (N O ESY ) of 6  

showed that saturation of H-9 (Ö 4.53 ppm ) en­
hanced the signals of two protons ( 6  1.85 and
1.70 ppm) belonging to the methylene group at C-
3 and C-5, respectively, which were assigned to be 
H -3a and H-5a. Additionally, a weak enhance­
m ent of the proton at Ö 2.22 ppm (H -10a) was also 
observed. Studying the respective N O E results of
7 (M orais et al., 1988; Morais, 1990), irradiation of 
H-9 raised the resonance of H -l lß  and H-7. These 
NM R experim ents proved that the cyclohexane 
ring of 6  was in the chair form, whereas the boat 
form was present in 7 (Fig. 1). Thus 6  could be 
elucidated as (-)-gymnomitr-8(12)-en-9ß-ol (re la­
tive stereochem istry), a diastereom er of 7.

Experim ental

Plant material
Chandonanthus hirtellus (Web.) Mitt. ssp. gigan- 

teus (Steph.) Vanden Berghen was collected in 
Septem ber 1991 in Zaire, on Mt. Kahuzi, altitude 
3200 m, Kahuzi-Biega National Park. It was iden­
tified by Prof. D r J.-P. Frahm, Bonn. Voucher spec­
imens are deposited in the herbarium  SA A R , no. 
5170, Saarbrücken.

Plagiochila asplenioides was collected in N o­
vem ber 1995 on rocks in a forest (altitude ca. 450 
m) near B irresborn (Eifel, R hineland-Palatinate), 
Germany. Voucher specimens are deposited in the 
herbarium  SA A R, no. 5457, Saarbrücken.

6 7
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Extraction and isolation 
Chandonanthus hirtellus ssp. giganteus

140 g of cleaned, air-dried gam etophytic m ater­
ial were ground in a blendor and preextracted x4 
with 1 2 0 0  ml C H 2 C12  to remove lipophilic com ­
pounds, followed by extraction 6  times with 
1200 ml 80% aq. M eOH. This crude extract was 
prefractionated  by vacuum liquid chrom atography 
(V LC) on RP 18 (H 2 0 -M e0 H -g rad ien t) to yield 
two m ajor fractions (fr. 1: eluted with 2 0 -40%  aq. 
M eO H ; fr. 2: eluted with 70-90%  aq. M eO H ). 
F u rther chrom atographic steps of fr. 1 including 
prep. H PLC (solvent: H 2 0-M e0H -m ix ts.) and fi­
nal column chrom atography (CC) on Sephadex 
LH-20 (solvent: 50% aq. M eO H ) were necessary 
to  yield pure 3 (30 mg). Fr. 2 was chrom ato­
graphed on Sephadex LH-20 (solvent: M e 2CO- 
M e 0 H -H 20  2:1:1, v/v/v) to separate 1 from 2. Fi­
nal purification of 1 was achieved by prep. H PLC 
(solvent: 55% aq. M eO H ) to yield 3 mg of 1. A d­
ditional CC on Sephadex LH-20 (solvent: 90% aq. 
M eO H ) resulted in 4 mg of 2.

Plagiochila asplenioides
750 g of cleaned, air-dried gam etophytic plant 

m aterial were ground in a blendor and extracted
8  tim es with 5000 ml C H 2 C12. The terpenoids were 
isolated using standard procedures like CC on 
Sephadex LH-20, VLC on silica gel and RP 18, 
and prep. H PLC on silica gel, diol, and RP 18 
respectively as m entioned in K raut et al. (1997). 
Yields: 4: 12 mg; 5: 11 mg; 6 : 17 mg.

Chromatography
A dsorbents for TLC: Schleicher & Schtill cellu­

lose, Avicel, F 1440; M acherey & Nagel Polygram 
polyam ide-6 ; M erck RP 18 F254s; M erck silica gel 
60 F254; M erck diol F254s; solvents for TLC: tert. 
B u 0 H -H 0 A c -H 20  3:1:1 and 15% H O A c (cellu­

lose); E t0 A c -E tC 0 M e -H 0 A c -H 20  5:3:1:1, v/v/v/ 
v and M e2 C 0 -H 0 A c -H 20  3:1:1, v/v/v (polyam ­
ide); m ixtures of M eO H  with 5% H O A c (R P 18); 
m ixtures of «-hexane with E tO A c (silica gel, diol). 
HPLC: LiChrospher 100 R P 18, 5 //m, Merck, 250 
x 4 mm; L iC hrospher 100 RP 18, 10 fim , Merck, 
filled by M uder & W ochele Comp., Berlin, 250 x 
16 mm; L iC hrospher 100 diol, 5 /im, M erck, 250 x
4 mm; L ichrospher 100 diol, 10 /um, M erk, 250 x 
10 mm; Nucleosil 100 Si, 5 fj.m, M acherey & Nagel, 
250 x 4 mm; Nucleosil 100 Si, 7 //m, M acherey & 
Nagel, 250 x 10 mm. D etection on TLC-plates: 
UV-light, spray reagents (N aturstoffreagenz A for 
flavonoids; anisaldehyde-H 2 S 0 4  for terpenoids on 
silica gel).

Spectroscopic data

NM R: 400 M Hz (ID ) and 500 M Hz (2D; 
H E T C O R : inverse technique). Mass spectra were 
recorded using FAB-MS (4 -6  keV, Xe, glycerol as 
matrix, negative m ode) and EI-MS (70 eV). The 
optical ro tation value of 6  was determ ined at 25 °C 
at 589 nm in CHC13  (Uvasol).

C om pound 2. UV: Amax, M eOH: 346-254. ’H 
NM R: 6  (ppm; D M SO -d6): 13.15 (1H, 5 , H -5”), 
12.80 (1H, 5 , H-5), 7.42 (1H, dd, J  = 2.4/8.2 Hz, H- 
6 ’” ), 7.40 (1H, d, J  = 2.2 Hz, H-2’” ), 7.16 (1H, d , 
J = 8.4 Hz, H -5’” ), 6.91 (1H, d, J  = 8.4 Hz, H -6 ’), 
6.89 (1H, d, J  = 8 . 8  Hz, H -5’), 6.65 (1H, 5 , H -3”), 
6.49 (1H, 5 , H -8 ”), 6.08 (1H, d, J  = 1.8 Hz, H -8 ),
6.03 (1H, 5 , H-3), 5.97 (1H, d, J = 1.8 Hz, H -6 ). 
13C NM R: d (ppm; D M SO -d6): 181.5, 181.3, 166.6, 
163.9, 161.3, 158.7, 157.4, 156.4, 149.6, 148.5, 145.7, 
144.6, 123.8, 121.6, 120.1, 118.9, 118.3, 116.1, 114.0, 
113.3,108.3,106.1, 103.4,102.8, 98.6, 93.5, 93.3. For 
com parison see M arkham  et al. (1988) and Seeger 
et al. (1992). FAB-MS m /z  570 [M]~.

C om pound 3. UV: Amax (M eO H ): 291-253. 
N M R data: see Table I. FAB-MS: m /z  476 [M]_.
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Com pound 6 . NM R data: see Table II. EI-MS: 
m /z  (rel. intensities,%): 221 [M +H]+ (2.7), 187 
(2.4), 123 (100), 96 (99), 81 (98). [a]D -33.8° 
(c 0.34).
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