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Abstract—Three new eudesmane-type sesquiterpene lactones, ent-a-cyclodihydrocostunolide, and densi-
lobolide-A and -B, were isolated from the Japanese liverwort Frullania densiloba. Their structures were
determined by extensive NMR techniques, chemical degradation and X-ray crystallographic analysis. ©1997

Elsevier Science Ltd. All rights reserved

INTRODUCTION

Epiphytic liverworts of the genus Frullania are rich
sources of sesquiterpene lactones and/or bibenzyl
derivatives [1, 2]. Eremophilane- and eudesmane-type
sesquiterpene lactones which cause intense allergenic
contact dermatitis and show cytotoxic activity have
been isolated from several Frullania species [1-4]. The
isolation of ent-eudesmane- and aromadendrane-type
sesquiterpenoids has been reported from Japanese F.
densiloba [1-5]. Because the same liverworts have geo-
graphical races like F. dilatata [6] and Jungermannia
infusca[7), we reinvestigated the chemical constituents
of F. densiloba collected in Tokushima, Japan. This
species produced different eudesmane-type ses-
quiterpene lactones from those found in the same
plant in a previous study [5]. In this paper, we report
on the isolation and characterization of three new
eudesmane-type sesquiterpene lactones.

RESULTS AND DISCUSSION

A combination of column chromatography onsilica
gel, Sephadex LH-20 and preparative HPLC of the
ether extract of F. densiloba gave three new eudes-
mane-type sesquiterpene lactones, ent-a-cyclo-
dihydrocostunolide (1), densilobolide-A (2) and -B
(3), respectively.

The molecular formula of 1 was determined to be
CisH»0, (M]* m/z 234.1613) by high-resolution
mass spectroscopy. The C NMR and IR spectra

showed the presence of a y-lactone group (1780 cm™';

8¢ 82.0 d, 179.8 5). The 'H and *C NMR spectra
(Tables 1 and 2) contained signals assignable to a
secondary methyl (6 1.21 4, J = 6.8 Hz), two tertiary

methyls (0y 0.91, 1.80 each s), a methine with a y-
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lactone group (6y; 3.88 dd, J = 11.7, 9.8 Hz, . 82.0 d)
and a trisubstituted olefin (6y 5.37 br s, 6 122.3 d,
133.3 5). The '*C NMR (Table 2) also indicated the
presence of three methyls, four methylenes, three
methines, a quaternary carbon, and a carbonyl carbon
on a y-lactone. Detailed analysis of the H-H, C-H
COSYs and heteronuclear muitiple bond correlation
(HMBC) spectra revealed that the structure of 1 was
completely identical with a-cyclodihydrocostunolide
(4) derived from the known a-santonin (5) [8], except
for the optical rotation (1. J[u]p—92.5°, 4
[8):[e]o+ 71.8°). In the *C NMR spectrum, the signals
at C-13 and 14 of 4 were assigned at § 17.3, and 12.4,
however, these assignments should be reversed from
the analysis of C-H COSY and HMBC spectra. From
the above spectral evidence, the structure of 1 was
established to be ent-a-cyclodihydrocostunolide.

The “C NMR and IR spectra of 2, C;;H,,0, (HR-
MS m/z 292.1657 [M] ™), showed the presence of a y-
lactone (1795 cm ™', 8. 178.7 5) and an acetoxyl group
(1755, 1250 cm !, 8¢ 21.4 ¢, 170.1 5). The 'H and “C
NMR spectra (Tables 1 and 2) of 2 showed the pres-
ence of two tertiary methyls, a secondary methyl, an
acetoxyl methyl, a methine proton bearing an acetoxyl
group (dy 5.68 d, J =117 Hz, dc 73.6 d), a tetra-
substituted olefin (5c 129.2, 130.7 each s) and a y-
lactone group (8 4.21 ddd, J = 12.2, 11.7, 4.4 Hz, é¢
77.0 d, 178.7 s). Furthermore, the DEPT spectrum
indicated four methylenes, two methines and a quat-
ernary carbon, respectively. The above spectral data
suggested a eudesmane-type sesquiterpenoid. Analysis
of the H-H and C-H COSY spectra suggested the
presence of two partial structures as shown in Fig. 1.
In the HMBC spectrum (Fig. 2), the tertiary methyl
(0n 1.19) was correlated with a methylene carbon (6¢
40.7, C-1) in partial structure. A, a methylene carbon
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Table 1. '"H NMR data of compounds 1-3 (TMS, CDCl;, 400 MHz)
H 1 2 3
1 1.28-1.51m 1.43-1.50 m 1.44-1.67 2H, m
1.54-1.62 m 1.53-1.64 m
2 1.54-1.62 m 1.53-1.64 2H, m 1.44-1.67 2H, m
2.04-2.11m
3 5.37brs 1.92-2.08 2H, m 2.012H, m
5 221 brd
6 3.884dd,J=11.7,98 Hz 5684d,J=11.7Hz 5.73dd, J=11.2,1.5Hz
7 1.54-1.62 m 1.89¢,J=11.7Hz 279 ¢, J=112,11.2,29Hz
8 1.82m 4.21ddd,J =122,11.7,44Hz 4.19ddd,J=12.2,11.2,39 Hz
2.04-2.11m
9 1.28-1.51 2H, m 1.43-1.50 m 1.44-1.67 m
207dd,J=122,44Hz 2.11dd, J=11.7,3.9 Hz
11 2.28 quit. like 2.55 six., J = 6.8 Hz
13 1.213H,d,J = 6.8 Hz 1.243H,d, J = 6.8 Hz 5.53d,J=29Hz
6.13d, /=29 Hz
14 091 3H, s 1.193H, s 1.203H, s
15 1.80 3H, s 1.76 3H, s 1.74 3H, s
OAc 2.133H, s 2.173H, s

(0c 44.7, C-9) in partial structure B, a tetrasubstituted
olefinic carbon (é¢ 130.7, C-5) and a quaternary car-
bon (d¢ 37.2, C-10). The olefinic methyl (6, 1.76) was
correlated with two tetrasubstituted olefinic carbons
(0c 129.2, 130.7, C-4, C-5), a methylene carbon (¢
36.1, C-3) in partial structure A and a methylene car-
bon (6c 72.5, C-6) in partial structure B. The sec-
ondary methyl (6, 1.24) was correlated with a car-
bonyl carbon (5. 178.7, C-12) and two methine
carbons. The methine proton (dy 5.68) bearing ace-
toxyl group was correlated with two tetrasubstituted
olefinic carbons (C-4 and C-5). Thus, the structure of
2 is that of a eudesman-8,12-olide. The sterco-
chemistry of 2 was demonstrated by the difference
NOE spectrum. NOEs were observed between (i) H-

LoettY (o)

14 and H-6; (ii) H-14 and H-8«; and (iii) H-8« and
H-11a, respectively. Furthermore, X-ray crys-
tallographic analysis of 2 was carried out and the
ORTEP drawing is shown in Fig. 3. Thus, the ster-
eostructure of densilobolide-A is depicted as 2.

The IR, 'H and *C NMR spectra (Tables 1 and 2)
of 3, C;;H,,0, (HR-MS m/z 290.1507 [M]*), were
similar to those of 2 indicating that 3 is an endesman-
8,12-olide. In the '"H NMR spectrum (Table 1) of 3,
the secondary methyl H;-13 found in 2 disappeared
and was replaced by exo-methylenic protons (dy 5.53,
6.13). Thus, compound 3 was eudesman-8,12-olide
with an exo-methylene group at C-11. Furthermore,
reduction of 3 by sodium borohydride gave a dihy-
droderivative, the spectral data of which were com-
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Fig. 1. The partial structures of 2.

pletely identical with those of 2. From the above data,
the stereostructure of densilobolide-B is as depicted in
3. Considering the co-occurence of ent-a-cyclo-
dihydrocostunolide (1) in this species, the absolute
configuration of 2 and 3 are suggested to be the same
as 1.

In a previous paper, we reported that there are
six chemo-types in Frullania species [9]. The present
species contained eudesmane-type, sesquiterpene lac-
tones as major components, thus, it is classified as a
sesquiterpene lactone-type (Type-II). Generally, Frul-
lania species produce various sesquiterpene lactones
[1, 2]. This is the first report of the isolation of eud-
esman-8,12-olides from the Frullaniaceae.

EXPERIMENTAL

Mp: uncorr.; 'H and C NMR: 400 MHz (‘H
NMR) and 100.16 or 50.31 MHz (**C NMR). Chemi-
cal shift values were expressed in 6 (ppm) downfield
from TMS as int. standard ('H NMR) and § 77.03
(ppm) from CHCI, as a standard ('*C NMR). TLC:
visualized under UV (254 nm) light and by spraying

Table 2. *C NMR data of compounds 1-3 (CDCl,;, 100

MHz)
C 1 2 3
1 39.6 40.7 40.7
2 232 18.3 18.2
3 122.3 36.1 36.1
4 133.3 129.2 129.5
5 50.7 130.7 130.7
6 82.0 73.6 72.5
7 54.1 56.8 52.6
8 22.9 71.0 71.6
9 37.9 44.7 449
10 359 372 37.2
11 40.8 40.9 137.1
12 179.8 178.7 169.9*
13 12.5 14.2 119.6
14 174 26.5 26.1
15 23.6 20.5 20.0
OAc 214 21.2
170.1 170.1*

* May be interchanged.

with 10% H,SO, or Godin reagent [10] followed by
heating.

Plant material. Frullania densiloba Evans was col-
lected in Tokushima, Japan, in May, 1995, and ident-
ified by Dr M. Mizutani, Hattori Botanical Labora-
tory, Miyazaki, Japan. A voucher specimen was
deposited at the Institute of Pharmacognosy, Toku-
shima Bunri University.

Extraction and isolation. Dried F. densiloba (77.8 g)
was mechanically ground and extracted with Et,0 for
4 weeks. The crude extract was filtered and evaporated
in vacuo to give a residue (966 mg) which was divided
into 5 frs by CC on Sephadex LH-20 (CH,Cl,-MeOH
1:1). Fr. 3 was chromatographed on silica gel (n-
hexane-FEtOAc gradient) to give frs A-E. Fr. C was
rechromatographed on MPLC (Lobar® column, »-
hexane-EtOAc 19:1) and recrystallized from pentane
to give ent-a-cyclodihydrocostunolide (1) (10 mg). Fr.
D was rechromatographed on MPLC (Lobar®
column, n-hexane-EtOAc 9:1) and prep. HPLC
(NUCLEOSIL 50-3, n-hexane-EtOAc 9:1) to afford
densilobolide-B (3) (45 mg) and densilobolide-A (2)
(18 mg).

Ent-a-cyclodihydrocostunolide (1). Mp 133-135°%;
[¢]p—92.5° (¢ = 3.6; CHCl;). FTIR v,,,, cm ™" 1780
(y-lactone); EI-MS m/z (rel. int.): 234 [M]* (36), 219
(100), 205 (8), 191 (12), 179 (7), 161 (24), 145 (23), 137
(9, 119 (13), 107 (24), 93 (17), 81 (12), 67 (8), 55 (13),
41 (11): HR-MS m/z 234.1613. Calcd for CsH»0,:
234.1619; 'H and '*C NMR: Tables 1 and 2; CD: A¢
(nm)—3.69 (219) (¢ = 5.3 x 10~*, MeOH).

Densilobolide-A (2). Mp 105-107°. [«]p+71.7°
(¢ = 3.56; CHCl,). FTIR v,,,, cm™': 1795 (y-lactone),

gy ;

Fig. 2. Long-range C-H correlations in the HMBC spectrum
of 2.
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Fig. 3. ORTEP drawing of 2.

1750, 1250 (OAc); EI-MS m/z (rel. int.): 292 [M]™* (7),
250 (19), 232 (100), 217 (37), 204 (27), 188 (77), 176
(66), 161 (78), 143 (55), 119 (47), 105 (57), 91 (54), 79
(30), 67 (18), 55 (25), 43 (54). HR-MS m/z 292.1657.
Caled for C,;H,,0,: 292.1675; 'H and "*C NMR:
Tables 1 and 2. CD: A&y pm—1.17 (¢ = 3.5x 1074,
MeOH).

X-ray crystallographic analysis data of 2. X-Ray
crystallographic analysis were carried out on a Mac
Science MXC 18 diffractometer with CuKa radiation.
The structure was solved by direct methods using
Monte-Carlo Multane and refined by full-matrix least-
squares. 2 was recrystallized from n-hexane—Et,0.
Crystal data M;= C,;H;,0, M, = 292.00, mono-
clinic, P2, #4), a=10.6333), b="7.166(2),
c=10.594(3) A, B=192.57(20°, V=2806.44) A’
Z=2,D,=130gem™’ u=6.05cm™' (CuKa), 4
(CuKa) =1.54178, F (000) =316, Maximum
sin(f)/2 = 0.579, total reflections measured 1512,
unique reflections 1279, R, = 0.02, reflections used
1261, no. of variables 253, R = 0.068, R, = 0.092,
S =182.

Densilobolide-B (3). Mp 133-134°. [a]p—75.9°
(c = 4.50). FTIR v,,,, cm™~': 1785 (y-lactone), 1750,
1250 (OAc); EI-MS m/z (rel. int.): 290 [M]* (3), 248
(3), 230 (100), 215 (54), 201 (17), 187 (26), 173 (12),
159 (20), 145 (18), 128 (17), 121 (99), 105 (22), 93 (31),
79 (19), 65 (9), 55 (9), 43 (35). HR-MS m/z 290.1507.
Caled for C;H».04: 290.1518; 'H and "*C NMR:
Tables 1 and 2. UV A, nm (loge): 212 (3.75)
(c = 3.5x 107, MeOH); CD: Aeyss ym+0.19, Agyig um
—0.88 (¢ = 3.5x 10~ MeOH).

Reduction of 3. To a suspension of 3 (22 mg) in
EtOAc (2.5 ml) was added NaBH, (20 mg) and the
mixture stirred for 40 min at room temp. Work-up as
usual gave a residue which was chromatographed on
silica gel to give a dihydroderivative (21 mg) whose
spectral data were completely identical with those of 2.
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