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Abstract—The structure of a new s&squitcrrenc diol from the liverwort Lepidozia reptans has been established as
H

eudesm-3-ene-68,7a-diol on the basis of its

and '3C NMR spectroscopic properties.

INTRODUCTION

Lepidozia reptans L. Dum. of the family Lepidoziaceae isa
rather common liverwort in Europe and grows on rotten
wood and silicaceous rocks preferably in the mountains.
The leaves contain 10-15 colourless, globular, oval or
rodlike oil bodies per cell which give the plant a typical
smell. The following sesquiterpenes have been described
from L. reptans. a- and p-gymnomitrene [1,2], a-
longipinene [1], bicyclogermacrene, f-cubebene,
cuparene and f§- and d-elemenene. We have analysed L.
reptans once again and describe the isolation of the new
sesquiterpene cudesm-3-ene-68,7a-diol (1).

RESULTS AND DISCUSSION

Eudesm-3-ene-68,7a-diol, C, sH,0;, from a sample of
L. reptans collected in the Harz Mountains (GDR) has the
mp 94-95° and [a]3! + 34.6 and in its "H NMR spectrum
(see Scheme 1) resonances for one tertiary methyl group
[641.02 (1, J = 0.7 Hz, 3H-14)], two secondary methyl
groups [6,0.95 and 0.92 (2 xd, J = 6.8 Hz, 3H-12 and
3H-13)], an olefinic methyl group [6,,1.78 (dg, J = 2.6
and 15Hz, 3H-15)], a methine [8,200, septet, J
= 6.8 Hz, H-11)], an olefinic proton [d,,5.94 (ddddg, J
= 1.2, 2.6, 2.8, 5.2 and 1.5 Hz, H-3)] and two hydroxyl
protons [4,,0.99 (s)and 1.12(d,J = 4.1 Hz), exchangeable
with D,O]. One of the hydroxyl groups is secondary
£6H3.89 (ddd, J =16, 28 and 4.1 Hz, H-6)). The

3CNMR spectrum confirmed the presence of a
trisubstituted double bond [5.132.8 (s, C-4) and 124.3 (d,
C-3)] and two hydroxylated carbon atoms, one tertiary
[6.749 (s, C-7)] and the other secondary [5.75.8 (4, C-
6)]. The molecule is therefore bicarbocyclic. A detailed
decoupling study of the 360 MHz 'H NMR spectrum of
the diol led to structure 1 as follows.

Prolonged shaking with D, O resulted in the disappear-
ance of the hydroxyl protons and the removal of a 4.1 Hz
coupling from the secondary hydroxyl methine (H-6x).
The appearance of a methine septet (J = 6.8 Hz) at §2.00
coupled to the two secondary methyl groups indicated the
presence of an isopropyl group attached to a fully
substituted carbon atom. The tertiary methyl group

resonated as a narrow triplet (J = 0.7 Hz) with *J coup-
lings to H-1a and H-9a. The couplings of the neighbour-
ing methylenes H-1a, H-18, H-2x and H-28 and of H-9a,
H-98, H-8x and H-88 are readily identified. In addition to
its vicinal couplings with H-2« (5.2 Hz) and H-28 (2.6 Hz)
the olefinic proton H-3 exhibits long-range couplings with
the olefinic methyl group (1.5 Hz), the H-5-methine
(28 Hz) and with H-18 (1.2 Hz). In turn the olefinic
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Scheme 1. 360 MHz 'H chemical shifts and coupling constants of eudesm-3-ene-68,7a-diol (1).

methyl has homoallylic couplings with H-28 (2.6 Hz) and
H-2x (1.5 Hz) together with a *J coupling (1.5 Hz) to the
H-5 methine which is also coupled homoallylically with
H-28 (40Hz) and H-2a (2.8 Hz) and vicinally to the
secondary carbinol methine H-6x (2.8 Hz). The sequence 2
is concluded by the observation of a *J coupling (1.6 Hz)
between H-6a and H-8a. Since a cyclopropane ring is not
present the ring junction must be between C-5 and C-10
and the quaternary carbon C-7 must bear the tertiary
hydroxyl and isopropyl groups. The lack of any hydrogen-
bonded hydroxyl absorption in the IR spectrum requires
that the hydroxyl groups are trans-diaxial and hence the
isopropyl group is equatorial. The trans ring junction is
required to accommodate the observed long-range coup-
lings of H-5x and of 3H-14. These data lead unequivocally
to the structure and relative configuration as in 1 for the
diol. The observation of a small *J coupling between the
tertiary hydroxyl group proton and H-88 lends further
support to the assigned relative stereochemistry. The
conformation which is consistent with the coupling
information is shown in 3.

Attempts to establish the absolute configuration of the
diol were thwarted by the lack of reactivity of the
secondary hydroxyl group, which was resistant to both
oxidation and acetylation, and by lack of material. The
eudesmane-type sesquiterpenoids are widely distributed
in the Hepaticae [3, 4] and belong to the normal [e.g. (+ )
eudesmanal, ( - )-frullanolide, (—)-dihydrofrullanolide,
(+)a- and (+)p-cyclocostunolide and (+ )4-epi-
arbusculin A] as well as to the enantiomeric series [e.g.
(+)a- and (—)p-sclinene, (—)a-eudesmol (+)
frullanolide, (+ )dihydrofrutlanolide and (+)§-
frullanolide] and thus the absolute configuration of the
diol 1 requires independent proof. The closely related diol
4 has been isolated from the liverwort Chiloscyphus
pallescens (Ehrh. ex Hoffm.) Dum. [5]. Again definitive
evidence for its absolute configuration is lacking but in
this case the authentic ent-eudesmenol (5) was also
isolated.

A sample of L. reptans collected near Catrine in south-
west Scotland contained beside the diol 1 an oily sesqui-
terpene alcohol of unknown structure.

EXPERIMENTAL

Unless otherwise stated, 'H NMR: 360 MHz, CDCl,, relative
to CHCly (5725 '*CNMR: 25 MHz, CDCl,, TMS as int.
standard.

Extraction of L. reptans. The air-dried and ground liverwort
(406 g; from the Hohne-Cliffs, Harz Mountains, G.D.R;
leg. S. Huneck and J. Schmidt, 2.10.1979; det. S. H., 3.10.1979;
voucher specimen deposited at the private herbarium of S.H.) was
extracted with Et,O for 24 hr. Removal of the solvent afforded an
oily residue (19 g) which was chromatographed on silica gel in n-
hexane with increasing amounts of Et,O. n-Hexane (1500 mi)
cluted a colourless oil (1.1 g) which consisted of f-gymnomitrene,
bicyclogermacrene and cuperene according to the GC-MS
analysis. n-Hexane-Et, O (19: 1, 1000 ml) eluted a wax (0.4 g), mp
60-65° and n-hexane-Et,O (4: 1, 500 ml) an oil which crystallized
partly. The solid material was filtered and gave after two
crystallizations from Et,O-n-pentane, cudesm-3-ene-68,7a-diol
(1) (0.39 g, 0.09%) as prisms, mp 94-95°; [a]2} + 34.6 (CHCl,;
¢22), C;sH360,; (238). IR v::cm“: 700, 736, 762, 794, 816,
850, 906, 936, 966, 988, 1004, 1018, 1030, 1086, 1140, 1200, 1270,
1380, 1444, 1462, 2960, 3640; EIMS m/z (rel. int.y 238 [M]* (4),
220 [M —H,0]" (48), 205 [M —H,0 - Me]* (36), 177 [M
—H;0 —CHMe,]* (100), 162 (27), 159 (30), 149 (24), 147 (24),
137 (28), 135 (30), 121 (50), 119 (38), 109 (40), 107 (40) **C NMR
(25 MHz, CDCl,) 3159 (2q), 18.1 (g), 20.5 (g), 23.0 (2), 27.8 (2),
31.5(s), 32.8 (d), 35.3 (¢}, 39.3 (r), 45.3 (d), 71.7 (d), 74.9 (s), 124.3 (d),
132.8 (s); ORD (McOHY. [a]28o + 22, [«]3%o + 33, [«]3%, + 66,
[«]3%0 + 200, [a]350 + 555.

Further elution of the column with m-hexane-Et;O (1:1,
500 mi) yielded flat needles (50 mg, from CHCl,-MeOH), mp
120-122° which consisted, according to the GC-MS analysis, of
stigmasterol, campesterol, sitosterol and brassicasterol [6].

A further collection of L. reptans (200g) was made near
Catrine in SW Scotland in Spring 1983. The usual chromato-
graphic separation of the crude extract (6 g) yielded two major
constituents: (a) eudesm-3-ene-68,7a-diol (30 mg), identical with
an authentic sampie and (b) a mono-aicohol (40 mg), C,sH 360,
as an oil with: IRv,,. 3610cm™!; "THNMR (90 MHz, CCl,):
85.23 (m, olefinic H), 1.73 (s (br), olefinic Me), 0.89,0.87,0.85 (all 4,
J = 7 Hz, sec-Me); '*CNMR: 516.0 (g), 17.7 (29), 20.6 (g), 23.2
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(), 27.4 (1), 35.9 (1), 37.7 (d), 37.9 (d), 38.7 (1), 45.3 (1), 49.2 (s), 85.4
(), 121.5 (d), 139.7 (s).
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Abstract—Besides known compounds, the roots of Laserpitium garganicum subsp. gargamicum afforded a new
slovanolide triester. The locations of the ester moieties were assessed by correlation with a compound of known

structure.

INTRODUCTION

The genus Laserpitium is a rich source of oxygenated
sesquiterpenoids [1]. As a part of an investigation on
plants of this genus, we have studied the constituents of L.
garganicum (Ten.) Bertol., a species confined to the Italian
peninsula and Sardinia (L. garganicum subsp. garga-
nicum), Sicily [L. garganicum subsp. siculum (Sprengel)
Pign.] and possibly the Balkans [2].

RESULTS AND DISCUSSION

Column chromatography of the chloroform extract of
the roots of L. garganicum subsp. garganicum gave, along
with the phenylpropane derivative laserin (1) [3], five
sesquiterpene lactones (2-6). Lactone 2 was the
cudesmanolide isosilerolide [4]. The other lactones were
guaiane-type esters based on the slovanolide skeleton [5].
They differed from each other only in the nature and

locations of the ester moicties, as shown by their
conversion to the same rearranged triol (7) upon
treatment with methanolic KOH [6]. Lactones 46 were
identified as guaianolides previously isolated from L. siler
L. [5]. However, lactone 3 was new. Its spectral features
showed the presence of one acetyl and two angeloyl
residues. The relative position of the ester moieties was
established with the demonstration that acetylation of the
diester 5, a compound of known constitution [7], gave a
triester (3) identical with the natural product.

The high concentration of sesquiterpenoids in the roots
of L. garganicum (ca 5%, dry wt) meant that enough of
lactones 3-6 were isolated for *3C NMR determinations.
Chemical shift and multiplicity considerations as well as
comparison of the spectra of triesters 3and 4 with those of
diesters S and 6, allowed assignment of all signals but that
of C-13, at ca 520. The resonance of this carbon and those
of the methyl at C-2 of the angelate(s) and the methyl of



