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A re-investigation of subaerial parts of Leontodon
cichoraceus (Ten.) Sanguin. vyielded the new ger-
macrane-type sesquiterpenoid 15-8-D-glucopyranosyl-8-
[p-(B-D-glucopyranosyloxy)phenylacetyl]-saloniteno-
lide. The structure was established by APCI mass spec-
trometry and 1D- and 2D-NMR spectroscopy. A survey
by HPLC-DAD and HPLC-MS gave no signs of this
compound in 23 other taxa of Leontodon.

Introduction

The genus Leontodon (Lactuceae, Asteraceae)
has proven to be a rich source of sesquiterpenoids
of the guaiane-type (Pyrek, 1985; Zidorn et al.,
1998: Zidorn er al., 2000; Zidorn et al., 2001). A
previous investigation of L. cichoraceus (Ten.)
Sanguin. collected in the Central Italian Marche
region yielded glucozaluzanin C (1) (Zidorn et al.,
2001). In this communication we report about the
isolation and structure elucidation of the new nat-
ural compound 15-3-D-glucopyranosyl-8-[p-(-D-
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glucopyranosyloxy)phenylacetyl]-salonitenolide
(2) from subaerial parts of L. cichoraceus collected
in the Abruzzo region of Central Italy in May
2000.

Results

The methanol extract (8.8 g) of 79.7 g of subaer-
ial parts from L. cichoraceus was chromato-
graphed on silica gel using a gradient of CH,Cl,
to MeOH. The fractions containing 2 (5.7 g) were
re-chromatographed on silica gel, again using a
gradient of CH,Cl, to MeOH. Enriched fractions
of 2 (230 mg) were finally purified by Sephadex
LH-20 CC using MeOH as eluant to yield 49.5 mg
of 2. The on-line APCI MS spectrum of 2 showed
quasi-molecular peaks at m/z 740 [M + NH,]* and
723 [M + HJ* and major fragment peaks at m/z
561 [M - 162 + H]* and 399 [M - 2*162 + HJ",
congruent with a molecular formula of C35H460 1.
This molecular formula was verified by HRFABMS
showing a quasi-molecular peak at 723.287141 [M
+ H]* (calculated for CisHy470,6: 723.286410). 'H
NMR and *C NMR data (Table I) showed signals
assignable to a sesquiterpene moiety, a p-hydroxy-
phenylacetic acid moiety and two glucose moieties.
'H NMR, '*C NMR, HSQC, HMBC, and
GMQCOSY experiments measured in methanol-
d4 and (because of some overlapping signals) in
acetone-dg revealed that the signals of the sesqui-
terpene-moiety were assignable to a germacra-
1(10),4,11(13)-trienolide derivative, oxygenated in
positions 6, 8 and 15. Important HMBC cross-
peaks, which revealed the connectivities of the -
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Table I. NMR data of compound 2°.

Position 'H NMR 13C-NMRP 'H NMR I3C-NMR
measured in CD;0OD* (25 °C) measured in (CD;),CO¢ (45 °C)
sesquiterpene moiety
1 5.01 1H, m* 129.8 d¢ 5.08 1H, m* 130.4
2 232 1H, m 26.1t 2341H, m 26.1
218 1H, m 2.171H, m
3 264 1H, m 3491t 2.62 1H, ddd (12.0, 5.5, 2.0) 34.8
2.04 1H, m* 2.00 1H, m
4 1418 s 142.6
5 4.96 1H, m*© 129.9 d¢ 5.00 1H, br 6 (10.0) 130.6
6 5.19 1H, dd (8.5, 8.5) 78.0d 5.21 1H, dd (10.0, 8.0) BT
7 3.21 1H, dd (8.5, 8.5) 529d 3.24 1H, dd (8.0, 8.0) 53.2
8 5.00 1H, m* 73.6d 5.07 1H, m*® 73.8
9 2.46 1H, m 48.7% 249 1H, m 48.8
2.02 1H, m*® 2.05 1H, m*®
10 132.4s 133.7
11 136.0 s 137.3!
12 171.1s 170.4
13 6.09 1H, br s 1251t 6.09 1H, 6 (3.0) 124.6
5.65 1H, br s 5.70 1H, 6 (3.0)
14 1.54 3H, br s 16.4 q 1.58 3H, s 16.7
15 4.59 1H, 6 (12.5) 6781 4.57 1H, dd (13.0, 1.0) 68.3
4.02 1H, o6 (12.5) 4.12 1H, dd (13.0, 1.0)
p-hydroxyphenylacetic acid moiety
a 171.7 s 172.3
B’ 3.62 H, 6 (10.5) 406t 3.68 2H, m*® 40.9
3.48 H, 6 (10.5)
1’ _ _ 1280 s _ _ 129.4
2'/6' 7.22,7.20' 2H 130.7 d 7.2417.22' 2H 131.2
375" 7.09.1 7.07" 2H 117.2d 7.06,' 7.04' 2H 117.6
4 1575 s 158.7
glucose moiety 1
1" 4.30 1H, o (8.0) 103.6 d 4.36 1H, 6 (7.5) 104.3
2" 3.48 1H, m*# 74.2 d& 3.47 1H, m*# 74.98
5 347 1H, meh 773 d" 3.51 1H, m=" 77.9"
4" 3.31 1H, m*! 70.8 d' 3.46 1H, m*! 71.6'
5" 3.38 1H, m*" _ 77.1 d" 3.39 1H, meh _ 78.2"
6" 3.89 1H, dd (12.0, 2.0y 62.0 ¢ 3.89 1H, br 6 (12.0y 62.8
3.70 1H, dd (12.0, 5.5)" 3.71 1H, m®’
glucose moiety 11
1" 4.90 1H, 6 (7.0) 101.6 d 4.95 1H, 6 (7.5) 101.6
2" 3.48 1H, m** 74.1 d& 3.24 1H, m*® 74.98
< 1 3.30 1H, m*" 77.2d" 3.50 1H, m*" 77.9"
4" 3.43 1H, m*’ 70.5 d' 3.33 1H, m*! 7.9
o 3.47 1H, m*h _ 77.0 d" 3.31 1H, meh ) 77.6"
6" 3.86 1H, dd (12.0, 2.0y 61.7 ¢ 3.82 1H, br o (12.0) 63.00
3.65 1H, dd (12.0, 5.5)" 3.66 1H, m*y’

@ Measured at 500 and 125 MHz, respectively. ® Multiplicities were derived from DEPT experiments. ¢ Referenced
to solvent signals at 49.00 ppm ('*C NMR) and solvent residual peaks at 3.31 ppm ('"H NMR). ¢ Referenced to
solvent signals at 29.84 ppm (**C NMR) and solvent residual peaks at 2.05 ppm ('"H NMR); '*C NMR data were
obtained from HSQC and HMBC experiments. ¢ Overlapping signals. ' Most intensive signals of an AA’XX" spin
system. ®M44" Sjgnals interchangeable in pairs. * Signal concealed by the solvent signal, indirectly assigned by HSQC
and HMBC experiments. ! Identified by a very weak HMBC correlation, only.

D-glucose moieties to position 15 of the sesquiter-  Shift values for H-6 and H-8 indicated that both
pene and to the p-hydroxy position of the p-hydro- protons were geminal to an oxygen, which was
xyphenylacetic acid moiety, are shown in Figure 1. either part of a lactone or an ester moiety. The
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Fig. 1. Important HMBC correlations observed for compound 2 (measured in methanol-d,).

absence of NOESY correlations between protons
in positions 1 and 14 and between protons in posi-
tions 5 and 15 revealed that both intra-cyclic
double-bonds were trans-configured [1(10)E and
4Z]. "H NMR coupling patterns of the signals for
the protons in positions 6 and 7 and NOESY cor-
relations between signals for H-6 and H-8, re-
vealed that both oxygens were a-configured, when
assuming the usual a-configuration of the proton
in position 7. Therefore, the signals of the aglycone
moiety were assignable either to a 6-acylated ar-
temisiifolin-moiety or an 8-acylated saloniteno-
lide-moiety (Samek ez al., 1969; Porter et al., 1970;
Yoshioka et al., 1970). No HMBC correlations
from H-6 and H-8 to any of the carbonyl carbons
(C-12 and C-a’) were detectable. However, com-
parisons of the "TH NMR shift values of the signals
for protons H-6, H-7 and H-8 with literature data
of other 6a-acyl-15-hydroxygermacra-1(10)E4Z,
11(13)-trien-12.8-olides (Bohlmann er al., 1981)
and 8a-acyl-15-hydroxygermacra-1(10)E4Z.11

(13)-trien-12,6-olides (Samek et al., 1969; Bruno
and Herz, 1988; Miski er al., 1988; Neves er al.,
1999) identified the aglycone as salonitenolide.
The '3C NMR data (TableI) are in good
agreement with those reported for other 8-acyl-15-

hydroxysalonitenolide derivatives (Barrero er al.,
1989; Neves et al., 1999).

As indicated above, '"H NMR and “C NMR
data showed that the p-(glucopyranosyloxy)phe-
nylacetic acid moiety was attached in position 8
and therefore 2 was identified as 15-3-p-glucopyr-
anosyl-8-[p-(#-p-glucopyranosyloxy)phenylace-
tyl]-salonitenolide. Important NOESY correla-
tions of 2 are shown in Figure 2 and suggest that
the predominant conformation of 2 in solution is
the UU-conformation sensu Watson and Kashyap
(1986). This conformation was also suggested for
the related compound onopordopicrin (Lonergan
et al., 1992).

2 is a new natural compound and the first non-
guaianolide sesquiterpenoid isolated from a mem-
ber of the genus Leontodon. A chemosystematic
survey by HPLC-DAD and HPLC-MS for gluco-
zaluzanin C 1 and 15-f-p-glucopyranosyl-8-[p-(5-
D-glucopyranosyloxy)phenylacetyl]-salonitenolide
2 showed that both compounds were present in
both available samples of L. cichoraceus (Abruzzo
and Marche). In 23 other Leontodon taxa (L. au-
tumnalis L., L. berinii (Bartl.) Roth, L. crispus
Vill., L. croceus Haenke, L. duboisii Sennen ex
Widder, L. helveticus Mérat emend. Widder, L.
hispidus L., L. hyoseroides Welw. ex Rchb., L. in-
canus (L.) Schrank, L. longirostris Talavera in
Valdés et al., L. maroccanus (Pers.) Ball, L. mon-
taniformis Widder, L. montanus Lam. subsp. mela-

Fig. 2. Important NOESY correlations observed for compound 2 (measured in methanol-d,).
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notrichus (Vierh.) Widder ex Pittoni, L. montanus
Lam. subsp. montanus, L. muelleri (Sch.Bip.) Ball,
L. palisae 1zuzquiza, L. pyrenaicus Gouan, L. re-
pens Schur, L. rilaensis Hayek, L. saxatilis Lam.,
L. scaber Miel., L. tenuiflorus Gaudin, L. tubero-
sus L.), which were analyzed in an earlier study
for the occurrence of guaianolides (Zidorn et al.,
2000), no sign of these compounds was found. This
underlines the isolated position of L. cichoraceus
within the genus (Zidorn et al., 2001).
Preliminary tests showed no cytotoxic activity of
1 and 2 in a MTT assay on PMNL-cells. These
results were not unexpected because other polar
sesquiterpene lactone derivatives were also in-
active in a previous study (Zidorn er al., 1999).

Experimental

The plant material was collected in May 2000 at
Monte Alto between Civita d’Antino and Colle-
longo/Abruzzo/Italy [altitude: 1450 m (above
m.s.l.), N 41°53', E 13°29']. A voucher specimen
(CZ-2000-05-16-1) is preserved at the Depart-
ment of Pharmacognosy. Collection data of the
other investigated Leontodon taxa and details on
the analytical extraction procedure are described
in Zidorn et al. (2000) and collection data of the
sample of L. cichoraceus collected in the Marche
region and details of the isolation of glucozalu-
zanin C in Zidorn er al. (2001).

Silica gel chromatography was carried out with
Merck G-60 (230-400 mesh) material.

The melting point was determined on a Kofler
hot-stage microscope and is uncorrected. 'H and
13C NMR spectra were recorded on a Varian V-
500 spectrometer at 500 and 125 MHz, respec-
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tively. HPLC-DAD and HPLC-MS analyses were
performed as described previously (Zidorn er al.,
2000). Retention times of 23.6 min (1) and 23.9
min (2) were observed, respectively. HRMS analy-
sis was performed on a Finnigan MAT 95 mass
spectrometer by FAB ionization (Cs-gun 20 kV,
2 uA).

Preliminary investigations on cytotoxicity were
carried out with human polymorphonuclear leuko-
cytes (PMNL) obtained from health volunteer do-
nors. The MTT assay was carried out following Zi-
dorn et al. (1999).

15--p-glucopyranosyl-8-[p-(S-p-glucopyrano-
syloxy)phenylacetyl]-salonitenolide (2), colorless
crystals; mp 125-135° (dec.); FTIR (microspec-
trometry) »Z:5¢ em~': 3400 br, 2925, 1736, 1651,
1613, 1511, 1399, 1366, 1333, 1264, 1233, 1076, 962;
NMR data are given in Table I; APCI MS m/z 740
(16) [M + NH,]*, 723 (2) [M + H]*, 561 (42) [M -
glucose + H]*, 440 (24) [M - 2*glucose + CH;CN
+ HJ*, 399 (96) [M - 2*glucose + H]*, 288 (36)
[M - p-(glucopyranosyloxy)phenylacetyl — glu-
cose — H,O + CH;CN+ HJ*, 247 (92) [M - p-
(glucopyranosyloxy)phenylacetyl - glucose -
H,O + HJ*, 229 (100) [M - p-(glucopyranosyloxy)-
phenylacetyl — glucose — 2*H,O + H]".

Acknowledgments

The authors wish to thank K.-H. Ongania for
HRMS measurements, N.B. Perry for helpful
comments on an earlier version of the manuscript,
R. Spitaler for helping collect the plant material,
S. Sturm for MS measurements, P. Theiner for
technical assistance, D. Weigand for IR measure-
ments, and the Austrian Science Fund (FWF, pro-
ject P12695-BIO) for financial support.



908

Barrero A.F., Sanchez J.F. and Rodriguez 1. (1989),
Germacranolides from Centaurea melitensis. Phyto-
chemistry 28, 1975-1976.

Bohlmann F., Jakupovic J., Robinson H. and King R. M.
(1981), Five Germacranolides from Gochnatia dis-
coidea. Phytochemistry 20, 109-112.

Bruno M. and Herz W. (1988), Sesquiterpene lactones
and flavones from Centaurea cineraria subsp. um-
brosa. Phytochemistry 27, 1873 -1875.

Lonergan G., Routsi E., Georgiadis T., Agelis G., Hon-
drelis J., Matsoukas J., Larsen L. K. and Caplan E. R.
(1992), Isolation, NMR studies, and biological activi-
ties of onpordopicrin from Centaurea sonchifolia. J.
Nat. Prod. 55, 225-228.

Miski M., Merigli A. H. and Mabry T. J. (1988), Sesqui-
terpene lactones from Onopordon tauricum. Phyto-
chemistry 27, 1417-1420.

Neves M., Morais R., Gafner S., Stoeckli-Evans H. and
Hostettmann K. (1999), New sesquiterpene lactones
from the Portuguese liverwort Targionia lorbeeriana.
Phytochemistry 50, 967-972.

Porter T. H., Mabry T. I, Yoshioka H. and Fischer N. H.
(1970), The isolation and structure determination of
artemisiifolin, a new germacranolide from Ambrosia
artemisiifolia L. (Compositae). Phytochemistry 9,
199-204.

Pyrek 1. S. (1985), Sesquiterpene lactones of Cichorium
intybus and Leontodon autumnalis. Phytochemistry
24, 186-188.

Notes

Samek Z., Holub M., Herout V. and Sorm F. (1969). Re-
vision of the structure of cnicin. Tetrahedron Lett. 34,
2931-2934.

Watson W. H. and Kashyap R. P. (1986), Conformations
of germacra-1(10).4-dien-6,12-olides and -8,12-olides.
A comparison of X-ray diffraction, NMR and molecu-
lar mechanics derived conformations. J. Org. Chem.
51, 2521-2524.

Yoshioka H., Renold W. and Mabry T. J. (1970), The
structure of salonitenolide and the preferential C-8 re-
lactonization of germacranolides containing C-6 and
C-8 lactonizable a-oxygen groups. Chem. Commun.,
148-149.

Zidorn C., Ellmerer-Miiller E. P., Ongania K.-H., Sturm
S. and Stuppner H. (2000), New taxonomically signifi-
cant sesquiterpenoids from Leontodon autumnalis. J.
Nat. Prod. 63, 812-816.

Zidorn C., Ellmerer-Miiller E.P. and Stuppner H.
(1998), Guaian-5,12-olides from Leontodon hispidus.
Phytochemistry 49, 797 -800.

Zidorn C., Ellmerer-Miiller E.P. and Stuppner H.
(2001), On the occurrence of glucozaluzanin C in
Leontodon cichoraceus and its chemotaxonomic signi-
ficance. Biochem. Syst. Ecol. 29, 545-547.

Zidorn C., Stuppner H., Tiefenthaler M. and Konwal-
inka G. (1999), Cytotoxic Activities of Hypocretenol-
ides from Leontodon hispidus. J. Nat. Prod. 62, 984 -
987.



