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Abstract

The methanol extract of subaerial parts of Taraxacum linearisquameum Soest a�orded two eudesmane type sesquiterpene

lactones, 2b-hydroxysantamarine-1b-D-glucopyranoside (2) and 3b-hydroxy-4aH-3-dihydrosantamarine-b-D-glucopyranoside (3)
and two inositol derivatives, (1S,2S,4R,5S)-2,3,4,6-tetrahydroxy-5-[2-(4-hydroxyphenyl)acetyl]oxycyclohexyl-2-(4-hydroxyphenyl)
acetate (4) and (2S,3R,5R,6S)-2,3,5,6-tetrahydroxy-4-[2-(4-hydroxyphenyl)acetyl]oxycyclohexyl-2-(4-hydroxy-phenyl)acetate (5).
Additionally, the known compound taraxinic acid b-D-glucopyranosyl ester (1) has been isolated. # 1999 Elsevier Science Ltd.

All rights reserved.
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1. Introduction

Taraxacum linearisquameum Soest is a member of

Taraxacum section Ruderalia Kirschner, (Ellgaard,

SÆ teÆ paÂ nek, a group of far more than 100 mostly apo-

mictic taxa, which have been formerly referred to as

Taraxacum o�cinale agg. The members of this section

occur naturally in meadows and on disturbed ground

in Europe and Asia and are introduced worldwide to

areas with temperate climate (Richards & Sell, 1976;

Doll, 1994; Weihe, 1972). T. linearisquameum is a

diploid and is one of the sexually reproducing taxa of

the section. The drug Taraxaci Radix is extensively

used in phyto- and folk-medicine as a diuretic and bile

stimulant, an application seemingly based on the pre-

sence of sesquiterpene lactones, though few studies on

the occurrence of these secondary metabolites have

appeared (Willuhn, 1997; HaÈ nsel, Kartarahardja,
Huang & Bohlmann, 1980; Kisiel & Barszcz, 1998).

2. Results and discussion

The EtOAc fraction of the methanol extract of
freeze-dried subaerial parts of T. linearisquameum was
repeatedly chromatographed on silica gel to give three
sesquiterpenoids (1±3) and two inositol derivatives (4±
5).

Compound 1 was identi®ed as taraxinic acid b-D-
glucopyranosyl ester based on comparison of its mol-
ecular mass (ESIMS, negative mode, m/z: 423
[MÿH]ÿ) and 1H NMR and 13C NMR data with
those given in literature (HaÈ nsel et al., 1980).

The high resolution FAB mass spectrum of 2 (posi-
tive mode, m/z=427.2083 [M+H]+) determined its
molecular formula as C21H30O9. The 1H NMR spec-
trum (Table 1) shows characteristic signals of a b-D-
glucoside moietyÐone anomeric proton [dH 4.49 (d,
J1 ',2 '=8.0 Hz)], four signals in the range between dH

Phytochemistry 51 (1999) 991±994

0031-9422/99/$ - see front matter # 1999 Elsevier Science Ltd. All rights reserved.

PII: S0031-9422(99 )00163 -6

* Corresponding author. Tel.: +43-512-507-5307; fax: +43-512-

507-2939.

E-mail address: hermann.stuppner@uibk.ac.at (H. Stuppner)



3.27±3.38 and signals for a oxygen-bearing methylene

group [dH 3.91 (br d(J6 'a,6 'b=12.0 Hz), dH 3.69 (dd,

J6 'a,6 'b=12.0 Hz, J5 ',6 'b=3.0 Hz)ÿ, doublets for an

exocyclic ole®nic methylene group [dH 6.03 and dH
5.51 (d, J13,7=3.0 Hz)], a vinylic proton [dH 5.64 (br

s )], an ole®nic methyl group [dH 1.93 (s )], three oxy-

gen-bearing methine groups [dH 4.38 (br s ), dH 4.06

(dd, J6,5=11.0 Hz, J6,7=11.0 Hz), dH 3.75 (d,

J1,2=5.5 Hz)] and an aliphatic methyl group [dH 1.02

(s )].
13C NMR and DEPT spectra (Table 1) displayed 21

signals, assignable to two methyl, four methylene and

11 methine groups and four quarternary carbons. The

structure of an eudesmanolide glucoside and its substi-

tution pattern has been established by 1H±1H COSY,

HSQC, HSQC±TOCSY and HMBC experiments.

Relative con®gurations of carbons 5, 6 and 7 have

been deduced from coupling patterns of the corre-

sponding protons in comparison with literature data

(Glasl et al., 1995). Accordingly, H-5 and H-7 are a-
and H-6 is b-oriented. This is con®rmed by a NOESY

experiment which revealed correlations between H-1

and H-6, H-5 and H-7 as well as H-6 and the C-14

methyl protons. Accordingly, in the three-dimensional

model the protons H-1, H-5, H-6 and H-7 as well as

the methyl group in position C-10 should show an

axial position. In contrast H-2 has to be equatorial

oriented since the small coupling constant of the doub-

let of H-1 at d3.75 (J=5.5 Hz) is only consistent with

an axial-equatorial arrangement of H-1 and H-2.

Thus, 2 is 2b-hydroxysantamarine-1b-D-glucopyrano-
side, which represents a new natural compound.

High-resolution FABMS of 3 (positive mode, m/

z=429.2118 [M+H]+) results in a molecular formula

of C21H32O9. With the exception of the absence of the

endocyclic double bond in position 3, 1H and 13C

NMR spectral data (Table 1) are similar to those of 2.

However, one- and two-dimensional NMR data show

that the second hydroxyl group has to be located in

position C-3 instead of C-2 as established for com-

pound 2. Stereochemistry of carbons 5, 6 and 7 is in

accordance with the one in compound 2. b-
Con®gurations of the substituents at C-1, C-3 and C-4

are deducible from multiplicities and coupling con-

stants of the corresponding 1H NMR signals. Thus, 3

is 3b-hydroxy-4aH-3-dihydrosantamarine-b-D-gluco-

Table 1

NMR spectral data of 2 and 3 (13C: 125 MHz, 1H: 500 MHz)a

2 2 3 3

Position H C H C

1 3.75 1H, d (5.5) 84.8 3.56 1H, dd (12.0, 4.5) 84.0

2 4.38 1H, br s 64.7 1.97 1H, ddd (12.0, 4.5, 4.5) 31.7

1.77 1H, ddd (12.0, 12.0, 4.5)

3 5.64 1H, br s 124.9 3.78 1H, ddd (12.0, 4.5, 4.5) 71.5

4 138.3 2.35 1H, m 35.5

5 2.41 1H, d (11.0) 52.5 1.64 1H, dd (11.5, 4.0) 49.3

6 4.06 1H, dd (11.0, 11.0) 83.0 4.17 1H, dd (11.5, 11.5) 81.6

7 2.60 1H, br ddd (11.0, 11.0, 3.0) 52.2 2.56 1H, br ddd (11.5, 11.5, 3.0) 52.1

8a 2.12 1H, dd (13.0, 3.0) 21.6 2.06 1H, m 22.5

8b 1.69 1H, m 1.55 1H, ddd (13.5, 13.5, 3.0)

9a 2.13 1H, dd (13.5, 3.0) 35.9 2.06 1H, m 40.7

9b 1.51 1H, ddd (13.5, 13.5, 4.0) 1.34 1H, ddd (13.5, 13.5, 3.0)

10 40.9 42.0

11 140.8 141.9

12 172.6 172.9

13a 6.03 1H, d (3.0) 117.2 6.01 1H d (3.0) 117.1

13b 5.51 1H, d (3.0) 5.49 1H, d (3.0)

14 1.02 3H, s 14.2 1.07 3H, s 16.3

15 1.93 3H, s 23.6 1.02 3H, d (7.5) 9.3

Glucose

1 ' 4.49 1H, d (8.0) 102.1 4.34 1H, d (8.0) 101.8

2 ' 3.27 1H, dd (8.0, 8.0) 75.3 3.14 1H, dd (8.0, 8.0) 75.0

3 ' 3.38 1H, dd (8.0, 8.0) 78.3 3.36 1H, m � 78.2

4 ' 3.32 1H, m � 71.7 3.33 1H, m � 71.9

5 ' 3.31 1H, m � 78.3 3.27 1H, m � 77.9

6 'a 3.91 1H, br d (12.0) 62.9 3.88 1H, br d (11.5) 63.0

6 'b 3.69 1H, dd (12.0, 3.0) 3.66 1H, dd (11.5, 2.5)

a In MeOH-d4,
1HNMR coupling constants are given in brackets, all assignments are con®rmed by HSQC and HMBC experiments. �Signals

are overlapping and may be exchangeable.
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pyranoside. This compound represents another new
eudesmanolide which, like 1 and 2, might be one of
the active principles of the roots of dandelion.

The molecular formula of compounds 4 was deter-
mined as C22H24O10 based on high-resolution positive
FABMS (m/z=449.1448 [M+H]+). The 1H NMR
spectrum indicated the presence of an inositol moiety
esteri®ed with two p-hydroxyphenylacetic acid units.
This was evidenced by two pairs of down®eld shifted
broad doublets (4H, br d, J=8.5 Hz) at d6.71, 6.73,
7.10 and 7.13, two broad methylene group signals at
d3.61 and 3.66 (2H, d, J=3.0 Hz) and signals of six
oxygen-bearing methine groups in the range at d3.56±
5.14. The 13C NMR spectrum showed two secondary,
ten tertiary, two carboxylic and four non-carboxylic
quarternary carbon signals. Signal assignments in
Table 2 are con®rmed by 1H-1H COSY and 1H±13C
HETCOR experiments. Linkages of the p-hydroxyphe-
nylacetic acid moieties with the inositol unit were
obtained from HMBC results. H-1 and H-5 showed
correlations with the carbonyl signals at dC 174.2 and
172.1, respectively. In addition, the chemical shifts of
H-1 and H-5 are characteristic of an alcohol com-
ponent of an ester. Stereochemistry of the cyclohexitol
moiety has been deduced from multiplicities and coup-
ling constants of the corresponding proton signals.
The value a 20

D (in water) of ÿ208, is consistent with
(ÿ) chiro inositol as the basic cyclohexitol unit. Thus,
4 is 1S,2S,4R,5S)-2,3,4,6-tetrahydroxy-5-[2-(4-hydroxy

phenyl)acetyl]oxycyclohexyl - 2 - (4 - hydroxyphenyl)ace-
tate. The negative mode ESI mass spectrum of the
inositol derivative 5 (m/z=447 [MÿH]ÿ) suggested the
molecular formula of C22H24O10 which is identical
with that of compound 4. However, 1H and 13C NMR
spectra of 5 revealed only nine carbon and six hydro-
gen signals, including one methylene, three oxygen-
bearing and two aromatic methine groups as well as
one carboxylic carbon and two quarternary aromatic
carbons. Therefore, compound 5 has to have a sym-
metric structure. Localization of the two ester groups
has been established by a HBMC experiment which
showed long-range correlations between H-1 and H-4
of the cyclohexitol unit and the carboxylic carbons of
the p-hydroxyphenylacetic acid moieties. The cyclohex-
itol moiety has been identi®ed as neo inositol as
deduced from multiplicities and coupling constants of
the corresponding 1H NMR signals. Thus, 5 is
(2S,3R,5R,6S)-2,3,5,6-tetrahydroxy-4-[2-[4-hydroxyphe-
nyl)acetyl]oxycyclohexyl-2-(4-hydroxy-phenyl)-acetate,
which as expected from the presence of a centre of
symmetry, showed no optical activity. Both cyclohexi-
tols and p-hydroxyphenylacetic acid are quite common
in the plant kingdom and have already been reported
from Taraxacum taxa, but, to our best knowledge,
esters like 4 and 5 have been found neither in
Taraxacum nor in any other genus. Evaluation of
pharmacological activities of the isolated compounds
1±5 is in progress.

Table 2

NMR spectral data of 4 and 5 (13C: 125 MHz, 1H: 500 MHz)a

4 4 5 5

Position H C Position H C

1 4.81 1H, dd (10.0, 3.7) 75.7 1/4 5.09 2H, dt (7.5, 2.0) 75.8

2 3.98. 1H, t (3.7) 68.0 2/5 4.02 2H, br d (2.0) 71.2

3 5.14 1H, t (3.7) 75.3 3/6 3.87 2H, dd (7.5, 2.5) 72.4

4 3.91 1H, dd (10.0, 3.7) 70.1

5 3.56 1H, t (10.0) 74.9 a '/a0 172.6

6 3.82 1H, t (10.0) 71.9 b '/b0 3.65 4H, br s 41.6

a ' 174.2 1 '/10 126.4

b ' 3.61 2H, d (3.0) 40.9

1 ' 126.4 2 '/6 '/
7.12 4H, br d (8.5) 131.4

20/60
2 '/6 ' 7.10 2H, br d (8.5) 131.5

3 '/5 ' 6.73 2H, br d (8.5) 116.4 3 '/5 '/
6.74 4H, br d (8.5) 116.4

30/50
4 ' 157.5

4 '/40 157.1

a0 172.1

b0 3.66 2H, d (3.0) 41.0

10 125.3

20/60 7.13 2H, br d (8.5) 131.5

30/50 6.71 2H, br d (8.5) 116.2

40 Ð 157.5

a In MeOH-d4,
1HNMR coupling constants are given in brackets, all assignments are con®rmed by HSQC and HMBC experiments.
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3. Experimental

Plant material. T. linearisquameum Soest was col-
lected in April 1997 near Zirl/Tyrol/Austria. A voucher
specimen is deposited at the Institute of
Pharmacognosy.

Extraction and isolation of compounds 1±5. Freeze-
dried subaerial parts of T. linearisquameum (1190 g)
were ground and extracted exhaustively at room tem-
perature with MeOH yielding 150 g of residue after
evaporation in vacuum. The residue was dissolved in
methanol/water (1/2) and successively partitioned with
petroleumether, CH2Cl2 and EtOAc. 1(70 mg),
2(280 mg), 3(22 mg), 4(10 mg) and 5(7 mg) were iso-
lated by repeated silica gel chromatography of the
EtOAc phase with gradients of CH2 Cl2 and MeOH,
CH2Cl2 and acetone and EtOAc and acetone, respect-
ively.

Compound 2. Yellowish crystals; mp 184±1868 (dec.);
FTIR (microspectrometry) nZnSemax cmÿ1: 3350, 1765,
1709, 1267, 1244, 1076; ESIMS (negative ion), (rel.
int.): m/z851.3 [2 MÿH]ÿ (4), 689.3 [2 MÿglucoseÿH]ÿ

(6), 461.1 [M+2H2OÿH]ÿ (44), 425.1 [MÿH]ÿ (24),
327.2 [Mÿglucose+2MeOHÿH]ÿ (100), 263.1
[MÿglucoseÿH]ÿ (24).

Compound 3. Colorless crystals; mp 142±1468 (dec.);
FTIR (microspectrometry) nZnSemax cmÿ1: 3350, 1763,
1261, 1234, 1077, 1032; ESIMS (negative ion), (rel.
int.): m/z855.3 [2 MÿH]ÿ (100), 487.1
[M+HOAcÿH]ÿ (72), 427.2 [MÿH]ÿ (38).

Compound 4. Colorless crystals; mp 190±1938 (dec.);
FTIR (microspectrometry) nZnSemax cmÿ1: 3350, 1726,
1615, 1599, 1517, 1447, 1357, 1229, 1161, 1103;
[a ]20Dÿ208 (H2O; c0.128). ESIMS (negative ion), (rel.
int.): m/z1343.1 [3 MÿH]ÿ (8), 895.2 [2 MÿH]ÿ (72),
447.1 [MÿH]ÿ (100).

Compound 5. Colorless crystals; mp 108±1108 (dec.);

FTIR (microspectrometry) nZnSemax cmÿ1: 3350, 1726,
1617, 1598, 1517, 1449, 1355, 1226, 1150, 1103;
[a ]20Dÿ208 (H2O; c0.120). ESIMS (negative ion), (rel.
int.): m/z1343.6 [3 MÿH]ÿ (12), 895.2 [2 MÿH]ÿ (42),
447.1 [MÿH]ÿ (100).
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