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Abstract-In addition to the four new sesqmterpene lactones previously identified, a new acylated y-butyrolactone 
glucoside, taraxacoside, was isolated from the roots of Turaxacum o&-in&. Its structure was elucidated mainly by ‘H 
and “C NMR studies as ~-O-[QO-(p-hydroxyphenylacetyltS_Dglucopyranosyl]-~-hydroxy-~-butyrolactone This 
seems to be the first Instance of the detection of a monocyclic five-membered, saturated lactone 0-glycoslde. 
Additionally, phydroxyphenylacetic acid was identified for the first time as an acylating acid in a sugar ester. 

INTRODUmION 

Our previous investigation [l] of the roots and aerial 
parts from Taraxacum oficinale afforded, in addition to 
known compounds, a new eudesmanolide, a tetrahydro- 
ridentin B, a eudesmanolide-j?-Dglucopyranoside and 
two germacranolide acids, which are esterified with #I-D 
glucose. All three of the new glucose derivatives had a 
strong bitter taste. Our present work resulted in the 
isolation of taraxacoside, a new type of a y-butyrolactone 
glucoside esterlfied with p-hydroxyphenylacetic acid from 
the bitter fraction of the roots of T. ofzcinale. The 
elucidation of its structure, mainly by ‘H and 13C NMR 
studw, is described in this paper. The importance of this 
substance for the identification of T. oficinale, which is a 
widely used medicinal plant, will be discussed in another 
communication. 
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Research, Umverslty of Antwerp, Belgmm, July 1984. 

t Dedicated to Professor R Hgnsel, Instltut fiir Pharma- 
kognosle und Phytocherme der Frelen UmversltPt Berlin, on the 
occasion of his 65th birthday 

§Present address: Sloan Kettering Institute for Cancer 
Research, Walker Laboratory, Rye, New York 10580, USA 

RESULTS AND DISCUSSION 

The presence of taraxacoside m the roots ofT. oficinale 
was detected by TLC of an ethyl acetate extract containing 
the polar bitter substance fraction [l] on silica gel using 
methylenechlor~de-ethanol-water (80: 19: 1)assolvent.A 
weak fluorescent extinguishing zone was identified in 
short-wave UV light at R, 0.25, giving a grey colour 
reaction after spraying with vanillin-sulphuric acid and a 
purple colour with Molisch’s reagent. The glycoside was 
isolated from the aqueous methanohc extract of the dried 
roots. After elimination of the lipophilic components by 
petrol and chloroform extraction, the water phase was 
extracted with ethyl acetate [l]. Further fractionation of 
the organic phase was carried out by repeated chro- 
matography on silica gel columns using methylene 
chlonde-ethanol-water. Taraxacoside (la) was obtained 
in a crystalline state (mp 178-180”; determined as 
C1sH22010). Acetylation led to a tetra-acetyl derivative 
(lb) (mp 164-165”; determined as Cz6HS0014). 

Complete acid hydrolysis of la in refluxmg 2 M 
hydrochloric acid-methanol yielded an unknown agly- 
cone moiety plus Dglucose and p-hydroxyphenylacetic 
acid, which were identified by direct comparison (TLC 
and IR and ‘H NMR spectra) with authentic samples. We 
had also isolated the corresponding free acid from the 
aerial parts, as described earlier [ 1,2]. Enzymatic hydroly- 
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sis with /.?-glucosldase yielded neither glucose nor p- 
hydroxyphenylacetic acid, indicating that the anomeric 
lactol group was linked to a non-aromatic aglycone. 

The IR spectrum of la gave major bands at 1770 and 
1735 cm- I suggesting a five-membered saturated lactone 
and an ahphatic ester [3]. The electron impact mass 
spectrum showed no [Ml+, but fragments indicative of a 
hydroxylactone, a triacetylglucosyl moiety (lb: m/z 229, 
289; [C,2H,,0s]+) and p-hydroxyphenylacetic acid 
(la/lb: m/z 151, [CsH,OJ+, 107, [CsH703-Cot]+) 
were observed. The lactone moiety (lr/lb)gave fragments 
for [C4HSOJ]+ and [C4H703]+, both of which readily 
lost water to the major fragments [C4H402]+ and 
[C4HS02]+, and which underwent further fragmentation 
typical of five-membered lactones [4]. These data suggest 
a tetrahydrofuranone substituted with a secondary 
oxygen function (hydroxyl/alkoxyl). This hypothesis was 
supported by the ‘H and ’ %Z NMR spectra (Tables 1 and 
2), which showed taraxacoside to have aromatic, aliphatic 
and sugar moleties. In the ‘H NMR spectrum, two signals 
resonating at 62.67 and 2.86 suggested the AB part of an 
ABX system. They were assigned to the non-equivalent C- 
3 methylene protons of the lactone ring in the neighbour- 
hood of the carbonyl function. The large coupling con- 
stants Jgenl = 17 and 18 Hz (for la and lb, respectively) 
are indlcatlve of a five-membered ring with a neighbour- 
mg n-system [3]. Selective decoupling in lb, e.g. irradi- 
ation of the 64.40 resonance simplified the two quartets at 
82.28 and 2.60 as two doublets. The signal at 64.40 (lb) 
(4.89, la) appeared as a broad 1H multiplet and could be 
assigned to a methine proton at C-4 where it coupled with 
the four methylene protons of C-3/C-5. The significant 
A62.3 downfield shift of the C-4 proton signal relative to 

Table 1. IH NMR data of taraxacoslde (la) and its tetra-acetate 
(lb) [250 MHz; shifts m d-values relative to TMS; splitting 

pattern and I values (Hz) are given in parentheses] 

Proton(s) 
at C atom la (C,DSN + DzO) lb (CDCI,) 

Aglycone 
3 1.2 2.67 (dd; 17.8, 1.8) 2.28 (dd; 18.2, 2.6) 

2.86 (dd; 17 8, 6.2) 2.60 (dd; 18.2, 6 4) 
4 489(m, 1H) 4.40 (m) 

5 
GluXse 

4 46 (m’, 2H) 4.35 (d; 3 8) 

1’ 4.98 (d; 8 1) 
2 4 15(r; 8.1) 
3 4.61 (dd; 8, 8 7) 
4 5.53 (t, 8.7) 
5’ 3.98 (m) 

611.2 4.27, 4.31 (m) 

4.49 (d; 8) 
4 96 (dd; 8, 9 5) 
5.20 (1; 9 5) 
5.03 (t; 9.5) 
3.66 (ddd; 9.5, 4.5, 2.3) 
4.24 (dd; 12, 4 5) 
4 18 (dd; 12, 2.3) 

p-Hydroxyphenyl acetic acid 
2”6” 
3n: 5” 

7.39, 7.18 (AA’BB’; 7.26, 7.06 (AA’BB’; 
J,, = JKK = 8.5) J,, = JKE = 8.7) 

7” 384 (d, 153) 3.57 (s) 
376 (d, 153) 

OH-4” 11 53 (s) OAc: 2.28 (s, ar); 
2.08; 2.01; 
1.85 (3 x s, al) 

l Bgnal pattern unclear due to overlappmg. 
tSigna1 before D20 exchange. 

Table 2. 13C NMR data of taraxacoslde tetra-acetate 
(lb) m deutercchloroform (shifts m d-values relative 

to TMS at 20 4 MHz) 

Aglycone* p-Acetoxyphenylaceuc acid 
c-2 174.41 C-l” 131.22 
c-3 34.79 c-2”, c-6” 130.42 
c-4 73.505 C-3”, c-5” 122.13 
c-5 74.66 C-4” 150.48 

C-7” 40.70 
C-8” 169 51 

Glucose 
C-l’ 10003 
c-2 72.48t 
C-3’ 72.48t M&O 169 51; 169.61; 
c-4 68 59 170 34; 170.62 
c-5 714&t &&CO 20.31; 20.40; 
C-6 61.97 20.54; 20.95 

*S, of y-butyrolactone [7] (C-2-C-5): 177.9; 27 7; 
22.2, 68.6. 

t Resonance assignments are interchangeable. 

the corresponding frequency of the unsubstituted y- 
butyrolactone (82.1 [5]) is in good agreement with the 
calculated value of 64.4 due to the additive alkoxy 
increment, taken from Curphey-Morrison additivity con- 
stants [6]. A further distinct resonance was observed at 
64.35 (lb) as a doublet for 2H. It was assigned to the 
isochronous pair of y-CH2 protons attributable to coup- 
ling with the proton at C-4. Both the resonance position 
and the shape of this signal correlated with the published 
data of y-butyrolactone 151 (triplet at 64.3). These results 
were confirmed by the ‘C NMR signals of the lactone 
moiety (Table 2). Atoms C-3-C-5 resonated in good 
concordance with the tentatively calculated &ranges of a 
C-4 alkoxylation of butyrolactone with the aid of a 
chemical shift approximation according to ref. [7]: talc. 
aC//K/yC: S36/70/77 (M taken from cyclopentane). On 
the other hand an a-O-alkyl substituent would shift C-5 
to < 665 and, in the case of yalkoxylation, the signal of 
C-5 would be expected to be significantly downfield by up 
to 6 100. On this basis it is established that the glucosyloxy 
residue is linked to C-4 of the butyrolactone aglycone. 

Furthermore, downfield in the ‘H NMR four aromatic 
protons are resolved as an AA’BB’ system, belonging to 
the p-hydroxy- and acetoxy phenylacetyl moieties. Its 
CHJ” protons were non-equivalent, giving rise to an AB 
quartet at 63.84 and 3.76 (la). These values, as well as the 
13C NMR shifts summarized in Tables 1 and 2, are in 
good agreement with those given by the authentic free 
acid and its published data [7]. The coupling constants 
(H - 8 Hz) of the glucose anomerlc proton resonating 1’,2’ - 

at 64.98 (la) and 4.49 (lb) are in accordance with a B- 
configuration. The other glucosyl protons have been 
identified by selective Irradiation. Thus, irradiation of 
H-l’ in la modifies the triplet at 64.15, giving the value of 
H-2’, and irradiation of this latter proton collapses the 
signal at 64.61 which is, therefore, attributed to H-3’. In 
addition, irradiation of the triplet at 6 5.53 is reflected by a 
modification of the H-3’ signal and also of the complex 
signal at 63.98. Thus, the resonances at 65.53 and 3.98 
belong to H-4’ and H-S, respectively. The significant 
downfield shift of the 65.53 triplet in la, attributed to H- 
4’, established the phenylacetlc acid substitution of 
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glucose on C-4’. Additionally, before deuterated water 
exchange, only the H-4’ signal was observed as a sharp 
triplet, whereas H-2’, H-3’ and H-6’ further split due to the 
vicinal couplings with the hydroxyl groups. According to 
some esterified phenylpropanord glycosides, such as rap- 
hanusol A [S] and verbascoside [9], no other effects were 
observed on the remaining protons of this substitution. 
Furthermore, estenfication of the anomeric hydroxyl by 
the acyl moiety could be excluded, since the signals of both 
anomeric protons do not resonate further downfield than 
ca 65.5 [lo]. The ‘H NMR of the acetylated taraxacoside 
(lb) revealed the presence of four acetyl groups (one 
aromatic and three ahphatic) and confirms the above 
results. 

In conclusion, the ‘H and t3C NMR data of taraxa- 
coside and its tetra-acetate have enabled us to establish the 
nature of the aglycone moiety, its posrtion of O-glu- 
cosylation and the esterdication by the hydroxyphenyl- 
acetic acid at C-4’ of glucose. On the basis of the above 
evidence the isolated compound, taraxacoside, could be 
identified as 4-[4-O-(p-hydroxyphenylacetyl)-B_Dgluco- 
pyranosyloxy]-tetrahydrofuran-2-one. Taraxacoside rep- 
resents a previously unknown structural type of O- 
glycosylated monocyclic five-membered, saturated lac- 
tone. Additionally, p-hydroxyphenylacetic acid was found 
for the first time as an acylating acid m a sugar ester [ 111. 

EXPERIMENTAL 

Phnt material. As described in ref. [l]. 

Extractton and isolatton of taraxacoside. The powdered dried 
roots of T. oficinole (5 kg) were extracted with cold 80 % MeOH 
using an Ultra Turrax. The filtrate after MeOH removal under 
red. pres. was extracted with petrol and pure CHC13. The aq. 
phase was extracted with EtOAc. The EtOAc fraction (cc 50 g 
brown oil) was chromatographed on a column of silica gel (800 g) 
elutmg with CH,CI,-EtOH (9: 1) (1) and finally with 
CH,Cl,-EtOH-Hz0 (85: 14. l), from whrch fractions of pure 
taraxacostde (0.48 g). were collected TLC identification: see 
Results and Discussion. 

Taraxacoside (la). Colourless crystals (CHCl,-EtOH- 
Me&O), mp 178-180”. IRvzcm-‘: 3400 (br OH), 3000 
(ar CH), 1770 (y-lactone), 1735 (RCOOR), 1620, 1600, 1520 
(ar C=C), 1190, 1170 (Ca st). EIMS 70 eV, m/z (rel. mt.): 151 
[CsH,Os]+ (23.6), 133 Cl51 -HzO]+ (2.4). 107 Cl51 -COs]+ 
(100) 103 [C4H70J]+ (1.4) 102 [C,Hs03]+ (l.O), 85 
[C4Hs02]+ (4.4), 84 [C4H+02]+ (29.4). [Found. C, 54.1; H, 5 7. 
ClsH2s0i0 (MW 398) requires: C, 54 2; H, 5.52x.1 

Turoxacostde tetru-acetate (lb). Acetylation of la followmg 
usual methods gave colourless needles (MeOH), mp 164-166” 
IR vgcm- ‘. 3050,2960-2920 (ar CH), 1765 (y-lactone), 1750 
(COOR). UV .lEN nm: 240, 260. EIMS 70eV, m/z (rel. 
mt ): 524 [M - COCHs] + (2.6) 464 [M - C,H,O,]+ (0.8), 422 
[524-C.H603]+ (lo), 289 [CisH,,Os]+ (0.9), 229 [289 
-MeCOOH]+ (0.9), 151 [CsH703]+ (6.0), 133 [151 -H,O]+ 

(59.6). 107 [l5f -COs]+ (lOO), 103 [C,H,03]+ (4.4), 102 
[C*H,O,]+ (4.8), 85 [C*HsOs]+ (10.6), 84 [C,HdOs]+ (14.2). 
[Found: C, 54.8; H, 5.4. C26H3r,014 (MW 566) requires: C, 55.1; 
H, 5.3 “/..I 

Acid hydrolysis. Taraxacostde (15 mg) was dissolved m MeOH, 
and refluxed with 2 M HCl for 2 hr. diluted with Hz0 and 
extracted with EtOAc. The EtOAc soln was evaporated to 
dryness; the restdue afforded phydroxyphenylacetic acid [TLC, 
silica gel; CHsCI,-MeOH-Hz0 (85: 14: 1); R, 0.3; grey-brown 
spot with vandlin-HsSO.1. The aq. layer was neutrahzed with 
basic ion exchange resin (Amberlite 400) and evaporated to 
dryness. The presence of ~Glc was shown by TLC [l]. 

Enzymuttc hydrolyses. With b-glucosidase, as described m ref 

PI. 
gHydroxyphenytacetic actd. Isolated from aerial parts, as 

described m ref. [l]. Colourless crystals, mp 148-150”. EIMS 
70eV, m/z (rel. mt.): 152 [Ml’ (26), 134 [M-HsO]+ (17), 107 
[M - COOH] + (lOO), 77 (24). ‘H NMR (60 MHz, DMSO-d,): 
63.55 (2H, s, Ar-C&CO), 5.25 (lH, s, OH), 6 69 and 7.07 (4H 
Ar, AA’BB’, J,, = 8.7 Hz), 9.21 (lH, s, OH-4). (Found: C, 63.3; 
H, 5.2. Calc. for CsHsOs: C, 63.2; H, 5.3x.) 
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