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SUMMARY

P.Sitoslerol 3-0·P.O-glucosidc. P.sitoslerol, stigmaSlcrol, th,' ligoan arcllln, and lit.: (l­

melhoxylaled fiavone hispiculin wcre isolatcd from a chloroform c:~lra•.t "r (h •. aerial pans (Ir
(','/IIcm't'a m.'lilt!n.fi~l.. IAstcraceae), None 01' Ihcse compounds had hecn rcpon.:u pre\¡,'usly
as cnnstiluents :)f Ihis plan!.

INTRODUCTION

Cell/(//I/'('u melilellSis L. (ASleraccac) is a El1J'Olwan \\I:ed 11 hi"h has
become faírly common in Chile. whcrc it is known hy lhe llame « citaIla "
(in lhis contexl = « wecd», cf. Z;:UI/;/I, Poaccac), rre",ulllably as a
refcrence lO ils lack ol' medicinal or other uses [1], NCH'l'lhckss. in Srain
lhis planl is supposedly useful ~s a slomachic and diun:lic [2J ¡lnJ in Ihe

treatment 01' hypoglycemia (s;c[3]), A weak hypoglycemic aClion has hcen
demonstraled for its exlracts [4J, Spanish workers studying C. I/Iel;(ell.l;s
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isolated three e1ernanolide sesquiterpcne lactones: melitensin [5, 6, 7], its
,8-hydroxy-isobutyratc, and 11 (13)-dchydromelitensin ,8-hydroxyisobuty­
rate [3]. Mueh .more recent work failed to confirm these results but on the

conlrary proved lhe presenee of lhe germacranolides salonitenolide,
onopordopicrin and artiopicrin, which led to the suggestion that the
e1cmanolides mighl be arlefacts arising by Cope rearrangemenl undcr lhe
extraction condilions [8]. Furlhermore, an elhyl aeelalecxlract of the
l10wers alrorded lhe 7-0-glueosides 01' luteoJin, 6-methoxyquercelin, and
6-methoxyluteolin [9] and lhe l1a\(one C-glucosides homo;'orienlin, oricntin,
isovitexin. vicenin 11, and sehafloside [10].

Continuing wilh our slu(~ies on the chel11islry 01' Celltaurea species
growing in Chilc [11. 12, 11 14]. we have now cxalllined lhe chloroform
exlrael of lhe aeria!. parls of C. meli/C'lI.li.\' (slellls. Icaves. and tlowers,
combined). In lhis pape:, \lC reporl lhe isolalion of ,8-sitosterol 3-0·
,8-D-glueoside. ,8-siloslerol, stigmaslerol, the lignan arctiin. and the 6­
methoxylated f1avone hispidulin.

CHEMISTRY

STEROIDS.

A mixture of slerols which could not be resolved by TLC was acetylated.
The acetales also showed identical TLC behavior, but could be separated by
GLC and wcre cventually identified by GLC-MS as ,8-sitosterol and
stigmasterol. The identification 01' the widely distributed ,8-sitoslerol 3­
O-,8-D-glucoside was trivial, bul a eombinalion 01' 2D-N M R Illethods
('H¡'H COSY 'lIld IB/DC HETCOR) has now Illade a complele assign­
ment 01' the I H alld 'JC resonances possible (Table 1, Figs. I and 2). It
should be poinled out that ,although the physical properties 01' the
compound isolated by us agree well with those of ,8-sitosterol 3-0­
,8-D-glucoside, the NMR data do not rule put the possibility that it is the
hilherto unknown glucoside 01' the relalively rare 24 S epimer of silosterol.
c1ionasterol [15].

HISPIDULIN.

Hispidulin (6-l11elhoxy-4' ,5, 7-lrihydroxyllavone) was idenlilkrl on the
basis ofils UV spectra employing the usual shift reagcnts [16] and lhe 11-{

NMR spectrlll11 of its lriacetatc. TLC cOlllparison showed il to be identical
wilh the compownd isolated previously from C. chilcll.l'is [13].

ARCTIIN.

Thc chcmical ionizatio.l (I'.I{) mass spectrum showed a pseudomolecu­

lar ion at 11I/= 552 (1(10 fYt¡) suggcsting a l110leclIlar weight 01' 534 Ullribulable
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to a lignan glycoside (C27H340Il). Peaks at m/z 390 (26.1 %) and 372
(6.9 %) correspond to the aglycone plus two or one ammonium ions.
respectively. The sugar residue is evidenced by peaks at mi;: 198 (0.28 %,
[GI + N H4] ~) and 180 (67.5 %). The 1R spectrum indica'ted the presence 01'

intramolecularly hydrogen bonded hydroxyls, aroma tic rings. a y-Iactone
carbonyl group, methyl groups and aryl ether functions.

The 'H/'H COSY spectrum (Fig. 3) showed a weak correlation bel~een
the aromatic ring prolon resonatingat 7.04ppm(H-5') with lhe anomeric
H-I", which demonstrates that the sugar is bonded to ring 1 and more
specifically to C-4'. The assgnment 01' the signal due to this quaternary
carbon atom is based on its correlations with the H-6' (6.64ppm) and H·2'
(6.73 ppm) resonances in the LR-HETCOR (Fig. 4). The melhoxyl proton
resonance at 3.78 ppm is correlaled with the quaternary C-3' and H-2'
signals in the LR I H/13C HETCOR and COSY spectra, respectively,
showing that this group is bonded to the same ring as the sugar moiety. The
signal due to the quaternary C-I' is correlated on one hand with the H-5"
resonance (7.04 ppm), and on the other with the C-7' methylene proton
signature at 2.81 and 2.90 ppm. The lalter resonances are correlated with
the r-1act.one carbonyl peak, showing that this methylene group binds ring
1 to the ex carbon 01' lhe lactone ring. The plaeement 01' lhe remaining
methoxyl groups on aromat¡c ring 11 and the bonding 01' this ring through
an identified methylene group to the f3 earbon 01' the laetone funetion was
deduced similarly from the COSY and LR-H ETCOR speclra. The 'H and
13C NMR signal assignments (400/100 MHz in methanol-d4) are compara­
ble with slightly less complele published values (400 MHz IH in pyridine-d~
[17]; 15.0 MHz 11C in DMSO-d" [IX)) amI are slIll1ll1arizcd in Table 2,

EXPERIMENTAL

l. Plant material.

Aerial parts 01' Centaurea me/itensis L were colleeted in flower (Novem­
ber) in the Renea hills. Metropolitan Regíon (330 S latitude), Chile. Youche!
specimens are retained in the herbariulll 01' the Faculty 01' Chemieal and
PhannacC'utical Sciences 01' the UniVcrsity 01' Chile. 'Santiago.

2. Extrae/ion amI isolation.

Stems, lea ves and flowers. combined,were dried in the shade. The ground

plant material (3.7 kg) wa~ defatted (Soxhlet) with light petrol and then
extracted with chloroform.

The residue 01' the chloroform extract (123 g) was chromatographed on a
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silica gel G column, dry-packed and moistened with light petrol, eluting tirst
with this solvent, then with light petrol-EtOAc mixtures, increasing the
concentration of the latter solvent in 5 % increments to pure EtOAc, then
similarly with EtOAc-MeOH mixtures, and finally with pure MeOH.

The light petrol-EtOAc (95 :5) fraction afforded crystals of a p¡'oduct (A,
0.001 %) which showed a single spot upon TLC on silica gel G, developing
with light petrol-EtOAc (70 :30), spraying with Liebermann-Burchard
reagent andheating to : 10·. TLC of A under similar conditions, after
acetylation with AC20-pyridine, also gave a single purplish-pink spot. The
light petrol-EtOAc (45 :5'5) fraction provided a product designated as B,
which after further purification by chromatography on a polyamide column
weighed 20 mg. TLC as described above showed a single bright yellow spot
which also became visible after exposure to NH3 vapors or spraying with
AICI) solution. The (25 :75) to (15 :85) light petrol-EtOAc fractions yielded
a third crystalline product (C) which after being purified by recrystallization
in CHCI)-EtOAc weighed 40 mg. The light petrol-EtOAc (5 :95), EtOAc,
and EtOAc-MeOH (95 :5) fractions gave a fourth product (D) which,
purified by chromatography on several successive silica gel G columns and
crystallization in CHCI3-EtOAc, weighed 70 mg. Purification of C and D
was monitored by TLC on silica gel G, developing with CHCI)-MeOH
(80 :20) and spraying with Liebermann-Burchard reagent, which gave
purplish pink spots changing to brown and grey, respectively, after several
hours at room temperature.

3. Identification.

{J-Sitostero/ and Stigmastero/. Product A, after acetylation, was subjected
to GLC on an SE-30 capillary column which showed thal it consisted of an
approximately eq.uimolar rr.ixture of two componenls. GLCjMS analysis
with electron impact ionization and comparison with standards led to the
identification of {J-sitosterol and 'stigmasterol acetates.

Hispidu/in (6"methoxy-5.7.4'-trihydroxyjlavone). Product B, crystallized
in MeOH, melted at 293· TLC behavior identical with material isolated

from C. chi/ensis [13]. UVA,nax (MeOH) 277,335 nro; (NaOMe) 282, 324,
390 nm; (AICI) 263 sh, 291 sh, 300, 360 nm; (AICI3/HCI) 265 sh, 301,
356nm ; (NaOAc) 279, 705 sh, 320, 390 nm; (NaOac/H3B03) 277, 340 nm.
Acetylation with AC;,.O/pyridine atTorded a triacetate: mp 169·; IH NMR

5 ppm from TMS (ir' CDCI), 60 MHz). 7.78 (2H, d, J = 9 Hz¡ H-2'/H-6'),
7.27 (1 H, s, H-8), 7.21 (2H, d, J = 9 Hz, H-3' /H-Y), 6,57 (l H, s, H-3), 3.84
(3H, s, OMe), 2.46 (3H, s, AcO), 2.39 (3H, s, AcO), 2.33 (3H, s, AcO).

Silosterol 3-()-{J-D-g/ucoside. Product C, crystallized in CHCI)/EtOAc,
mcltcd al 282-284°, TLC behavior idenlical with material isolated from Zea
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mays [19]. CIMS (CH4) m/z (%) 415 (10) [M-C6HIOOs+ 1)+, 414 (20)
[M-C6HIOOst, 413 (23) [M-C6HI00s-I] +,399 (24) [M-(C6HIOOs + CH)t,
397 (100) [M-(C6HIOOs + OH)]+, 396 (44) [M-(C6HIOOs + H20)t, 382 (17)
[M-(C6HIOOS+CH)+OH»"', 381 (37) [M-(C6HIOOS+CH)+H20)]+, 303
(7) [M-(C6HIOOs + C7H,,0)J +,273 (10) [M-(C6H 100S + CIOH21)t ,255 (22)
[M-(C6HIOOs + CIOH21 + H20)]' .. IH NMR 8 ppm from TMS (in pyridinc­
ds, 400 MHz) 5.35 (1 H, br. s), 5.05 (1 H, d, J = 8 Hz), 4.57 (1 H, br. d,
J = 12 Hz), 4.40 (IH, dd, J = 12 Hz, J' = 4 Hz), 4.28 (2H, m), 4.06 (lH,
dd, J = 8 Hz), 3.97 (IH, m), 3.95 (IH, m), 2.73 (IH, dd, J = 12 Hz,
J' = 4 Hz), 2.46 (IH, br. t, J = 12 Hz), 2.12 (IH, dd, J = 12 Hz,
J' = 4 Hz), 1.98 (IH, dd, J = 12 Hz, J' = 4 Hz), 1.87 (IH, m), 1.85 (IH,
m), 1.74 (1 H, m), 1.69 (1 H, m), 1.67 (1 H, m), 1.54 (2H, m), 1.40 (2H, m),
1.38 (2B, m), 1.34 (1 H, m), 1.25 (2I-Í, m), 1.23 (1 H, m), 1.20 (2H, m), I.l2
(IH, m), 1.09 (2H, m), 1.00 (IH, m), 0.94 (5H, m), 0.91 (IH, m), 0.90 (IH,
m), 0.87 (6H, s), 0.85 (3H, s), 0.84 (3H, s), 0.64 (3H, s). DC NMR ó ppm
from TMS (off-resonance decoupled and DEPT, in pyridine-ds, 100 MHz)
140.88 (C), 121.91 (CH), 102.54 (CH), 78.55 (CH), 78.45 (CH), 78.07 (CH),
75.29 (CH), 71.62 (CH), 62.78 (CH2), 56.81 (CH), 56.22 (CH), 50.32 (CH),
46.01 (CH), 42.46 (C), 39.93 (CH2), 39.31 (CH2), 37.46 (CH2), 36.90 (C),
36.38 (CH), 34.18 (CH2), 32.16 (CH2), 32.03 (CH), 30.23 (CH2), 29.43 (~H),
28.54 (CH2), 26.34 (CH2), 24.50 (CH2), 23.37 (CH2), 21.27 (CH2), 19.98

(CH3), 19.41 (CH), 19.21 (CH), 19.01 (CH), 12.15 (CH), 11.97 (CH).
IH/' C HETCOR 2D-NMR spectra (in pyridine-ds, 400 and 100 MHz),
Figures I and 2. For assignments, see Table 1.

Arctiin. Product D, crystallized in CHCI)/light petrol, melted at 104-106°.
CIMS (NH) m/z (%) 552 (100) [M + NH4]+, 390 (26),372 (6.9), 198 (0.28),
180 (67). IH NMR óppm from TMS (in methanol-d4, 400 MHz), 7.04 (IH,
d, J = 8.5 Hz), 6.81 (IH, d, J = 8.5 Hz), 6.73 (lH, d, J = 2Hz), 6.64 (IH,
dd,J ='8.5Hz,J' = 2Hz),6.59(IH,dd,J = 8.5 Hz,J' = 2 HZj,6.58(IH!
d, J = 2 Hz), 4.83 (lH, d, J = 8 Hz), 4.17 (lH, dd, J = 9 Hz, J' = 7.5 Hz) •. '
3.92 (IH, dd, J = 9 Hz, J' = 8 Hz), 3.85 (lB, d, J = 12 Hz). 3.78 (6H, s),
3.74 (3H, s), 3.68 (IH, dd, J = 12 Hz, J' = 4 Hz), 3.47 (2H, m), 3.39 (2H,
m), 2.90 (IH, dd, J = 14 Hz, J' = 5.5 Hz). 2.81 (lH, dd, J = 14 Hz,
J' = 7 Hz), 2.67 (1 H, ddd, J = 7 Hz, J' = 7 Hz, J" = 5 Hz), 2.55 (2H, m),
2.48 (1 H, br. s). DC NMR ó ppm from TMS (olT-resonance decoupled and
DEPT, in methanol-d4, 100 MHz), 181.30 (C), 150.55 (C), 150.35 (C),
149.03 (C), 146.76 (C), 134.14 (C), 132.61 (C), 122.92 (CH), 122.02 (CH),
117.75 (CH), 114.67 (CH), 113.46 (CH), 112.91 (CH), 102.81 (CH), 78.08
(CH), 77.72 (CH), 74.81 (CH), 72.85 (CH2), 71.24 (CH), 62.44 (CH2), 56.64
(CH), 56.45 '(CH]), 56.40 (CH3), 47.56 (CH). 42.41 (CH), 38.84 (CH2),

35.33 (CH2)· IH/1HCOSY and long-range iH/1]C HETCOR 2D-NMR
spcctra( over 2-3 bonds, in methanoled4• 400 and 100 M Hz), Figures 3 and
4. For assignments. see Table 2.
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TAIlLEAU 1

'11 am/11C nrnr "/lI'lIIim/ .I11i/;.\·v/ jJ..IislO.l'lt'ro/ 3-0-IJ-D-glucoside in pyridine-d,

Alom O'H¡¡"e'

H·l; C·I

1.69/0.9437.46
H·2 /H·2 •• ; C·2

2.12/1.7430.23
¡.f'J•• ; C-3

3.9578.45
H.4.q/H-4 •• ; C-4

2.73{2.4639.31
C-5

140.88
H·6; C·6

5.35121.91
H-7;C-7

1.87/1.5432.16
H-8; C8

1.3432.03
1I·l); ('.l)

0.9050.32
C-IO

36.90
JI·II ; C-ll

1.40/i.4021.27
11-12; C-12

1.98/1.1239.93
C-13

42.46
H-14; C-14

0.9156.81
H·15; C-15

1.54/1.0024.50
H-16; C-16

1.85/1.2328.54
H-17; C·17

1.0956.22
H-18; C-18

0.64i1.97
H·19; C·19

0.9419.21
H·20; C-20

1.3836.38
H-21; C·21

0.8419.01
H-22; C·22

1.38/1.1034.18
H-23 ; e23

1.25/1.2523.37
/1-24; C-24

0.9446.01
H-25; C-25

1.6729.43
/-1-26; C-26

0.8719.98
/1-27 ; C-27

0.8719.41
/-1·28; C-28

1.20/1.2026.34
H-29; C-29

0.8512.15
H·I';C·I'

5.05102.54
H·2'; C-2'

4.0675.29
H-3'; C·J'

4.2878.55
H-4'; C·4'

4.2871.62
H·5'; C·5'

3.9778.07
H·6'; C·6'

4.57/4.4062.78

DISCUSSION

Although no quantitative data are available, the presence of sitosterol
glucoside (1) may account at least in part for the hypoglycemic properties
of this ptant [4].The pharmacology of arctiin (2) does not seem to have been
studied, but is should be kept in mind that several butanolide lignans have
quite recently been examined as putative endogenous digitaloids [20, 21]
and are also known to exhibit antihypertensive [22] and natriuretic [23]
properties. Arctiin seems to be a good chemotaxonomic characteristic of the
genera pertaining to the « genuine» tribe Cynareae [24]; its aglycone
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arctigcnin has becn isolated from C. regia (which also contains sitosterol

glucoside) [25], and the presence of the glucoside in an additional Cent{lurea
specics confirms this impression. The occurrence of the 6-methoxylated
fiavone hispidulin in C. chilensis [13] and C. me/itensis is of interest in view
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TABLE 11

IH a"d IJCnmr chemicaf .~i1!lisolarclii" i" lile/fumo/-d.

Alom o,Ho,'c

C-I

132.61

H-2; C-2

6.58113.46
C-3

150.35

C-4

149.05

H-5; C-5

6.81112.91

H-6; C-6

6.59122.02

H-7; C-·7

2.55/2.5538.84

H-8; C-8

2.4842.4\

H-9; C·9

4.17/3.9272.85

C-I'

134.\4

H-2' ;C·2'

6.73114.67

C-3'

150.55

C-4'

146.76

11-5' ; e-5'

7.04117.75

11-6'; C·6'

6.64122.'J2

H-7' ; C·7'

2.90/2.8135.33

H·8'; C-8'

2.6747.56

C-9'

\81.30

OCH)·3

3.7456.45

OCH)-4

3.7856.40

OCH)-:3'

3.7856.64

H-I";C·I"

4.83102.81

H·2"; C-2"

3.4774.8\

H-3"; C·3"

3.4777.72

1-1·4"; C-4"

3.3971.24

H-5"; C-5"

3.3978.08

H-6"; C-6"

3.68/3.8562.44

of the faet that this plant also eontains the 7-0-glueosides 01' 6­
methoxyluteolin (a flavone) and 6-methoxyquereetin (a flavonol) (9). Quite
reeently, C. cineraria subsp. umbrosa was shown to eontain the O­
methylated 6-methoxyluteolin derivatives .salvigenin, 5·hydroxy-3',4' ,6, 7·
tetramethoxyflavone, eupatilin, and jaceosidin (26).
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