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ABSTRACT

Typical chromatographic methods were successfully applied to isolate nine flavonoid compounds and two co-
umarin glycosides from the inflorescences and the herb of Hieracium pilosella L. Repeated column chromatogra-
phy, occasionally paper chromatography and recrystallization made the separation of three flavonoid aglycones
and six glycosides — possible. Coumarin glycosides were isolated by preparative thin layer chromatography. Sub-
sequent UV, NMR and MS analyses have led to identification of the following flavonoid derivatives: known for
the species — apigenin, luteolin, luteolin 7-O-B-glucopyranoside, luteolin 4’-O-B-glucopyranoside, isoetin 7-O-f3-
-glucopyranoside, isoetin 4’-O--glucuronide and new for the species — kaempferol 3-methyl ether and apigenin
7-O-B-glucopyranoside. Third isoetin glycoside contained two different sugar moieties: xylose and glucose, pro-
bably attached to the hydroxyl groups at C-4’ or C-4’ and C-2’(or 5°) of an aglycone. Umbelliferone 7-O-f-gluco-
pyranoside (skimmin) and new for the genus Hieracium esculetin 7-O-f-glucopyranoside (cichoriin) were deter-

mined by NMR and MS methods.
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INTRODUCTION

Hieracium pilosella L. (mouse-ear hawkweed) is a com-
mon plant and a very invasive weed, native to Eurasia, but
it has been also introduced into North America and into
New Zealand. In Poland mouse-ear hawkweed grows wi-
dely on dry meadows and sunny slopes of hills (Broda and
Mowszowicz 2000).

In our previous work phenolic acids and also steroids li-
ke phytosterols and triterpenoids were identified and deter-
mined in this species (Gawronska-Grzywacz and Krzaczek
2006a, b; 2007; Krzaczek et al. 2002). So far some articles
have reported the presence of coumarins or flavonoids in
mouse-ear hawkweed, but none of them has concerned po-
ssibly the most complete isolation and full spectral identifi-
cation of these polyphenolic biologically active compo-
nents (Bate-Smith et al. 1968; Haag-Berrurier and Du-
quénois 1962, 1963; Harborne 1978; Henn et al. 1988;
Sheluyto et al. 1977; Zidorn et al. 2002, 2005). Especially
interesting three derivatives of isoetin (hieracin) — a rare
5,7,2°,4°,5’-pentahydroxyflavone and its undescribed di-
glycoside among them, were obtained from the methanolic
extract of H. pilosella. Recently the cytotoxity of isoetin
derivative has been reported (Rahman et al. 2007). Untill

now eleven different glycosides of isoetin have been iden-
tified in some species from the family Asteraceae mostly,
also in representatives of the genus Hieracium (Gluchoff-
Fiasson et al. 1991; Harborne 1978, 1991; Marco et al.
1988; Pauli and Junior 1995; Shi et al. 2008; Zidorn et al.
2002, 2005).

Herba Pilosellae is well-known in European ethno-medi-
cine and traditionally used to treat inflammations of the
urinary tract and also skin diseases because of its diuretic,
astringent, antiseptic and antiphlogistic activity (Agelet
and Vallés 2003; Beaux et al. 1999; Bolle et al. 1993; Wri-
ght et al. 2007). The knowledge of benzo-c-pirone (e.g.
coumarins) and benzo-y-pirone (flavonoids) derivatives
present in this species is still incomplete and undoubtedly
many therapeutic values of this plant may be attributed to
these constituents.

The aim of the presented study was isolation and identi-
fication of flavonoids and coumarins from the herb and in-
florescences of the investigated plant. The easy-approacha-
ble methods of liquid chromatography have been applied
to reach the separation purpose. The structure elucidation
was based on the results of the spectroscopic experiments
(UV, 1D and 2D NMR, LSI MS).
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MATERIAL AND METHODS

Plant material

The plant material for research were herb and inflore-
scences of Hieracium pilosella L. collected in Cmitéw near
Lublin in 2002 and 2004. It was dried in normal conditions
and adequately fragmented according to Polish Pharmaco-
poeia VI. 800 g of herb (without inflorescences) and 1000
g of inflorescences were used in the study. The voucher
specimen was deposited at the Herbarium of the Depart-
ment of Pharmaceutical Botany, Faculty of Pharmacy, Me-
dical University of Lublin.

Extraction and isolation

The air-dried plant materials were exhaustively extracted
with boiling 80% methanol. The raw extract obtained from
the herb was evaporated under vacuum and the residue was
eluted with hot distilled water and after 24 hours partitio-
ned with chloroform. Next the aqueous phase was partitio-
ned with ethyl acetate and this organic layer was used to
isolate flavonoid and coumarin glycosides. The extract ob-
tained from inflorescences was used for the separation of
the flavonoid aglycones and glycosides.

The methods of preparative column, paper and thin layer
chromatography were optimized during the process of iso-
lation. Preliminary column chromatography on polyamide
using methanol — water gradient solvent system (0-100%
or 70-100%, v/v) and ethyl acetate — methanol — water
(18:5:2 v/v) provided fractions for further investigations.
Repeated preparative column chromatography was done on
polyamide and Sephadex LH-20 and toluene — methanol
(5:3 and 8:3, v/v) on polyamide and methanol on Sephadex
LH-20 were the best mobile phases for the separation of th-
ree flavonoid aglycones (compounds 1-3). In turn, 55%
and 60% aqueous solutions of methanol on Sephadex LH-
20 revealed the most effective for isolation of two flavono-
id glycosides (compounds 5 and 6). Preparative paper
chromatography was performed on Whatman 3CHR she-
ets, 460x460 mm, using ascending technique development.
Among seven different mobile phases tested, 20% aqueous
acetic acid and TBA (t-buthanol — acetic acid — water,
3:1:1 v/v) were chosen to separate the constituents of two
various flavonoid fractions, yielding three glycosides (com-
pounds 4, 7 from herb and 9). However in two cases of pu-
rification following two flavonoid glycosides multiple crys-
tallization was very helpful (compounds 7 from inflore-
scences and 8). Coumarin glycosides (compounds 10 and
11) were isolated by preparative thin-layer chromatography
on silica gel plates developed in distilled water.

Acid hydrolysis

All glycosides (compounds 4-11) were hydrolyzed with 2
mol/l HCI at 100°C for 1 h. After cooling, the mixtures we-
re filtered if a precipitate appeared and next extracted with
ethyl ether. The organic and aqueous fractions were analy-
zed by TLC and NMR spectroscopy and the structures of
respectively aglycones and sugar moieties were elucidated
by comparison with authentic standards or literature data.

Structure elucidation

All obtained flavonoid compounds were analyzed by RP-
HPLC (Knauer Liquid Chromatograph equipped with K-
-2001 UV detector) to verify their purity. The analyses
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were performed using Hypersil columns (2005 mm, par-
ticle size 5 pm) and acetonitrile — water solvent system (5-
-60% or 18-60%, v/v) in gradient elution and 20% or 45%
aqueous solutions of acetonitrile in isocratic elution. The
flow rate of mobile phase was 1 ml/min and chromato-
grams were recorded at 254 nm and 360 nm.

The structures of the isolated compounds were elucida-
ted on the basis of: 1D- and 2D-NMR spectroscopy
(H NMR, 13C NMR, 'H-'H COSY, and in some cases also
IH-13C HMQC, 'H-13C HMBC; spectrometer Bruker
Avance DRX500; 500,13 MHz for 'H NMR and 125,75
MHz for 3C NMR; in DMSO-d, or CD,0D), liquid secon-
dary-ion mass spectrometry (LSI MS, Cs+, 13 keV, in gly-
cerine, spectrometer Finnigan MAT 95, Finnigan MAT
GmbH, Bremen, Germany) and UV spectrophotometry
(spectrophotometer Hitachi U-2001) by comparing the ob-
tained data with those in literature. Melting points (Boe-
tius, Franz Kiistner Nachf. KG, Dresden HMK, Germany)
where also compared and co-chromatography (1D-, 2D-
-TLC) with authentic standards (LGC Promochem, Chro-
maDex, Inc. USA; Roth GmbH, Germany) were done whe-
rever possible. One-dimensional thin layer chromatography
of the coumarin aglycones obtained after acid hydrolysis
was performed on silica gel 60 F,, plates (Merck, Darm-
stadt, Germany) using following mobile phases: benzene —
ethyl acetate (17:3 v/v), dichloromethane — ethyl acetate
(95:5 v/v) and chloroform — methanol (8:2 v/v). In 2D-
-TLC (silica gel 60 F,s, plates) analysis the chromatograms
were developed in the first direction using benzene — chlo-
roform — acetonitrile (4,75:4,75:0,5 v/v/v), next in the se-
cond direction in benzene — ethyl acetate (17:3 v/v) and
again in the first direction in benzene — chloroform — ethyl
acetate (4,75:4,75:0,5 v/v). The chromatograms were dried
after every step. They were observed in ultraviolet light at
365 nm before and after spraying the plates with 10% etha-
nolic solution of potassium hydroxide. The coumarins were
identified by comparing the fluorescence and the location
of the spots of analyzed compounds with those of authentic
standards. The best ability to separate flavonoid aglycones,
isolated from plant material and also released after acid hy-
drolysis of glycosides, was shown by the following mobile
phases: 50% aqueous solution of acetic acid and acetic acid
— hydrochloric acid — water (30:3:10 v/v/v) on cellulose
plates, whereas ethyl acetate — methanol — water (20:3:2
v/v/v) and benzene — methanol (5:3 v/v) on polyamide 11
F,s, plates (Merck, Darmstadt, Germany). During the pro-
cess of identification of two isolated flavonoid glycosides
(compounds 7 and 9) the chromatograms were developed
in n-buthanol — acetic acid — water (4:1:5 v/v/v) and/or
TBA (1D-TLC and 2D-TLC as first direction, cellulose
plates), 15% aqueous solution of acetic acid (1D and 2D-
-TLC as second direction, cellulose plates) and also in
ethyl acetate — methanol — water (18:5:3 v/v/v) on polya-
mide 11 F,s, plates (1D-TLC only). The chromatograms
were observed in ultraviolet light at 365 nm before and
after exposure to ammonia vapours. Next, visualization
was performed by spraying the plates with special rea-
gents: 5% ethanolic solution of aluminium chloride or 2%
ethanolic solution of Natural Product Reagent A (Roth
GmbH, Germany). The chromatograms after derivatization
were dried and also observed in UV (365 nm). The flavo-
noids were identified on the basis of comparison with au-
thentic standards.
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The sugars liberated after acid hydrolysis were analyzed
by ID-TLC performed on cellulose plates using pyridine —
ethyl acetate — acetic acid — water (5:5:1:3 v/v/v/v) as mo-
bile phase and also on silica gel 60 F,5, plates using n-pro-
panol — ethyl acetate — water (7:2:1 v/v/v). Aniline phthala-
te spray reagent revealed the identity of the sugar(s) com-
pared with co-chromatographed standards.

RESULTS AND DISCUSSION

From the inflorescences of Hieracium pilosella three fla-
vonoid aglycones were isolated and identified as: luteolin
(compound 1), apigenin (2) and kaempferol 3-methyl ether
(3). Two glycosides of luteolin: 7-O-B-glucopyranoside (7)
and 4’-O-B-glucopyranoside (8) were also obtained. The
extract of this plant material provided additionally three
isoetin derivatives: 7-O-B-glucopyranoside (5), 4’-O-p3-glu-
curonide (6) and xyloside-glucoside (4). At the same time
two coumarin glycosides were separated from the herb and
identified as esculetin 7-O-B-glucopyranoside (10) and
umbelliferone 7-O-B-glucopyranoside (11). This material
also yielded luteolin 7-O-B-glucopyranoside (7) and apige-
nin 7-O-B-glucopyranoside (9).

Compound 1 appeared as yellow needles with melting
point at 325-326°C (lit. mp 325-328°C (Haag-Berrurier and
Duquénois 1969)). UV data with characteristic batochro-
mic and hypsochromic shifts (see below) clearly showed
the presence of hydroxyl groups at C-5, C-7 and C-4’ and
also ortho-dihydroxyl groups in the B-ring in a flavone
nucleus. All the obtained values of the UV and 'H NMR
spectra (see below) were in a perfect agreement with litera-
ture data for luteolin (Haag-Berrurier and Duquénois 1969,
Harborne 1999, Mabry et al. 1970). The identification was
supported by 1D and 2D-TLC comparisons with authentic
standard which revealed the same R and fluorescence.

UV & . MOH nm: 254, 349; (+ NaOMe): 266, 400; (+
AICLy): 273, 422; (+ AICL, + HCl): 275, 357, 388; (+
NaOAc): 267, 399; (+ NaOAc + H,BO,): 252, 267, 373;

'"H NMR (DMSO-d,): 6 6,17 (1H, d, J = 2,0 Hz, H-6),
6,43 (1H, d, J = 2,0 Hz, H-8), 6,67 (1H, s, H-3), 6,87 (1H,
d,J =382 Hz, H-5"), 7,38 (1H, d, J = 2,2 Hz, H-2’), 7,41
(1H, dd, J =2,1; 8,3 Hz, H-6"), 12,98 (1H, s, 5-OH).

Compound 2 was a cream-yellow powder with mp at
340°C (lit. mp 335-338°C (Klimek and Kroélikowska
1984)) and identical R; values and fluorescence like au-
thentic apigenin. The UV spectral data were typical for fla-
vone with free OH groups at C-5, C-7, C-4’ and no ortho-
dihydroxyl groups in the B-ring. Its UV and 'H NMR data
were in agreement with literature (Harborne 1999; Klimek
and Krélikowska 1984; Mabry et al. 1970).

UV A . MO nm: 268, 335; (+ NaOMe): 275, 325, 392;
(+ AICly): 276, 302, 347, 384; (+ AICl; + HCI): 277, 300,
340, 381; (+ NaOAc): 274, 345; (+ NaOAc + H,BO,): 268,
338;

'"H NMR (DMSO-d,): 6 6,17 (1H, d, J = 1,8 Hz, H-6),
6,46 (1H, d, J = 1,8 Hz, H-8), 6,78 (1H, s, H-3), 6,91 (2H,
d,J=28,7Hz,H-3" H-5),7,92 (2H, d, J = 8,7 Hz, H-2’, H-
-6°), 12,96 (1H, s, 5-OH).

Compound 3 with mp at 324-327°C (lit. mp
>300°C (Wang et al. 1989)) showed in the LSI mass spec-
tra (positive ion and negative ion mode) quasimolecular
ion peaks [M + H]* at m/z 301 and [M — H] at m/z 299,
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consistent with a molecular formula C,.H,,0,, and further
important peaks at m/z 286 [M — CH,]* and 284 [M —
CH,]". The UV spectra indicated a flavonol with free hy-
droxyl groups at C-5, C-7 and C-4’ and lack of the ortho-
dihydroxyl grouping in the B-ring, whereas proton in hy-
droxyl group at C-3 was substituted. The interpretation of
spectroscopic data (UV, LST MS, 'H NMR) which were
also comparable to the literature values (Bacon et al. 1978;
Mabry et al. 1970) suggested kaempferol 3-methyl ether
(isokaempferide).

UV & . MOt nm: 268, 342; (+ NaOMe): 263, 405; (+
AlClLy): 275, 390; (+ AICl; + HCI): 276, 352, 385; (+
NaOAc): 269, 347; (+ NaOAc + H;BO;): 267, 342;

'"H NMR (DMSO-d,): 6 3,87 (3H, s, 3-OCHy,), 6,18 (1H,
d, J = 1,8 Hz, H-6), 6,50 (1H, d, J = 1,8 Hz, H-8), 6,92
(2H, d,J =9,5 Hz, H-3’, H-5"), 7,56 (2H, d, J = 8,5 Hz, H-2’,
H-6%), 12,97 (1H, s, 5-OH) (Table 1).

TABLE 1. Chromatographic (TLC) data for compounds 1-3 4.

R;
Mobile phases 123
1 2 3

50% AcOH? 0.27 0.50 0.51
AHW? 0.46 0.68 0.69
TBA? 0.66 0.86 0.83
EMW? 0.52 0.63 0.73
BM? 0.31 0.49 0.59

D TBA (t-buthanol — acetic acid — water 3:1:1 v/v/v); AHW (the Forestal
solvent, acetic acid — hydrochloric acid — water 30:3:10 v/v/v); 50%
AcOH = 50% aqueous solution of acetic acid; EMW (ethyl acetate — me-
thanol — water 20:3:2 v/v/v); BM (benzene — methanol 5:3 v/v)

2 on cellulose plates

3 on polyamide plates

4 1 - luteolin; 2 — apigenin; 3 — kaempferol 3-methyl ether

LSI positive ion mass spectrum of compound 4 showed
quasimolecular ion peak [M + HJ* at m/z 597 consistent
with a molecular formula C,;H,;0,, whereas negative ion
spectrum showed another important ion [aglycone — H] at
m/z 301. Acid hydrolysis revealed glucose and xylose de-
termined by means of TLC with authentic standards and
aglycone which was co-chromatographed with the one re-
leased after hydrolysis of compound 5 and identified as
isoetin, showing the same R, values and fluorescence. The
UV spectra data indicated a flavone with free hydroxyl
group at C-5 and batochromic effect caused by addition of
NaOMe was probably due to another free OH group at C-2’.
Diagnostic shifts suggested sugar attachment in the B-ring
at the 4’- or 2’- and 4’- or 4’- and 5’-positions. The
'H NMR spectrum showed doublets at § 6.17 (H-6) and
6.42 (H-8), singlets at 6 7.04 (H-3), 6.72 (H-3) and 7.32
(H-6). The singlet at 5 12.97 was assigned to proton from
5-OH whereas singlet at & 8.55 and the broad singlet signal
at 6 10.40 probably correspond to protons of the 7-, 2’- (or
5’-) hydroxyls. In addition, the H-3" signal (& 6.72) was
shifted downfield compared with that in the aglycone spec-
trum (8 6.50 (Gluchoff-Fiasson et al. 1991)) suggesting
this proton to be located at the ortho position of the glyco-
sylated hydroxyl group. This spectrum revealed also the
presence of two anomeric protons at 6 5.49 (d, J = 5.2 Hz)
and 4.96 (d, J = 6.9 Hz) ascribed for the glucosyl and/or
xylosyl moieties. The combined UV and NMR spectral da-
ta suggested the attachment of sugar moieties at 2°- and 4°-
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-position of the aglycone isoetin. Unfortunately, too small
amount of this glycoside (6 mg) made further structural in-
vestigation (13C NMR, HMBC, HMQC) impossible and
therefore the precise positions of attachment of particular
sugar moieties were not fully established.

UV L& MO nm: 259, 367; (+ NaOMe): 267, 336, 445;
(+ AICL,): 271, 324, 405; (+ AICl; + HCI): 266, 387; (+
NaOAc): 260, 368; (+ NaOAc + H;BO,): 265, 287, 367;

'"H NMR (DMSO-d,): 6 3,20-4,15 (m, H-2"-H-5", H-
-27’-H-6), 4,96 (1H, d, J = 6,9 Hz, H-17), 5,49 (1H, d,
J=52Hz,H-1"), 6,17 (1H, d, J = 1,3 Hz, H-6), 6,42 (1H,
d,J = 1,3 Hz, H-8), 6,72 (1H, s, H-3"), 7,04 (1H, s, H-3),
7,32 (1H, s, H-6), 8,55 (1H, br s, 2’- or 5’-OH), 10,40
(1H, brs, 7-OH), 12,97 (1H, s, 5-OH).

Compound 5 showed the UV spectra and diagnostic shi-
fts characteristic for a flavone with ortho-dihydroxyl gro-
ups in the B-ring (batochromic shift of band I with NaOAc
+ H;BO; and with AICI,) and free hydroxyl groups at C-5
and C-4’. However, the presence of hypsochromic shift in
the NaOAc spectrum in band II and also the lack of hypso-
chromic effect in the MeOH spectrum in relation to the
aglycone spectra resulted from the substitution of the 7-hy-
droxyl group. The UV spectra of compound 5 are in agree-
ment with literature data (Harborne 1978, 1991; Mabry et
al. 1970). Acid hydrolysis yielded glucose and aglycone —
isoetin, determined by comparing the obtained UV and
'H NMR data with literature (Gluchoff-Fiasson et al. 1991;
Harborne 1999; Marco et al. 1988). Furthermore, the
"H NMR spectrum showed doublets at & 6.40 (H-6) and
6.71 (H-8), singlets at § 7.08 (H-3), 6.82 (H-3"), 7.29 (H-6)
and 13,10 (5-OH). The presence of B-glucosyl moiety ap-
peared at 6 5.07 (d, J = 7.4 Hz, H-1"). In addition, the H-6
and H-8 signals were apparently shifted downfield compa-
red with those in the aglycone spectrum (Gluchoff-Fiasson
et al. 1991; Harborne 1999; Marco et al. 1988) suggesting
these protons are located at the ortho positions of the gly-
cosylated hydroxyl group. All the NMR data are given in
Table 2. Compound 5 was identified as isoetin 7-O-p-glu-
copyranoside.

UV A . MO nm: 263, 373; (+ NaOMe): 200, 231, 414;
(+ AICly): 266, 339, 436; (+ AICL, + HCI): 272, 323, 409;
(+ NaOAc): 258, 373; (+ NaOAc + H;BO;): 403.

The acid hydrolysis of compound 6 yielded isoetin and
glucuronic acid which were determined by TLC analyses
with authentic samples (isoetin liberated after hydrolysis of
compound 5). The UV spectral data were typical for flavo-
ne with free OH groups at C-5, C-7, C-2’ and the absence
of ortho-dihydroxyl grouping in the B-ring. This glycoside
showed in the LSI negative ion mass spectrum a quasimo-
lecular ion peak [M — H]" at m/z 477, consistent with a mo-
lecular formula C,;H 40,5, and further important peaks at
m/z 303 [aglycone + H]* and 301 [aglycone — H]". The UV,
LSI MS and '"H NMR data are in agreement with those re-
ported for the known isoetin 4’-O--glucuronide in litera-
ture (Pauli and Junior 1995).

UV i . MeOHnm: 258, 287, 371; (+ NaOMe): 267, 337;
(+ AICL,): 271, 293, 325, 404; (+ AICl,; + HCI): 266, 386;
(+ NaOAc): 260, 287, 369; (+ NaOAc + H;BO,): 267, 287,
373;

'"H NMR (DMSO-d,): 6 3,29-3,44 (3H, m, H-2"-H-4"),
3,56 (1H, d, J = 7 Hz, H-5”), 4,75 (1H, br s, H-17), 6,16
(1H, s, H-6), 6,43 (1H, s, H-8), 6,86 (1H, s, H-3"), 7,07
(1H, s, H-3), 7,31 (1H, s, H-6"), 13,01 (1H, s, 5-OH).
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TABLE 2. 'H and '3C NMR data for compound 5 23 in DMSO-d,..

5

Position
5C OH

162.0

106.8 7.08 (1H, s)
182.0

161.0 13.10 (1H, s)
99.8 6.40 (1H, d, 1.9)
162.7

94.4 6.71 (1H, d, 1.9)
157.0

104.0

110.0

150.0

105.0 6.82 (1H, s)
149.0

139.0

114.0 7.29 (1H, s)
101.0 5.07 (1H, d, 7.4)
73.1

76.3 3.20-3.50 (1H, m)
69.4

77.1

60.5 3.70 (1H, br d, 10.1)

QUHREUNR T AN RRYUN T T 0o b LR

D8 values in ppm, J values in Hz (in parentheses)

2 Assignments were established by COSY, HMQC and HMBC experi-
ments; literature values for some known glysosides of isoetin were also
helpful because of the obvious lack of data for the examined compound
(Gluchoff-Fiasson et al. 1991; Marco et al. 1988; Pauli and Junior 1995;
Shi et al. 2008).

3 5 — Isoetin 7-O-B-glucopyranoside

Compound 7 appeared as light yellow needles with mel-
ting point at 261-263°C (lit. mp 261-263°C (Krdlikowska
and Wolbis 1981)). Acid hydrolysis yielded glucose and
luteolin identified by TLC with authentic standards. UV
data with characteristic batochromic shifts clearly pointed
to the free hydroxyl groups at C-5, C-4’ and also ortho-di-
hydroxyl groups in the B-ring of a flavone nucleus, where-
as OH group at C-7 was evidently substituted (the lack of
batochromic shift of band II with NaOAc and the presence
of hypsochromic effect in the NaOAc spectrum in band II
in relation to aglycone). Furthermore, the '"H NMR spec-
trum showed that the H-6 (6 6.43) and H-8 (6 6.78) signals
were apparently shifted downfield compared with those in
the aglycone spectrum suggesting these protons located at
the ortho positions of the glycosylated hydroxyl group. The
presence of B-glucosyl moiety appeared at 6 5.07 (d, J =
7.4 Hz, H-17). All the obtained values of the UV and
IH NMR spectra were in a perfect agreement with literatu-
re data for luteolin 7-O-B-D-glucopyranoside (Harborne
1999; Klimek and Krélikowska 1984; Kroélikowska and
Wolbis 1981; Mabry et al. 1970; Williams et al. 1996). The
identification was supported by the results of 1D and 2D-
-TLC with authentic standard.

UV & . MOH nm: 256, 348; (+ NaOMe): 263, 403; (+
AlClLy): 273, 419; (+ AICl; + HCD: 276, 357, 389; (+
NaOAc): 256, 350; (+ NaOAc + H;BO,): 255, 378;

'"H NMR (DMSO-d,): 6 3,2-3,5 (1H, m, H-3”), 3,70 (1H,
brd,J = 10,5 Hz, H-6), 5,07 (1H, d, J = 7,4 Hz, H-1"),
6,43 (1H, d, J =2,0 Hz, H-6), 6,78 (1H, d, J = 2,0 Hz, H-8),
6,75 (1H, s, H-3), 6,89 (1H, d, J = 8,3 Hz, H-5"), 7,41 (1H,
d,J = 2,1 Hz, H-2), 7,44 (1H, dd, J = 2,0; 8,3 Hz, H-6"),
12,98 (1H, brs, 5-OH).
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Compound 8 — light pink needles with melting point at
202-205°C (lit. mp 190-195°C (Yoshizaki et al. 1987)) —
had a molecular formula estimated from its LSI MS as
C,,H,,0,, (quasimolecular ion peaks [M + HJ* at m/z 449
and [M — H] at m/z 447). Mass spectra showed also other
important ions at m/z 287 [aglycone + H]* and 285 [aglyco-
ne — H]". Acid hydrolysis gave glucose and luteolin identi-
fied by TLC with authentic standards. The UV spectral da-
ta suggested a flavone which was glycosylated in the B-
-ring because of hypsochromic shifts to shorter waveleng-
ths in relation to aglycone spectra (spectrum in methanol
and spectrum after adding of NaOAc). In addition, the lack
of diagnostic shifts in the NaOAc/H,;BO; spectrum and in
the AICL,/HCI spectrum (in relation to that with AICl,)
showed the absence of ortho-dihydroxyl groups in the B-
-ring. However, the hydroxyl groups at C-5 and C-7 appa-
rently were not substituted. Furthermore, in the 'H NMR
spectrum only the H-5" signal was shifted downfield com-
pared with the one in the aglycone spectrum suggesting
this proton was located at the ortho position to the glycosy-
lated hydroxyl group what confirmed sugar attachment in
the B-ring at the 4’- position. This spectrum revealed also
the presence of an anomeric proton at 6 4.88 (d,J = 7.2 Hz,
H-17) of the B-glucosyl moiety. These observations were
further supported by HMBC correlation between & 4.88
(H-17) and 6 148,5 (C-4’) (Table 3) which pointed out the
presence of a glucose moiety at C-4’. The interpretation of
spectroscopic data (UV, LSI MS, NMR) which were also
comparable to literature values (Harborne 1999; Kellam et
al. 1993; Mabry et al. 1970; Markham and Porter 1974,
Yoshizaki et al. 1987) proved compound 8 was luteolin 4’-
-O-B-glucopyranoside. Full NMR data are given in Table 3.

UV i MeOHnm: 244,269, 335; (+ NaOMe): 267, 377;
(+ AICL,): 277, 351, 384; (+ AICl; + HCI): 279, 340, 384;
(+ NaOAc): 270, 336; (+ NaOAc + H;BO;): 269, 334.

TABLE 3. NMR data for compound 8 23 in DMSO-d,.

Posi- IH-13C correlations

tion oH oC (HMBC)

2 163.1 H-3, H-2’, H-6’

3 6.82 (1H, s) 103.9

4 181.8 H-3

5 12.90 (1H, s) 161.4 H-50H, H-6

6 6.19 (1H, d, 1.9) 98.9 H-50H, H-8

7 164.3 H-6, H-8

8 6.48 (1H, d, 1.9) 94.0 H-6

9 157.3 H-8

10 103.8 H-3, H-6, H-8, H-50H
1’ 124.7 H-3, H-5’

2’ 7.49 (1H, d, 2.1) 113.6 H-6’

3’ 146.9 H-2’, H-5’

4’ 148.5 H-2’,H-5’,H-6’, H-1”
5’ 7.23 (1H, d, 8.6) 1159

6’ 7.51 (1H, dd, 2.1, 8.6) 118.5 H-2’

1” 4.88 (1H,d, 7.2) 101.1 H-2”, H-3”

27 3.30 (2H, m) 73.2 H-3”

3” 75.8 H-2”, H-5”

47 3.18 (1H, m) 69.7

57 3.37 (1H, br s) 77.3 H-6b”

6” 6a” —3.71 (1H, dd, 10.8,3.5)  60.7

6b”—3.47 (1H, dd, 11.5, 5.8)
1) 8 values in ppm, J values in Hz (in parentheses)
2 Assignments were established by COSY, HMQC and HMBC experi-
ments which enabled revision of C-2 and C-7 signals reported in a refe-
rence (Kellam et al. 1993; Yoshizaki et al. 1987).
3 8 — Luteolin 4’-O-B-glucopyranoside
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Compound 9 was a beige powder with mp at 192-195°C.
Acid hydrolysis yielded glucose and apigenin identified by
TLC with authentic standards. The UV spectral data were
typical for a flavone with free OH groups at C-5, C-4’ and
absent ortho-dihydroxyl grouping in the B-ring. The lack
of the batochromic shift of band II with NaOAc and the
presence of the hypsochromic effect in the NaOAc spec-
trum (band II) in relation to aglycone resulted from the
substitution of the 7-hydroxyl. This conclusion was sup-
ported by the fact the H-6 (6 6.42) and H-8 (6 6.81) signals
in the '"H NMR spectrum were apparently shifted down-
field compared with those in the aglycone spectrum sugge-
sting these protons to be located at the ortho positions of
the glycosylated hydroxyl group. Furthermore, the
'"H NMR spectrum showed broad signal at § 13.00 (5-OH),
doublets at 6 6.91 (H-3°, H-5"), 7.94 (H-2’, H-6") and
a singlet at 6 6.85 (H-3). The presence of -glucosyl moie-
ty appeared at 6 5.04 (d, J = 7.2 Hz, H-17). All the obtai-
ned UV and 'H NMR data were in an agreement with lite-
rature data for apigenin 7-O-B-glucopyranoside (Harborne
1999; Klimek and Krdélikowska 1984; Mabry et al. 1970;
Markham 1977). The identification was supported by the
results of 1D and 2D-TLC with authentic standard showing
the same R, and fluorescence.

UV & . MOHnm: 267, 332; (+ NaOMe): 264, 388; (+
AlCly): 275, 298, 347, 380; (+ AICL, + HCI): 275, 298,
347, 380; (+ NaOAc): 267, 332; (+ NaOAc + H;BO,): 266,
332;

'H NMR (DMSO-d,): 6 3,15-3,50 (1H, m, H-3"), 3,70
(1H, d, J = 8,5 Hz, H-6”), 5,04 (1H, d, J = 7,2 Hz, H-17),
6,42 (1H, brs, H-6), 6,81 (1H, br s, H-8), 6,85 (1H, s, H-3),
6,91 (2H, d, J = 8,4 Hz, H-3’,H-5"), 7,94 (2H, d, J = 84
Hz, H-2’, H-6"), 13,00 (1H, brs, 5-OH) (Table 4).

Compound 10 with mp at 172-175° released after acid
hydrolysis esculetin and glucose identified by TLC with
authentic standards. This glycoside revealed characteristic
light pink fluorescence in ultraviolet light at 365 nm which
turned into yellow-orange after chromatogram derivatiza-
tion with 10% KOH (Cazes 2001; Williams et al. 1996).
LSI negative ion mass spectrum showed quasimolecular
ion peak [M — H]J at m/z 339 consistent with a molecular
formula C  H,,O,. In the 'H NMR spectrum, doublets at
6 6.29 (J/ = 9.5 Hz, H-3) and 7.85 (J = 9.5 Hz, H-4) have
been observed which are characteristic for benzo-o-pyrone
derivatives. This spectrum showed also two singlets at
6 7.21 (H-5) and 7.05 (H-8) and revealed the presence of
an anomeric proton at 8 4.94 (br s, H-1") of the B-glucosyl

TABLE 4. Chromatographic (TLC) data for compounds 4-9 3.

R,
Mobile phases -2
4 5 6 7 8 9
BAW 0.62 0.24 0.48 0.36 0.58 0.61
TBA - - - 0.20 0.40 0.34
15% AcOH 0.05 0.05 0.08 0.15 0.11 0.22

D BAW (n-buthanol — acetic acid — water 4:1:5 v/v/v); TBA (t-buthanol —
acetic acid — water 3:1:1 v/v/v); 15% AcOH = 15% aqueous solution of
acetic acid

2 on cellulose plates

3 4 — isoetin xyloside-glucoside; 5 — isoetin 7-O-B-glucopyranoside; 6 —
isoetin 4’-O-B-glucuronide; 7 — luteolin 7-O-B-glucopyranoside; 8 — lute-
olin 4’-O-B-glucopyranoside; 9 — apigenin 7-O-f-glucopyranoside
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moiety. The obtained data and the '"H NMR values, which
were comparable to those in the literature (Kisiel and Mi-
chalska 2002), suggested esculetin 7-O--glucopyranoside
(cichoriin).

'H NMR (CD,0D): 6 3,03 (1H, dd, J = 7,4; 7,3 Hz, H-
-4%), 3,30 (3H, m, H-2’, H-3’, H-5’), 3,53 (1H, m, H-6a’),
3,65 (1H, m, H-6b"), 4,94 (1H, br s, H-1), 6,29 (1H, d, J =
9,5 Hz, H-3), 7,05 (1H, s, H-8), 7,21 (1H, s, H-5), 7,85
(1H, d,J=9,5 Hz, H-4).

Acid hydrolysis of compound 11 gave umbelliferone and
glucose identified by TLC with authentic standards. The
'H NMR spectrum showed five signals of the protons of
the benzo-a-pyrone system — four doublets at § 6.32 (H-3),
8.00 (H-4), 7.64 (H-5), 7.04 (H-8) and also doublet of dou-
blets at 6 6.99 (H-6), and the presence of anomeric proton
of the B-glucosyl moiety at 6 5.02 (d, J = 7.3 Hz, H-1").
This glycoside was identified as umbelliferone 7-O-f3-glu-
copyranoside (skimmin) (Hirata et al. 2000; Malet et al.
1995).

'"H NMR (DMSO-d,): 6 3,14 (1H, m, H-4"), 3,24 (1H, m,
H-2%), 3,28 (1H, m, H-3"), 3,42 (2H, m, H-5°, H-6b"), 3,67
(1H, dd, J = 9,5; 4,9 Hz, H-6a’), 5,02 (1H, d, J = 7,3 Hz,
H-17), 6,32 (1H, d, J = 9,5 Hz, H-3), 6,99 (1H, dd, J = 6,3;
2,3 Hz, H-6), 7,04 (1H, d, J = 2,2 Hz, H-8), 7,64 (1H, d,
J =8,6 Hz, H-5), 8,00 (1H, d, J = 9,5 Hz, H-4) (Fig. 1).

R5
4\2'?3'\4'/ Re
| |
Ra\ﬂ/s§?/9\ﬁ/1 §6'/5\R7
NP NN,
| |
R, O
R, R, R, R, Ry R, R,
1 H OH OH H OH OH H
2 OH OH H H OH H
3  OCH, OH OH H H OH H
5 H OH O0Glc OH H OH OH
6 H OH OH OH H  OGlr OH
7 H OH O0Glc H OH OH H
8 H OH OH H OH OGlc H
9 H OH O0Glc H H OH H
R 5 4
U
7\ 9 2\
Glco” N \9/ o
10 R,=OH
11 R,=H

Glc = B-glucopyranosyl
Glur = B-glucuronosyl

Fig. 1. Structures of compounds 1-11.

Classical methods of liquid column and planar (paper,
thin layer) chromatography proved to be sufficiently effec-
tive to isolate eleven polyphenolic compounds — two couma-
rin glycosides and nine flavonoids (three aglycones and six
glycosides), from the aerial parts of Hieracium pilosella L.

Gawroniska-Grzywacz M. et al.

For the first time luteolin 4’-O-B-glucopyranoside, apige-
nin 7-O-B-glucopyranoside, kaempferol 3-methyl ether and
esculetin 7-O-B-glucopyranoside were isolated from the
examined plant species. The last two compounds have
never been reported in this species until now and apigenin
glycoside has been fully identified (sugar attachment). Fur-
thermore, probably new isoetin diglycoside has been found
and characterized as xyloside-glucoside where sugar moie-
ties are probably placed at 4’- or 4’- and 2’ (or 5°) — posi-
tions. However, minute quantity of this compound has not
allowed the full structure elucidation. To the best of our
knowledge this is also the first NMR data report for isoetin
7-O-B-glucopyranoside. In addition, the new-isolated from
H. pilosella L. cichoriin has never been discovered in the
large genus Hieracium but only in other genera from the
subfamily Cichorioidae e.g. Taraxacum sp. or Cichorium
sp. (Kisiel and Michalska 2002; Williams et al. 1996). The
wide range of flavonoids in mouse-ear hawkweed may
explain diuretic, diastolic and antiphlogistic activities of
the preparations from this plant.
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